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Early-onset spinal deformity (EOSD) is characterised by detection of spinal deformity
(scoliosis, kyphosis or multi-planar) in children at aged less than five years. The common
causes could be classified under congenital, neuromuscular, syndromic and idiopathic
etiologies. Early treatment is paramount in preventing rigid, severe and progressive
deformities that can cause pulmonary compromise. The inability of lungs and thoracic cage to
support normal ventilation at rest constitutes the pathophysiology in manifestation of thoracic
insufficiency syndrome (TIS).

The treatment options have evolved from observation, serial casting, bracing to
surgery. Early definitive spinal fusion is now obsolete and contra-indicated for EOSD.
Growing rods (submuscular or subfascial) continues to be the standard of care in treating
these challenging deformities. Vertebral expandable prosthetic titanium rib (VEPTR)

continues to be an attractive option for TIS but is fraught with high complication rate.

I hereby present a theme on EOSD with a set of thirty three peer reviewed indexed
publications and one surgical patent in treating such challenging conditions highlighting my
original contribution as Consultant spinal surgeon spanning over two decades. My pioneering
and ground-breaking research that has shaped the surgical management of EOSD and helped
define ‘standard of care’ is presented. My novel and innovative concept of treating EOSD
using magnet driven growing rod (MdGR) along with its preliminary results is discussed.
MdGRs are an attractive alternative in eliminating need for repetitive anaesthesia facilitating
normal cognitive development in comparison to growing rods (CGRs). They also improve
pulmonary function in neuromuscular scoliosis. A brief one page summary of all my indexed
publications with comments on originality and how they contributed to spinal surgery is
enclosed at the end of each chapter. My current research update on MdGR project at
Royal National Orthopaedic Hospital (Stanmore), my surgical patent, National institute
of clinical excellence (NICE) position statement on MdGRs and clinical guidance documents

are attached as appendices I - III.
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INTRODUCTION
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Scoliosis is derived from Greek word ‘Scolios’ meaning crooked. It is characterised
by a lateral curvature of the spine with the rotation of vertebrae in the axial plane. This
curvature could be due to numerous etiologies, namely congenital deformations,
neuromuscular causes, secondary sequelae of trauma, tumours and infections. When the cause
was not known, despite extensive work-up, it was labeled as idiopathic (i.e diagnosis of
exclusion). Idiopathic scoliosis is the most common type of spinal deformity. Scoliosis has
traditionally been classified as infantile (zero to three years), juvenile (four to eight years),
and adolescent (ten years and onwards until skeletal maturity) by JI James (ldiopathic
Scoliosis: The prognosis, diagnosis, and operative indications related to curve patterns and
the age of onset. J Bone Joint Surg 36B:36-49, 1954). This classification system enjoyed
immense popularity as it was related to prognosis and was predictive of long-term outcome.
No references were made for ages eight to ten years in his original article. Detecting the
onset of spinal deformity can be difficult or impossible, which has led to the development of
a separate classification system into two broad types: early-onset scoliosis (birth to five
years) and late-onset scoliosis (five years and up). The rationale behind these distinctions
being that late-onset curves have less risk of compromising pulmonary function.

The management of spinal deformities has evolved over the last few decades from
non-operative modalities including traction, casting and bracing, to instrumented correction of
the deformity with fusion. Advances in instrumentation for the spine have progressed from
Harrington rods to segmental spinal fixation by pedicle screws. These pedicle screws and
segmental spinal fixation have revolutionized the surgical management of scoliosis over the
past two decades.

Early-onset spinal deformity is characterized by new diagnosis, where in one detects
scoliosis, kyphosis, or multi-planar deformity in children under five years of age. The

growing spine has been an area of increasing interest and research over the last few years. This
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vulnerable age group has unique epidemiology, clinical features, management, and outcome
parameters.

Treatment of progressive spinal deformity in a growing child poses a significant challenge and
there is no universally agreed upon recommendations or treatment guidelines regarding
standard of care. The chest cage deformation in early-onset scoliosis, and its impact on pulmonary
function, has been extensively studied since the beginning of the new millennium. There has been
an explosion in the development of newer techniques with the introduction of more
sophisticated surgical implants, guided by a better understanding of pulmonary function and its
impact on long-term quality of life, in addition to the correction of the spinal deformity. The
main stay of the treatment options for these children is to correct and control their deformity
while allowing them to have a near normal pulmonary maturation with growth. The aim is to
ensure that this is achieved in the simplest way possible, has least impact on the child’s
cognitive, mental, behavioral, psychological and physical development, and has least number
of complications. Ensuring these goals are met continues to be a formidable challenge to
spinal deformity surgeons.

Furthermore, it is of the utmost importance to have a better understanding of the
specific features and components of spinal deformity in a growing child, emphasizing the
differences between younger children and the older adolescent age groups. Lung development,
maturation, and pulmonary function are increasingly recognised as critical factors whose
optimisation is paramount for successful long-term outcomes. Insight and awareness in to
these factors has led to an understanding the etio-pathogenesis of thoracic insufficiency
syndrome (TIS), and has created new surgical strategies to deal with this difficult problem. TIS
is defined as the inability of the thorax (the combined biomechanical unit of thoracic spine,
rib cage, sternum and the diaphragm) to support normal respiration or lung growth in a child.

The three dimensional volume depletion deformity, as a result of progressive spinal and chest
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cage deformation with growth and time, is responsible for TIS. It is associated with high
mortality and morbidity, and the orthopaedic gold standard ‘Cobb angle’ is of minimal

relevance for a complex three dimensional problem.

A. Anatomy

The spine is the segmental column of thirty three vertebrae that provides strength,
flexibility, and protection to the neural tube, and constitutes the major sub-cranial part of the
axial skeleton. The precursors to the vertebrae are the somites arising from the paraxial
mesoderm. Occipital (4), cervical (8), thoracic (12), lumbar (5), sacral (5) and coccygeal (4-5) pairs
of somites eventually form the spinal column, and all of them are present by the fourth or fifth week
of gestation. Its individual elements are united by a series of intervertebral articulations that
form a firm, but flexible shaft supporting the trunk and protective covering for the neural
elements.

The vertebral column and spinal cord of young children have their own unique
features, differentiating them from skeletally mature spines. Appreciation of these differences
and an understanding of biomechanics is the first step towards better care of these children. The
length of the spine nearly triples between birth and adulthood. At birth, the vertebral column
measures approximately 240mm in length. In newborns, only thirty percent of the spine is
ossified with minimal difference in morphology between cervical, thoracic, and lumbar
vertebrae. Subsequently the cervical, thoracic, and lumbar vertebrae acquire their individual
identities gradually with time. This includes development of foramen transversarium for the
vertebral artery, uncinate process, and unco-vertebral joints in the cervical region; unigque
sagittal orientation of facet joints with costal facets for articulation with the ribs in thoracic
and mammillary processes with coronal orientation of facets for lumbar vertebrae

respectively.

10
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The ossification of the spine is completed only in the third decade, unlike an
appendicular skeleton (complete by the end of the second decade). The rate of growth also
varies, and in the thoracic region, the posterior elements grow faster than anterior elements,
imparting physiological thoracic kyphosis. The reverse occurs in the cervical and lumbar

region, resulting in the development of cervical and lumbar lordosis.

B. Biomechanics

Background knowledge of material science and structural mechanics is necessary to
understand and appreciate the fundamental biomechanics of spinal deformities. Leonhard
Euler in 18" century described the mechanism of failure for an erect column. These
engineering principles have stood the test of time for three centuries, and continue to be the
foundational theories behind the design of spinal constructs to achieve sound fusion
(arthrodesis). In addition, the biological tissue differences of a paediatric spine, which has
growth potential and re-modeling, is different from that of an adult spine, which has
completed its growth. This presents a unique set of problems that are yet to be fully
understood, and the consideration of these problems is valuable in evaluating how best to
manage paediatric spine deformities.

The main function of the axial skeleton is to provide a rigid support to the
appendicular skeleton (i.e. limbs), and to withstand physiologically applied loads while
facilitating a range of motion with nominal energy expenditure. Structural pathologies in the
spine alter the equilibrium, and corrective strategies to treat spinal deformity attempt to restore
this equilibrium by an application of force, either through bracing or internal fixation. One
must first understand static mechanics principles, and the concept of force application and its
effects, to better understand the treatment of spinal deformity. Common questions include:

1) What type of force to apply and how? (i.e. corrective bracing by three point fixation /

11
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correction fulcrums; compressive vs. distractive forces; use of screws, hooks, rods plates,
wires; segmental vs. end fixation anchors, and anterior vs. posterior scaffolds)

2) How does the force act in-vivo (i.e. in tension or in compression, and whether it is acting
concentric or eccentrically?)

3) What are the consequences of such a force and in what plane? (i.e. coronal, sagittal, or

multi-planar; what is the impact on local and global motion?).

C. Growth

Certain aspects of spinal growth are poorly understood despite the spine having a well-
established pattern of growth throughout the years of maturation. The growth velocity (i.e.
rate of growth) has a bimodal peak:

i) The first five years and

i) The adolescent growth spurt.

The growth velocity is steady at about eight to ten mm a year between the ages of five
to ten. A Dimeglio and F Bonnel studied the longitudinal growth of the thoracic and lumbar
vertebrae and quantified it to be about eight to eleven mm a year (Dimeglio A, Bonnel, F:
The Spinal Column in Growth. Springer, Paris: 1990). R Roaf studied the growth of
intervertebral discs, and observed a mean increase in 0.2 to 0.6mm for thoracic and 0.3 to
0.8mm for lumbar discs per year respectively (R Roaf. Vertebral growth and its mechanical
control J Bone and Joint Surg 42B(1): 40-59).

Severe scoliosis can cause pulmonary hypertension and Cor pulmonale. The chest
cage deformation with progressive deformity results in costo-pelvic impingement, which
compromises the space available for the lungs (SAL), and increases their work for breathing.
With the diminished size of the thorax and a reduced excursion of the ribs, the accessory

muscles of respiration are strained, causing tachypnoea and hypercapnia. The vicious cascade
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finally culminates in right ventricular failure. These features are seen only in early-onset
scoliosis and not in late-onset curve patterns. Numerous reports exist in literature correlating
increased mortality and morbidity from cardio-pulmonary compromise in early-onset
scoliosis.

Despite tremendous advances, very little is known regarding the natural history of
early-onset scoliosis, particularly with regards to genetic defects. Thorough understanding of
the natural history is of paramount importance, since it has a bearing on its management,

especially with regards to surgical intervention.

D. Classification

Early-onset scoliosis has traditionally been classified according to etiology into:
idiopathic, neuromuscular, congenital, and exotic types (which include syndromic, skeletal
dysplasias, secondary to genetic disorders, and so forth). The natural history of many rare
genetic and neurodegenerative conditions that produce scoliosis is not known. Given the rarity
of such conditions in the general population, health bodies (NIH and DoH) have little interest
in funding research for these areas. The Scoliosis Research Society (SRS) and the British
Scoliosis Research Foundation (BSRF) continue to pioneer advances and excellence in
understanding these conditions through research funding and international collaboration.

The first broadly applied classification system in instrumentation era for surgical
treatment of idiopathic scoliosis was published by King and Moe (King HA, Moe JH et al:
Selection of fusion levels in thoracic adolescent idiopathic scoliosis. J Bone Joint Surg Am
65(9):1302-1313, 1983). Their classification enjoyed immense popularity for more than two
decades, and categorised AIS into five main types. It provided excellent treatment
recommendations for the Harrington spinal instrumentation system and analysed only thoracic

curve patterns in a two-dimensional plane. However, a better understanding of the sagittal
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profile and its importance for long-term outcomes quickly exposed the inherent limitations of
this classification. A robust, more comprehensive, and three-dimensional objective, which has
a reliable and reproducible classification, that also provides fusion recommendations, was
proposed by L Lenke (Lenke LG, Betz RR et al: Adolescent idiopathic scoliosis: a new
classification to determine extent of spinal arthrodesis. J Bone Joint Surg Am 83-A(8):1169-
1181, 2001). This classification was based on plain radiographs, and curves were classified
into six types, with each curve type further sub classified into A, B, and C modifiers. The
sagittal plane was also evaluated and +/- suffixes were attached to convey if the curves were
hyper or hypokyphotic respectively. This yielded thirty six AIS curve characteristics. Despite

this, the Lenke classification is not without its limitations:

i.  Shoulder balance and symmetry are not taken into consideration
ii. It does not quantify rib-hump deformity

The DaVinci’s three-dimensional classification system is a new research tool that
accurately quantifies coronal, sagittal and axial plane deformities depicting them in a
vectorial representation. First reported by L Doung and H Labelle, its use is confined
largely for research purposes and is less used in day to day clinical practice. (Duong L,
Labelle H et al. Three-dimensional classification of spinal deformities using fuzzy
clustering. Spine 2006; 31:923-30). There continues to be a need for a clinically oriented,
easily remembered, and consistently reproducible classification system based only on the
factors that are of importance to patients and their caregivers. Such a classification should also
directly affect the surgical treatment of these curves guiding the surgeon in choosing
appropriate fusion levels and not be too time consuming for a busy clinician. It should also
be able to meet patients’ and their family’s expectations, as well as meet the surgeon’s

definition of success with surgical intervention.

14
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E. Clinical Assessment

The initial evaluation of a child with suspected spinal deformity should begin with a detailed
clinical history and careful physical examination with a detailed neurological evaluation.
Antenatal and perinatal history, with special reference to birth presentation type and
developmental milestones, should be diligently elicited as cognitive delay has been shown to
correlate with curve progression. Idiopathic infantile scoliosis is seen more commonly with
breech presentation and low birth weight males.

Physical evaluation should begin with search for a midline hairy patch (suggestive of
spinal dysraphism), café-au-lait spots, axillary freckling (suggestive of neurofibromatosis),
and other cutaneous markers (Shagreen’s patch of Tuberous sclerosis, and so forth).
Anthropometric measurements of sitting, standing height, and the upper: lower segment ratio
is also recorded. Arm span and standing height, if disproportionate, suggests Marfanoid
habitus syndrome. Chest cage circumference and chest expansion on maximum inspiration is
also assessed. The flexibility of curvature can be studied by holding the child suspended
under the arms, and looking for correction with lateral pressure or suspending the older child
from a gymnastic bar.

Leg lengths are measured to rule out non-structural causes of scoliosis, especially in
an ambulant child with a lumbar curve. Other features like plagiocephaly, developmental
dysplasia of the hip (DDH), congenital heart diseases, inguinal hernia, anal atresia, and so on,
are looked for and considered carefully. Joint laxity and hypermobility should be assessed in
all patients. Evaluation of other systems and a study of facial features (low-set ears with
hypertelorism, and the broad or depressed nasal bridge of Down’s syndrome; the blue sclera
of Osteogenesis imperfecta, and so forth) guides one in associating these features with
syndromic diagnosis, thus giving insight into the natural history of underlying disorder.

Finally, careful evaluation of the neurological system is to be completed. Assessing

15
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motor function and gait is imperative to evaluation of occult central nervous system
abnormalities. Asymmetrical superficial abdominal reflexes may be the only manifestation of
occult syringomyelia with Chiari | malformation. The superficial abdominal reflex is
characteristically absent on the convexity of curvature. Deep tendon reflexes and
coordination should be tested to evaluate long-tracts and cerebellar function.

Lastly, with a better understanding of pulmonary maturation in the new millennium and
pathogenesis of thoracic insufficiency syndrome (TIS), consideration should be given for an
evaluation by a pediatric pulmonologist, especially if in the presence of significant chest cage
deformation and severe scoliosis. Though lung function is difficult to ascertain in children
less than five years old, a dynamic 3D CT chest volumetric measurement gives enormous
insight into the severity of the patient’s condition, and the required timing and effect of
surgical intervention. More recently, dedicated centers for thoracic insufficiency are also
performing dynamic lung MRIs to better study the pulmonary biomechanics of TIS, and these
centers are observing different types of volume depletion deformities of the thorax in order to

formulate optimal surgical solutions.

F. Investigations

Plain radiographs are a cornerstone for diagnosis and the study of curve patterns and
their characteristics. One of the first goals is to rule out congenital etiology by looking for an
unsegmented bony bar or bridge on the concavity. Also, midline defects (absent spinous
processes / spina bifida occulta) can be studied on plain x-rays. The Cobb angle measurement
between the most titled vertebrae into the concavity of the curvature helps in quantifying the
magnitude of the deformity. M Mehta in 1972 reported the relation of apical vertebra to the
corresponding rib, and reported the RVAD (rib vertebral angle difference) to predict the

progressing curve types from resolving ones. (MH Mehta. The rib-vertebral angle in the early
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diagnosis between resolving and progressive infantile scoliosis. J Bone and Joint Surg. 1972,
54B: 230-43). Later, she also described an additional tool known as “phase of the rib head”
for prognostication of infantile idiopathic scoliosis. Curves in phase | transition (no overlap
of rib head or neck on apical vertebra) with a RVAD of less than twenty degrees resolved in
99 percent of instances. Curves in phase Il transition with a RVAD of more than twenty
degrees progressed in more than ninety eight percent of the cases.

In addition to plain radiographs, magnetic resonance imaging (MRI) is mandatory in
many types of early-onset scoliosis to rule out split cord (diastematomyelia and
diplomyelia) and Arnold-Chiari malformations. MRI is a non-invasive technique that
provides multi-planar imaging without the use of ionizing radiation with superior soft-tissue
characterization, facilitating the visualization of complex anatomy, and giving an accurate
assessment of the entire neuraxis. Any patient with an atypical curve pattern, an abnormal
neurology, or a painful, or rapidly progressing curve, should undergo an MRI. Up to forty
percent of congenital spinal deformities have associated intra-spinal abnormality, but a
routine pre-op MRI is not indicated in neurologically normal AIS patients with typical
curve patterns. Since images may degrade at either end of the magnetic gradient, the areas
of anatomic interest should be placed in the middle of the field gradient. In addition to
providing direct evaluation of the spinal cord and cerebrospinal fluid (CSF), the MRI also
gives multi-planar information on the surrounding soft tissue and osseous structures.
Visualization and image characteristics may be augmented with intravenous administration
of paramagnetic substances, such as gadolinium, that shortens both T; and T, relaxation
times. This, to some degree, helps in differentiating infections from edema or tumours,
though exceptions exist.

Although MRI is noninvasive, it may require sedation for young patients, or for

those with claustrophobia. While open scanners have helped patients with claustrophobia,
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their image quality lags behind that of closed scanners. Variations and choices in magnetic
field strength (0.5T to 3.0T) may be considered in order to improve image characteristics
and obtain the best quality images with maximal clinical information.

There is a small population of patients that exist who may have contra-indication for
MRI (those with cardiac pacemakers, Berry aneurysm clips, cochlear implants, metallic
foreign objects in the eyes, previous stainless steel instrumentation in the spine, and so
forth). Contrast myelography or CT myelogram offers valuable dynamic information on
cord compression and severity in such individuals. In severe multi-planar deformities, a
dedicated CT scan with 3D reconstruction would facilitate a better understanding of local
anatomy, especially with congenital deformities.

More recently rapid prototyping and reverse engineering principles are employed in
creating a 1:1 ratio 3D model of the spine to better understand the anatomy, to plan or rehearse
pedicle screw trajectories, and to perform resection or osteotomy prior to the surgical execution in
the operating room to minimize neurological risks and complications. 3D printers are now
available commercially, and such an approach is likely to be a standard of care in the coming

years.

G. Management of most prevalent deformity types
Conservative management:

The treatment of early-onset scoliosis deformity (EOSD) revolves around one
fundamental principle: the ‘degree of anticipated or actual curve progression’. Mehta’s
criteria, though extremely useful for idiopathic infantile scoliosis, is of limited utility for EOS
secondary to non-idiopathic etiologies. Curves in Phase Il transition with a Cobb angle of
twenty to thirty five degrees had a risk of progression, so bracing or casting is recommended.

A total body cast with serial changes every six to twelve weeks is most popular for toddlers,

18
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while the juvenile age group is prescribed braces (Boston underarm orthosis, or a Charleston
brace, and so forth). Brace wear is encouraged full-time (at least twenty three hours), and
should be discarded when there is no change in the Cobb angle for at least two years.

M McMaster has given enormous insight into the natural history and management of
congenital scoliosis. He described the rate of progression for different curve patterns based on
underlying congenital anomaly. Curves that had a unilateral unsegmented bar with
contralateral hemivertebra had the highest risk of progression by ten to fifteen degrees, over a
period of six months, where as those with block vertebra or hemi-metameric shift rarely
progressed to a degree warranting surgical intervention. (MJ McMaster and K Ohtsuka. The
natural history of congenital scoliosis. A study of two hundred and fifty-one patients. J Bone
Joint Surg(Am), 1982, 64(8):1128-1147). In between these two ends of the spectrum exists
the fully segmented and partially segmented hemivertebra (MJ McMaster and CV David. J
Bone Joint Surg(Br) 1986, 68(4):588-595). Defects in segmentation resulting in posterior or
postero-lateral quadrant producing kyphotic or kypho-scoliotic deformities were detrimental
to cord function, resulting in paraparesis. Surgical management is recommended for
such sagittal plane deformities.

The management of neuromuscular deformities is guided by the natural history of the
underlying disorder. Bracing is largely ineffective, and it neither changes the nature of

deformity nor its curative. It temporarily buys time in postponing the inevitable.

Surgical management:

The ultimate goal in surgical management of EOSD is to prevent the progression of
deformity by guiding the growth of the spine by internal fixation and maximizing the normal
development of the thorax, or chest cage with minimal complications. Though numerous

methods and devices were proposed and are in use, an ideal one-off surgical solution that
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achieves these desired goals is still not available. Therefore, the quest for such an ideal surgical
option is the key crux and motivation for this dissertation. Surgery is usually entertained,
especially when the Cobb angle is more than forty five degrees with a progressive curve
(defined as more than five to six degrees of worsening in six months on at least two
occasions) in a skeletally immature patient (Riser Gr.0-I1).

Initial proponents believed a short, straight spine was better than a longer, bent spine,
an early definitive spinal fusion was proposed. It was quickly evident, however, that this
significantly compromised sitting height with a reduced upper: lower segment ratio, and it
reduced pulmonary function or vital capacity. Exercise tolerance was unacceptable, so
alternative modalities were explored. Isolated posterior fusion resulted in relentless anterior
growth with a recurrence of deformity and the ‘crankshaft phenomenon’. The surgical options

for EOSD could be broadly divided into:

i) Fusion vs. non-fusion surgeries

i) Anterior vs. posterior approach surgeries

i Idiopathic

Roaf proposed that the deformity of early-onset idiopathic scoliosis was due to the
asymmetrical rate of growth between the concave and convex sides. (R Roaf. The treatment
of progressive scoliosis by unilateral growth-arrest. J Bone Joint Surg(Br) 45(6):637-51).
The higher growth velocity on the convex side, in relation to the concave side, was an
attractive option to perform anterior convex growth arrest (convex epiphysiodesis). This
involved an ablation of the convex epiphyseal cartilage and adjacent vertebral endplates
around the apex of the deformity. With time, instrumentation was added primarily to control
the progression of the deformity and to achieve sound fusion over the operated area. In
the new millennium, the same goal is achieved by employing a minimally invasive
technique using staples which are popular amongst surgeons who perform video-assisted

thoracoscopic surgeries (VATS).
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Posterior based surgical options include growth-sparing spinal instrumentation that
started as a distraction-based technique with the use of Harrington rods and outrigger devices.
Later with time, the growth-sparing surgical constructs became popularised as an expandable,
segmental instrumentation technique for single or dual growing rod instrumentation with
periodic lengthening, using a tandem end to end connector, or a domino side to side connector.

Such rods were placed either sub-muscularly or sub-fascially.

ii.  Congenital

There are several types of surgery available for congenital scoliosis, and surgical
management is dictated by the underlying nature of the bony deformity. Co-existent tethered cord or
spinal dysraphism mandates neurosurgical de-tethering and closure of meningocoele prior to scoliosis
correction. Similarly for diastematomyelia, excision of a bony or cartilaginous spur is performed prior
to attempting spinal surgery. The surgical options include in-situ fusion to hemivertebra excision
with, or without, instrumentation. A fully segmented hemivertebra, especially in junctional
areas (i.e. cervico-thoracic, thoraco-lumbar, or lumbo-sacral), requires complete resection either
by all posterior or combined anterior-posterior approaches. The surgery is ideally performed before
the age of five years to optimize outcomes with intact neurology. The choice of approach and the
staging of surgery are guided by the surgeon’s preference and the locally established hierarchy from
the surgeon’s pioneer predecessors.

The Vertical Expandable Prosthetic Titanium Rib (VEPTR) was developed by RM
Campbell Jr. is a longitudinal rib to pelvis distraction device that is particularly useful in
treating EOSD associated with thoracic insufficiency syndrome and fused ribs (RM
Campbell, M Smith et al. The characteristics of thoracic insufficiency syndrome associated

with fused ribs and congenital scoliosis. ] Bone Joint Surg(Am) 85(3):399-408).
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iii. Neuromuscular

The common neuromuscular disorders warranting surgeries are: neurofibromatosis,
spinal muscular atrophy (SMA), cerebral palsy, Friedreich’s ataxia, and Duchenne’s muscular
dystrophy (DMD). The surgical treatment is guided by the natural history of such disorders, as
well as the expected survival rate. Scoliosis in neurofibromatosis could be either dystrophic
(neuromuscular) or non-dystrophic (idiopathic type), and it is notorious for developing
pseudoarthrosis. SMA presents with long C-shaped spinal deformity and a collapsing
deformity of the chest wall (i.e. parasol deformity) with a vertical inclination of the ribs.
Neuromuscular scoliosis secondary to cerebral palsy produces mainly two types of curves: i)
thoraco-lumbar short segment deformity with hyperlordosis in hypertonic or spastic children,
and ii) a long 'C' shaped collapsing curve in hypotonic or flaccid children. The most common
cause of death in children with Friedreich’s ataxia is cardiomyopathy, and surgery
should ideally be performed before the onset of significant cardio-pulmonary compromise.
Children with DMD should be operated as soon as they lose ambulant potential, or
their curve approaches 40 degrees (whichever is earlier). Delaying surgery in DMD to a
later date will pose significant challenges post-operatively, owing to rapidly deteriorating
pulmonary function and vital capacity. The presence of pelvic obliquity mandates fixation to
pelvis in such group of patients, in order to level the pelvis and optimize seating balance
in a wheel-chair. My pioneering work on improvement in pulmonary function in six
children with early-onset scoliosis secondary to neuromuscular disorders (EOS-NMD)
following MdGR insertion with a minimum follow-up of two years was presented at the
Scoliosis Research Society (SRS) annual meeting 2013 at Lyon, France. The same has
also been published in a reputed peer-reviewed indexed scientific journal this year (Spine
2014, 39(15): 1196-1202). The published scientific article is attached as paper no. 8 in the

Innovations and Recent Advances chapter (i.e. Chapter no. 5).
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Paper: 1

Crankshaft phenomenon is a significant problem in the growing spine. It is defined as a
progression of scoliosis and a rotational deformity after spinal fusion and instrumentation in the
absence of ‘adding-on’ and pseudoarthrosis. Spinal growth potential depends on skeletal age
and whether tri-radiate cartilages are open. Riser grading (i.e. appearance of iliac apophysis)
has also been traditionally used to evaluate the residual growth potential of an immature spine.

Conventionally Riser grade zero to three is considered to be skeletally immature, and
Riser grade four and five are considered to be close to completion of growth with minimal or
absent residual growth potential. The longitudinal growth of the spine is through secondary
ossification centers in the vertebral end-plates, and no study existed that correlated the
histological characteristics of these ossification centers with the Riser grade. | was one of the
first to conduct such an investigation. Thirty four patients (three males and thirty one females)
who underwent anterior release for the correction of idiopathic scoliosis had superior and
inferior end-plates harvested and assessed histologically for the degree of growth activity,
correlating them with the Riser grade, chronological age, and pubertal status. Ten out of
fourteen patients in Riser grade four had significant growth activity in end- plates and only
Riser grade five was an absolute indicator of cessation of vertebral growth in AlS. This study
challenged the previously believed notion that individuals with only Riser grade zero to three
and open tri-radiate cartilages, developed crankshaft phenomenon following spinal fusion.
Riser grade four, when coupled with chronological age and time since onset of menarche, was a

better representative of growth cessation than the Riser grade on its own.

Spinal growth and a histologic evaluation of the Riser grade in idiopathic scoliosis. Noordeen

MH, Haddad FS, Edgar MA, Pringle J. Spine (Philadelphia, PA 1976). 1999 Mar 15; 24(6):

535-8. PMID: 10101816
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Paper: 2

Idiopathic scoliosis is characterized by the loss of thoracic kyphosis in the sagittal plane.
Severe thoracic hypokyphosis may result in the reduction of the antero-posterior (AP) diameter
of the chest, which may manifest as restrictive lung disease with reduced vital capacity. The
effects of lordoscoliosis on the main-stem bronchi were not reported.

| observed two patients with severe lordoscoliosis and had right main-stem bronchus
obstruction that was confirmed on ventilation-perfusion (VP) scans. Correction of their
spinal deformity was imperative, not only for improvement in the coronal Cobb angle, but
also to alleviate the bronchial obstruction and optimize lung function by increasing the AP
diameter of their chest and the space available for lungs (SAL). Patient one had a growing rod
inserted at four years old, which was successful in improving FVC from seventy nine percent of
predicted to 100 percent and FEV; from sixty five percent of predicted to eighty four
percent at their most recent follow-up. Patient two was sixteen years old and had a one-off
posterior definitive spinal fusion with improvement in FVC from twenty eight percent to
fifty four percent and FEV; from twenty five percent to forty six percent of predicted at
the final follow-up. Comparison of post-op VP and 3D computed tomography (CT) scans with
the pre-op ones demonstrated an alleviation of main-stem bronchus compression and an
increased SAL in mm?. | offered the caregivers early spinal deformity corrective surgery to
prevent irreversible compromise in lung function and vital capacity. Evaluation for main stem
bronchus compression has been a standard of care during pre-operative evaluation in all my
patients over the years to minimize post-operative pulmonary complications by the aggressive

institution of chest physiotherapy.

Lordoscoliosis and large intrathoracic airway obstruction: Bartlett W, Garrido E, Wallis C,

Tucker SK, Noordeen H. Spine (Philadelphia, PA 1976). 2009 Jan 1; 34(1): E59-65. PMID:

19127151
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Paper: 3

Congenital insensitivity to pain continues to be a diagnostic and therapeutic challenge.
It can be inherited as an autosomal dominant, an autosomal recessive or a sporadic pattern. Co-
existent peripheral neuropathy with an absence of potential withdrawal to painful stimulus is
common. Charcot’s arthropathy may develop and manifest as a spinal deformity, warranting a
spinal surgeon’s expertise.

A ten year old Russian boy born out of wedlock from a non-consanguineous marriage
with self-mutilation tendencies was admitted under my care for an evaluation of a progressive
thoraco-lumbar deformity, and investigations revealed L1-L2 vertebral destruction. Genetic
testing and a detailed neurological assessment established it to be ‘Hereditary motor sensory
neuropathy (HMSN) type V’, ruling out Riley-Day and Lesch-Nyhan syndromes. He was
operated on at age eleven with combined instrumented anterior-posterior fusion, using a rib
graft as an anterior strut. He did well for five years, only to present later with a L4-L5
destructive lesion and lumbar kyphosis. Another surgery in the form of single stage posterior
spinal fusion from L3-L5 was undertaken to provide stability and arrest the progression of
the deformity. His tingling, numbness, and radiculopathy also improved significantly post-
operatively, and he was doing great at his most recent follow-up.

This was the first male patient with HMSN type V to present with a spinal
deformity in published English medical literature. Only two other patients were reported

earlier (both females, who were aged seventeen and twenty eight respectively).

Spinal manifestations in a patient with congenital insensitivity to pain: Tsirikos Al, Haddo O,

Noordeen HH. J Spinal Disord Tech. 2004 Aug;17(4):326-30. PMID: 15280764
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Paper: 4

The surgical management of early-onset scoliosis by instrumentation could be broadly
categorised into three types: i) Self growing rods with wires (Luque-trolley), ii) Vertebral
expandable prosthetic titanium rib (VEPTR) and iii) Growing rods (GR). They (i.e. GRs) act as
an internal scaffold guiding the growth of the spine with age, and improving the Cobb angle
and the space available for lungs.

I reported clinic-radiological parameters and surgical results of single submuscular
growing rods with a minimum follow-up of two years along with another Consultant (S
Tucker) in a series of eighty eight patients. The etiologies included: i) Idiopathic (28), ii)
Syndromic (22), iii) Neuromuscular (20) and Congenital (18). The mean age at surgery was 7
years (range of 1.4 to 12.1 years), and the mean follow-up was 3.5 years old (range of 2 t0 6.8
years). The mean Cobb angle at time of index surgery (GR insertion) was 73.3° and mean
improvement in Cobb angle was 31.8° with a mean loss of 2.5 at final f/u. 30 of the 88 patients
had definitive spinal fusion at the time of final follow-up. The complications included wound
infections in 11 (superficial-8 and deep-3), rod fractures in 31 (which was the most common
complication), and anchor failure or migration (proximal — 10 and deep — 6).

This is one of the largest cohorts of patients treated at a single center, with reports on

the surgical results of single submuscular growing rods in the English language.

Minimizing complications with single submuscular growing rods: a review of technique and

results on 88 patients with minimum two-year follow-up: Faroog N, Garrido E, Altaf F,

Dartnell J, Shah SA, Tucker SK, Noordeen H. Spine (Phila Pa 1976). 2010 Dec 1:35(25):2252-

8. PMID: 21102301
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B Spinal Growth and a Histologic Evaluation of the
Risser Grade in Idiopathic Scoliosis

M. H. H. Noordeen, FRCS (Orth), Fares S. Haddad, FRCS (Orth), Michael A. Edgar, FRCS,

and Jean Pringle, FRCP

Study Design. Thirty-four patients with idiopathic sco-
liosis who underwent anterior spinal surgery as part of
the correction of spinal deformity were studied prospec-
tively. Superior and inferior endplates were harvested
and examined histologically for evidence of residual
growth activity. This was then correlated with Risser
grades, chronologic age, and pubertal status.

Objectives. To clarify the correlation between Risser
grade and vertebral endplate growth potential in patients
with idiopathic scoliosis.

Summary of Background Data. The importance of lon-
gitudinal spinal growth in patients with idiopathic scolio-
sis and its correlation with curve progression and the
crankshaft phenomenon after posterior fusion are well
recognized. The Risser grade, which shows the extent of
excursion of the iliac apophysis on serial plain radio-
graphs, is commonly used to estimate residual spinal
growth. However, the correlation between the Risser
grade and vertebral endplate growth potential in patients
with idiopathic scoliosis remains unclear.

Methods. Superior and inferior endplates were har-
vested from these patients and examined histologically
for evidence of residual growth. This was correlated with
Risser grade, chronologic age, and pubertal status.

Results. Risser Grade 5 was found to be the only indi-
cator of cessation of vertebral growth in idiopathic scoli-
osis. Of the 14 patients with Risser Grade 4, 10 showed
significant growth activity in the vertebral endplates. The
reliability of Risser Grade 4 increases when combined
with chronologic age and time since menarche in fe-
male patients.

Conclusions. The crankshaft phenomenon is reported
o occur only in patients with Risser Grade 2 or less,
particularly those with open triradiate cartilages. Our find-
ings of significant endplate growth activity, even in pa-
tients with Risser Grade 4, make it unlikely that the crank-
shaft phenomenon is caused purely by longitudinal spinal
growth. [Key Words: scoliosis, Risser, spinal growth, end-
plates| Spine 1999,24:535-538

_The prediction of curve progression in untreated patients
5 a major challenge to orthopedic surgeons. Progression
of scoliosis and rotational deformity after spinal fusion
and instrumentation, in the absence of “adding on™ or
pseudarthrosis, has been labeled the crankshaft phenom-
enon, and remains a significant problem in spi-
nal Surgery."-"’-m :

From The Royal National Orthopaedic Hospital, Middlesex; and The
Middlesex Hospital, London, United Kingdom.
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First revision date: July 31, 1997.

Second revision date: February 19, 1998.

-"-t'&‘tpt.mcc date: lum: 18, 1998.

Jevice status category: 1.

These phenomena have been related to longitudinal
spinal growth, and there are several parameters in cur-
rent use that help in determining spinal growth. 1516 The
excursion of the iliac apophysis (the Risser grade) has
been widely used since it was first described in 1958,'*
bur there is considerable controversy regarding its reli-
ability in predicting spinal growth.

We have been unable to identify any studies in which
the Risser grade has been correlated with vertebral end-
plate histology. This prospective study was designed to
ascertain the value of the Risser grade in predicting spi-
nal growth, by comparing it with vertebral endplate his-
tology in patients with idiopathic scoliosis.

m Patients and Methods

From September 1991 through January 1995, vertebral end-
plates were harvested from patients with idiopathic scoliosis
who underwent anterior spinal surgery for lumbar and thora-
columbar curves. The total number of patients was 43. The
medical records of 7 patients were incomplete. On reviewing
the records of the remaining 36 patients, 2 patients, both male,
were found to have congenital scoliosis and were therefore also
excluded. This left 34 patients, 31 females and 3 males. The
average age of the female patients at the time of surgery was 17
years 8 months (range, 12-31.5 years), and of the male patients
was 15 years and 7 months (range, 13 years 10 months to
18 years).

Markers of physiologic maturity including breast develop-
ment, menarche, and the development of pubic and axillary
hair were noted. Patients with previous illnesses, injuries, or
musculoskeletal disorders that could affect vertebral develop-
ment were excluded. Radiographs of the spine and pelvis ob-
rained at the time of anterior spinal fusion were evaluared by
two independent assessors to estimate the Risser grade, to de-
termine the magnitude of scoliosis curve, and to rule out con-
genital vertebral anomalies. The triradiate cartilage of the ace-
cabulum and the vertebral apophyses were also evaluated.

The superior and inferior endplates were harvested at sur-
gery at every surgical level. The discs were excised before the
vertebral endplates, which were excised intact using 0s-
teotomes. The superior, inferior, convex, and concave parts of
the endplates were assessed at every level fused. The endplates
were immediately fixed in 10% formal saline before they were
transported to the pathology department. After 24 hours they
were decalcified in buffered formic acid for 2-10 days. The end
point of decalcification was radiographically assessed. After
decalcification, the specimens were processed in paraffin wax.
The embedded blocks were sectioned 4-5 pm in thickness, and
4-33 longitudinal sections of vertebral endplate were made in
each patient and stained with hematoxylin and cosin. Speci-
mens were examined under light microscopy for evidence of
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Figure 1. An example of histologic Grade 0 showing no prolifer-
ative cartilage zone and no growth activity.

and to determine the extent of residual growth plate activity
and vertebral growth potential.

Histologic Grading of Vertebral Endplates. On the basis
of the presence or absence and extent of the proliferative car-
tilage zone in the longitudinal sections of vertebral endplate, we
identified four histologic grades as follows:

1. Grade 0: No proliferative cartilage zone and no growth
acuvity (Figure 1).

2. Grade I: No growth activity, but areas of proliferative
cartilage zones present (Figure 2).

3. Grade II: Areas of growth inactivity and areas of prolif-
erative cartilage zones (Figure 3).

4. Grade III: A proliferative cartlage zone throughout the
section (Figure 4).

Histologic Grade 0 and Grade [ were not considered to repre-
sent significant vertebral growth. In histologic Grade 11, inac-
tive areas may represent the Hueter—Volkmann “epiphyseal
pressure rule,” which states that growth plate becomes inactive
in areas of increased pressure.'® These areas ma v represent the
concave sides of the scoliotic curves. Active areas of the prolif-
erative cartilage zones in Grade Il were considered significant
tor continued vertebral growth.

Figure 2. An example of histologic Grade | showing some prolif-
erative cartilage zones but no growth activity.

Figure 3. An example of histologic Grade Il showing areas of
growth inactivity and proliferative cartilage zones,

B Results

At the time of anterior spinal fusion, there were 5 pa-
tients classified as Risser Grade 0, 2 as Risser Grade 1, 2
as Risser Grade 2, four as Risser Grade 3. 14 as Risser
Grade 4, and 7 as Risser Grade 5. In 1 patient classified
as Risser Grade 3, fusion with the ilium was achieved
with this short excursion soon after surgery. This patient
was classified as Risser Grade 4.

Histologic analysis of the vertebral endplates of all
patients classified as Risser Grade 0 showed Grade Il
growth activity that was present uniformly in all the lon-
gitudinal sections of the endplates of each patient. Of the
two patients classified as Risser Grade 1, one showed
Grade II activity and the other Grade III activity. (The
patient with Grade II activity was a 12-year-old girl. At
the time of anterior spinal fusion, her Cobb angle was
63% and she had had menarche at the age of 11 years and
6 months.) Of the two patients classified as Risser Grade
2 and 4 patients as Risser Grade 3, all showed Grade Ill
growth activity, present uniformly in all histologic sec-
tions. Of the 14 patients classified as Risser Grade 4, all
were female with a mean age of 16 years 7 months. One
patient showed no growth activity on histologic analysis

Figure 4. An example of histologic Grade |11 showing proliferativé
cartilage zones throughout the section.
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Table 1. Correlation of Clinical Parameters With
Histologic Grades in Risser Grade 4 Patients

Histologic No. of Time From

Grade Patients Menarche (yr) Mean Age (yr)
Dand! 4 =4 17.92

Il 10 <4 16.08

of her endplate, 3 patients showed Grade I growth activ-
ity, and 10 patients showed grade Il growth activity in all
histologic sections. All patients classified as Risser
Grades 1, 2, and 3 in this study were premenarcheal.

The mean age of the patients in Risser Grade 4 and
histologic Grade II was 16 years 1 month, (range, 14
years 2 months to 18 years 7 months). For those with
histologic Grades 0 or 1, the mean age was 17 years 11
months (range, 7 years 5 months to 18 years 3 months).
These data are summarized in Table 1. All patients in
Risser Grade 4 and histologic Grade Il were operated on
within 4 years of menarche. All patients in Risser Grade
4 and histologic Grades 0 and 1 were operated on at least
4 years after menarche. The mean age at menarche in
patients in Risser Grade 4 was 13.9 years (range, 12-16
years). Five patients in Risser Grade 5 showed no growth
activity; they were all more than 25 years of age. Two
patients showed only focal activity (Grade 1) and both
were less than 19 years of age (Table 2).

No difference was detected between residual growth
activity in lower thoracic and lumbar vertebrae. Radio-
graphs of the pelvis showing the triradiate cartilage were
available in only seven patients, all of whom showed
closed triradiate cartilage. Vertebral ring apophyses were
not clearly visible on any of the spine radiographs.

M Discussion

Orthopedic surgeons involved in the management of pa-
tients with idiopathic scoliosis have a special interest in
the assessment of spinal growth, because both the natu-
ral history of the disease and its management, operative
or nonoperative, are related to the growth puwntia] of
the spine.

Although physeal growth occurs in a similar manner
in the vertebrae as in the rest of the skeleton and is sub-
ject to the same governing factors, there is no completely
satisfactory method of determining the degree of spinal
maturity in children and adolescents. chronologic age is
a poor determinant of subsequent spinal growth. The
patient’s weight and height and the development of sec-
ondary sexual characteristics are also inaccurate meth-
ods of determining skeletal maturity.

The maturation of vertebral apophyses is difficult to
visualize. It also bears has no relation to longitudinal
vertebral growth. Its fusion occurs OVer several years
with different timing in different regions of the spine.”™
In the current series, the vertebral ring apophysis could
not be visualized in any patient.

Although the Risser grade continues to be an accepted
prognostic sign in the evaluation of patients with idio-

pathic scoliosis, there is considerable controversy about
its reliability in predicting the cessation of vertebral
growth.“'v'"‘”'z"23 Histologic analysis has shown con-
siderable residual growth activity in adolescent idio-
pathic scoliosis patients with Risser Grades 1 to 4. This
activity may well reflect residual growth potential.”*'""'*
Ten (71%) of 14 patients classified in Risser Grade 4
showed Grade II growth activity. This indicates that that
Risser Grade 4 alone may be an unreliable predictor of
vertebral growth. Its reliability increases when it 1s com-
bined with other parameters, including the time since
menarche. All patients in Risser Grade 4 who underwent
surgery 4 years after menarche did not show significant
growth activity in their endplates. All those in Risser
Grade 4 who were operated on within 4 years of men-
arche showed significant Grade II growth activity.

Thus, in spite of difficulties in the prediction of phys-
iologic activity from static histology, Risser Grade 5 ap-
pears to be the only indicator of the absolute cessation of
vertebral growth. This confirms the clinical observarions
of Calvo.,® Zaoussis and james,l; Urbaniak et al,>* and
Karol et al."* In histologic Grade II, in which part of the
vertebral endplate shows good growth activity and part
of it shows complete fusion of the growth plate, the in-
active areas may be because of a pressure effect on the
vertebral endplate on the concave side of the scoliotic
curve (Hueter—Volkmann epiphyseal pressure rule; Ris-
ser 1958). Arguments against this include the work of
Bernick,' who was unable to show such a phenomenon
in normal human vertebrae, only observing a gradual
reduction in the width of the growth cartilage up to the
age of 16-20 years.

For better understanding of Grade Il activity, we need
vertebral endplates from nonscoliotic Risser Grade 4
subjects as a control group. The width of the growth
plate starts decreasing at the age of 10~15 years.' Itis not
possible, however, to predict accurately the number of
years of growth left by looking either at the width or the
histologic grade of the vertebral endplate, until and un-
less we have control subjects without scoliosis.

Although longitudinal vertical growth occurs primar-
ily by growth through the endplate,” the neurocentral
synchondrosis has been recognized as the major contrib-
utor to the growth of the posterior vertebral body.!”**
The crankshaft phenomenon is reported to occur only in

Table 2. Correlation of Risser Grades and
Histologic Grades

Histologic Grade

Risser

Grade 0 | ] 1]
0 5
1 1 1
2 - - - 2
3 — - - 4
4 1 & 10

5 5 2 =
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N

patients classified in Risser Grades 0 to 2 and particularly
in those with the open triradiate cartilages of the acetab-
ulum.'”*? Our findings of considerable residual growth
activity in patients in Risser Grade 4 make it unlikely that
longitudinal spinal growth alone could cause this phe-
nomenon.
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™ Lordoscoliosis and Large Intrathoracic

Airway Obstruction
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Stewart K. Tucker, FRCS (Orth),* and Hilali Noordeen, FRCS (Orth)*

Study Design. Case series.

Objective. We report the treatment of 2 children with
right main bronchus obstruction complicating thoracic
lordoscoliosis.

Summary of Background Data. The preoperative in-
vestigation and treatment of large airway obstruction
caused by lordoscoliosis has not been reported in the
literature.

Methods. Obstruction of the right main bronchus was
confirmed before surgery by ventilation-perfusion scans,
bronchogram, and computed tomography scan. Defor-
mity correction was achieved using a submuscular
growth rod construct in one child, and posterior spinal
fusion in the other. Clinical examination and repeat ven-
tilation-perfusion scans were performed 8 weeks after
surgery.

Results. In both children, ventilation to the right “con-
vex” lung was reestablished after surgery. Lung function
improved in both patients after surgery.

Conclusion. This is the first report of large airway ob-
struction associated with thoracic lordoscoliosis in which
ventilation was reestablished after spinal deformity cor-
rection. Early deformity correction is indicated in such
cases because of the risk of irreversible compromise to
lung ventilation and perfusion.

Key words: ventilation, perfusion, bronchus, lordosis,
lordoscoliosis, obstruction. Spine 2009;34:E59-E65

The deleterious effects of spinal deformity on pulmonary
function are widely recognized. Thoracic lordoscoliosis,
in particular, is associated with respiratory compro-
mise."? Reduced anteroposterior diameter of the thorax
decreases the total lung capacity, whereas loss of rib mo-
bility and normal chest wall expansion reduce lung com-
pliance. Torsion of large airways in kyphoscoliosis and
extrinsic compression of the right main bronchus after
compression instrumentation to correct thoracic hy-
pokyphotic scoliosis has been described.?* We report on
2 children who presented with obstruction of the right
main bronchus due to thoracic lordoscoliosis. After de-
formity correction, the patient’s chronic pulmonary
symptoms resolved and ventilation and perfusion to the
right lung was reestablished.
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m Case 1

After a normal pregnancy, the child was born vaginally
at term. She reached milestones within normal limits and
was well until age of 19 months. She developed a cough
that rapidly led to respiratory compromise necessitating
intubation. The child made a good initial recovery
though continued to suffer from recurrent chest infec-
tions and poor respiratory function.

Examination of the child’s chest aged 4 demon-
strated an expiratory wheeze to the right of the ster-
num. Lung function tests confirmed severe restrictive
lung disease. Bronchogram (Figure 1) demonstrated
obstruction of the right main bronchus, not overcome
with 15 mm H,O. Ventilation-perfusion studies were
then performed (Figures 2-3). These demonstrated ab-
sent ventilation and decreased perfusion in the right
lung while lying supine. When the patient was posi-
tioned prone, a full return of ventilation to the right
side occurred. Right lung perfusion was 27% of car-
diac output when supine, improving by 10% after 10
minutes in the prone position.

A computed tomography (CT) scan of the chest con-
firmed a narrowing of the right main bronchus that ap-
peared to be secondary to the thoracic lordoscoliosis
(Figure 3). An orthopaedic opinion was then sought. Ra-
diographs confirmed a coronal Cobb angel from T3 to
T8 of 56 degrees. Thoracic lordosis from TS5 to T9 mea-
sured 34°C with apex at T7 (Figure 4). In addition, Café
au lait skin lesions and freckling were noted, consistent
with neurofibromatosis.

The patient underwent posterior submuscular single
growing rod insertion at the age of 4 years. Fixation was
by pedicle hooks proximally and pedicle screw distally.
Correction was achieved by distraction of the contoured
growth rod (Downsize Synergy Spinal System, Parsip-
pany, NJ). Lordosis was then further corrected by ten-
sioning of 2 sublaminar cables around the growing rod
construct (Titanium Atlas Cable System, Medtronic So-
famor Danek).

A repeat ventilation-perfusion scan performed 2
months postsurgery demonstrated a great improvement
to both ventilation and perfusion in the right lung (right
lung 45% of ventilation and 44% of cardiac output),
which was almost comparable to the left lung (Figure 4).
Forced vital capacities improved from 0.891 (79% pre-
dicted) before surgery to 1.141 (101% predicted) after
surgery. Forced expiratory volume improved from 0.65
L (65% predicted) | to 0.841 (84% predicted).
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Figure 1. Bronchogram demonstrating oblique and AP views of the obstructed right main bronchus. The obstruction could not be

overcome by pressure of 15 mm H,0.

The patient has undergone 2 uncomplicated lengthen-
ing since growth rod implantation. Current coronal
Cobb angle measures 20°C and thoracic lordosis 5°C.
The patient has not experienced any further chest infec-
tions or nocturnal cough.

m Case 2

A 15-year-old girl was referred to our spinal deformity
unit after her mother had become aware of a rib hump
and unbalanced shoulders. She was known to have
Turner syndrome, although her medical history before
adoption at the age of 7 was unknown. She had received
growth hormone treatment for short stature from age 8.

Figure 2. Preoperative ventila-
tion-perfusion scan of case 1.
Right lung perfusion is reduced
whilst supine (A) and ventilation
is absent (B). When prone, a full
return of ventilation to the right
side observed (D). Perfusion to
the right lung was 27% of cardiac
output when supine (A) and 37%
when prone (C).

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Her health had been good until the age of 14, when she
began to suffer recurrent right lobar pneumonia and ex-
ertional dyspnoea. Auscultation of the right base re-
vealed reduced air entry with expiratory wheeze. Lung
function test demonstrated a restrictive pattern of lung
disease. Radiographs confirmed the presence of a right
thoracic lordoscoliosis with a coronal Cobb angel from
T5 to L2 of 75°C and a thoracic lordosis TS to T12 of
26°C (Figure 5). Spinal MRI confirmed the absence of
intraspinal pathology. CT of the chest (Figure 6) demon-
strated right lower lobe consolidation with obstruction
of the right main bronchus that appeared draped over the
apex of the lordoscoliotic spine. Ventilation-perfusion
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Figure 3. Ventilation-perfusion
scan of case 1, performed 2
months postsurgery. Right lung
ventilation is improved to 45% of
total and is independent of su-
pine (B) or prone (D) position.
Perfusion when supine (A) and
prone (C) was comparable to the
left lung.

scan confirmed absent ventilation of the right middle and
lower lobe and poor perfusion of the right lung, receiving
only 24% of cardiac output. The left lung contributed
74% of total ventilation (Figure 7). Both ventilation and
perfusion did not change in prone, standing, or supine
position.

In view of the severity of the lordoscoliosis and the
presence of obstruction of the right main bronchus ob-
struction, posterior spinal fusion with correction of the
thoracic lordosis was performed. The spine was instru-
mented with pedicle screws at every level using a 6.3-mm
diameter rod to achieve maximal correction of the sagital
deformity (Synergy Spinal System).

Thoracic lordosis was corrected to a sagittal Cobb
angle TS5 to T12 of 3°C (Figure 7) and coronal Cobb
angle TS to L2 was corrected to 21°C. Exertional dys-
pnoea resolved and at 4 weeks postsurgery and nebulised
bronchodilators were discontinued. A ventilation-
perfusion scan was performed at 8 weeks postsurgery
demonstrated improved ventilation to the right lung
which received 37% of total ventilation and improve-
ment in right lung perfusion (Figure 8). Forced vital ca-
pacities improved from 0.86 L (28% predicted) before
surgery to 1.67 L (54% predicted) after surgery. Forced
expiratory volume improved from 0.67 L (25% pre-
dicted) to .22 (46% predicted).

W Discussion

Respiratory compromise is a well recognized complica-
tion of spinal deformity.* Surgery is frequently indi-

cated to prevent deformity progression and deterioration
of pulmonary function. Initially, the deleterious effects of
thoracic lordoscoliosis on respiratory function were con-
sidered a consequence of reduced lung capacities. Nash
and Nevins® demonstrated that patients with scoliosis
tended to have a decreased ratio of anteroposterior to
lateral thoracic diameter and this decreased ratio corre-
lated with pulmonary dysfunction. Winter et al® subse-
quently observed lordoscolisiosis to cause more respira-
tory compromise than kyphoscoliosis. Furthermore,
improvements to pulmonary function after surgery were
directly correlated to the amount of lordosis corrected.
Recently, 3-dimensional CT volumetric analysis in pa-
tients with idiopathic scoliosis has shown that higher and
more rotated thoracic curves restrict lung volume more
than lower and less rotated curves, and that the concave
lung is comparatively more affected.”® Furthermore,
lung scintigraphy has shown ventilation abnormalities in
idiopathic scoliosis to be mainly localized in the concave
lung.” In contrast, the 2 patients described in this report
had severe impairment of ventilation and perfusion in
convex lungs.

In addition to reduced lung capacities and altered
chest mechanics, the deleterious effects of thoracic lordo-
scoliosis on respiratory function may result from direct
bronchial obstruction. Borowitz'® reported indirect evi-
dence to suggest relief of left main bronchus obstruction
after spinal release in a patient with idiopathic scoliosis.
The patient’s preoperative lung function tests suggested
evidence of both restrictive and obstructive lung disease.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 4. Preoperative AP radio-
graph (A) and sagittal CT (B) of
case 1 demonstrating severe up-
per thoracic lordosis. Postopera-
tive AP(C) and lateral (D) radio-
graphs the correction achieved
using submuscular growing rods.

At induction, a double lumen endotracheal tube could
not be passed due to extreme deviation of the L main
bronchus. After surgery, lung function test were reported
to show improved flow, suggesting to the authors that
the obstruction had lessened.

Position dependent changes in lung function test
have been reported in 1 patient with lordoscoliosis.
Holden et al'! found that lung function improved when
the patient adopted a forward-flexed position. Similarly,
case 1 exhibited a position dependent reversible obstruc-
tion; Right lung ventilation and perfusion improved in
the prone position. In the developing lung, even tempo-
rary airway obstruction may cause irreversible change to
lung function.'? Therefore, evidence of reversible ob-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

struction on ventilation-perfusion scanning indicates the
lung to be at risk. Early intervention should be consid-
ered in such cases.

The natural history of untreated airway obstruction
secondary to spinal deformity is widely recognized. Wee

et al'® described the case of a 38-year-old man who pre-

sented with chronic cough and intermittent fevers. He
was found to have a thoracic lordoscoliosis complicated
by right lower bronchus obstruction and atelectasis,
which required resection of the emphysematous right
lower lobe. Obstruction of the right main bronchus lead-
ing to “destroyed lung” after Harrington compression
instrumentation has also been recognized.*'* Described
treatments for this complication have included partial
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Figure 5. Preoperative lateral (A)
and AP (B) radiographs of case
2. The preoperative thoracic de-
formity is also demonstrated on
CT reconstruction (E). Postoper-
ative lateral (C) and AP (D) radio-
graphs show the position of the
correction after posterior spinal
fusion.

anterior resection of vertebral bodies® and bronchial
stenting.'*

Large airway obstruction due to thoracic lordoscoliosis
is probably more common than generally appreciated. We
believe that all children with lordoscoliosis require regular
monitoring of respiratory function. If such patients develop

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

pulmonary symptoms or abnormal lung function tests, a
ventilation-perfusion scan should be promptly per-
formed.'>S Abnormal ventilation patterns should be fur-
ther investigated by 3-dimensional contrast CT. We have
found this investigation to be extremely useful in precisely
defining the anatomy of the obstruction and in assisting the

Inst:Great Omond Stree

Figure 6. Axial CT of case 2 dem-
onstrating collapse of the right
lower lobe bronchus (arrow-
head) by compression of the
right pulmonary artery and spine.
The larger diameter of the unob-
structed bronchus to the left
lower lobe bronchus is shown as
(arrow).

I C O P A
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Figure 7. Preoperative ventila-
tion-perfusion scan of case 2,
demonstrating poor perfusion of
right lower lobe and middle lobe
when prone (A) and supine (C).
Ventilation to the right lung was
only 26% of total (B) and was not
improved when prone (D) with
absent ventilation (B and D).

POST TC

Figure 8. Ventilation-perfusion
scan of case 2, performed 3
months postsurgery. Improved
perfusion (A and C) and ventila-
tion (B and D) of right middle and
lower lobe. Right lung ventilation
has increased to 37% of total.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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surgeon to understand complex relationships within the
thorax. Preoperative contrast CT may also lessen unantic-
ipated problems with intubation at the time of surgery and
eliminate the need for other invasive procedures such as
bronchoscopy.

We believe that this is the first report of right main
bronchus obstruction associated with thoracic lordosco-
liosis in which ventilation and perfusion were reestab-
lished after spinal deformity correction. Because of the
risk of irreversible changes to the lung function, we rec-
ommend regular respiratory assessment of children with
lordoscoliosis and early deformity correction in those
with confirmed obstruction.

B Key Points

e Focal bronchial obstruction may be associated
with thoracic lordosis or lordoscoliosis.

e Bronchial obstruction can be relieved by correc-
tion of thoracic lordoscoliosis with return of func-
tion to the distal lung.

e Early correction is recommended in patients with
large airway obstruction secondary to spinal
deformity.

References

1. Aaro S, Ohlund C. Scoliosis and pulmonary function. Spine 1984;9:220-2.
2. Kumano K, Tsyuama N. Pulmonary function before and after surgical cor-
rection of scoliosis. | Bone Joint Surg Am 1982;64:242-8.

10.

11.

12.

13.

14.

15.

. Scuderi G, Sanders DP, Brustowicz RM, et al. Postoperative lordoscoliosis

causing extrinsic compression of the right main stem bronchus and respira-
tory insufficiency: a case report. Spine 1989;14:110-4.

. Al-Kattan K, Simonds A, Chung KF, et al. Kyphoscoliosis and bronchial

torsion. Chest 1997;111:1134-7.

. Nash CL, Nevins K. A lateral look at pulmonary function in scoliosis [ab-

stract]. In: Proceedings of the Scoliosis Research Society. | Bone Joint Surg
Am 1974;56:440.

. Winter RB, Lovell WW, Moe JH. Excessive thoracic lordosis and loss of

pulmonary function in patients with idiopathic scoliosis. | Bone Joint Surg
Am 1975;57:972-7.

. Chun EM, Suh SW, Modi HN, et al. The change in ratio of convex and

concave lung volume in adolescent idiopathic scoliosis: a 3D CT scan based
cross sectional study of effect of severity of curve on convex and concave lung
volumes in 99 cases. Eur Spine ] 2008;17:224-9.

. Adam CJ, Cargill SC, Askin GN. Computed tomographic-based volumetric

reconstruction of the pulmonary system in scoliosis: trends in lung volume
and lung volume asymmetry with spinal curve severity. | Pediatr Orthop
2007;27:677-81.

. Giordano A, Fuso L, Galli M, et al. Evaluation of pulmonary ventilation and

diaphragmatic movement in idiopathic scoliosis using radioaerosol ventila-
tion scintigraphy. Nucl Med Commun 1997;18:105.

Borowitz D, Armstrong D, Cerny F. Relief of central airways obstruction
following spinal release in a patient with idiopathic scoliosis. Pediatr Pulmo-
nol 2001;31:86-8.

Holden WE, Carr WA, Beals RK. Position dependence of pulmonary
function in a patient with lordoscoliosis. Eur | Respir Dis 1986;68:
146-50.

Davies H, Gordon I, Matthew D], et al. Long term follow up after inhalation
of foreign bodies. Arch Dis Child 1990;65:619-21.

ter Wee PM, Luth WJ, van der Schee AC, et al. Scoliosis as cause of pulmo-
nary atelectasis. Eur Respir | 1991;4:371-3.

van Ooij A, van Belle A, Timmer R, et al. The destroyed lung syndrome:
report of a case after Harrington rod instrumentation and fusion for idio-
pathic scoliosis. Spine 2002;27:E337-41.

Giudice JC. Ventilation scan: use in the evaluation of occult airway obstruc-
tion. Chest 1980;77:576.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



44

CASE REPORT

Spinal Manifestations in a Patient with Congenital Insensitivity
to Pain

Athanasios 1. Tsirikos, MD, Omar Haddo, MD, and Hilali H. Noordeen, MD

Summary: Spinal manifestations in congenital insensitivity to pain
are relatively uncommon and easily misdiagnosed. We report on a
patient with absent protective pain sensation, who developed spinal
neuropathic arthropathy. Atage 11 years, he presented with a destruc-
tive lesion at the L1-L2 level, causing him tingling sensation in both
lower limbs. He was treated with combined anteroposterior spinal
fusion from T12 to L3 and had full recovery. Five years later, he pre-
sented with a long history of clicking in his low back, muscle weak-
ness and paresthesia in both lower extremities during walking, and
evidence of Charcot arthropathy at the L4-L5 level, resulting in junc-
tional kyphosis and canal narrowing. Posterior spinal arthrodesis
from L3 to the sacrum was performed, due to lack of patient and pa-
rental consent for combined anterior decompression/posterior fusion.
The patient resumed normal muscle function and his previous level of
activities. Spinal complications should be anticipated in this condi-
tion and create diagnostic and therapeutic dilemmas. However, sur-
gical management can produce favorable clinical results.

Key Words: congenital insensitivity to pain, spine

(J Spinal Disord Tech 2004;17:326-330)

Congenital insensitivity to pain is a rare condition typically
characterized by the absence of aversion or withdrawal
response to normally painful stimuli. The condition can be in-
herited as autosomal recessive or dominant, and in many oc-
casions it has a sporadic presentation.'? These patients consti-
tute an often-unrecognized population, and it was not until the
early 1930s when this condition attracted medical attention.
Dearborn’s first report on a carnival entertainer calling himself
the “Human Pin Cushion,” who among his other achievements
staged a self-crucifixion, provoked much interest.’
Historically, different classification systems have been
proposed to encompass a number of pathologic entities, which
have as a common primary manifestation the absence of per-
ceived pain.*> More recently, the presence of peripheral neu-
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ropathy has been considered a criterion for establishing diag-
nosis of congenital insensitivity to pain, in which the inability
to perceive painful sensations is followed by nonresponsive-
ness to all noxious stimuli.® In contrast, individuals with con-
genital indifference to pain, a term that has been used in the
past interchangeably with congenital insensitivity to pain, can
identify pain-producing stimuli but lack the normal homeo-
static mechanism of pain, while signal transmission is unim-
paired.?

The purpose of this report is to describe a patient with
congenital insensitivity to pain who developed an unusual pat-
tern of recurrent Charcot arthropathy in his lumbar spine and
associated neurologic involvement, with the aim to discuss the
difficulties in establishing diagnosis and designing appropriate
management.

CASE REPORT

Our patient was born in 1985 at term following an un-
eventful pregnancy, labor, and normal delivery. His birth
weight was 3.5 kg. He was a Caucasian boy, the first child of a
25-year-old primigravida mother and nonconsanguineous fa-
ther. Both parents were originally from Russia, and the mater-
nal grandfather was Jewish. The family history was negative
for congenital insensitivity to pain and other neurologic or neu-
romuscular diseases. He had two younger siblings who were
both completely normal. During the neonatal period, he expe-
rienced respiratory stridor, which subsided spontaneously.
With growth, he achieved normal early developmental mile-
stones.

From infancy, he had been noted to have altered pain
sensation and a tendency toward repetitive self-abuse. When
teething, he expressed a self-mutilation behavior, constantly
biting off the tip of his tongue and chewing his fingertips with-
out experiencing pain. When crawling, he developed abrasions
over his knees, which were complicated by superficial infec-
tions. At4 years of age, he sustained a closed fracture of his left
os calcis after jumping from a tree. This was treated conserva-
tively and healed in a satisfactory manner. However, he devel-
oped cellulitis of the foot, diagnosed when the cast was re-
moved, which required a long period of antibiotic treatment
and eventually resolved without further complications and no
evidence of osteomyelitis.

| Spinal Disord Tech ¢ Volume 17, Number 4, August 2004
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At age 10 years, he was admitted to our hospital for fur-
ther investigations to establish a diagnosis. On physical exami-
nation, he was noted to be between the 50 and 75™ percentiles
by weight and just above the 25™ percentile by height. He was
apleasant, hyperactive child. He had multiple scars and bruises
on his upper and lower limbs attributed to previous injuries.
His right knee was in slight valgus alignment but had full range
of movement and was clinically stable. He was also noted to
have a 2-cm leg length discrepancy, with the right lower ex-
tremity being shorter than the left.

Central nervous system examination revealed a mildly
diminished corneal reflex on the right side but was otherwise
noncontributory. Peripheral nervous system examination con-
firmed normal muscle tone and intact power and coordination,
whereas deep tendon, abdominal, and cremasteric reflexes
were all present, brisk, and symmetrical. No pathologic re-
flexes were recorded. Touch, vibration, two-point discrimina-
tion, position and vibratory sensibility, and proprioception
were normal. Skin surface pinpricking produced apprehension
as touch but evoked no pain in any area. The patient was able to
differentiate pressure sensation; however, pain and thermal
sensitivities were absent. Attempts to generate pain responses
by persistent muscular and bone compression, testicular, su-
praorbital, and sternal pressure, pinching the Achilles tendon,
and pricking of the periosteum using a sterile needle were all
ineffective. Fine touch sensation was also completely undis-
turbed. Clinical signs of autonomic dysfunction were also evi-
dent, with abnormal sweating and elevated core temperatures.
Symptoms due to cerebellar dysfunction were not present,
whereas stereognosis was intact. Psychological assessment
placed him in the average intelligence range. There were also
some behavioral issues, and even though proper education was
offered to the patient in regard to his condition over the ensuing
years, he did not seem to realize the importance of attempting
to prevent painful stimuli from recurring and kept exposing
himself to self-inflicted damage through vigorous sports ac-
tivities.

The imaging studies during his hospitalization included
plain radiographs of the lower limbs, which showed fusion of
the right proximal tibial physis. This was thought to be the
result of repetitive trauma in the absence of normal protective
constraints. At that point, a right proximal fibular epiphysiod-
esis was performed.

Further investigations were carried out consisting of
metacholamine eye test, histamine skin test, and nerve conduc-
tion studies, both motor and sensory, which did not elicit
pathologic responses. Lumbar puncture was performed, and
electroencephalogram and karyotype were examined, and all
produced normal results. Riley—Day syndrome was excluded
on the basis of normal deep tendon reflexes and normal meta-
cholamine test. The diagnosis of hereditary sensory and auto-
nomic neuropathy type V was determined by a geneticist. This
was confirmed by a sural nerve biopsy, which showed severe
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loss of myelinated small-diameter C and A-delta fibers, the
neural tracts that are responsible for transmitting pain sensa-
tion.

At the age of 11 years, he presented with tingling sensa-
tion in both lower limbs and what was thought to be a thoracic
scoliotic deformity; however, the scoliosis was undetectable
on clinical examination and radiologic review. His neurologic
picture remained otherwise unchanged. There was negative
history of previous injury. Plain radiographs highlighted a pro-
cess of disintegration in the L1-L2 intervertebral disc space
and adjacent end-plates (Fig. 1A and B). Magnetic resonance
imaging (MRI) scans (see Fig. 1C) confirmed the existence of
a destructive lesion at the same levels including L1 and L2
vertebral bodies and the L1-L.2 disc with no intraspinal en-
croachment. The differential diagnosis included a traumatic,
tumorous, infectious, or arthropathic pathologic process. The
patient underwent a computed tomography (CT)-guided bi-
opsy to assist diagnosis, which did not demonstrate any evi-
dence of neoplasm or infection. In the absence of history of
traumatic event and based on the imaging appearance, the di-
agnosis of Charcot arthropathy was made and a combined
single-stage anterior—posterior spinal fusion was performed,
extending from T12 to L3 with instrumentation used circum-
ferentially. Rib bone autograft was applied anteriorly and au-
tologous bone graft harvested from the spinous processes
along with bone substitute posteriorly to enhance a solid 360°
fusion. His postoperative recovery was unremarkable, and he
was mobilized in the immediate postoperative period in a tho-
racolumbosacral orthosis, which was applied for 6 months to
provide additional external support. Excellent bony fusion was
achieved by 12 months after surgery (Fig. 2).

At 12 years of age, he sustained a fracture of the proxi-
mal phalanx of his left middle finger with minimal injury. This
was treated conservatively and healed uneventfully. Two years
later, at age 14, he sustained a Salter—Harris type II fracture of

FIGURE 1. Anteroposterior (A) and lateral (B) radiographs and
sagittal MRI view (C) of the spine, demonstrating a destructive
lesion involving the L1 and L2 vertebral bodies and the L1-L2
disc. There is no evidence of scoliosis.
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FIGURE 2. Lateral (A) and anteroposterior (B) radiographic
views of the spine 1 year after the initial operative procedure
confirmed a solid fusion extending from T12 to L3.

his left distal tibia with an associated Salter—Harris type I frac-
ture of the distal fibula while playing soccer, again without
significant trauma. Open reduction and internal fixation of
both fractures were therefore performed with satisfactory re-
sults. At age 15 years, the patient underwent combined left
distal femoral and proximal tibial/fibular epiphysiodesis to ad-
dress a leg length inequality of 3.5 cm.

When he was 16 years old, he presented with a 6-month
history of clicking in his back. He was also experiencing epi-
sodes of muscle weakness and paresthesia in the lower ex-
tremities associated with walking and limiting his physical ac-
tivities. These symptoms would resolve completely with rest.
There was no history of bladder or bowel dysfunction, and the
patient denied any traumatic incident. Neurologic examination
on admission was noncontributory, revealing normal muscle
strength, tendon reflexes, and sensation to light touch in the
legs with the patient at rest.

Plain radiographic views (Fig. 3A and B), CT images
with three-dimensional reconstruction (Fig. 4A and B), and
MRI scans (see Figs. 3C and 4C) demonstrated neurotrophic
degeneration at L4-L5 vertebral bodies and adjacent L4-L5
disc, with significant anterior wedging, anterior protrusion of
bony fragments, and collapse at L4 segment. In addition, the
development of a severe junctional kyphosis could be docu-
mented at L3-L4 and L4-L5 levels, causing spinal canal ste-
nosis (see Figs. 3B and C and 4C). There was also loss of
height at the L5 vertebral body posteriorly with exaggerated
lordosis at L5-S1 level. Due to the neural cord compromise,
the patient was proposed an anterior decompression and pos-
terior stabilization. However, due to his previous combined
anteroposterior procedure 5 years ago, both he and his parents
did not consent to the anterior stage of the operation; conse-
quently, he underwent extension of the posterior spinal fusion
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FIGURE 3. Anteroposterior (A) and lateral (B) plain radiographs
of the spine revealed extensive degeneration at L4 and L5
levels, with associated anterior wedging, collapse, and extru-
sion of bony fragments anteriorly at L4 vertebral body. Poste-
rior vertebral height loss at L5 level was also evident. Conse-
quently, the L3-L5 levels were kyphotic, with increased com-
pensatory lordosis at L5-S1 segment. Sagittal MRI view (C)
shows the development of junctional kyphosis and spinal canal
compression.

from L3 down to the pelvis, which achieved good restoration
of'both coronal and sagittal spinal balance, using posterior spi-
nal instrumentation, spinous process autogenous bone graft,
and supplementary hydroxyapatite bone substitute (Fig. 5).
His neurologic picture recovered completely, immediately af-
ter surgery, and a second-stage anterior decompression was
not deemed to be necessary. The patient was mobilized in an
underarm brace for 6 months.

At the most recent follow-up, 2 years after the operation,
the patient was totally asymptomatic and had resumed his pre-
vious level of activities. Neurologic examination showed full
recuperation of muscle power and paresthesias in his lower
limbs. Radiographic studies confirmed a solid spinal fusion.
His gait was very effective, with the hips, which had normal
function and range of motion, compensating for the stiffness of
the arthrodesed lumbosacral articulation.

DISCUSSION
Patients with underlying peripheral neuropathies lack
normal peripheral afferents due to abnormal sensory nerves,
thus exhibiting a constant impairment in discriminating nox-
ious stimuli and appreciating their potentially damaging effect.

FIGURE 4. CT scans with three-dimensional reconstruction (A
and B) and MRI scan (C), illustrating the degree of bony de-
struction with anterolateral and intracanal osseous fragment
and disc material protrusion at L4 vertebra.

© 2004 Lippincott Williams & Wilkins
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Congenital Insensitivity to Pain

FIGURE 5. Anteroposterior (A) and lateral (B) radiographic im-
ages of the lumbar spine after the second surgical procedure,
demonstrating extension of the spinal arthrodesis to include
the lumbosacral joint with iliac fixation and resultant restora-
tion of coronal and sagittal spinal alignment.

As the result of this inability to interpret stimulus presence and
modality, these individuals lack normal pain avoidance and
expose themselves to recurrent injuries. The fact that many of
the patients with congenital insensitivity to pain represent
complex orthopaedic cases or even die in childhood due to
consistent failure to interpret traumatic incidents and illnesses
has provided additional evidence that retaining an intact per-
ceptual mechanism of pain has significant protective value in
humans and determines survival rate and incidence of morbid-
ity.

Other causes of regional or generalized pain perception
deficit include space-occupying lesions in the spinal cord, such
as syringomyelia, hydromyelia, hematomyelia, and neurofi-
bromatosis, psychiatric pathologies, mental retardation, trau-
matic, neoplastic, or infectious lesions affecting the central or
peripheral nervous system, diabetic neuropathy, alcoholism,
leprosy, and tabes dorsalis.”® Thrush'® has proposed certain
clinical criteria for establishing the diagnosis of congenital in-
sensitivity to pain: 1) absent pain sensation since birth, 2)
whole-body involvement, and 3) present deep tendon reflexes
and other sensory modalities apart from pain apprehension.
Bar-On et al'' reviewed 13 patients with congenital insensitiv-
ity to pain and classified three different types of clinical pre-
sentation, which provide useful information in the prognosis
and treatment of their musculoskeletal problems: type A, in
which multiple infections were the most prominent symptom;
type B, with numerous fractures, consequent growth distur-
bance, and avascular necrosis; and type C, with Charcot ar-
thropathy, joint dislocations, infections, and fractures. How-
ever, further investigation will be needed, oriented more in the
genetic, biochemical, and electrophysiologic patterns of the
different subtypes, to establish satisfactory pathophysiology,
allow genetic counseling, and provide means for prenatal di-
agnosis.

© 2004 Lippincott Williams & Wilkins

In pain sensation—deprived children, major skeletal
complications arise early in life from the peculiar habit of self-
mutilation, particularly about the face, and from repetitive
traumatic events to the hands and feet.”!? Other principal or-
thopaedic manifestations of the disease include recurrent frac-
tures, autoamputation, bone and joint infections, neurotrophic
joint disease, mainly evident in the weight-bearing joints, joint
dislocations, acro-osteolysis, limb length discrepancy, as the
result of growth arrest, and scoliosis.'-” ' 1215717 The bench-
mark of orthopaedic management in congenital insensitivity to
pain focuses on preventing occurrence of musculoskeletal
complications in patients who are otherwise physically fully
active, through proper education aiming to increase awareness
in the patients and their family environment of the possible
risks related to the absence of pain constraints and the in-
creased incidence of self-abusive behavior. Fortunately, with
further maturation, the children learn to self-protect and de-
velop a better understanding of their limitations. Therefore,
these incidents tend to decrease in frequency and severity as
the patients become more cautious.

A meticulous search of the literature identified only two
patients with congenital insensitivity to pain that presented
with spinal complications. Piazza et al'® reported on a 28-year-
old woman who developed neuropathic arthropathy in the lum-
bar spine, with resultant progressive spinal instability at the
L1-L2 level with consequent segmental kyphosis and intact
neurologic function. She was treated with a staged anterior—
posterior spinal fusion; however, further neurotrophic changes
appeared over time in the adjacent segments both distal and
proximal to the area of the arthrodesis. Heggeness'* presented
the case of a 17-year-old pain-insensate girl who developed
severe Charcot arthropathy at L3-L4 level, which deteriorated
during pregnancy and caused considerable canal narrowing,
resulting in neurologic symptoms from the lower extremities.
The patient underwent a two-stage anteroposterior instru-
mented spinal fusion; she subsequently recovered full and
symmetric motor power.

It is well known that individuals with decreased or ab-
sent pain sensation of any etiology are particularly predisposed
to developing Charcot joints.”'>'®!? Petrie et al*” treated a
patient with paraplegia and consequent neuropathic arthropa-
thy of the spine, associated with bowel and bladder inconti-
nence, operatively resulting in partial neurologic resolution.
Circumferential stabilization has been proposed by several au-
thors to produce better results in the management of patients
with Charcot arthropathy involving the spine.?%2!

Our patient had a long history of self-inflicted, painless
injuries with multiple fractures occurring since early child-
hood. When he presented initially with the destructive lesion at
the L1-L2 level and no previous traumatic event, a CT-guided
biopsy was deemed to be necessary with the aim to establish
the diagnosis. It is worthy of note that in patients with this
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condition, the differential diagnosis specifically between frac-
tures and infections can be challenging, owing to the fact that
they both present at an advanced stage with similar clinical and
radiographic appearance, while body temperature as well as
infectious markers such as erythrocyte sedimentation rate and
C-reactive protein can be elevated secondary to concomitant
infections at other sites.!' Moreover, the diagnosis between a
fracture and an arthropathic lesion can be dubious and will rely
primarily on the presence or absence of a history of spinal in-
jury and the different characteristics of the two pathologic en-
tities on the imaging evaluation. A high index of awareness of
the increased incidence of neurotrophic degeneration in this
group of individuals should be able to guide the diagnostic pro-
cess.

In this patient, combined anteroposterior approach and
circumferential spinal arthrodesis were performed in the initial
presentation, to better restore the developing segmental ky-
photic deformity, prevent additional neurologic compromise,
and achieve a solid fusion. We believe that a 360° spinal fusion
is more adequate in patients with absent protective reflexes.
The tingling sensation in the patient’s lower extremities re-
solved after the surgery.

Secondary levels of arthropathy developed at a later age,
below the distal instrumented vertebral body. Since the preop-
erative imaging assessment revealed the presence of neuro-
trophic destructive lesions at L4 and L5 levels and with the
potential risk of further evolving deformity if the lumbosacral
articulation were left unfused, it was decided to extend the ar-
throdesis distally to the sacrum with pelvic fixation. In addi-
tion, extending the fusion distally to include the lumbosacral
joint achieved good restoration of lumbar sagittal alignment,
which we believe accommodated for the recuperation of the
neurologic function. Even though the patient did not undergo
anterior decompression, the neurogenic intermittent claudica-
tion symptoms recovered and symmetrical, normal muscle
power was restored in his lower limbs. Postoperative bracing
was used to provide additional support and limit the patient’s
physical activities in the absence of pain constraints, until good
healing of the spinal arthrodesis would be accomplished, es-
pecially since an anterior procedure was not performed. One
year after surgery, the patient had resumed his previous level
of activities.

Congenital insensitivity to pain is a relatively uncom-
mon condition. Nevertheless, its wide range and long-term
clinical implications should be well appreciated and call for an
early diagnosis. Following the diagnosis, the key to minimiz-
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ing skeletal deformity and avoiding permanent disability
should concentrate on prevention. This unusual case serves to
illustrate the complexity of spinal manifestations in patients
with congenital insensitivity to pain, which pose a significant
diagnostic and therapeutic challenge. Appropriate aggressive
surgical treatment is often indicated to restore function and
avoid unnecessary morbidity.
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Study Design. Retrospective clinical and radiologic re-
view of consecutive series of patients treated with single
submuscular growing rods from a single center with a
minimum of 2-year follow-up.

Objectives. To describe the surgical technique and
methods used to minimize complications and to report on
the outcomes of a large consecutive series of patients
treated with single submuscular growing rods for scolio-
sis in the immature spine from a single center.

Summary of Background Data. Previous studies have
reported on the safety and efficacy of single and dual
growing-rod constructs; however, these studies have
been of small patient numbers with varying results.

Methods. Between 1999 and 2007, 88 patients under-
went the insertion of a single, submuscular growing-rod
construct for scoliosis. A clinical and radiologic review of
these 88 consecutive patients with a minimum of 2-year
follow-up was conducted. Diagnoses include idiopathic,
neuromuscular, syndromic, and congenital. Data include
Cobb angle measurements, T1-S1 heights, number, and
frequency of lengthening as well as complications.

Results. The patients underwent single submuscular
growing-rod insertion at an average age of 7.0 years. The
mean follow-up period was 42 months. Twenty-eight pa-
tients had a simultaneous apical fusion. Growing-rod
lengthening was performed on an average at 9-month
intervals. The average initial Cobb angle was 73° (range:
40-117) and improved to 44° (range: 9-90) at final follow-
up. T1-S1 height gain was 3.37 cm; this translates to 1.04
cm growth/yr. No significant difference was noted be-
tween those who had undergone apical fusion and those
without. Complications noted in this series include 8 in-
cidences of superficial infection and 3 of deep infection,
proximal junctional kyphosis in 2 patients requiring early
fusion, 31 rod fractures, 10 cases of proximal anchor fail-
ure, and 6 distal anchor failures. Thirty patients within
study group have reached definitive fusion.
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Conclusion. Favorable outcomes have been demon-
strated in this large single-center series of growing-rod
constructs used to treat scoliosis in the growing spine.
Their safety and efficacy in controlling spinal deformity
and allowing spinal growth along with an acceptable
rate of complications would support the continued use
of single growing-rod constructs as a scoliosis manage-
ment option.

Key words: growing rod, immature spine, scoliosis,
instrumentation, complications, outcomes. Spine 2010;
35:2252-2258

Scoliosis in the immature spine poses a number of
challenges to the treating clinician. Management re-
gimes must address the need to preserve pulmonary
function, maintain spinal and truncal growth, and
control spinal alignment. Conservative treatments in
the form of orthoses and casting techniques have a
valuable role to play. However, these options are not
always effective or appropriate and surgical interven-
tion must then be considered.

Growing-rod constructs have been used to correct the
spinal deformity while allowing continued spinal growth
and hence pulmonary development. Over the years, these
constructs have taken a number of forms. Historically,
Harrington rods have been used for this purpose.' The
development and use of the Luque trolley in the growing
spine has also been well described.> However, more re-
cently single and dual growing-rod implants have be-
come the mainstay of treatment in these patients.’**

Studies pertaining to the safety and efficacy of growth
rod variants for treatment of early onset scoliosis are well
reported in the literature.>® Publications have examined
the effects of simultaneous apical fusion on the final re-
sult,> the optimum frequency of growth rod lengthen-
ing,” and the stability of different foundation anchor
configurations.® Reported complication rates vary be-
tween studies, but in general, growing rod treatment has
been associated with high complication rates.”*

Multicenter studies have compared the outcomes of
single- and dual-rod constructs.” The proponents of dual-
rod constructs report better correction of deformity in-
creased stability and a greater percentage of expected
spinal growth compared with single rods.” However,
these studies have involved a limited number of patients
and different types of constructs. The purpose of this
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study was to describe the surgical technique of the single,
submuscular growing-rod implant and to report on the
clinical and radiologic outcomes of a large consecutive
series of patients managed with such implants from a
single center. The article will also outline methods used
to minimize the complications commonly associated
with this form of treatment.

B Surgical Technique

The key points involved in the insertion of a single sub-
muscular growing rod are as follows: insertion of an-
chors, preparation of a submuscular bed, contouring and
insertion of proximal and distal rods connected with a
side-to-side domino, and the initial distraction.

A single, longitudinal midline skin incision is used.
The sites for the proximal and distal anchors are identi-
fied, and subperiosteal dissection of the spine is limited to
these areas. Our preferred anchor configuration for the
distal rod is 2 pedicle screws. For the proximal anchors,
we most frequently use a “claw” configuration com-
prised of 2 pedicle hooks plus either a supralaminar or
transverse process hook. Two pedicle screws and a hook
are used less commonly. A limited fusion is performed at
these foundations with decortication. A submuscular
bed is prepared without exposure of the spine through an

Q)
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Figure 1. Shows a schematic representation of the single grow-
ing-rod construct. A side-to-side domino cross-connector is inde-
pendently fixed to each rod at 2 consecutive points. This allows
independent distraction of each rod against the level of anchor
fixation. The placement of the rod holder and distracter is depicted
here, enabling separate distraction of each rod during the length-
ening procedure.

incision in fascia within the concavity of the deformity. A
proximal and distal rod is contoured and inserted. The
central overlap of the rods is bridged by a side-to-side
domino. Each rod can be lengthened independently with
distraction against the fusion points (Figure 1).

A Thoracolumbar Sacral Orthosis Is Used

After Surgery
Growth rod lengthening was scheduled for 6 month in-
tervals but varied between 6 and 9 months in practice. A
small incision is made over the domino and adjacent
rods. The domino locking nuts are loosened and a dis-
traction force is used to lengthen the growing rod after
which the locking nuts of the domino are retightened.
The procedure involves a short overnight hospital stay.

In those patients also undergoing a combined apical
fusion, the anterior procedure is undertaken first. A con-
ventional transpleural thoracotomy approach is used.
Access is gained to the apical segments on the convexity
of the curve. A formal discectomy and anterior fusion is
performed over these levels. At the end of the procedure,
the pleura is closed, a chest drain is inserted, and the
thoracotomy wound is sutured. The child is then reposi-
tioned prone, and the insertion of the growing rod is
carried out as described previously.

B Materials and Methods

Between 1999 and 2007, 88 consecutive patients were treated
with a single, submuscular growing-rod construct for scoliosis
and were followed up for a minimum of 2 years. Surgery was
undertaken by the senior authors (M.H.H.N., S.K.T.) at 1 of 2
sites, the Royal National Orthopedic Hospital, Stanmore and
Great Ormond St Hospital, London. The surgical technique
has been described previously. Indication for surgery was a
progressive spinal deformity, which was nonresponsive or not
amenable to conservative management.

A retrospective review of the medical notes and radio-
graphs was performed on patients enrolled into the growing-
rod program.

Clinical data were collected to include patient details such as
age at operation and diagnosis. Surgical data documented date
of surgery, instrumented levels, types of anchors, whether an
anterior apical fusion was performed, and the dates of distrac-
tions. Details of any complications including deep or superficial
infections, rod fractures, anchor failures, junctional kyphosis,
and deformity progression were recorded. The timing of defin-
itive fusion was also noted.

Radiologic review was undertaken on radiographs taken
just before the insertion of the growth rod, immediately postin-
sertion, and at latest follow-up. Cobb angle measurements of
scoliosis were performed on each of these radiograph subsets.
T1-S1 lengths were measured from radiographs taken imme-
diately after insertion of the growing rod and from radiographs
at latest follow-up. For those patients who had already under-
gone definitive fusion, the radiograph preceding the final fusion
was analyzed to obtain the latest follow-up dataset (Figure 2).

H Results

Eighty-eight patients with an average age of 7.0 years
(1.4-12.1) underwent single, submuscular growing rod

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 2. Case example. Shown
below (left to right) are patient’s
preoperative radiographs, post-
operative radiographs following
growth rod insertion, those im-
mediately preceding final fusion
and radiographs after definitive
fusion. T1-S1 gain was obtained
by comparing T1-S1 height mea-
surements from the immediate
postoperative radiographs and
those preceding definitive fusion
(or latest follow-up if definitive
fusion had not been performed).

insertion. The mean follow-up was 3.5 years (2-6.8).
During this period, patients had on average 4.7 (0-12)
growth rod lengthenings. Thirty patients reached defin-
itive fusion within the study period.

The mean preoperative Cobb angle was 73.3° = 15.6°
(40.2-117); improving to 41.5° = 14.6° (4.1-74) follow-
ing insertion of the growth rod and progressing to 44.0° =
15.2° (9.3-90) at the latest follow-up. T1-S1 lengths
showed an average gain of 3.37 = 2.53 cm (—1.9 to
8.76) at latest follow-up in this group of patients, trans-
lating to 1.04 = 0.84 cm (—1.03 to 3.82) growth/yr.

Patients were categorized into the following diag-
noses: idiopathic (28), congenital (18), syndromic (22),
and neuromuscular (20). Twenty-eight of these patients
also underwent a simultaneous anterior apical fusion.

A subgroup analysis was performed on the data ac-
cording to the diagnostic category (Table 1). Compari-
son of the 4 groups found no significant differences be-
tween the age at insertion of growth rod, preoperative
Cobb angle, and the average interval between growth
rod lengthening (P: 0.83, 0.76, and 0.06, respectively).

A further comparison was carried out between those
patients who had undergone a simultaneous apical fu-
sion and those who had not (Table 2). The percentage

breakdown of the diagnostic categories in each of these 2
groups is illustrated in Figure 3. This shows similar pro-
portions of patients in the congenital and syndromic cat-
egories in both groups. However, there is preponderance
of idiopathic patients in the apical fusion group and of
neuromuscular patients in the nonapical fusion group.
There were no significant differences between the 2
groups when comparing the age at insertion of growth
rod, preoperative Cobb angles, percentage Cobb angle
correction, and interval of growth rod lengthening. The
growth per year was 1.06 c¢m in the apical fusion and
1.04 cm in the nonfusion group; again the differences
were not significant.

Complications included 3 deep infections, necessitat-
ing removal of implants in 2 patients. Superficial infec-
tions requiring wound debridement occurred in 8 pa-
tients. The most common site for wound problems was
in the vicinity of the domino.

Implant-related complications included 10 instances
of proximal anchor failure and 6 of distal anchor failure
requiring revision at the time of rod lengthening (Fig-
ure 4). A total of 31 rod fractures were noted. The cau-
dal rod was found to be more frequently affected and the
most common location to be adjacent to the distal an-

Table 1. Subgroup Analysis of Data According to Diagnostic Criteria

All Diagnoses Idiopathic Syndromic Neuromuscular Congenital
(n = 88) (n=28) (n=22) (n = 20) (n=18)
Age at growth rod (GR) 7.04 + 2.62 (1.4-12.1) 7.42 +3.16 (1.4-12.1) 6.74 = 2.26 (3.7-10.9) 7.02 + 2,57 (3.2-11.3) 6.81 = 2.26 (3.2-10.8)
insertion (yr)
Pre-GR Cobb 73.3 + 15.6 (40.2-117) 73.0 £ 16.2(43.2-112)  75.9 + 17.2 (53-104.6) 745 + 14.1 (58.7-117) 70.1 = 15.9(40.2-99.2)

Post-GR Cobb

Final follow-up Cobb

Cobb correction

% Cobb correction

T1-S1 gain (cm)

Growth per year (cm)

GR lengthening interval
(mo)

41.5 * 14.6 (4.1-74.4)
44.0 = 15.2 (9.3-90)
29.3 = 17.6 (—27-71.6)
38.7 = 22.0(—49-83)
3.37 = 2.53(—1.9-8.76)
1.04 = 0.85 (—1.03-3.82)
9.75 + 4.07 (3.45-23.51)

39.1 + 10.8 (17.4-62)
40.5 + 15.4 (9.3-82)
32.5 =+ 21.6 (—27-71.6)
41.9 + 28.2 (—49-83)
4,00 =+ 2.37 (0.9-8.76)
1.20 + 0.67 (0.19-2.68)
8.4 = 2.59(3.81-13.92)

47.2 = 19.8 (4.1-71)
50.6 = 15.5 (28.2-90)
253 = 13.9(5.8-63.8)
32.9 = 14.2(11-61)
3.64 = 2.02(0.22-6.7)
1.36 = 1.07 (0.11-3.82)
9.73 = 4.20 (3.45-16.42)

38.2 = 13.8 (6-74.4)

41.1 +12.8(18.3-63.5)
33.4 = 15.7 (1.73-62.0)
439 = 17.6 (12-77)

232 +2.68(—1.9-8.7)
0.77 = 0.93 (—1.03-2.49)
11.65 + 5.21 (6.19-23.51)

43.9 = 14.2 (24-70.9)
46.6 = 16.1(15-70.7)
235 * 15.1 (—9-48.1)
33.4 = 21.3(—15-63)
342 +2.76 (0.1-8.4)
0.84 = 0.59 (0.03-1.89)
9.32 + 3.37 (5.86-19.95)
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Table 2. Data Analysis and Comparison of Patients Who Underwent Simultaneous Apical Fusion With These That

Did Not

All Diagnoses (n = 88) Apical Fusion (n = 28) No Fusion (n = 54) P
Age at growth rod (GR) insertion (yr) 7.04 +2.62(1.4-12.1) 7.11 = 3.03(2.1-12.0) 6.99 = 2.47 (1.4-12.1) 0.85
Pre-GR Cobb angle 73.34 = 15.64 (40.2-117) 74.66 = 14.86 (43.2-104) 72.58 =+ 16.17 (40.2-117) 0.59

Post-GR Cobb angle

Final follow-up Cobb angle
Cobb angle correction

% Cobb correction

T1-S1 gain (cm)

Growth per year (cm)

GR lengthening interval (mo)

41,54 + 14.59 (4.1-74.4)
44.01 = 15.2 (9.3-90)
29.3 + 17.6 (—27-71.6)
38.7 + 22.02 (—49-83)
3.37 + 2,53 (—1.9-8.76)
1.04 + 0.85 (—1.03-3.82)
9.75 = 4.07 (3.45-23.51)

43.23 +13.21 (19.7-70.9)
44.30 + 13.91 (18.7-90)
30.36 =+ 15.28 (2.3-56.3)

40.56 = 15.38 (4.1-74.4)
43.84 = 16.04 (9.3-82)
28.74 = 18.93 (—27-71.6)

39.44 + 17.88 (5-75) 38.37 = 24.25 (—49-83) 0.84
4.19 = 2.15(0.06-8.4) 2.91 + 262 (—1.9-8.76)

1.06 = 0.69 (0.03-3.0) 1.04 + 0.94 (—1.03-3.82) 0.92

10.01 = 3.82(3.81-21.21) 9.6 = 4.23 (3.45-23.51) 0.68

chors (Figure 5). The incidence of fracture was higher in
the apical fusion group (42%) compared with the non-
fusion group (35%), this effect may be the result of a
stiffer spine placing more stress on the rod and causing
subsequent failure.

Two patients developed a proximal junctional kypho-
sis that necessitated early fusion. In one of them, the
proximal thoracic kyphosis only was fused and con-
nected to a growing construct distally to allow continued
spinal growth (Table 3).

W Discussion

There is a varied opinion regarding the advantages and
disadvantages conferred by single growing rods for the
treatment of spinal deformity in the immature spine. Pre-
vious publications report that dual-rod constructs allow
better control of the spinal deformity as well as achieving
a greater percentage of expected spinal growth. Thomp-
son et al’ compared the outcomes in 3 patient groups;
those treated with single growing-rod constructs with
and without simultaneous apical fusion (n = 5 and 16
respectively) and those treated with dual-rod constructs
(n = 7). Spinal growth was adequate in the single-rod
group without apical fusion (0.53 cm/yr), better in the
dual-rod group (1.1 cm/yr), and suboptimal in the single-
rod group with simultaneous apical fusion (—0.2 cm/yr).

%
Patients

Figure 3. Comparison of simul-
taneous apical fusion and nonfu-
sion groups and the percentage
of patients within each diagnos-
tic category.

congenital

The mean interval between lengthenings in this study did
vary between the 3 groups. The patients in the dual-rod
group were lengthened consistently at 6 month intervals,
the patients in the single-rod groups were lengthened at
12 months (with apical fusion) and 9 months (without
apical fusion). This disparity in the frequency of length-
ening may account for the difference in growth rates seen
between groups. The improved growth rates may not be
entirely a result of the dual-rod configuration. This ex-
planation becomes more plausible if we consider the
findings of the study by Akbarnia et al,” 13 patients
treated with dual growing-rod constructs were included.
The T1-S1 growth per year was analyzed. Those under-
going lengthening at >6 monthly intervals (n = 6)
achieved significantly less T1-S1 growth than those
lengthened at <6 monthly intervals, 1.02 versus 1.84
cm/yr respectively. In our study, similar overall rates of
growth (1.04 cm/yr) were achieved with single-rod con-
structs undergoing lengthening on average at 9 monthly
intervals. The patients who underwent lengthening at <6
monthly intervals formed a relatively small subset of the
entire group (n = 13) and when analyzed separately, the
T1-S1 growth/yr was found to be 1.69 = 1.16 cm/yr,
which was significantly greater (P = 0.002) when com-
pared with the remaining patients who underwent

20 i L _

15

10 +

0

idiopathic neuromuscular syndromic
all patients
B apical fusion

non fusion

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



2256 Spine ¢ Volume 35 * Number 25 ¢ 2010

53

Figure 4. Examples of anchor
failure. Pedicle screw breakage
in distal anchor (left). Hook dis-
lodgement of proximal anchors
(right).

lengthening less frequently (>6 months) and subse-
quently achieved growth of 0.91 * 0.71 cm/yr.

The effects of a simultaneous apical fusion have also
been discussed in the literature. The use of an anterior
convex hemiepiphysiodesis in conjunction with the Lu-
que trolley construct has been reported to have a benefi-
cial effect on outcome.” Studies examining the effects of
apical fusion with growing rods have been less encour-
aging. Blakemore et al® published preliminary results on
a series of 29 patients undergoing growing-rod proce-
dures: 11 patients underwent a simultaneous apical fu-
sion whereas the remainder did not. Their results were
not able to demonstrate any significant improvement in
deformity correction with the addition of the fusion. The
publication by Thompson et al,” comparing 3 groups of

Figure 5. Example of rod fracture at commonest location.

patients with growing-rod constructs as we have dis-
cussed, reported significantly lower T1-S1 growth rates
in those patients treated with an apical fusion. Further-
more, the correction of the spinal deformity was not
maintained in this group.

In our study, 28 patients underwent a simultaneous api-
cal fusion. During a timeframe within the study period, it
was our standard practice to perform an apical fusion on all
patients undergoing a growing-rod procedure. Therefore,
the patient characteristics of this group are similar to the
overall study population; however, as suggested before,
there appear to be a greater proportion of idiopathic pa-
tients in the apical fusion group and overall greater propor-
tion of neuromuscular patients in the nonfusion group (Fig-
ure 3). However, there are no significant differences in the
age at insertion and the initial curve magnitude between the
2 groups (Table 2). Comparing the outcome in terms of
curve correction and spinal growth again found no signifi-
cant differences between these 2 sets of patients. Hence, in
studies to date performing an apical fusion in patients
treated with growing-rod constructs appear not to confer
any additional advantage.

If we examine overall curve correction in our series of
patients, the results achieved are comparable to and in
some cases favorable to previously published series.
Blakemore et al® reported on their series of 29 single-rod
patients and noted Cobb angle improvements from 66°
to 38° following insertion of the single growth rod. The
curve then progressed to 47° at follow-up. The data from
our series report a larger initial curve magnitude but
similar end results. Results from Thompson et al’ found
the dual-rod group to fare far better with a greater per-
centage of curve correction compared with the single-rod
groups. However, again there remains the confounding
factor of increased frequency of lengthenings which Ak-
barnia et al” found to also improve curve correction.
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Table 3. Shows Number and Types of Complications and the Distribution Across the Four Diagnostic Groups

All Diagnoses (n = 88)

Idiopathic (n = 28)

Syndromic (n = 22)  Neuromuscular (n = 20)  Congenital (n = 18)

Infection—deep 3 0
Infection—superficial 8 2
Anchor failure—proximal 10 4
Anchor failure—distal 2
Rod fracture 31 9
Proximal junctional kyphosis 0

NONMNDNDNNDND
OCOONN—=—
o ONWO

Growing-rod constructs are well renowned for their
high rate of complications.”*® Implant failure, wound-
related complications, and even death have been de-
scribed in previous publications. Wound complications
such as superficial and deep infection form a consistent
feature of reports on growing rods. Mineiro and Wein-
stein’s’ series of 11 patients documented 1 superficial
and 1 deep infection; Blakemore’s series of 29 patients
had 1 superficial infection; and that of Thompson et al, 2
superficial infections in 28 patients. In the study of Ak-
barnia et al, the series of dual-rod constructs found 4
superficial and 2 deep infections in a review of 23 pa-
tients.* Data presented from a multicenter review of
complications in growing-rod surgery by Bess et al'® re-
ported 9 wound complications in a group of 73 single-
rod patients and 21 in a group of 70 dual-rod patients.
Our series found lower wound complication rates than
those published for dual-rod constructs. The side-to-side
domino and rod configuration of the growing-rod con-
struct used in our study is of a comparatively lower pro-
file than most dual-rod constructs; the additional sub-
muscular placement of the implant further aids in
reducing soft tissue complications and wound infections.

Optimum anchor configuration and prevention of an-
chor failure have been the subject of much debate. Early
publications of growing-rod constructs report much higher
rates of anchor pullout. The review by Klemme et al® found
21 incidences of anchor failure in 67 patients, 16 involved
the proximal anchor. Subsequent studies have shown lower
rates.>*® Thompson et al report no instances of anchor
failure within the dual-rod group of 7 patients from their
comparison of dual- and single-rod constructs, whereas
they found 6 within the single-rod subset of 21 patients.
Akbarnia’s study of 23 patients with dual rods and only 2
anchor failures further supports the argument that dual-rod
constructs might provide added stability to the anchors
compared to single-rod cases, however, patient numbers
remain small. Biomechanical experiments on the stability
of anchor configurations found pedicle screw constructs or
hook constructs with a cross connector to confer greater
stability.® Our study of 88 patients produced anchor failure
rates (10 proximal and 6 distal) higher than those reported
in dual-rod series, however, they remain favorable in com-
parison with previous publications of single-rod constructs.
In our study, the proximal anchors consisted almost invari-
ably of hooks fashioned in a claw construct providing the
necessary fixation without the risk of neurologic injury
from anchor migration or plowing as can occur with pedi-

cle screws. To reduce the risk of anchor failure, we per-
formed a formal local fusion around the anchor bed to
add further stability. Salvage of failed proximal anchors
was achieved by relocating the claw construct to a more
proximal level in most cases. Failure of distal anchors
was relatively less common; conversion to constructs
consisting of supra- and infralaminar hooks was used for
revision purposes.

Rod fractures are inevitable occurrences in nonfusion
techniques. Yang et al'' identified several risk factors
that increased the propensity of rod breakage in an anal-
ysis of 322 patients from a multicenter database of grow-
ing rods. These were single-rod constructs, rods of
smaller diameter, stainless steel rods, and ambulatory
patients. In contrast, Thompson et al showed higher
rates of rod fracture in the dual-rod group despite the
perceived greater stability provided by 2 rods versus 1.
Thirty-one rod fractures were noted in our series despite
the use of postoperative bracing in ambulatory patients.
A higher incidence of rod fractures occurred in those
patients treated with an apical fusion. The differential in
stiffness of the spine might transfer further stress between
the rods and fused regions making them more prone to
breakage. It is no longer our practice to routinely per-
form a simultaneous apical fusion; this may lessen the
frequency of rod fractures within our growing rod pro-
gram. Modification of the material properties of the sin-
gle-rod construct components may also reduce the num-
ber of rod fractures in future cases.

Our results of a consecutive, single-center series of 88
patients with an average of 3.5 years follow-up show
that single, submuscular growing-rod constructs were
adequate in maintaining spinal growth (1.04 cm/yr) and
correcting deformities in early onset scoliosis, with a
complication rate more favorable than that reported pre-
viously using single-rod constructs.

H Key Points

e Single growing-rod constructs are safe and effec-
tive in controlling spinal deformity.

e Single growing-rod constructs allow spinal
growth that is comparable to previous reports
and to those of dual-rod constructs.

e The rate of complications is acceptable within
this patient series.
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Advances in Surgical Techniques for EOSD

Paper: 5

Growing rods are popular in treating early-onset scoliosis of all etiologies. In my
surgical practice, | used to insert single submuscular growing rods during late 1990s and early
2000s. | observed over time that an increasing amount of forces had to be applied during
progressive six to nine monthly distraction surgeries.

I undertook a systematic study, and objectively quantified the amount of distractive
forces applied to obtain serial one mm lengthening in a group of twenty six patients who
had sixty distraction procedures. The etiologies included: congenital (9), neuromuscular
(9), idiopathic (4), syndromic (3) and neurofibromatosis (1). A transducer was
attached to distraction calipers that recorded the force applied during distractions and at
zero load status. The total length gained with each distraction procedure was recorded in
mm. The applied distractive force at the first lengthening was 142N which increased to
165N by the third and 368N by the fifth lengthening. 608N force had to be applied on the
tenth lengthening episode. Patients, who had apical fusion during index insertion of
growing rods, needed 40 percent more force to achieve similar lengthening as compared to
those who weren’t fused around the apex. The forces applied doubled at the fifth
lengthening (368N+54N) and a statistically significant force had to be applied at the
fifth lengthening in comparison to the fourth (p<0.01). The average length gained with
each distraction decreased over time (i.e. ‘the law of diminishing returns’) and by the fifth
distraction onwards, the length gain was consistently <8mm. This was the first study to

measure the amount of in-vivo distractive forces applied during growing rod surgeries.

In vivo distraction force and length measurements of growing rods: which factors influence

the ability to lengthen?: Noordeen HM, Shah SA, Elsebaie HB, Garrido E, Faroog N, Al

Mukhtar M. Spine (Phila Pa 1976). 2011 Dec 15:36(26):2299-303. PMID: 21494191
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Paper: 6

A novel and innovative remote controlled growing rod system with a built-in magnet
driven motor to induce distraction or lengthening on an outpatient basis was devised
to minimize / eliminate the complications seen with use of conventional growing rods
(CGRs). The magnet driven growing rods (MdGR) were successfully tested for safety in
animals prior to human use. Also feasibility to perform MRI scans was also investigated.

I was a part of multi-centric prospective observational study group, reporting
preliminary results of MdGR in a group of fourteen patients with progressive EOS secondary
to diverse etiologies (seven males and seven females). The mean age at insertion was eight
years and ten months (range: three years and six months to twelve years and seven months).
The etiologies included idiopathic (5), neuromuscular (4), congenital (2), syndromic (2), and
type 1 neurofibromatosis (1). MdGR were found to be safe and effective in controlling curve
progression and probably cost-effective in the long-term. The MAGEC™ rods (Ellipse
Technology, Irvine, CA) were used in all fourteen patients, and sixty eight spinal distractions
with an average of 4.9 distractions per patient were carried out successfully. Five patients had
single-rod (SR), and nine had dual-rod (DR) constructs. The average follow-up was ten
months. The mean time between index surgery and initiation of the first distraction was sixty
six days. The mean interval between subsequent distractions after the first distraction was
forty three days. The study found MdGRs to be a viable alternative to the CGRs for treatment

of progressive EOS. There weren’t any major implant-related complications.

Next generation of growth-sparing techniques: preliminary clinical results of a magnetically

controlled growing rod in 14 patients with early-onset scoliosis. Akbarnia BA, Cheung K,

Noordeen H, Elsebaie H, Yazici M, Dannawi Z, Kabirian N. Spine (Phila Pa 1976). 2013 Apr

15;38(8):665-70. PMID:23060057.
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Paper: 7

I reported the largest series to date, with the use of MdGR in humans (Jan 2013).
Between November 2009 and March 2011, Thirty four children with EOSD
were prospectively recruited into the ‘Growing rods program’ at RNOHT, Stanmore.
There were thirteen males and twenty one females. The mean follow-up was fifteen months
(range: 12 to 18 months). The etiologies included idiopathic (11); neuromuscular (11);
congenital (2); neurofibromatosis (3) and syndromic (4). A single-rod (SR) construct
was used in twelve patients and twenty two had dual-rod (DR) constructs. Each patient
had at least three out-patient distractions. The mean number of distractions per patient was
4.8 (range: 3 to 6). The mean time to the first distraction was sixty six days (range: 22 to 112
days). The mean interval between distractions was eighty seven days (range: 56 to 132
days). The mean pre-operative Cobb angle was sixty nine degrees (range: 46 to 108
degrees) which corrected to a mean 47 degrees (range: 28 to 91 degrees) post-operatively.
The mean Cobb angle at final review was 41 degrees (range: 27 to 86 degrees). The mean
pre-operative T1 to S1 length was 304 mm (range: 243 to 380) and increased to 335
mm (range: 253 to 400) in the immediate postoperative period. At final review the
mean increase in T1 to S1 length was forty four mm. There were two implant failures and
two wound infections (both superficial). There was loss of distraction owing to anchor
dislodgement in two patients that warranted revision surgery. Proximal junctional
kyphosis occurred in one patient warranting an extension of instrumentation.
The preliminary results were promising and encouraging with fewer complications

in comparison to historical series treated by using conventional growing rods.

Early results of a remotely-operated magnetic growth rod in early-onset scoliosis;

Dannawi Z, Altaf F, Harshavardhana NS, Elsebaie H, Noordeen H, Bone Joint J

2013 Jan; 95-B(1): 75-80. PMID: 23307677
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Paper: 8

The effect and impact on pulmonary function and vital capacity with use of MdGR is
not known. | assessed pulmonary function in six patients with EOSD secondary
to neuromuscular disorders (SMA 11-2; Neurofibromatosis-2; William's Syndrome-1
and Congenital muscular dystrophy-1), studying their pre and post-op pulmonary
function with a minimum follow-up of two years. The paper was presented at the SRS
2013 annual meeting as a free-paper and the manuscript was published in Spine (P'hila,
1976) this year.

There was a statistically significant improvement in FVC and FEV; / FVC ratio at both
six months and at two years follow-up. The improvement was impressive for SMA type II.
The mean pre-op FEV1 and FVC improved from twenty seven percent of predicted to forty
one percent and forty five percent of predicted respectively at two years post-op. More
importantly, all children had clinical benefit, with a reduced incidence of chest infections,
unplanned admissions through the Accident and Emergency to pediatric or respiratory units
for pulmonary issues. The caregiver satisfaction was immense, given that all patients
continued to be healthy with adequate weight gains. Though MdAGR may not alter
the natural history of these neuromuscular disorders (i.e. progressive decline in
pulmonary function and vital capacity with time), they markedly reduce the rate of
decline beyond a doubt, and that gives the impression of immediate improvement in

pulmonary function with surgical intervention.

Magnetic growth rods improve pulmonary function in early-onset scoliosis secondary to

neuromuscular disorders. Yoon WW, Sedra F, Shah SA, Wallis C, Muntoni F, Noordeen MHH.

Spine (Philadelphia, PA 1976) 2014; Jul 1, 39(15): 1196-1202. PMID: 24825149.
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In Vivo Distraction Force and Length
Measurements of Growing Rods

Which Factors Influence the Ability to Lengthen?

Hilali M. Noordeen, FRCS (Orth),* Suken A. Shah, MD,t Hazem B. Elsebaie, FRCS, MD,# Enrique Garrido,
EBOT, MRCS,* Najma Farooq, FRCS (Tr & Orth),* and Mohannad Al Mukhtar, MRCS*

Study Design. Prospective, intraoperative force measurement
in consecutive lengthening procedures in a series of growing-rod
patients undergoing lengthening.

Objective. The purpose of this study was to measure the forces
and amount of distraction over time in early onset scoliosis patients
treated with growing rods.

Summary of Background Data. Growing rods are one of the
current techniques used in the treatment of early onset scoliosis,
and the goal of the growing-rod technique is to achieve deformity
correction, maintaining spinal growth at the same time. Gradual
stiffening or spontaneous fusion of the spine can interfere with the
ability to lengthen. In addition, diminished acquired length with
serial distraction are common observations and need to be evaluated
and quantified.

Methods. Distraction forces were measured prospectively during
60 consecutive lengthening procedures in 26 patients. All patients
had single submuscular rod constructs with side-to-side connectors.
For each measurement, output from a transducer on a dedicated pair
of distraction calipers was recorded at zero load status and the force
was then recorded at every T mm lengthening; length was obtained
at each event and was recorded in millimeters.

Results. The force required to distract the spine doubled at the 5th
lengthening procedure (mean 368 N * 54 N), and the distraction
force was significantly higher at the fifth lengthening compared with
the previous lengthening (P <0.01). Mean length achieved at each
distraction decreased over time such that by the fifth lengthening,
consistently 8 mm or less was achieved.
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Conclusion. Distraction forces increase significantly after repeated
lengthening of growing-rod constructs, and the length obtained at
each procedure exhibits a decreasing trend.

Key words: growing rods, force measurement, distraction, length-
ening. Spine 2011;36:2299-2303

he treatment of children with progressive early onset sco-

liosis has proven to be difficult; standard methods such

as orthosis or spinal fusion used in older patients are less
effective in very young children with progressive curves. New
surgical methods have evolved to allow near normal growth,
at the same time, maintaining the correction achieved at initial
surgery.! Growing rods are one of the current techniques used
in the treatment of early onset scoliosis, and the goal of the
growing-rod technique is to achieve deformity correction at
the same time maintaining spinal growth; achieving this goal
has led to some difficulties and complications and the best
way to improve this technique is a better understanding of the
details of the serial distraction process. In growing-rod tech-
nique, the rods are lengthened every 6 months regardless of
curve progression.> The repetitive distractions under general
anesthesia may increase the risk of instrumentation failures
and infection; in an attempt to solve these problems, a spi-
nal instrumentation system, consisting of a remote controlled
growing-rod system with a built-in motor to induce distrac-
tion of the growing rods on an outpatient basis has been tried
in animals.’ The need to analyze the factors affecting the tech-
nique of serial distractions is important for any future modifi-
cation of the system; these factors include the force needed to
distract the rods apart, the length acquired in the system as a
result of application of these forces, and the gradual stiffening
of the spine that can interfere with the ability to lengthen the
spine. The purpose of this study was to measure the forces
applied and the amount of distraction over time in a consecu-
tive series of early onset scoliosis patients treated with growing
rods. To the best of our knowledge, this study elucidates and
quantitates forces in modern spine correction that has only
been evaluated once in the spine in the distant past.

METHODS
This is a prospective study analyzing the data recorded from
60 consecutive distractions done in 26 early onset scoliosis
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Age Preoperative
Insertion (y) Diagnosis Cobb Angle

1 3.16 Congenital 99.2
2 7.44 Neuromuscular 60.33
3 6.28 Neuromuscular 80.3
4 3.42 Idiopathic 54.8
5 3.17 Neuromuscular 75.71
6 5.61 Congenital 50.4
7 10.65 Neuromuscular 64.82
8 8.3 Congenital 72.3
9 4.45 Idiopathic 74.5
10 3.45 Neuromuscular 58.7
11 8.67 Idiopathic 70.3
12 10.36 Syndromic 61.4
13 9.42 Neuromuscular 68.6
14 3.18 Congenital 67.6
15 9.2 Congenital 60.4
16 4.53 NF 54.8
17 6.78 Neuromuscular 72.33
18 9.11 Neuromuscular 72.5
19 8.56 Congenital 40.2
20 5.88 Syndromic 104.6
21 7.04 Idiopathic 73.4
22 8 Congenital 63.3
23 4.35 Neuromuscular 83.6
24 6.11 Syndromic 90
25 4.47 Congenital 82.4
26 7.27 Congenital 81.6
NF indicates neurofibromatosis.

patients with an average age of 6.49 years (3.16-10.65) and
an average Cobb angle of 70.23 (40-104) with different
etiologies: four idiopathic, nine congenital, nine neuromus-
cular, and three syndromic (Table 1); during their treatment
with serial distractions by growing rods. All patients had
single submuscular rod constructs with side-to-side (domino)
connectors and only three patients with severe stiff curves
above 80° had anterior release and apical fusion. Distraction
forces were measured with each millimeter of acquired length,
and both values were recorded accordingly; the maximum
force applied and its corresponding increase in length were
recorded for each distraction.

Measurements were performed through a strain gauge ap-
plied to a custom-made pair of distraction callipers incorpo-
rating a load transducer that allowed measurement of load
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applied at the tip. Included in the design was a millimeter-
scaled ruler to measure relative linear displacement between
the jaws; using the ruler, the accuracy of the displacement
measurement in this environment was considered +0.25 mm.

For each measurement, output from a transducer on a
dedicated pair of distraction calipers (Figure 1) was recorded
at zero load status and the force was then recorded at every
1 mm lengthening;:

1. Resting load prior to any distraction was recorded;
the distraction was performed against a rod holder; a
resting tension was deliberately put on to ensure that
there was no loss of length already gained on previ-
ous lengthenings as each set screw was loosened and
removed.

2. Loads were recorded with each 1-mm increase in length.

3. The maximum force resulting in distraction between
the two rods at which no more length gain was seen
was recorded as well.

The maximum increase in length obtained at each dis-
traction was recorded in millimeters with its respective load
applied; the measuring tool was checked after sterilization and
before usage to confirm the precision of measurement. The
data for the same number of distractions (first, second, ...)
were analyzed accordingly to determine the possible change
in force applied and length acquired with the increased num-
ber of distractions.

RESULTS

Mean peak forces increased sequentially with each length-
ening. The mean force to distract the spine during the first
lengthening was 142, the 3rd was 1635, the 5th was 368,
the 7th was 390, and at the 10th was 608. The force re-
quired to distract the spine doubled at the Sth lengthening
procedure (mean 368 N = 54 N), and the distraction force
was significantly higher at the 5th lengthening compared
with the previous lengthening (P < 0.01); in addition, there

y

Figure 1. Intraoperative measurement device with custom-made
pair of distraction calipers incorporating a load transducer allowing
measurement of load applied at the tip. Included in the design was a
millimeter-scaled ruler.
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Figure 2. Graphical presentation
of force vs. number of distraction.

is a trend for the force of distraction to increase with the
increased number of distraction (Figure 2). Distraction forc-
es were on average 40% higher in patients who had under-
gone an apical fusion at the time of primary implantation
of the growing rod versus those who had no apical fusion
(P < 0.05) (Figure 3).

The mean length acquired during the 1st distraction was
17.1 mm, the 3rd was 11.1, the 5th was 8.0, the 7th was 7.5,
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Figure 3. Graphical presentation of length vs. number of distraction.
Spine

and the 10th was 6.1. Mean length achieved at each distrac-
tion decreased over time such that by the Sth lengthening,
consistently 8 mm or less was achieved (Figure 4). The side-
to-side connector between the cranial and caudal rods had a
significant tethering effect; after lengthening the first rod, the
resting pressure of the second rod was significantly lower than
the recorded peak load of the first rod, as the connector had
to be exposed of all the intervening soft tissue.
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Figure 4. Graphical presentation of force measurement with and with-
out apical fusion.
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DISCUSSION

Expandable implants have been used for several decades in
an attempt to control the spinal deformity and to allow for
spinal growth until the child reaches an appropriate size or
age for definitive fusion; these include a single growing rod
with foundations proximally and/or distally,** dual growing
rods with foundations proximally and distally,’ and the ver-
tical expandable prosthetic titanium rib implant.>” The pre-
liminary results indicate that either single rod or dual rods
can be effective in controlling spinal deformity.” In a recently
presented study from the same center, the results of a con-
secutive series of 88 patients, including the 26 patients of
the current study, with an average of 3.5 years of follow-up
showed that single submuscular growing-rod constructs with
side-to-side connectors were adequate in maintaining spinal
growth and correcting deformities in early onset scoliosis,
with a complication rate comparable to previously reported
double-rod constructs except in anchor failures, which were
significantly less in double rods.®

It has been shown that with more frequent lengthening,
the continued growth of the spine per year after the initial
procedure equaled or surpassed the normal growth rate of the
spine. The authors believed this is due to the effect of distrac-
tion on immature vertebral growth.! Other factors involved
in the program of serial distraction are the length acquired
during each distraction as well as the force applied to distract
the rods; these factors become of great importance with the
exploration of novel and less invasive treatments that achieve
similar endpoints, at the same time reducing the number of
surgical interventions necessary.

Force measurement has been an area of interest in many
previous animal and human studies. Iz vivo human distrac-
tion forces have been measured in orthopedic surgery; in
distraction epiphysiolysis, the initial force required to sepa-
rate the physeal plate in humans was shown to be between
570 and 1500 N?; and after separation the distraction force
was found to be lower, between 100 and 200 N in the next
3 weeks.'* In lower limb lengthening, the average peak values
of force amounted to 300 N (maximum 737 N) in the femoral
group and 305 N (maximum 592 N) in the tibial."!

In spinal surgery the distraction force generated by the
Harrington rod is reported to be about 100 to 200 N.!2 A spinal
instrumentation system, consisting of a remote-controlled
growing-rod system with a built-in motor has been developed
and was tried in animals; it can be used for repeated distrac-
tion of the spine and can be used to correct the deformity
noninvasively after the instrumentation. When the controller
is turned on, the torque generated by the motor is converted
to distraction force by the inner gear, and therefore the grow-
ing rod stretches without rotating. The distraction force of the
instrument was measured using a load cell, and the maximum
distraction force of the instrument was 194 N.3

In the current human study, the distraction force used
to move the two rods apart and elongate the system in the
first four lengthening procedures averaged between 100 and
195 N; however, this force has doubled by the 5th distraction
to 368 N and by the 10th distraction reached an average of
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555 N. These high forces are recorded for the first time in
humans intraoperatively, and these force measurements give
an important primary understanding of the force needed to be
generated to distract these rods remotely.

Distraction forces were on average 40% higher in patients
who had undergone an apical fusion at the time of primary
implantation of the growing rod versus those who had no api-
cal fusion; we recommend limiting apical final fusion at index
surgery to the absolutely indicated cases. It as it not only has
the disadvantage of decreasing the number of vertebrae hav-
ing the ability to grow with distraction, but it also increases
the force needed to distract the rods with all its mechanical
consequences. We also observed that using a side-to-side con-
necter, after lengthening the first rod, the resting pressure of
the second rod was significantly lower than the recorded peak
load of the first rod, as by the time we are distracting the first
rod, the connector would have been exposed and freed from
all intervening soft tissues with all their tethering effects.

Also there have been many observations by different in-
vestigators that the length acquired during serial distractions
becomes less with time and with the increase of serial distrac-
tions. This is within the logical understanding of the growing-
rod techniques being consistent with these curves becoming
stiffer with the possibility of spontaneous fusion occurring at
some levels. In this study, we have statistically confirmed these
observations and we have quantified this decrease in milli-
meters for each distraction. We found the median length ac-
quired during the st distraction was 17.1 mm, which became
less than its half (8§ mm) in the 5th distraction and reached
only 6.1 mm by the 9th distraction.

The analysis of the results showing an increase of the force
of distraction and a decrease in the acquired length with the
increase in the number of distraction is another clear confir-
mation of the stiffness occurring in these curves with time and
with serial distractions, and it has many clinical implications.
It shows that the main increase in length acquired by serial
distractions occurs during the first 3 to 4 years after the index
surgery, and afterward there is a linear decrease in the length
acquired, decreasing the benefit in continuing the distraction
program. This shows the need to delay the index surgery as
much as possible to get the maximum benefit of the use of
growing rod. A second clinical implication is the increased
stiffness of the curve with time, which can open the discus-
sion for the need for final fusion surgery in acceptable curves
reaching or approaching skeletal maturity. It also opens a new
alternative of either leaving the growth rod iz situ or remov-
ing the rods, leaving a stiff curve not amenable to progression.

CONCLUSIONS

Distraction forces increase significantly after repeated length-
ening of growing-rod constructs, and the length obtained at
each procedure exhibits a decreasing trend. The higher dis-
traction forces measured on patients who had an apical fusion
may explain the increased incidence of instrumentation failure
reported in the literature. These findings help in understand-
ing some of the limitations and complications of growing rods
and help in the development of newer less invasive systems.
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> Key Points

U There is a significant increase in distraction
forces in growing-rod constructs with subsequent
lengthening.

Q Apical fusion increases the force needed to distract
the rods significantly.

U The amount of length gained with each distraction
decreases with time and with serial distractions.

O Instrumentation design must accommodate the
forces generated and the trends observed in this
study to minimize failure.
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Next Generation of Growth-Sparing Techniques

Preliminary Clinical Results of a Magnetically Controlled Growing Rod in 14 Patients

With Early-Onset Scoliosis

Behrooz A. Akbarnia, MD,*t Kenneth Cheung, MD,# Hilali Noordeen, FRCS, (Orth),§
Hazem Elsebaie, MD, FRCS,  Muharrem Yazici, MD,|| Zaher Dannawi, FRCS(Orth),§ and Nima Kabirian, MD*

Study Design. Prospective nonrandomized study.

Objective. To report the preliminary results of magnetically
controlled growing rod (MCGR) technique in children with
progressive early-onset scoliosis.

Summary of Background Data. The growingrod (GR) technique
is a viable alternative for treatment of early-onset scoliosis. High
complication rate is attributed to frequent surgical lengthening. The
safety and efficacy of MCGR were recently reported in a porcine
model.

Methods. Multicenter study of clinical and radiographical data of
patients who underwent MCGR surgery and at least 3 distractions.
Distractions were performed in clinic without anesthesia/analgesics.
T1-T12 and T1-S1 heights and the distraction distance inside the
actuator were measured after lengthening.

Results. Fourteen patients (7 girls, 7 boys) with a mean age of 8
years, 10 months (3 yr, 6 mo to 12 yr, 7 mo) had 14 index surgical
procedures. Of the 14, 5 had single-rod (SR) surgery and 9 had
dual-rod (DR) surgery, with overall 68 distractions. Diagnoses were
idiopathic (N = 5), neuromuscular (N = 4), congenital (N = 2),
syndromic (N = 2), and neurofibromatosis (N = 1). Mean follow-up
was 10 months (5.8-18.2). The Cobb angle changed from 60° to 34°
after initial surgery and 31° at latest follow-up. During distraction
period, T1-T12 height increased by 7.6 mm for SR (1.09 mm/mo)
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and 12.12 mm for DR (1.97 mm/mo). T1-S1 height gain was 9.1
mm for SR (1.27 mm/mo) and 20.3 mm for DR (3.09 mm/mo).
Complications included superficial infection in 1 SR, prominent
implant in T DR, and minimal loss of initial distraction in 3 SR after
index. Partial distraction loss observed after 14 of the 68 distractions
(1 DR and 13 SR) but regained in subsequent distractions. There was
no neurological deficit or implant failure.

Conclusion. Preliminary results indicated MCGR was safe and
provided adequate distraction similar to standard GR. DR achieved
better initial curve correction and greater spinal height during
distraction compared with SR. No major complications were
observed during the follow-up.

Key words: early-onset scoliosis, magnetic rod, growing rod,
MCGR. Spine 2013;38:665-670

rowth-sparing techniques for treatment of progressive

early-onset scoliosis (EOS) have evolved significantly

during the past few decades. Originally, it was Paul
Harrington,! the developer of Harrington instrumentation, in
1962 who recommended distraction instrumentation without
fusion for children less than 10 years of age to allow continu-
ous spinal growth. Moe et al?> popularized instrumentation
without fusion and included periodic construct lengthening
to achieve both deformity correction and spinal growth using
hooks and single distraction rod. The dual growing rod (GR)
technique was introduced to provide stability, more predict-
able outcomes, and fewer complications than previous tech-
niques.>* During the past 5 years, other techniques have also
been introduced as growth-friendly procedures.’ Skaggs et al®
have proposed a classification of the major growth-friendly
techniques into 3 main categories: “distraction-based” (e.g.,
GR, vertical expandable prosthetic titanium rib, and remote
control), “tension-based” (e.g., staple and tether), and
“guided-growth™ (e.g., Luque and Shilla).

GR is currently the most commonly used distraction-based
technique, which has the advantage of correcting spinal defor-
mity, allowing normal growth, and may even have a poten-
tial for growth stimulation beyond the normal growth rate.*
However, the technique requires frequent surgical procedures
for lengthening to allow adequate spinal growth and to main-
tain scoliosis curve correction. Frequent surgical procedures
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lead to an increased complication rate and more unplanned
surgical procedures in severely involved children who often
have other associated medical problems such as thoracic
insufficiency syndrome. Bess et al’ reviewed complications of
GR surgery in 140 patients who underwent a total of 897 sur-
gical procedures. The risk of complications increased by 24 %
for each additional surgical procedure performed.

Surgeons’ knowledge regarding the various challenges in
EOS surgery has also significantly improved during the past
several years, and there has been an ongoing research to mini-
mize complications associated with most growth-sparing pro-
cedures. Therefore, the idea of noninvasive multiple lengthen-
ing without the need for anesthesia and open surgery have
long been appealing, given the direct relationship between
high complications and repeated surgical procedures.

The concept of magnetic distraction is not new. Takaso
et al® suggested that a remote magnet might be able to provide
the driving force for a GR system and be used for correction
of scoliosis. Soubeiran et al,’ Miladi,' and Wilkins and Sou-
beiran'! reported that a magnetically expandable GR can be
used for distraction between ribs, vertebra, and the pelvis. We
are reporting the preliminary results of a magnetically con-
trolled growing rod (MCGR), which eliminates the need for
repeated surgical procedures and anesthesia.

Preclinical studies examining the safety and efficacy of
this MCGR system in an animal model has recently been
reported.'? This animal study confirmed that spinal distrac-
tion could be achieved safely with this technique, in the por-
cine model, without any adverse effect related to the MCGR
system. The current study intends to report the safety and
efficacy of this implant system (MAGEC Ellipse Technology,
Irvine, CA) used in a human model.

DEVICE DESCRIPTION

The MCGR device was CE marked in Europe in October
2009 but is not yet approved for use in the United States.
It is composed of an implantable rod, an external remote
controller (ERC), and accessories (Figure 1A). The titanium
rod includes a telescopic actuator portion that holds a small
internal magnet. Rotation of the magnet remotely by use of
the ERC causes the rod to be lengthened or shortened. The
rod is implanted and secured to the spine using standard
fixation components, such as hooks and/or pedicle screws
as anchors. The implant system includes optional rod adapt-
ers (short straight adapter and dynamic adapter) to support
physician preference of securing the rods to the construct
foundations.

The handheld noninvasive ERC is electrically powered
and contains 2 permanent magnets that can be rotated using
gears. After the rod has been implanted, the ERC can be
placed externally on the patient’s spine at the location of the
actuator portion of the rod. When activated, the ERC causes
the magnet on the implantable device to rotate (Figure 1B).
The implants provided were sterilized by gamma radiation.
It is also worth mentioning, magnetic resonance compatibil-
ity of MCGR has not been examined yet, therefore at this
point, its magnetic resonance compatibility is unknown, but
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Figure 1. (A) MAGEC system rods. (B) MAGEC external remote
controller.

we know that the presence of magnets within the actuator can
cause artifact on magnetic resonance images.

MATERIALS AND METHODS

The study protocol was approved by the appropriate ethi-
cal committee at each study site, and patients gave consent
for participation in the study. From November 2009 to
December 2010, a total of 33 patients underwent the MCGR
procedure at 4 centers. There were no study sites in the United
States because the device had not been approved by the FDA.
Clinical and radiographical data were collected prospectively
before and after the initial surgery and before and after each
spinal distraction. Preoperative work up and planning was
similar to any pediatric spinal deformity assessment includ-
ing upright posteroanterior and lateral scoliosis radiographs,
supine bilateral bending and posteroanterior traction and
hyperextension lateral radiographs when deemed appropriate
by the treating physician.

Fourteen patients met the inclusion criteria, which included
(1) EOS of any etiology; (2) a clear indication for an opera-
tive intervention (e.g., documented failed nonoperative treat-
ment and curve progression); and (3) having completed at
least 3 outpatient distractions. Surgical technique for MCGR
implantation, except the rod, is basically not different from
traditional GR technique that has been well documented in
previous literature.® Selecting the instrumentation length for
each MCGR surgery was on the basis of the selection criteria
surgeons normally used for their standard GR surgery. The
length of MCGR instrumentation was usually long from the
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Summary of Radiographical Results
of All Patients at Preoperative,

Postoperative, and Latest Follow-up
Time Points

Mean Latest
Preop Mean Postop | Follow-up
Cobb angle 60° 34° 31°
Maximal thoracic 39° 31° 48°
kyphosis
Total T1-T12 178 198 208
(mm)
Total T1-S1 (mm) 292 322 338
Preop indicates preoperative; Postop, postoperative.

upper thoracic vertebra to the mid- or lower lumbar levels,
depending on the type, severity, and location of the curve.
However, the technical pearl, similar to traditional GR, is to
fuse only 1 to 2 motion segments at both upper and lower
foundations to avoid unnecessarily exposure and possible iat-
rogenic auto-fusion.

Spinal distractions were performed on an outpatient basis
with no general or local anesthesia or any pain medications.
Distraction amount was measured using the end-to-end rod
distance inside the actuator before and after each length-
ening on posteroanterior radiographs. T1-T12 and T1-S1
heights were measured as the perpendicular between 2 par-
allel lines passing through the centers of upper end plate of
the T1 and lower end plates of T12 and S1, respectively. T1-
T12 and T1-S1 heights were recorded before and after each
distraction.

The goal of the study was to identify the amount and rate
of height change in the thoracic (T1-T12) and lumbar spine
(T1-S1) after the MCGR surgery and to report any early
complication that occurred during the course of study. Sta-
tistical analysis was done with SSPS 15 (2006) for Windows
(Microsoft, Chicago, IL).

RESULTS

The mean age of the 14 patients (7 girls, 7 boys) included was
8 years, 10 months (3 yr, 6 mo to 12 yr, 7 mo). The patients
had varied etiologies including 5 idiopathic, 4 neuromuscular,
2 congenital, 2 syndromic, and 1 with neurofibromatosis. The
patients underwent a total of 14 initial surgical procedures
and 68 spinal distractions with an average of 4.9 distractions

per patient. The initial index procedures included 5 single-rod
(SR) and 9 dual-rod (DR) insertions. All patients were kept
in thoracolumbosacral orthosis brace for 3 to 6 months after
index MCGR procedure but none underwent bracing after
MCGR lengthening.

Patients were followed for an average of 10 months. Mean
time between index surgery and the start of first distraction
was 66 days. The mean interval between subsequent distrac-
tion procedures was 43 days.

There were 11 thoracic and 3 thoracolumbar/lumbar
curves. The mean preoperative Cobb angle was 60° and was
corrected to 34° immediately after initial surgery and was
maintained at 31° at the time of latest follow-up. Similarly,
mean preoperative maximum thoracic kyphosis was 39° and
changed to 31° and 48° postoperatively and at latest follow-
up, respectively (Table 1). The average coronal Cobb correc-
tion was also compared between patients who had SR and
patients who had DR, and there was no significant differ-
ence in the initial and final correction between the 2 groups
(P = 0.91 and P = 0.85) (Table 2) (Figures 2A—F).

Mean preoperative T1-T12 height for all 14 patients was
178 mm and increased to 198 mm (P < 0.05) and 208 mm
(P < 0.05) after initial surgery and latest follow-up, respec-
tively. Mean T1-S1 height also changed from 292 mm pre-
operatively to 322 mm (P < 0.05) after initial surgery and to
338 mm (P < 0.05) at the latest follow-up.

In patients with SR, the mean preoperative T1-T12 height
was 178 mm, which increased to 196 mm immediately after
index surgery (P < 0.05) and to 204 mm at the latest fol-
low-up (P < 0.05). The average monthly T1-T12 height
increase was 1.09 mm. The mean preoperative T1-S1 height
was 295 mm, which increased to 322 mm immediately after
index surgery and to 331 mm at the latest follow-up (P
< 0.05). The average monthly T1-S1 height increase was
1.27 mm.

Similarly, in patients with DR, the mean preoperative
T1-T12 height was 178 mm, which increased to 198.4 mm
immediately after index surgery and to 210.5 mm at the latest
follow-up (P < 0.05). The average monthly T1-T12 height
increase was 1.97 mm. The mean preoperative T1-S1 height
was 290.6 mm, which increased to 322 mm immediately
after index surgery and to 342 mm at the latest follow-up
(P < 0.05). The average monthly T1-S1 height increase was
3.09 mm.

The average monthly T1-T12 growth was not significantly
different between the SR and DR groups (P = 0.21); however,
there was a significant difference between average monthly
T1-51 growth in the 2 groups (P < 0.05).

Mean Preop Mean Postop Correction Final Correction (%)
Single rod 68° 38° 43% 36° 46%
Dual rod 56° 32° 42% 29° 48%
Preop indicates preoperative; Postop, postoperative.
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Figure 2. (A-F) Posteroanterior and lateral radiographs of a 5.5-year-old girl with neuromuscular scoliosis and right thoracic curve of 45° before
(A, B) and after (C, D) dual MCGR. The patient has had monthly MCGR lengthening during the course of 7 months and achieved 12 mm and 31
mm of T1-T12 and T1-S1 height, respectively (E, F). MCGR indicates magnetically controlled growing rod.

Complications included superficial wound infection in
1 patient with SR (treated medically with antibiotics and
frequent wound cleaning dressing), prominent implant
in 1 patient with DR, and partial loss of initial height in
3 patients with SR (21%) after index surgery. Partial loss of
distraction was the most common complication after 11 of
the 68 distractions (2 DR and 9 SR). This loss was regained
and maintained in subsequent distractions. No patient expe-
rienced any other implant-related complication and none
needed rod exchange or revision of the anchors. Review of
the radiograph at final follow-up did not show any proximal
junctional kyphosis either. Finally, there was no neurological
deficit at initial surgery or after lengthening.

668 www.spinejournal.com

DISCUSSION

Treatment of EOS with growth-sparing techniques ideally has
2 main goals: to correct the spinal deformity and allow for
spinal (and indirect pulmonary) growth. These goals have to
be met as we try to minimize complications.

Few but valuable studies have shown the effect of thoracic
spinal fusion on pulmonary function. Karol et al'3 showed
that the extent of the spine fused correlated with the forced
vital capacity. Fusion in the upper thoracic spine was found
to be associated with diminished pulmonary function because
8 of 12 patients with a fusion level of T1 or T2 had a forced
vital capacity of less than 50%, but only 4 of 16 patients with
a fusion beginning caudad to T3 had a forced vital capacity of
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less than 50%. None of the 7 patients with a proximal level of
fusion at T6 or caudad had a forced vital capacity of less than
50% at the time of follow-up.

Dimeglio et al'* studied the growth of the spine and tho-
racic cage in children from birth to the onset of adulthood.
They showed that T1-T12 had an average height of 110 mm
at birth in both sexes and reached 180 mm at 5 years of age
(average monthly growth of 1.16 mm and annual growth of
14 mm from birth to 5 yr) and then reached 220 mm at the
age of 10 (average monthly growth of 0.67 mm and annual
growth of 8 mm from 5-10 yr). Likewise, the average monthly
T1-51 growth from birth to 5 and from 5 to 10 years is 2 mm
and 1.2 mm, respectively.

Previous studies on standard GR have shown that initial
T1-51 elongation achieved at index GR implantation is equal
to T1-S1 height growth achieved during the subsequent dis-
tractions during the next 2 years (each is about 50% of the
total T1-S1 achieved from preindex GR to 2-yr follow-up)®. In
2005, Akbarnia et al reported that the average T1-S1 length
increase was 12.1 mm per year for 23 patients with EOS who
underwent dual GR surgery and were followed for at least 24
months. In a subsequent study published in 2008, they reported
a mean T1-S1 increase of 14.6 mm/yr for a series of patients
with dual GR with postoperative follow-up in the range of 3 to
11 years.* In a more recent study, GR has shown to significantly
increase the T1-T12 height, and this increase was positively
correlated with the number of lengthenings but did not depend
on the underlying etiology.” In a study of 20 patients with
EOS, Olgun et al'® found that the growth of the vertebral body
heights within the instrumented levels (7.0 = 2.9 mm) is signifi-
cantly more than those outside the instrumentation levels (5.2
*+ 3.4 mm) and concluded that GR had stimulated the growth
of the vertebral height compared with the instrumented levels.

Cheung et al. first reported two-year results of two patients
with MCGR surgery and showed that the actual and predicted
rod distractions were closely comparable. Patients experienced
no MCGR-related complications and were satisfied with their
treatment at the latest follow-up."” The average monthly
T1-T12 and T1-S1 growth in our study is comparable, yet
slightly higher than the traditional techniques. We think that
this difference may be because of more frequent distractions,
especially during the more rapid phase of growth; however,
we expect that the spinal height achieved by MCGR will
finally be similar to the above-mentioned numbers. A larger
cohort of patients with longer postoperative follow-up needed
to confirm this finding with more definitive conclusions.

Both single and dual standard GR have been commonly
used with reproducible results. In our study, selection of single
versus dual MCGR mainly depended on surgeon’s preference.
The literature on standard GR has shown that dual GR are
more advantageous than single GR in terms of lower rate of
rod fracture, better rate of deformity correction, and achiev-
ing a higher rate of spinal growth.*!* Despite being a small
study, the current study confirms the same trends.

Timing of subsequent distractions mainly depended on
the surgeon’s preference based on the age, growth potential,
curve flexibility, and diagnosis. The usual interval between

Spine

distractions in the standard GR technique is between 6 to
9 months'; however, distraction in MCGR is noninvasively
done and it can be done more frequently (with shorter inter-
vals) if the physician prefers.

The correction of scoliosis in our study was 43% after
initial MCGR and improved to 48% at final follow-up and
both were comparable with the reported standard GR stud-
ies. The use of MCGR seems to be effective in correcting the
coronal deformity and maintaining scoliosis curve correction
(Tables 1 and 2).

We did not observe any major complication related to the
MCGR in this series intraoperatively and perioperatively. Par-
tial loss of distraction occurred in some patients with SR that
were easily managed in subsequent distractions. It is impor-
tant to mention that the observed distraction losses were from
a first generation design. This issue was resolved by the addi-
tion of a magnetic lock that keeps rod length where the ERC
positions it. The lock prevents the rod from shortening while
it is implanted. Although we have not observed any implant-
related complications that needed revision, we think that the
revision surgery for rod exchange and anchor replacement
is not different from similar procedures in the standard GR
surgery. There are still some debates regarding proximal
junctional kyphosis in growth-friendly procedures. Increased
maximal thoracic kyphosis at final follow-up is thought to be
the result of increase outside of the instrumented region but
no clear proximal junctional kyphosis was observed in any of
our patients.

Similar to traditional GR technique, longer span of the
MCGR rods is usually preferred. The amount of deformity
correction achieved in initial MCGR surgery is the result of
internal bracing of the spine and almost pure distraction.
This is to provide distraction over a length of unfused spine
to stimulate growth. Also, the very young and growing spine
tends to add to the deformity as the child grows. Extend-
ing the instrumentation in a later date will further affect the
growth by creating more levels of unwanted fusion.

Autofusion in traditional GR technique has a complex
pathophysiology but its main contributing factor is the tech-
nical error in unnecessary dissection of the uninstrumented,
unfused vertebra. It can theoretically happen in MCGR,
although we think that noninvasive distractions will reduce
the incidence of this phenomenon in MCGR. We have not
seen any autofusion incident in our reported patients until the
latest follow-up.

Growth guided procedures (i.e., Shilla) have been intro-
duced to minimize the number of surgical procedures as they
guide the spinal growth in direction of the implants.® The pro-
cedure does not apply any distraction to the spine. No study
exists to compare the increase in length of T1-T12 and T1-S1
with the standard GR. We think that MCGR combines both
advantages of reduction of surgical procedures and applying
distraction at the same time.

Regarding the effects of electromagnetic field (<8-10 T)
on humans, there currently is no evidence for any persistent or
major side effect for repeated distraction especially in a local
field; therefore, it is considered to be reasonably safe.?’
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Finally, longer follow-up and a larger group of patients are
needed to determine the overall outcome of this technique
and noninvasive method of lengthening and characterize its
complications.

CONCLUSION

Our study shows that MCGR is a safe and effective growth-
sparing modality in treatment of progressive EOS and may be
considered a viable alternative to the traditional GR technique.
It allows the similar growth of the T1-T12 and T1-S1 to what
has been previously observed in normal children and those
patients with EOS who underwent the standard GR procedure.
We did not observe any major implant-related complication.
Overall, the patients with DR showed better initial correction
of coronal deformity and better monthly height increase of
T1-T12 and T1-S1. A study with additional follow-up and
a larger cohort is underway to confirm these initial findings.

> Key Points

U MCGR techniques (both SR and DR) achieved and
maintained similar initial scoliosis Cobb correction
compared with the standard GR surgery.

U Mean monthly T1-T12 and T1-S1 growths were
comparable with both normal growth and the growth
after the standard GR procedure.

U MCGR reduces the number of open surgical proce-
dures required for lengthening and may significantly
reduce the number of complications.
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Early results of a remotely-operated magnetic
growth rod in early-onset scoliosis

Conventional growing rods are the most commonly used distraction-based devices in the
treatment of progressive early-onset scoliosis. This technique requires repeated
lengthenings with the patient anaesthetised in the operating theatre. We describe the
outcomes and complications of using a non-invasive magnetically controlled growing rod
(MCGR) in children with early-onset scoliosis. Lengthening is performed on an outpatient
basis using an external remote control with the patient awake.

Between November 2009 and March 2011, 34 children with a mean age of eight years (5 to
12) underwent treatment. The mean length of follow-up was 15 months (12 to 18). In total,
22 children were treated with dual rod constructs and 12 with a single rod. The mean
number of distractions per patient was 4.8 (3 to 6). The mean pre-operative Cobb angle was
69° (46° to 108°); this was corrected to a mean 47° (28° to 91°) post-operatively. The mean
Cobb angle at final review was 41° (27° to 86°). The mean pre-operative distance from T1 to
S1 was 304 mm (243 to 380) and increased to 335 mm (253 to 400) in the immediate post-
operative period. At final review the mean distance from T1 to S1 had increased to 348 mm

(260 to 420).

Two patients developed a superficial wound infection and a further two patients in the
single rod group developed a loss of distraction. In the dual rod group, one patient had pull-
out of a hook and one developed prominent metalwork. Two patients had a rod breakage;
one patient in the single rod group and one patient in the dual rod group. Our early results
show that the MICGR is safe and effective in the treatment of progressive early-onset
scoliosis with the avoidance of repeated surgical lengthenings.

Cite this article: Bone Joint J 2013;95-B:75-80.

Early-onset scoliosis (EOS) has been defined as
significant spinal deformity beginning before
the age of five years.! Its most common types
are infantile idiopathic, congenital and neuro-
muscular.? Left untreated, it can rapidly pro-
gress causing cosmetic disfigurement and
pulmonary insufficiency.’> The goals of treat-
ment are to control the deformity, allow
growth of the spine and chest wall and to
improve pulmonary function. Casting or brac-
ing are commonly used for early intervention,
but bracing is not effective in controlling the
curves of neuromuscular or congenital scolio-
sis.*” When the deformity is progressive and
severe, surgical treatment is often indicated.
Spinal fusion can be performed with or with-
out instrumentation. If undertaken before
growth is complete, it results in a short trunk
with possible underdevelopment of the lungs
and subsequent pulmonary complications.510

Procedures that allow or encourage growth
of the spine and chest have recently gained
popularity. These are variously referred to as

VOL. 95-B, No. 1, JANUARY 2013

‘growth-sparing’ or ‘growth-friendly’.!’ The
most commonly used devices are single and
dual growing-rod implants. The traditional
growing rod is inserted across the spinal cur-
vature under general anaesthesia and ideally
distracted every six months or sooner.'? This
requires re-opening the surgical incision to
distract the rod to mimic and maintain nor-
mal spinal growth. The disadvantages of
using the traditional growing rod include the
need for general anaesthesia and the invasive-
ness of repeated distractions. These implants
have been associated with high rates of com-
plication including wound infection, rod
breakage, auto-fusion, anchor failure or
prominence of the implant.'>*

There are also socioeconomic disadvan-
tages to the use of traditional growing rods
and their repeated surgeries, including the
indirect costs to child and parents as a result
of the time missed from school and absence
from work.!® Children exposed to multiple
operations are also more likely to experience
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Fig. 1

Photograph of a magnetically controlled growing rod with a telescopic actuator portion that holds a

small internal magnet.

severe symptoms of post-traumatic stress disorder and
depression than those who experience a single event.'®

An earlier animal study by Takaso et al'” suggested that the
use of a remotely-controlled extending rod instrumentation
system could decrease the number of procedures required.
That study involved five beagles with induced scoliosis. The
mean initial Cobb angle of 25° was corrected to a mean of 3°
after four distractions over a period of 12 weeks. No compli-
cations were recorded.!” Akbarnia et al'® implanted remotely
expandable rods in six immature Yucatan pigs. The mean dis-
traction achieved was 39 mm over a seven-week period with-
out any implant-related complications.

In the only study published so far on the use of a magnet-
ically controlled growing rod (MCGR) it was shown possi-
ble in five children to correct a spinal curvature and
encourage normal spinal growth."’

We present the largest series to date of the use of MCGR
in humans.

Patients and Methods

Between November 2009 and March 2011, 34 children
with EOS were treated using magnetically-controlled grow-
ing rods with prospective collection of data. The inclusion
criteria were EOS from any cause, failed non-operative
treatment with bracing or observation and progression of
the curvature of > 10° over a six-month period with a Cobb
angle?® > 40°. Infected patients were excluded.

Two patients had previously undergone conventional
treatment with growing rods before having an MCGR
implant. The parents of the two children who underwent
conversion from the conventional growing rod to the
MCGR requested this new technique on the grounds that
their children had significant remaining growth potential
and felt that their children would benefit from non-invasive
lengthening, having learnt of the treatment from other
patients. One of these children, aged six years, had an
infantile scoliosis with a left-sided thoracic curve and a
Cobb angle of 75° at the time of conversion. A dual MCGR
construct was implanted between T3 and L2. The other had
a diagnosis of neuromuscular scoliosis and had a left lum-
bar curve with a Cobb angle of 80° for which a dual MCGR
was implanted between T2 and the pelvis. The mean age of

the children included in the series was eight years (5 to 12).
There were 13 boys and 21 girls. The minimum length of
follow-up was 12 months (mean 15 months (12 to 18)). The
diagnosis was idiopathic scoliosis in 14 children, neuromus-
cular scoliosis in 11, congenital scoliosis in two, neurofi-
bromatosis in three, and there were four syndromic patients.
Skeletal maturity was assessed using Risser staging?! and by
evaluating the triradiate cartilage.

In all a single-rod construct was used for 12 patients and
22 required a dual-rod construct. All operations were per-
formed by the senior author (HN). Each patient had at least
three magnetically controlled lengthenings.

The decision to implant single or dual rods was depend-
ent on the size of the patient and the preference of the sur-
geon. Single rods were implanted into slim patients to avoid
the complications of symptomatic prominent metalwork.
As our experience with the MCGR technique increased, we
felt that the dual-rod construct provided better correction
and greater stability and was therefore implanted into older
patients with a higher body mass index.

The MCGR implant is made of titanium and includes a
telescopic actuator portion that holds a small internal mag-
net (Fig. 1). Rotation of the magnet, by the use of remote
control, causes the rod to lengthen or shorten.

Under general anaesthesia, with the patient prone, two
separate posterior proximal and distal skin incisions
were made over the foundation levels. In the revision
cases we used the whole length of the previous scar to
remove the previous metalwork and to implant the
MCGR. A subperiosteal dissection was performed and
the proximal and distal anchor sites prepared. A combi-
nation of hooks and pedicle screws were used as anchors.
The magnetic rods (MAGEC Ellipse technology, Irvine,
California) were contoured, tested and inserted submus-
cularly either as a single-rod (Fig. 2) or a dual-rod con-
struct (Fig. 3). The single rod was always placed on the
concavity of the curve. The levels of instrumentation did
not vary between the single and dual-rod technique.
When dual rods were used a connector was inserted
between the two rods. Local bone graft was used at the
exposed foundation levels to achieve a limited fusion and
stability at the anchor sites.
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Fig. 2a Fig. 2b

Lateral (a) and posteroanterior (b) radiographs in a ten-year-

old girl at eight months after implantation of the single mag-
netic growth rod.

{ B
[~}
-3
&

Fig. 3a

Lateral (a) and posteroanterior (b) radiographs in a seven-year-old boy
at six months after implantation of the dual magnetic growth rod in a
case of neuromuscular scoliosis.

The lengthenings were performed by an electrically pow-
ered remote controller. This contained two permanent mag-
nets that could be rotated using gears. The remote control
was placed externally over the patient’s spine at the level of
the actuator portion of the rod, which contained a magnet.
The magnetic field from the latter was identified using an

VOL. 95-B, No. 1, JANUARY 2013

external magnet that was attracted to the rod magnet.
When activated, the external remote control causes the
magnet of the implanted device to rotate. The spinal dis-
tractions were performed on an outpatient basis without
the need for anaesthesia or analgesia. All distractions were
performed by the senior author (HN). The predicted
lengthening was displayed on the external distraction
device, which could also be used to retract the rod if the
patient was uncomfortable or in pain. Pre- and post-dis-
traction radiographs were taken for all patients to confirm
that the rods had been lengthened.

With the dual-rod construct we inserted a standard rod
on one side of the spine and an offset rod on the other side.
The internal lengthening mechanism of the offset rod was
located at the opposite end of the thickened portion of the
rod from the standard rod in order to prevent interaction
between the magnetic components of the rods during indi-
vidual distractions. The levels of implantation and fixation
were determined by the type of curve and the underlying
pathology with the proximal fixation being usually at the
level of T2-T4 and the distal instrumentation at the neutral
vertebra intersected by the central sacral vertical line
(CSVL). In neuromuscular cases, distal instrumentation
was continued to the pelvis using iliac bolt screws.

The lengthening was performed over a mean of 87 days
(56 to 132). Each patient was given an appointment at
three-month intervals for distraction. Two patients who had
an initial loss of distraction were seen at 56 and 61 days,
respectively, to address this. These patients had a retainer
magnet (externally applied to the skin at the site of the actu-
ator) to maintain the distraction and prevent its collapse.
The rod design was subsequently changed by the manufac-
turer to avoid this complication. One patient was length-
ened at 132 days as he failed to attend his outpatient
appointment at three months because of intercurrent illness.

Previous work has shown that patients lengthened at
intervals of less than six months have a higher annual
growth rate (1.8 cm vs 1.0 cm) than those lengthened at an
interval between nine and 20 months.?? Using this informa-
tion we chose a distraction interval of three months to opti-
mise the growth potential of the spine.

We calculated the length of predicted distraction based
on the growth chart by DiMeglio and Bonnel®? for healthy
children. In general, the spine was distracted by approxi-
mately 1.5 mm per month with the aim to do this at a faster
rate than the predicted spinal growth to allow for better
curve correction. Based on our distraction protocol of three
months, we aimed to achieve a distraction of approxi-
mately 4.5 mm per visit.

One spinal fellow (ZD) and one orthopaedic registrar
(FA) measured the Cobb angles and T1-S1 length pre-
operatively, post-operatively, and before and after each dis-
traction. Any discrepancy was discussed and a final meas-
urement agreed by consensus. The authors measured the
distraction as it pertained to the telescopic portion on radi-
ographs. The distance between T1 and S1 was used as an
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Table I. Mean Cobb angles, global thoracic kyphosis angles and T1-S1 lengths pre- and post-operatively and at final follow-up, and by single- and

double-rod constructs

Mean p-value p-value
Pre-operative Post-operative improvement (pre-op vs post-op)”  Final follow-up  (ANOVA)"
Mean Cobb angle (°) (range) 69 (46 to 108) 47 (28 to 91) 22 < 0.001 41 (27 to 86) <0.001
Single-rod 67 (46 to 108) 48 (33 to 91) 19 < 0.001 44 (32 to 86) <0.001
Double-rod 70 (56 to 95) 46 (28 to 60) 24 <0.001 40 (27 to 56) < 0.001
p-value (single- vs double-rod)* 0.58 0.47 0.04 0.22
Mean global thoracic kyphosis (°) 33 (26 to 42) 29 (27 to 41) 4 0.13 32 (28 to 42) -
(range)
Mean T1-S1 length (mm) (range) 304 (243 t0 380) 335 (253to 400) 31 <0.001 348 (260 to 420) < 0.001
Single-rod 307 (290 to 380) 335 (310 to 400) 28 <0.001 347 (317 to 420) < 0.001
Double-rod 302 (243 to 352) 335 (253 t0 386) 33 <0.001 349 (260 to 401) < 0.001

p-value (single- vs double-rod)*

0.62

0.89

0.94

* paired t-test
1 analysis of variance
¥ unpaired t-test

Fig. 4a

Fig. 4b

Fig. 4c

Postero-anterior radiographs showing an example of improvement in Cobb angle and lengthening

after single-rod implantation, a)

pre-operatively (Cobb angle 62°, T1-S1

length 380 mm),

b) immediately post-operatively (Cobb angle 47°, T1-S1 length 400 mm), and c) at 12 months post-

operatively (Cobb angle 36°, T1-S1 length 420 mm).

indication of growth and truncal height, and measured as
the vertical distance between the two parallel lines that
passed through the centres of the upper end-plates of T1
and S1. Complications that were intra-operative or
implant-related and general complications, such as wound
infections, were recorded.

Statistical analysis. Comparison of the pre-operative and
post-operative Cobb angles and the distance between T1
and S1, was evaluated using a paired-samples ¢-test,
unpaired #-test, and analysis of variance (ANOVA) using
SPSS v20 software (IBM, Armonk, New York). An inde-
pendent samples #-test was used to compare patients who
underwent treatment with single magnetic growth rod with
those with dual magnetic growth rods. A p-value < 0.05
was considered statistically significant.

Results

There were a mean of 4.8 distractions (3 to 6) per patient.
The mean time to the first distraction was 66 days (22 to
112). The mean time between distractions was 87 days (56
to 132). The minimum follow-up was 12 months from the
time of initial surgery, with a mean of 15 months (12 to 18).

There was improvement in the mean Cobb angle and T1-
S1 lengthening, and to a lesser extent the global thoracic
kyphosis (Table I, Fig. 4).

In the single-rod group there was a significant differ-
ence between the mean pre-operative, immediate post-
operative and final Cobb angles (ANOVA, p < 0.001). In
addition, there was a significant reduction in the mean
Cobb angle between the pre-operative and immediate
post-operative measurements (paired #-test, p < 0.001)
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(Table I). There was a significant difference between the
mean pre-operative, immediate post-operative and final
distance between T1 and S1 (ANOVA, p < 0.001), and a
significant increase in the mean T1-S1 distance between
the pre-operative and immediate post-operative measure-
ments (paired #-test, p < 0.001) (Table I).

In the dual rod group there was a significant difference
between the mean pre-operative, immediate post-opera-
tive and final Cobb angles (ANOVA, p < 0.001) and sig-
nificant reduction in the mean Cobb angle between the
pre-operative and immediate post-operative measure-
ments (paired ¢-test, p < 0.001) (Table I). There was a sig-
nificant difference between the mean pre-operative,
immediate post-operative and final distance between T1
and S1 (ANOVA, p <0.001). Additionally, there was a sig-
nificant increase in the mean distance between T1 and S1
between the pre-operative and immediate post-operative
measurements (paired t-test, p < 0.001 (Table I).

The difference in the mean pre-operative Cobb angles
between the single and dual rod groups was not significant
(unpaired #-test, p = 0.58). The mean improvement in Cobb
angle (immediate post-operative to pre-operative Cobb
angle) was significantly different between the single and the
dual rod groups (unpaired #-test, p = 0.04).

One patient in each group developed a superficial wound
infection that was successfully treated with oral antibiotics.
There were also two patients in the single-rod group who
had a loss of distraction that was rectified by subsequent
lengthening. In each group there was one rod breakage that
required revision of the construct. The breakage in the
single-rod construct occurred in a patient who had previ-
ously undergone conventional growing rod treatment. The
breakage was noticed before her second lengthening. Hook
pull-out occurred in one patient in the dual rod group.
Another patient had prominent metalwork that required
trimming of the rod.

No patient encountered more than one complication.
Post-operative fusion did not occur in any patient and no
patient developed a neurological deficit.

Discussion

Treatment of children with an early onset scoliosis should
focus not only on the spinal deformity but also on the
growth of the chest wall and development of the lungs. If
surgical correction is required and fusion is performed
before the completion of growth, the child is left with a
short trunk and a disproportionate body habitus. This may
adversely affect lung development and result in respiratory
insufficiency in the very young.?** There is also a possibil-
ity of developing further deformity from the ‘crankshaft’
phenomenon.?*%

In order to allow continuous spinal growth and over-
come the complications arising from spinal fusion,
Harrington?® advocated distraction instrumentation with-
out fusion in young children. Moe et al*’ subsequently
developed the technique of periodic lengthening of the

VOL. 95-B, No. 1, JANUARY 2013

construct, using single distraction rods without fusion, to
correct the deformity and maintain spinal growth. Over the
last decade many growth-sparing procedures have gained
popularity. Sankar et al'' classified the various growth-
friendly procedures into three types: 1) distraction-based
devices; 2) tension-based devices; and 3) growth-guided
procedures. The most commonly used spine-based distrac-
tion technique is the ‘growing rods’ method. This technique
follows the concept of periodic distraction to catch up and
keep pace with the demands of growth. Single and dual
growing rod constructs have been used in an attempt to
control spinal deformity and allow continued spinal
growth. The proponents of the dual rod constructs report
better correction of deformity, increased stability and a
greater proportion of expected spinal growth than that
achieved with single rods.?

Conventional growing rods allow spinal growth to con-
tinue and prevent curve progression but need multiple
interventions that increase the risk of infection,'*?*° co
plications of general anaesthesia, and stress to both parents
and children.

In our study, only two of 34 patients developed a wound
infection, which is better than a conventional growth rod
series,142%:30

Implant-related complications such as rod fracture, anchor
failure or prominence of the implant, were the most frequent
complications in one series of growth rods.>' Rod fractures
are inevitable with non-fusion techniques. Yang et al*? identi-
fied several risk factors that increased the probability of rod
breakage in a multicentre analysis of 322 patients with grow-
ing rods. These were single-rod constructs, rods of smaller
diameter, stainless steel rods and ambulatory patients. By
contrast, Thompson et al*® showed a higher rate of rod
fracture in the dual-rod group despite the perceived
greater stability provided by the construct. Klemme et al3?
reported 33 implant-related problems in 25 patients
(37%) including one death during rod exchange through a
subfascial tunnel when the rod was deflected and trans-
gressed the retroperitoneal space and thorax. Bess et al'?
showed a linear decrease in survivorship for each opera-
tion undertaken with 49% chance of having a complica-
tion after seven procedures.

In our preliminary series, there were two rod breakages
in 34 patients, a lower incidence than that reported in a
conventional growing-rod series,*' although our follow-up
was shorter. The two cases of rod breakage occurred in
patients with a residual coronal imbalance of > 2 cm at the
time of the original surgery. It is likely this resulted in
increased stress and bending moments on the rod and sub-
sequent rod breakage. The loss of distraction that occurred
in our first cases was again related to excessive stress caused
by the bending moment on the rod, leading to slippage of
the magnetic mechanism. We eliminated the slippage by the
addition of a retainer magnet and the rod design was sub-
sequently changed by the manufacturer, which has elimi-
nated this problem.

m-
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Non-invasive extendible endoprostheses have been used
successfully to reconstruct the lower limb after resection of
malignant bone tumours in children.®* Miladi and
Dubousset® reported the use of a magnetically expandable
growing rod that can be used for distraction between ribs,
vertebra and pelvis. The idea of non-invasive multiple
lengthening in the treatment of scoliosis without the need
for open surgery under anaesthesia is appealing given the
direct relationship between repeated operations and a high
rate of complication. There is no evidence that the electro-
magnetic field causes any persistent or major side effect
with repeated distraction, especially in a local field.3®

Limitations of this study include the variation in the
diagnosis, curve types, gender, post-operative distraction
period and the number of distractions, as well as short
duration of follow-up.

Our preliminary results show that the use of MCGR in
treatment of progressive EOS is safe and effective in cor-
recting deformity while allowing continuous spinal growth.
Overall, we found fewer complications than series that had
reviewed conventional growing rods.!*3! Lengthening of
the MCGR can be carried out as an outpatient procedure
and results in comparable spinal growth to the conven-
tional growing rod procedure. A larger cohort of patients
with a longer follow-up is required to determine the long-
term outcomes of this technique.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

References
1. Rinella A, Lenke L, Whitaker C, et al. Perioperative halo-gravity traction in the
treatment of severe scoliosis and kyphosis. Spine (Phila Pa 1976)2005;30:475—482.

Campbell RM Jr, Smith MD. Thoracic insufficiency syndrome and exotic scoliosis.
J Bone Joint Surg [Am] 2007;89-A(Suppl):108—122.

Campbell RM Jr, Smith MD, Mayes TC, et al. The characteristics of thoracic
insufficiency syndrome associated with fused ribs and congenital scoliosis. J Bone
Joint Surg [Am] 2003;85-A:399-408.

. McMaster MJ, Macnicol MF. The management of progressive infantile idiopathic
scoliosis. J Bone Joint Surg [Br] 1979;61-B:36-42.

Mehta MH. Growth as a corrective force in the early treatment of progressive infan-
tile scoliosis. J Bone Joint Surg [Br]2005;87-B:1237-1247.

Robinson CM, McMaster MJ. Juvenile idiopathic scoliosis: curve patterns and
prognosis in one hundred and nine patients. J Bone Joint Surg [Am] 1996;78-A:1140—
1148.

Sponseller PD, Thompson GH, Akbarnia BA, et al. Growing rods for infantile
scoliosis in Marfan syndrome. Spine (Phila Pa 1976)2009;34:1711-1715.

Emans JB, Kassab F, Caubet JF. Earlier and more extensive thoracic fusion is asso-
ciated with diminished pulmonary function: outcomes after spinal fusion of 4 or more
thoracic segments before age 5. Paper presented at Scoliosis Research Society 39th
Annual Meeting, Argentina, 2004.

. Goldberg CJ, Moore DP, Fogarty EE, Dowling FE. Long term results from in situ
fusion for congenital vertebral deformity. Spine (Phila Pa 1976) 2002;27:619-628.

10. Karol LA, Johnston C, Mladenov K, et al. Pulmonary function following early tho-
racic fusion in non-neuromuscular scoliosis. J Bone Joint Surg [Am]2008;90-A:1272—
1281.

. Sankar WN, Acevedo DC, Skaggs DL. Comparison of complications among grow-
ing spinal implants. Spine (Phila Pa 1976)2010;35:2091-2096.

[

w

=

o

o

~

(-]

-
-

12. Yilmaz G, Huri G, Demirkran G, et al. The effect of posterior distraction on verte-
bral growth in immature pigs: an experimental simulation of growing rod technique.
Spine (Phila Pa 1976)2010;35:730-733.

13. Bess S, Akbarnia BA, Thompson GH, et al. Complications of growing-rod treat-
ment for early-onset scoliosis: analysis on one hundred and forty patients. J Bone
Joint Surg [Am]2010;92-A:2533-2543.

14. Farooq N, Garrido E, Altaf F, et al. Minimizing complications with single submus-
cular growing rods: a review of technique and results on 88 patients with minimum
two-year follow-up. Spine (Phila Pa 1976)2010;25:2252—2258.

. Caldas JC, Pais-Ribeiro JL, Carneiro SR. General anaesthesia, surgery and hos-
pitalization in children and their effects upon cognitive, academic, emotional and
sociobehavioral development: a review. Pediatr Anaesth 2004;14:910-915.

. Suliman S, Mkabile SG, Fincham DS, et al. Cumulative effect of multiple trauma
on symptoms of posttraumatic stress disorder, anxiety, and depression in adoles-
cents. Compr Psychiatry 2009;50:121-127.

17. Takaso M, Moriya H, Kitahara H, et al. New remote-controlled growing-rod spinal
instrumentation possibly applicable for scoliosis in young children. J Orthop Sci
1998;3:336-340.

18. Akbarnia BA, Mundis GM, Salari P, Yaszay B, Pawelek JB. Innovation in grow-
ing rod technique: a study of safety and efficacy of a magnetically controlled growing
rod in a porcine model. Spine (Phila Pa 1976)2012;37:1109-1114.

. Cheung K, Cheung JP, Samartzis D, et al. Magnetically controlled growing rods
for severe spinal curvature in young children: a prospective case series. Lancet
2012;379:1967-1974.

20. Cobb JR. Outline for the study of scoliosis. Instr Course Lect 1948;5:261-275.

21. Risser JC. The iliac apophysis: an invaluable sign in the management of scoliosis.
Clin Orthop Relat Res 1958;11:111-120.

22. Akbarnia BA, Breakwell LM, Marks DS, et al. Dual growing rod technique fol-
lowed for three to eleven years until final fusion: the effect of frequency of lengthen-
ing. Spine (Phila Pa 1976)2008;33:984-990.

23. DiMeglio A, Bonnel F. Le rachis en croissance. Paris: Springer Verlag, 1990.

24. Karol LA, Johnston C, Mladenov K, et al. Pulmonary function, radiographic meas-
ures, and quality of life in children with congenital scoliosis: an evaluation of patient
outcomes after early spinal fusion. Spine (Phila Pa 1976) 2008;33:1242—1249.

. Harrington PR. Treatment of scoliosis: correction and internal fixation by spine
instrumentation. J Bone Joint Surg [Am] 1962;44-A:591-634.

Harrington PR. Scoliosis in the growing spine. Pediatr Clin North Am 1963;10:225—
245.

27. Moe JH, Kharrat K, Winter RB, Cummine JL. Harrington instrumentation without
fusion plus external orthatic support for the treatment of difficult curvature problems
in young children. Clin Orthop Relat Res 1984;185:35—45.

28. Thompson GH, Akbarnia BA, Kostial P, et al. Comparison of single and dual
growing rod techniques followed through definitive surgery: a preliminary study.
Spine (Phila Pa 1976)2005;30:2039-2044.

29. Akbarnia BA, Marks DS, Boachie-Adjei 0, Thompson AG, Asher MA. Dual
growing rod technique for the treatment of progressive early-onset scoliosis: a multi-
center study. Spine (Phila Pa 1976) 2005;30(Suppl):S46-S57.

30. Bess S, Akbarnia BA, Thompson GH, et al. Complications of growing-rod treat-
ment for early-onset scoliosis: analysis on one hundred and forty patients. J Bone
Joint Surg [Am] 2010;92-A:2533-2543.

Mineiro J, Weinstein SL. Subcutaneous rodding for progressive spinal curvatures:
early results. J Pediatr Orthop 2002;22:290-295.

32. Yang JS, Sponseller PD, Thompson GH, et al. Growing rod fractures: risk factors
and opportunities for prevention. Spine (Phila Pa 1976)2011;36:1639—1644.

33. Klemme WR, Denis F, Winter RB, Lonstein JW, Koop SE. Spinal instrumentation
without fusion for progressive scoliosis in young children. J Pediatr Orthop
1997,17:734-742.

34. Gupta A, Meswania J, Pollock R, et al. Non-invasive distal femoral expandable
endoprosthesis for limb-salvage surgery in pediatric tumours. J Bone Joint Surg [Br]
2006;88-B:649-644.

Miladi L, Dubousset J. Magnetic powered extensible rod for thorax or spine. In:
Akbarnia BA, Yazici M, Thompson GH, eds. The growing spine: management of spinal
disorders in young children. Berlin, Heidelberg: Springer-Verlag 2010:585-593.

36. Yamaguchi-Sekino S, Sekino M, Ueno SH. Biological effects of electromagnetic
fields and recently updated safety guidelines for strong static magnetic fields. Magn
Reson Med Sci2011;10:1-10.

1

o

1

(=]

1

(<]

-

w

2

o

26.

o

31

35.

[,

THE BONE & JOINT JOURNAL

77



Spine

78

SPINE Volume 39, Number 15, pp 1196-1202
©2014, Lippincott Williams & Wilkins

DEFORMITY

Improvement of Pulmonary Function in Children
With Early-Onset Scoliosis Using Magnetic

Growth Rods

Wai Weng Yoon, MBBS, BSc (Hons), FRCS (Tr & Orth),* Fady Sedra, MD,* Suken Shah, MRCS, t
Colin Wallis, MD, $ Francesco Muntoni, MD,§ and Hilali Noordeen, FRCS*

Study Design. Case series.

Objective. To determine whether there is improvement in
pulmonary function in children with early-onset scoliosis (EOS)
using magnetic growth rods (MGRs).

Summary of Background Data. EOS deformities have large
impacts on lung function and volumes. Deterioration of pulmonary
function in scoliosis is multifactorial, including severity, location of
apex vertebra, and medical comorbidities. MGR insertion has benefits
including reduction in operative procedures with repeated anesthetics,
cost-effectiveness, and minimizing surgical and psychological
distress. Pulmonary function tests provide objective and quantitative
information about functional impairment caused by scoliosis. This
is the first study that observes the MGR lengthening and changes in
pulmonary function during a minimum period of 2.2 years.
Methods. Six cases of EOS secondary to neuromuscular disease
were identified. Mean age at diagnosis was 2.8 year (2.1-4.9 yr),
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mean age at surgery was 7.5 year (5-10 yr), and mean follow-up was
2.5 year (2.2-2.8 yr). Pulmonary function test (forced vital capacity
[FVC] + forced expired volume in 1 second [FEV1] both % predicted)
was measured before and after insertion of MGR and at every
lengthening clinic subsequently for a minimum 2 years. Coronal and
sagittal Cobb angles were measured pre- and postoperatively as were
length extension of growth rods. All except 1 patient had dual MGRs
inserted (the other had a single rod). Lengthening was commenced
and data was collected at 6-month intervals.

Results. Average correction was 34° = 18° and 36° = 15° for
coronal and sagittal Cobb angles, respectively. Mean lengthening
achieved was 24.9 mm. Mean improvement in postoperative FVC
and FEV1 was 14.1% and 17.2%, respectively. There was significant
difference between the median preoperative and postoperative Cobb
angle, P = 0.028.

Conclusion. This study demonstrates early intervention using MGR
in patients with EOS is associated with significant improvement in
postoperative pulmonary function tests; and significant improvement
in deformity correction with use of MGR with added benefits of
reduction in repeat anesthesia, reduction in surgical and psychological
distress, and cost-effectiveness.

Key words: early-onset scoliosis, neuromuscular, magnetic growth
rod, respiratory function.

Level of Evidence: 4

Spine 2014;39:1196-1202

arly-onset scoliosis (EOS) is defined as primarily a coronal

plane spinal deformity commencing before the age of 5

years! and as it progresses it has significant impact on pul-
monary function.”? Growing rods are among the most common
of the distraction-based techniques employed for correction of
the deformity and maintenance of spinal and thoracic growth,
but have the downside of requiring frequent open surgical
distractions under general anesthesia with the associated com-
plications; as much as 19% per procedure.’ In patients with
neuromuscular scoliosis, this is particularly relevant as they are
more susceptible to infection and associated restrictive lung
disease due to thoracic muscle weakness, poor cough function
and aspiration.* This medically complex group of patients fre-
quently demonstrate an FVC less than 30% (predicted) and in
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some circumstances have been considered too sick for repeated
anesthetics required for multiple lengthening procedures asso-
ciated with conventional growth rod or posterior distraction-
based treatment.

Magnetic growth rods (MGRs) are a relatively new tech-
nology that allow posterior distraction of the growing child’s
spine in the clinic or office setting, noninvasively, while the
patient is awake and hence offer marked benefits including a
reduction in the number of surgical procedures.’”

Pulmonary function tests provide objective and quanti-
tative information about the type, severity, and functional
impairment caused by scoliosis and the severity of scoliosis
is associated with diminishing pulmonary function, especially
in young children. Furthermore, the detriments of fusing a
young child’s spine and limiting thoracic spinal height and
chest volume growth are coming to light.®

In this study, we aimed to determine if MGR distraction
demonstrates an improvement in pulmonary function.

MATERIALS AND METHODS

Six patients with EOS secondary to neuromuscular disease
who had failed conventional nonoperative treatment, such as
casting or bracing were prospectively treated between 2010
and 2013. Two patients had such a significant lung function
deficit that they were excluded from our conventional growth
rod program. Every patient underwent preoperative pulmo-
nary function testing and preoperative FEV1 and FVC were
compared with the postoperative FEV1 and FVC. Percent-
predicted values were derived from Stanojevic equations.’
Patients subsequently underwent MGR implantation (Ellipse
Magec growth rods; Ellipse Technologies, Irvine, CA) with
sequential remote lengthening at between 3- and 6-month
intervals for a minimum of 2 years with an average of 7 (6-9)
distractions with repeat pulmonary function testing in a lung
function laboratory. The coronal and sagittal Cobb angles
were measured pre- and postoperatively, as were the length
extension of the growth rods and T1-S1 height (measured
from the middle of the upper endplate of T1 to the middle
of the upper endplate of S1). The growth rods were magneti-
cally lengthened and measured by calibrating the radiographs
(obtaining radiographs immediately before and after length-
ening) using identifiable markings on the extendable portion
of the rod (Figure 1). All except 1 patient had dual MGRs

inserted. The technique favored a consolidation period of
3 months before lengthening in all cases in order for fusion to
be established at the anchor points.

The Wilcoxon signed rank test was used to compare the
pre- and postoperative outcomes. Correlation analysis per-
formed to assess the relationships between the amount dis-
tracted and the change in outcome was conducted using
Spearman rank correlation coefficient (p). All statistical
analysis was performed using Stata/IC, version 12.0 (STATA-
CORP LP, College Station, TX). Throughout, a P < 0.05 was
considered statistically significant.

RESULTS

Six patients included 4 males and 2 females. Two patients had
spinal muscular atrophy-II, 2 had neurofibromatosis-2, 1 had
Williams syndrome, and 1 had congenital muscular dystro-
phy. The mean age of the patients at diagnosis was 2.8 years
(2.1-4.9 yr) and the mean age at surgery was 7.5 years (5-10
yr). The mean follow-up period was 2.5 years (2.2-2.8 yr).

The mean preoperative Cobb angle was 87° = 23° in the
coronal plane and 66° = 14° in the sagittal plane. The mean
coronal and sagittal correction was 34° = 18° and 36° =
15°, respectively. Kyphosis was corrected to a normal range
(20°-50°),'° and coronal plane deformity was significantly
improved (P < 0.03) at the last lengthening. The mean length-
ening achieved was 24.9 mm (10.9-26.6 mm). The mean
height gain between T1 and S1 (immediately postoperatively
to the last follow-up) was 27.2 mm. The mean height gain
was 15 mm, 1 year after lengthening and 12.1 mm at year 2
(Tables 1, 2). MGR improved pulmonary function in these
respiratory compromised children (Tables 1, 2): the Wilcoxon
signed rank test identified a significant difference between the
median pre- and postoperative FVC (P = 0.028) and FEV1
(P = 0.027). There was also a significant difference found
between the median pre- and postoperative Cobb angle, P =
0.028 (Figure 2A, B).

There was a moderate positive trend between the amount
distracted and improvement in FVC P = 0.486 (P = 0.329).
Greater changes in the FVC were associated with larger
amounts of distraction in this sample of 6 patients; however
this relationship was not significant.

Complications included a reoperation for trimming of a
prominent rod in 1 case and 1 rod breakage in the other (at

80D [~ACTUATOR BODY ROD

w B o) LENGTH OF DISTRACTION

Figure 1. Magnetic growth rod—diagram with mea-
surement points.
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Pulmonary Function Data for the
Study Patients Preoperative and at

Postoperative Follow-up of 31 = 2
Months Data are Presented as Median

(IQR)

Preop Postop*

Outcome (n = 6) n=6) | P<0.05

%-predicted FVC, mean
(range)

%-predicted FEVT,
mean (range)

27 (15-45) | 41 (28-60) 0.028

27 (15-43) | 45 (25-66) 0.027

*Average postoperative follow-up of 31+ 2 months.

Preop indicates preoperative; postop, postoperative; IQR, interquartile
range; FVC, forced vital capacity; FEV'1, forced expired volume in 1 second.

the motor region of the MGR), which required reimplantation
(this was the single-rod construct). There was no neurological
deficit postoperatively or at each lengthening procedure.

DISCUSSION

The treatment of EOS and pulmonary function has been
studied in the past!! and it has a multifaceted association.
This is the first study of the use of MGRs in early-onset neu-
romuscular scoliosis specifically evaluating pulmonary func-
tion. Many groups have focused on the high incidence of
complications in this cohort with increased risk of wound
complications (33%) and pulmonary complications postop-
eratively.'»!® Our study did not encounter these problems.
We used the same protocols and level selection as for our
conventional growth rod system with proximal and distal
fusion sites allowing for minimal periosteal segment expo-
sure to prevent spontaneous fusion (Figures 3-8). Submus-
cular placement of the rods is also standard in our practice,
which has been shown to reduce wound complications.> We
are aware that this patient population has increased risk for
surgery as well as postoperative complications but the results
have shown a significant improvement in pulmonary func-
tion (a first in this patient population). This may be due to the
fact that these patients have such poor pulmonary function
at baseline that moderate changes in thoracic spinal height
and chest wall volume have great effects. Our study shows
a correlation with lengthening and improvement in pulmo-
nary function but more patients are required to make this
significant association. In this study, we had 1 rod breakage
in the motor segment of the MGR. This case was a single-rod
breakage where only 1 rod was employed. There were no
complications in the revision of this rod.

In our study the intervals of lengthening were between 3
and 6 months. Some have suggested that spontaneous spinal
fusion may result from multiple distractions and this may
result in a reduction in T1-S1 lengthening over time,"* how-
ever in all subjects in this study, growth continued with dis-
traction. The mechanism by which fusion occurs has been

1198 www.spinejournal.com

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

>

I | o o] o] o] ] &

doysod paid-% Idd | @ | O | | =] |

2

n

dojsod paid-% I4d | @ | | | | | | &

2

g

LA34 <t | vl o]l n| of = é_

doaldpa»ld'%lzld N o] =] = F] N

g

€

dodud paid-% Ldd | = [ —| —| ¥ &

g

[e)

<

Q

u) 1$-1L | o [ 2 Y|l gf §

dn-mojjogieax-z | & | | x| | S| A&

g

[e]

5

5

W) 1S-11 | o [ o] 2| o] 2f 2|

o

dojsog apeipawiwy | = [ S| S| S 2| o €

e

w

z

ww) | o [~ =|o|<x]|=fF

uonoensigloyduay | L | | of 2f 2 2 %

s

<

g

sSuILAYISUTJO ON | o |~ | o] o] ~ z\

e

o <

L 5
= Q38uvqqod | _ | wf =[] w]| =]

Z £
S dn-mojjog sear-z | = | T2 | 2| F| E

k3] &

“ E

S g
k-
o Q2Buyqqod [ — o o| @] | =[5
= dojsod ayepawwy | 2 | S B 2| K| 3 §§
£ s
(3] o || @ R o] ] 38
=| O9Buyqqopdosid| = | 2| af =| G| 4] 23
-ua N R =2 = e]e] gL
= 5
Eb

S » O e
-— EEl=]=]|al ol «~ S35
@ sisoudeiq | € 2| <| < R R
=} H J =5 > =
= =T =226z z| 83
; S|l Al »n S

-] 2 (S
:
o 3

ol =

‘E seagapAXdy [ = | o E g al B 3
o] Ko
- R
%) El
& E¢
| uonsasu yow e By | © | | o | o] 2| =5
a. : — —| =
gn

kR

£5

juaned <T

c

— N | | :n] © EE‘
July 2014



N SH DErORMITY

81

Scoliosis, MGRs, and Pulmonary Function ® Yoon et al

=

88883888

20
10

Cobb angle/ FVC and FEV1(% Pred)

120

g

[+-]
o

8

20

Cobb angle/ FVC and FEV1(% Pred )

o~ 0o
o o o

Patient 1

s=g==(obb Angle®

- “WFVC (%Pred)

Preop 2 yr Postop

Patient 3

\
AN
~

=== (Cobb Angle®

SFVC (%Pred)

esieFEV] (%Pred)

‘P"ﬁ;

Pre-op 2 yr Post-op

Patient 5

.

b

T
o
(-9
®
-
>
i 50 = ;
L= - =—— == Cobb Angle
& 40
Y SFVC (%Pred)
>
o 30
> s EEV (%Pred)
T 20
c
m
a2 10 |
a
[=]
9 0
Pre-op 2 yr Post-op
B
100+
ol
o
g
o -
@ B0
o
=
2 [
= 404
e
w T T
Preop Postop

==ie=FEV] (%Pred)

Patient 2

90 g
80 |
70
60
50
40
30

N
N

N\
\

=== ohb Angle®

CFVC (%Pred)

s=ir=FEVL (%Pred)

Cobb angle/ FVC and FEV1(% Pred)

20 »
10 |
o |
Pre-op 2 yr Post-op
Patient 4
. 140
=
@
a 120
£
"E" 100 ' =Y
: 80 — S — === (Cobb Angle®
[
g 60 “FVC (%Pred)
S 40 —smew[EY] (%Pred)
= ——
B 20 ?47
5 o
Pre-op 2 yr Post-op
Patient 6
~70
-}
E €0 k_\
‘§' 50 |
E " e=gmmCobb Angle®
E 30 H _ “EVC (%Pred)
Z 2 siFmEEV1 (%Pred)
QU
™10
m
g
S Pre-op 2 yr Post-op
100
il
-
2
kg
§ o
-5
#
= |
w
o 40
=y o
pull
=r=
o T T
Preop Postop

Figure 2. A, Individual patient comparison between change in Cobb angles and pulmonary function tests. B, Graphs illustrating the outcome over
time (preoperative vs. postoperative) (plots illustrate the median and IQRs of the observed data). IQR indicates interquartile range.
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Figure 3. Preoperative and postoperative radiographs of magnetic
growth rod.

a topic of popular debate and powerful distractions up to
6 months apart still seem to allow the spine to grow. It has
recently been suggested that the growth may be a fusion mass
that has a thin/weak layer that is fractured at every distrac-
tion or a bioactive tissue that grows under distractive forces
and animal studies have similarly shown preservation of
growth potential in the spine with distractive forces."

Our study has used the Stanojevic equation’ for percent-
predicted values and there is current debate as to which
pediatric reference equation is best. These extended models
provide more accurate reference ranges for spirometry with
transition into adulthood and also incorporate age-related
differences in between-subject variability, improving the
definition of lower limits of normal.’

Although many equations exist, very few include children
younger than 5 years.'® Of the preschool equations that are
available, lack of details regarding either the population char-
acteristics or measurement techniques, together with a failure
to link results to school age equations, may limit their clini-
cal usefulness.!” Furthermore, there is debate as to whether
expiratory volume in 1 second is an appropriate measurement
for very young children. In 2007, Piccioni et al'® published a
study including reference equations for FEV in 0.75 seconds
(FEV_ ) in 3- to 6-year-old children. This may be a more

0.75
appropriate outcome measure for this age group, because

1200
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Figure 4. AP and lateral radiographs after first distraction—3 months.
AP indicates anteroposterior.

young children have large airways relative to their lung vol-
umes and as such, during forced expiration, emptying may be
virtually complete in 1 second. This is one further area where
we intend to elaborate with further research but currently the
Stanojevic equation remains the “gold standard” in our ter-
tiary referral center.

The natural history for lung function deterioration in
the conditions in our series is very variable but longitudinal
improvement is not expected in any group. In children with
spinal muscular atrophy, there is inevitably a slow decline
in lung function as part of their condition during a 10-year
period.” Similarly, in congenital muscular dystrophy,
although a more heterogeneous group, there is an expected
decline with increasing age and weight through childhood.
Children with neurofibromatosis are likely to show a drop
in lung function that commensurate with the changes in spi-
nal curvature but may have normal longitudinal tracking if
there is no thoracic spinal or neurological involvement.

We encountered an average increase in percent-pre-
dicted FVC of 14%, which is greater than that shown by
any other study. There may be multiple factors that are
responsible for this. One may be the severe nature of the
pulmonary compromise in the cohort of patients stud-
ied, in that a modest increase in trunk height may lead to
disproportionate increase in percent-predicted FVC. The
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Figure 5. AP and lateral radiographs after second distraction—6 months.

AP indicates anteroposterior Figure 7. AP radiographs after fifth and sixth distractions (19 and

23 mo). AP indicates anteroposterior.

QA A
DMITTIZ

TI3AT 9A

Figure 6. AP radiographs after third and fourth distractions (11 and  Figure 8. AP and lateral radiographs at seventh distraction—26 months.
16 mo). AP indicates anteroposterior. AP indicates anteroposterior.
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MGR allows increase in length of the rod without need for
invasive surgery and this may also play a part; however
normal development in trunk height, and aging of these
children may also have led to gains in percent-predicted
FVC, but the small numbers in this study make it difficult
to attribute to any specific factor. The structure-respira-
tory function relationship is complex?® and needs further
research.

CONCLUSION

This study demonstrated that early intervention using pos-
teriorly-based distraction with MGRs in patients with EOS
and neuromuscular disease was associated with a significant
improvement in postoperative FVC + FEV1 and deformity
correction with the added benefits of reduction in repeat anes-
thetics and open surgery required for lengthening in this high-
risk population.

MGR insertion is less invasive, has less complications. In
our study we had a single-rod breakage in the motor por-
tion of the rod and this was replaced. This was an early gen-
eration rod and this portion was examined and redesigned to
minimize breakage. It is also likely to be a more cost-effective
solution during the long-term than conventional growth rod
treatment, which has been claimed to be a 10-year projected
savings of £47,896.2! This will have to be confirmed in future
published studies.

> Key Points

QO This study demonstrates that early intervention
with MGR lengthening in EOS significantly
improves pulmonary function.

U Asignificant improvement in deformity
correction can be achieved with MGR
lengthening.

U MGRs have the added benefit of reduction in
repeat anesthesia and reduction in surgical and
psychological distress.
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Surgical Patent: 1

Surgical Distraction Device Patent

The surgical distraction device has an application for treating scoliosis, kyphosis, and
multi-planar deformities. In this innovative procedure, the components of the device will be
anchored to the appropriate vertebrae or to a rib as a proximal anchor, and either to the lumbar
vertebrae or sacrum / pelvis as a distal anchor. The distraction force is applied using an
externally generated electro-magnetic field to overcome the resistance of the tissue, together
with the friction of the linkage.

The surgical distraction device comprises first and second extension rods, each
having a firm attachment means at one end to the axial skeleton (vertebra / rib / sacrum). The
other end is connected to a motor, driven by a magnetic field. Subjecting the motor to an
external strong magnetic source causes the magnet to turn or rotate, and this rotational movement
is transformed into linear motion resulting in lengthening or distraction of the two rods by causing
the attachment means of one rod to move against the attachment means of the other rod, thus

guiding the growth of the spine by acting as an internal brace.
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Paper: 9

Congenital scoliosis could be broadly classified into defects of formation,
segmentation, and mixed anomalies. Often they are part of a syndrome (VATER and
VACTERL syndromes, and so forth). | undertook an observational study to evaluate the
incidence of intra-spinal anomalies and organ or system defects in patients presenting with
congenital spinal deformity.

A consecutive series of 126 patients (sixty four males and & sixty two females) were
seen by me and all patients were extensively investigated by MRI, echocardiography and renal
ultrasound, in addition to a comprehensive clinical and neurological examination. The average
age at presentation was 8.7 years (range: two to fifteen years). The most common cause of
spinal deformity was a failure in formation (n=67), followed by mixed anomalies (n=33).
Intra-spinal anomalies were found in forty seven patients (37 percent). The most common
intra-spinal anomaly detected was a tethered cord (n=13), followed by syrinx (n=10). Patients
with congenital kyphosis had the highest incidence of intra-spinal anomaly which was also
statistically significant (p<0.05). Of the patients with hemivertebrae (HV), those with cervical
and thoracic HV, and children with mixed and segmentation defects had a higher incidence of
intra-spinal anomalies.

Organ defects were found in sixty six patients (55 percent), and the most common
organ system affected was the musculoskeletal system (34 percent). Cardiac anomalies were
seen in twenty six percent of instances, and urogenital anomalies in twenty one percent of

patients. Craniofacial involvement was seen in ten percent of patients.

Congenital spinal deformity: a comprehensive assessment at presentation: Basu PS, Elsebaie

H, Noordeen MH. Spine (Philadelphia, PA 1976). 2002 Oct 15; 27(20): 2255-9. PMID:

12394903
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Paper: 10

I have reported surgical results of congenital scoliosis treated by short
anterior instrumented fusion (one segment above and below the hemivertebra [HV]) in
children less than six years of age. There were thirty one patients (fifteen males and
sixteen females) with three three HV. The mean age at surgery was two years and ten
months (range: eight months to one year and nine months). There were twenty seven fully

segmented HV, two semi-segmented HV, and two fully segmented HV at two separate levels.

My preference was to partially preserve the HV, in an effort not to compromise the
blood supply of the spinal cord, as any ischemic insult to the neural tissue would be irreversible
with permanent neurodeficit. Third generation anterior instrumentation with mono-axial screws
was used, following anterior column reconstruction by strut grafts. The mean follow-up was 6.1
years. The Cobb angle of the major or structural curve improved from forty one to seventeen
degrees with segmental improvement in scoliosis by sixty two percent. The segmental kyphosis
improved from sixteen to eleven. There were two wound infections, and no neurological
complications. One patient had an intra-operative fracture of the vertebral body that
necessitated spanning an additional level. Screw loosening without any symptoms was also
observed in one patient. The presence of thoraco-lumbar kyphosis, despite anterior surgery

warranted second stage posterior instrumented correction or fusion.

Short _anterior instrumented fusion and posterior convex non-instrumented fusion of

hemivertebra for congenital scoliosis in very young children: Garrido E, Tome-Bermejo F,

Tucker SK, Noordeen HN, Morley TR. Eur Spine J. 2008 Nov;17(11):1507-14. Epub 2008 Sep

27. PMID: 18820956
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Paper: 11

I devised a novel technique for addressing severe congenital spinal deformities
secondary to hemivertebra, and reported clinic-radiological results of the same in twelve very
young children aged less than four years. The procedure included combined anterior +
posterior surgery (partial hemivertebra [HV] resection by anterior approach with anterior
instrumentation and posterior uninstrumented fusion).

There were eight females and four males. The mean age at surgery was two years and
seven months (range: one year and nine months to three years and one month), and the mean
follow-up was three years and one month (range: two years to four years and five months).
There were nine fully segmented HV, and three semi-segmented. The Cobb angle of scoliosis
improved from 48.3 to 17.2 degrees. The kyphosis improved from 23.2 to 11.7 degrees.

The release of a concave tether facilitated the correction safely, and all patients were
subjected to a wake-up test intra-operatively at the end of the correction or instrumentation.
They subsequently wore a brace for 12 weeks. Though conventionally it was reported in
literature for wake-up test to be less reliable in children aged less than 7 years, | had consistent
reliability in all 12 children in this series. Additional neuromonitoring was used in only 4
patients. There was one superficial wound infection, and no neurological complications.
Preserving part of the hemivertebra also protects the spinal cord from ischemic injury, which

could be devastating and cause a permanent neurodeficit.

Anterior Instrumentation and Correction of Congenital Spinal Deformities Under Age of Four

Without Hemivertebrectomy - A New Alternative: Elsebaie HB, Kaptan W, El Miliqui Y, El

Masry MA, Salaheldine M, Noordeen HM, Akbarnia BA. Spine (Philadelphia, PA 1976). 2010

Feb 26. [E-pub ahead of print] PMID: 20195198
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Paper: 12

The posterior quadrant hemivertebra (PQ-HV) or postero-lateral quadrant (PLQ-HV)
may cause kyphosis or kyphoscoliotic deformity. | published the surgical results of fifteen
patients under the age of three years, who were operated by me for congenital kyphosis. My
technique included stand-alone anterior instrumented correction and fusion. Bony rib
harvested from costectomy and performed for surgical access was used to create an anterior
column support i.e. strut graft). Instrumented posterior fusion was rarely performed. There
were ten males and five females and the mean age at surgery was twenty two months (range:
eight to three three months). The most common location of deformity was the thoraco-lumbar
region. 13 patients had PLQ-HV, while 2 had PQ-HV.

The mean follow-up was 6.8 years. The mean improvement in kyphosis correction was
forty three percent, and in scoliosis correction was sixty four percent. The mean blood loss
was fifteen percent of estimated blood volume (EBV). A second stage posterior surgery was
reserved for residual unacceptable deformity, in the form of unilateral instrumentation with
fusion on the convex side.

I also observed precarious vascularity in congenital spinal deformities, with surgery
causing a compromise in cord perfusion, manifesting as an irreversible neurodeficit. |

therefore advocated against a complete HV excision, especially at the apex of the deformity.

The surgical treatment of congenital kyphosis: Noordeen MH, Garrido E, Tucker SK, Elsebaie

HB. Spine (Phila Pa 1976). 2009 Aug 1;34(17):1808-14. PMID: 19644332
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Paper: 13
Mucopolysaccharidosis (MPS) are a group of inherited metabolic disorders affecting
the musculoskeletal system and causing skeletal dysplasia. Most of them are acquired by
autosomal recessive transmission, though Hunter’s syndrome is transmitted by an X-linked
recessive. Thoracolumbar gibbus is a common deformity, owing to defective anterior
vertebral elements that are flattened or beaked. The intervertebral discs are large or bulging

into the canal, compressing the thecal sac.

I have published the surgical results of seven patients of MPS with thoraco-lumbar
gibbus treated with anterior surgery, or decompression and instrumented fusion. All patients
were between four and ten years at the time of surgery, and the minimum follow-up was two
years. The surgery involved a thoraco-abdominal approach through the bed of the left ninth
or tenth rib, and a peripheral release of the diaphragm. Four patients had a neurodeficit. All
of them improved neurologically post-operatively, and three patients returned to their
previous level of activity. The key advantages of anterior surgery were:

)] Reduced incidence of infection by anterior approaches
i) Larger bed or area for sound arthrodesis

iii) The vertebral body is stronger anteriorly, as compared to posterior elements

iv) Complete discectomy with good decompression of thecal sac.

Anterior instrumented fusion for thoracolumbar kyphosis in mucopolysaccharidosis. Dalvie

SS, Noordeen MH, Vellodi A. Spine (Phila Pa 1976). 2001 Dec 1:26(23):E539-41. PMID:

11725253
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Paper: 14
Jarcho Levin syndrome is one of the skeletal dysplasias characterized by congenital
scoliosis with fused vertebra or ribs, presenting with a short or small thorax, which causes
thoracic insufficiency syndrome (TIS). It could be classified into two broad types:

e Spondylocostal dysostosis (SCD)

e Spondylothoracic dysostosis (STD)

I have reported clinical manifestation of SCD in one of the largest series reported in
English medical literature (there were thirteen patients; seven males and six females).
Congenital scoliosis was seen in ten of these thirteen patients, whereas the prevalence of SCD
in the general population is 1/400,000. The mode of inheritance could be either autosomal
dominant or recessive. The follow-up duration varied from two to six years. The survival rate
in this series was 100 percent. Only one patient had to be operated on for a rapid progression
of congenital scoliosis, and that was treated with a posterior spinal fusion. My
recommendations were:

e Chest physiotherapy to be mandatory for pulmonary toilet and to prevent infections
e Early prenatal USG diagnosis is possible, and genetic counseling is important for parents
to make informed decisions.

e Surgery should be done to address severe or progressive scoliosis and TIS.

e Chest reconstruction increases the space available for the lungs (SAL) and lung growth.

Spondylocostal dysostosis: thirteen new cases treated by conservative and surgical means.

Teli M, Hosalkar H, Gill I, Noordeen H: Spine (Philadelphia, PA 1976). 2004 Jul 1; 29(13):

1447-51. Review. PMID: 15223937
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™ Congenital Spinal Deformity

A Comprehensive Assessment at Presentation

Partha S Basu, FRCS Orth,* Hazem Elsebaie, FRCS,t and MHH Noordeen, ChiM, FRCSt

Study Design. A series of 126 consecutive patients
with congenital spinal deformity is presented.

Objective. To assess the incidence of intraspinal
anomaly and other organic defects associated with differ-
ent types of spine deformity at presentation.

Summary of Background Data. A high incidence of
intraspinal abnormalities and other organ defects is re-
ported in relation to congenital spine deformity. The prev-
alence of these problems with different types of deformi-
ties is to be determined.

Methods. All patients had MRI, echocardiography, re-
nal ultrasound, and a thorough clinical assessment.

Results. Intraspinal abnormalities were found in 47
patients (37%). These abnormalities were significantly
more common in patients with congenital kyphosis (P =
0.0048), and in those with scoliosis resulting from mixed
and segmentation defects. Scoliosis patients with cervical
and thoracic hemivertebrae had significantly more in-
traspinal abnormalities (P = 0.0253) than those with lum-
bar hemivertebrae. In 64 (55%) patients other organic
defects were found. These defects were more common in
patients with congenital scoliosis resulting from mixed
defects (P = 0.002). Cardiac defects were detected in 26%
and urogenital anomalies in 21% of the patients.

Conclusions. Magnetic resonance imaging and echo-
cardiography should be an essential part in the evaluation
of patients with congenital spinal deformity, and special
attention should be paid to patients with segmentation
abnormalities, mixed defects, and kyphosis. [Key words:
congenital spinal deformity, congenital heart disease,
hemivertebra, intraspinal abnormality, segmentation de-
fects] Spine 2002;27:2255-2259

Congenital scoliosis often is associated with intraspinal
abnormalities and other organ defects. The embryonic
development of vertebrae is closely related with that of
the spinal cord and the organs of the mesoderm.!3:¢-%-12
The intraspinal anomalies can cause progressive neural
loss with growth and curve progression. In addition, they
greatly increase the risk of neurologic injury during sur-
gical correction of the deformity.
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McMaster” reported intraspinal abnormality in 18%
of 251 patients with myelography. Magnetic resonance
imaging (MRI) is noninvasive and more sensitive in de-
tecting the intraspinal abnormalities. Using MRI, Brad-
ford et al® reported that 38% of the 42 patients in their
study had an intraspinal anomaly.

Using intravenous urography (IVU), MacEwen et al”
found genitourinary abnormality in 20% of patients
with congenital scoliosis. Guerrero et al* found an inci-
dence of genitourinary abnormalities of 34% using ul-
trasound and IVU. The exact incidence of congenital
heart disease associated with congenital scoliosis has not
been reported. Hensinger et al’ found a 14% incidence
of congenital heart disease among patients with Klippel-
Feil syndrome.

The authors have retrospectively reviewed their series
of 126 consecutive patients with congenital spinal defor-
mity. Their aims were to assess the overall incidence of
intraspinal anomaly and other organ defects; to study the
associations between the different types of deformity, the
intraspinal abnormalities, and other organ defects; and
to develop a clinical guideline for investigating these dif-
ficult patients.

B Materials and Methods

Between July 1995 and June 2000, 126 patients (62 boys and
64 girls) with congenital scoliosis were seen at the authors’
hospital. Of these, 27 patients were referred by physicians from
other specialities to the authors’ hospital. The remaining 99
patients were referred from other hospitals. All these patients
underwent a full clinical examination, plain radiograph, neural
axis MRI (from the brain stem to the sacrum), renal ultra-
sound, echocardiography, and assessment by pediatricians. Al-
most all of them underwent MRI while under sedation or gen-
eral anesthesia. The indications for performing MRI with the
patient under general anesthesia were failure to obtain a scan
under sedation, age younger than 3 years (because of difficulty
achieving adequate sedation), and a brain MRI for other
indications.

All these patients currently are being followed up until ma-
turity. Their average age at presentation was 8.7 years (range, 2
weeks to 15 years). The congenital spine deformity was classi-
fied as congenital scoliosis resulting from failure of formation,
failure of segmentation, mixed and complex lesions, or congen-
ital kyphosis.'? Progression of the spinal deformity, defined as
an increase in the curvature by at least 5°, was noted in 78
patients (62%). Of these patients with progressive deformity,
71 underwent surgery, and 5 are waiting to have surgery. One
patient refused surgery, and another child had multiple congen-
ital anomaly with severe respiratory insufficiency, rendering
him unsuitable for surgery. Although plain radiograph and
MRI were available for all 126 patients, parts of patient record
were missing for 9 patients. The remaining 117 patients were
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Table 1. Ultraspinal Anomalies

Table 3a. Associated Syndromes

Intraspinal Anomalies Number Syndromes Number
Tethered Cord 16 VATER 13
Syrinx 13 Goldenhar 5
Thickened & Fatty Filum 1 Poland’s 3
Low Conus 10 Noonan 1
Diastematomyelia 8 CHARGE 1

1

Intradural Mass/Lipoma 5
Extradural Mass 2
Chiari Malformation 2
Arachnoid Cyst 1
Dandy-Walker Malformation 1

(Some patients had multiple abnormalities).

assessed for the presence of other congenital defects and syn-
dromes. The intraspinal anomalies and other organic defects
are not likely be normally distributed. The Mann-Whitney U
test, the Kruskall-Wallis test, and the x* test (as appropriate for
the data type) were used for these nonparametric variables.

M Results

In the current series of 126 patients, 110 were found to
have congenital scoliosis. Of these, 67 had failures of
formation: hemivertebra (n = 65), wedge vertebra (n =
1), butterfly vertebra (n = 1). Failure of segmentation
was found in 10 patients, and 33 patients had mixed and
complex lesions. Among 16 patients with congenital ky-
phosis, 4 had congenital dislocation of the spine.

Neurocutaneous stigmas of intraspinal lesions were
found in 24 patients. The findings in these patients
showed cutaneous stigmas overlying the spine (n = 5),
bladder symptoms (n = 4), paraesthesia in one leg (n =
3), foot deformity (n = 4), obvious wasting of one leg
(n = 4), asymmetrical abdominal reflexes (n = 1), and
abnormality of posterior column sensation (n = 2). Of
these 23 patients, 5 had a normal MRI.

Intraspinal abnormality was found in 37% (n = 47)
of these 126 patients (Table 1). Among the scoliosis pa-
tients, intraspinal anomaly was present in 29% of the
patients with failure of formation, in 40% of the patients
with failure of segmentation, and in 40% of the patients
with mixed lesions. Of the patients with congenital ky-
phosis, 56 % had intraspinal anomaly (P = 0.0048) (Ta-
ble 2). In the patients with scoliosis who had failures of
formation, 37 were thoracic, 9 were cervical, and 21
were lumbar. Of the 46 patients with cervical and tho-
racic hemivertebrae, 15 (33%) had intraspinal anomaly.
On the other hand, 4 of 21 patients (20%) with lumbar
hemivertebrae had an abnormal MRI (P = 0.0253).

Table 2. Incidence of Different Types of Spinal
Deformities

Anomaly Total Intraspinal
Failure of Formation 67 20 (30%)
Failure of Segmentation 10 4(40%)
Mixed Defects 33 13 (40%)
Congenital Kyphosis 16 9(56%)

Melanocytic Naevus

Sixteen patients had congenital kyphosis. Of the 4
patients with congenital dislocation of the spine, 3 had
intraspinal abnormality (75%), as did 4 of 10 patients
with failures of formation (posterior or posterolateral
hemivertebrae) (40%). Two patients with kyphosis re-
sulting from anterior unsegmented bar both had intraspi-
nal anomaly.

Of 64 patients (55%) who had other congenital de-
fects, 24 patients had a constellation of abnormalities as
part of a syndrome. The remaining 40 patients had an
isolated congenital abnormality affecting one or more
organ systems (Table 3). Of the patients with congenital
kyphosis, 50% had other organ defects, as did 47% pa-
tients with scoliosis caused by failures of formation.
Among patients who had scoliosis with segmentation
defect, 33% had associated organ defects, as did 72%
patients with mixed defects (Table 4). The patients with
mixed defects had a significantly higher incidence of
other organ defects (P = 0.002). Intraspinal abnormali-
ties were present in 28 patients (44 %) with other organ
defects and 19 patients (36%) without other organ de-
fects (P = 0.103).

The incidence of congenital heart disease in patients
with congenital spine deformity was 26% (Table 5a).
Table 5b shows the relative incidence of congenital heart
disease among the different groups. The proportion of
congenital heart disease was higher in those with congen-
ital kyphosis (33%) and in those with scoliosis caused by
mixed defects (37%) (P = 0.058). Nineteen patients with
thoracic spinal deformity (28%) had congenital heart
disease, as did 10 patients with lumbar spinal deformity
(21%) and 2 patients with cervical spinal deformity
(15%) (P = 0.661). Of the 31 patients with congenital
heart disease, 11 (33%) had surgical treatment, and a
further 4 needed medical therapy. The remaining 16 pa-
tients (50%) did not need active treatment, but were
under observation. For 21 of these patients, the diagnosis
of congenital heart disease had been made before their

Table 3b. Associated Isolated Congenital Defects

Defects Number
Musculoskeletal 18
Cardiac 15
Craniofacial 6
Tracheo-oesophageal Fistula 6
Ano-Rectal 5
Renal 5

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



96

Congenital Spinal Deformity « Basu et al 2257
Table 4. The Incidence of Other Organic Defects in Table 5b. The Incidence of Heart Defects in the
Different Spinal Deformities Different Groups
Organic Defects Normal Unknown Failures of Formation 18%
Failures of Segmentation 10%
Failure of Formation 30 (47%) 34 3 Mixed l_)efects _ 37%
Failure of Segmentation 3(37%) 6 1 Congenital kyphosis 18%
Mixed Defects 22 (73%) 8 3
Congenital Kyphosis 7(50%) 7 2

referral to us. The remaining 10 patients were found to
have cardiac defects on echocardiography and clinical
examination as part of the authors’ protocol. These pa-
tients were referred subsequently to the specialist physi-
cians. Two of these 10 patients were receiving medical
treatment, whereas active treatment was not indicated in
the remaining 8 patients. All the patients were under
regular observation by the physicians.

The spinal deformity in nine patients with congenital
heart disease did not require surgery. Surgical correction
of the spinal deformity was performed in the remaining
22 patients with congenital heart disease. Among these
22 patients, 9 had cardiac surgery and 2 were receiving
medical treatment before the deformity correction. All
the patients with cardiac defects were admitted a few
days before surgery to ensure preoperative optimization
by cardiologists. No change of the surgical or monitoring
protocol was necessary.

The incidence of urogenital abnormality was 21% in
the current series of patients (Table 6). Among the 25
patients with urogenital anomalies, 6 (25%) needed sur-
gery and 2 had abnormal renal function requiring med-
ical therapy, including dialysis. The remaining 17 pa-
tients had abnormalities that did not affect renal function
or did not require treatment. Musculoskeletal abnormal-
ities were present in 34% and craniofacial abnormalities
in 10% of the patients.

H Discussion

Four reports have been published on the association of
intraspinal abnormality with congenital spine deformi-
ty.>>%1!1 McMaster” reported an incidence of 18.3%. In
his series, 106 of 251 patients underwent myelography,
and diastematomyelia was diagnosed in 8 patients on the
basis of midline bony spur on plain radiograph. In his
series, because of the toxic effects from oil-based con-

Table 5a. Congenital Heart Disease

Defect Number
Ventricular Septal Defects 1
Atrial Septal Defects

Patent Ductus Arteriosus

Fallot

Transposition of Great Arteries
Pulmonary Stenosis
Sick Sinus Syndrome

—__mmwwol

trast, myelography was performed only on patients with
clear neurologic signs in the lower limbs and before sur-
gical correction. Subsequently, Blake et al* performed
myelography with water-soluble contrast on a series of
108 patients with congenital spinal deformity. They re-
ported an incidence of 58%. Such a high incidence prob-
ably results from too broad a radiologic criterion for
assessing tethered cord and “tight” filum.

Bradford et al® reported an incidence of 38%, using
MRYI, in a series of 42 patients. Prahinski et al'! found a
30% incidence of intraspinal anomaly in a series of 30
patients. Both studies, using MRI, included small num-
bers of cases, and consequently could not investigate the
association between intraspinal anomaly and different
types of spinal deformities. Bradford et al® noted the
higher association of intraspinal anomalies with the two
congenital kyphosis cases.

The current study conclusively showed that the inci-
dence of intraspinal abnormality is higher among pa-
tients with congenital kyphosis than among those with
congenital scoliosis. Among the patients with scoliosis,
the incidence of intraspinal anomaly in segmentation and
mixed defects was higher than among patients with fail-
ures of formation. Both McMaster® ' and Bradford et
al® noted the association between diastematomyelia and
unsegmented bar with contralateral hemivertebra. In the
current study, unsegmented bar with contralateral hemi-
vertebra was present in eight patients: five with diastem-
atomyelia and one with an associated syrinx. The cervi-
cal and thoracic hemivertebrae had a significantly higher
incidence of intraspinal abnormalities than lumbar hemi-
vertebrae. This has not been described previously. The
relative incidence of the intraspinal abnormalities was
similar to that in the study of Bradford et al,® with teth-

Table 6. Urogenital Abnormalities

Defect Number

Renal Hypoplasia
Horseshoe Kidney
Single Kidney
Congenital Megaureter
Ectopic Kidney (pelvic)
Hypospadius
Pelviureteric Junctional Obstruction
Posterior Urethral Valve
Cloacal Anomaly
Epispadius

Exstrophy of the Bladder
Hydronephrosis
Undescended Testis

__m e, =, S, NN NNNNNWWO
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ered cord the most common pathology and syrinx the
second most common pathology. In line with the studies
of McMaster® ™' and Bradford et al,® the current au-
thors found that the presence of neurocutaneous stigmas
are unreliable indicators of intraspinal abnormality.

The performance of MRI in young children involves
administration of sedation or general anesthesia, with
the attendant risks of respiratory complications. As a
result, a selective approach probably is wise. The cur-
rent authors believe that an MRI scan must be obtained
in all cases before surgical correction of the spinal defor-
mity, in cases with established or developing neurologic
signs, and probably also in cases with progressive defor-
mity, in which surgery is to be considered sooner. For chil-
dren 5 years of age or older, they recommend MRI scan
with the patient under sedation if the deformity is progres-
sive or neurologic signs develop. In children younger than 5
years, MRI with the patient under general anesthesia is to
be considered if surgery is imminent or neurologic signs
develop.

In this study, congenital heart disease was found to be
associated with congenital spinal deformity in one fourth
of the patients. This has not been described previously.
Two thirds of these patients had already received the
diagnosis of congenital heart disease before referral to
the authors. The authors’ assessment protocol was able
to detect congenital heart defects in another one third of
the previously undetected patients. A proportion of these
hitherto undetected patients had already needed medical
therapy, and probably would require surgery for the car-
diac condition in the future. This underscores the impor-
tance of a systematic clinical cardiac assessment using
echocardiography for these patients.

The authors believe that all patients in whom surgery
is planned for correction of congenital spinal deformity
should have echocardiography as part of preoperative
workup. In addition, patients with congenital scoliosis
resulting from mixed bony defects and those with con-
genital kyphosis should have a routine echocardiogram
because of the higher risk for congenital heart disease.
Patients with congenital scoliosis caused by failures of
formation and segmentation, who are not surgical can-
didates, should have clinical screening for heart disease
and an echocardiography if they are clinically abnormal
or there is suspicion of congenital heart disease.

The incidence of urogenital abnormality in patients
with congenital spinal deformity ranges from 22% to
34%,"*>7 and was 21% in the current study. The au-
thors found that most urogenital anomalies are benign in
nature and need no treatment, as in the study of Mac-
Ewen et al.” The patients with mixed and segmentation
defects had a consistently higher incidence of defects in
other organs, probably indicating a more widespread
embryonic injury. In the current study, no association
between the presence of intraspinal anomaly and other
organ defects was found.

H Conclusion

Intraspinal anomalies were associated with 37% the con-
genital spinal deformity cases, according to MRI. Such
anomalies were significantly more common in the pa-
tients with congenital kyphosis than in the patients with
congenital scoliosis. Among the patients with scoliosis,
those with mixed defects had a higher incidence of in-
traspinal abnormality. Also, in the patients with scolio-
sis, the hemivertebra located higher up in the spine (cer-
vical and thoracic) had higher risk of intraspinal
abnormalities.

Overall, 55% of the patients had other congenital
defects, and these were significantly more common in
the patients with scoliosis caused by mixed defects.
Congenital heart disease was found in 26% of the
patients. Half of the patients with heart defects needed
treatment, and the remainder were under observation.
Urogenital abnormalities were noted in 21% of the
patients. Most were benign, but one third of them
needed active treatment.

All patients with congenital spinal deformity should
undergo MRI and echocardiography before any surgical
correction. In addition, children with neurologic signs
and those older than 5 years with progressive deformity
should have MRI. Patients with scoliosis caused by
mixed defects and those with congenital kyphosis should
have echocardiography. Patients with scoliosis resulting
from failures of formation and segmentation should have
clinical screening for cardiac defects.

H Key Points

e Intraspinal anomalies were found in 37% of the
patients.

e Mixed and segmentation defects and thoracic
hemivertebrae were common in patients with con-
genital kyphosis.

e Other organic defects were found in 55% of the
patients.

e Congenital heart disease was present in 26% of
the patients.

e Magnetic resonance imaging and echocardiogra-
phy should be part of routine assessment.
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Abstract A variety of treatments has been described in
the literature for the treatment of HV. We report the results
of early surgical anterior instrumented fusion with partial
preservation of the HV and posterior non-instrumented
fusion in the treatment of progressive congenital scoliosis
in children below the age of six. Between 1996 and 2006,
31 consecutive patients with 33 lateral HV and progressive
scoliosis underwent short segment fusions. Mean age at
surgery was 2 years and 10 months. Mean follow-up
period was 6.1 years. The major scoliotic curve improved
from 41° preoperatively to 17° on follow-up. Preoperative
segmental Cobb angle averaging 39° was corrected to 15°
after surgery, being 15° at the last follow-up (62% of
improvement). Compensatory cranial and caudal curves
corrected by 47 and 45%, respectively. The angle of seg-
mental kyphosis averaged 16° before surgery, 11° after
surgery, and 11° at follow-up. There were two wound
infections requiring surgical debridment, one intraoperative
fracture of the vertebral body and one case lost correction
due to implant failure. All went on to stable bony union.
There were no neurological complications. Early diagnosis
and early and aggressive surgical treatment are mandatory
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for a successful treatment of congenital scoliosis and pre-
vention of the development of secondary compensatory
deformities. Anterior instrumentation is a safe and effective
technique capable of transmitting a high amount of convex
compression allowing short segment fusion, which is of
great importance in the growing spine.

Keywords Hemivertebra - Congenital scoliosis -
Fully segmented hemivertebra - Congenital spine
deformity - Anterior instrumented fusion

Introduction

The natural history of congenital scoliosis has been well
documented [6, 7, 11, 14, 21, 36, 39]. Foetal ultrasound
scan has made antenatal diagnosis of hemivertebra (HV)
possible [32]. Children with HV are, therefore, referred
much earlier before severe local and compensatory curves
develop. Surgical treatment of patients with congenital
scoliosis carries a risk of neurological injury greater than
that in patients with idiopathic spinal deformities [12, 19,
38]. Early treatment of progressive deformities helps in
minimising the risks of surgery and allows better correction
and prevents the development of structural and compen-
satory curves [7, 21, 38].

The current study describes the result of anterior partial
resection and short-segmented instrumented fusion of
hemivertebra in a series of 31 consecutive patients below
the age of 6 years with progressive congenital scoliosis due
to a lateral hemivertebra.

To date, there are no published reports that examine the
safety and efficacy of anterior instrumented fusion for the
treatment of congenital scoliosis due to HV in such a young
patient population.
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Materials and methods

From 1996 to 2006, 31 consecutive patients with progres-
sive congenital scoliosis due to 33 lateral hemivertebrae
underwent short segment anterior instrumented fusion
using a single solid rod construct with simultaneous convex
non-instrumented posterior fusion corresponding to the
levels of the anterior surgery.

Of the 31 patients in the study, 16 were girls and 15 boys.
Their mean age at the time of surgery was 2 years and
10 months (range, 8 months to 5 years and 9 months). The
mean follow-up period was 6.1 years (range, 2 to 11.3 years).

In total, 19 HV were located in the thoracolumbar
junction (T10-L2), 11 in the lumbar spine (L3-L4) and 3
in the thoracic spine.

There were 27 children with single fully segmented HV,
2 semisegmented midlumbar HV, and 2 children had two
ipsilateral fully segmented HV.

Only the vertebra above and below the hemivertebra
were instrumented in 26 fusions. An additional level was
included in seven cases: in three cases with thoracic HV
due to the higher rigidity of the spine, in one case were the
vertebral body fractured during screw insertion and in three
cases with a higher magnitude curve.

Webb-Morley Spine System (Biomet-Merck Ltd,
Bridgend, UK) was used on five patients and Downsize
Synergy ™ Spinal System, (Parsippany, NJ, USA) on 26
patients.

Children were evaluated clinically and by retrospective
chart and radiographic review. Spinal cord anomalies were
present in four cases (13%). Prior to deformity correction
one patient underwent Arnold Chiari decompression and
another patient untethering of a lipomyelocele. The
remaining two patients had a cervical syrinx and a thora-
columbar syrinx. Other congenital vertebral anomalies
were present in 9 patients (29%). Congenital heart disease
was found in 6 cases (19%), genitourinary anomalies in 5
(15%) and gastrointestinal abnormalities in 3 (10%)
patients. There was one Goldenhar syndrome.

Preoperative radiological imaging included anterior—
posterior and lateral radiographs of the whole spine, MRI,
echocardiogram and renal ultrasound.

Standing posteroanterior and lateral radiographs of the
full spine were analysed and angles measured using the
Cobb method. The angles of total main scoliosis, segmental
scoliosis, compensatory cranial and caudal curves, seg-
mental and total kyphosis, sagital alignment of the
thoracolumbar junction and lordosis were measured and
recorded. The total angle of kyphosis was measured from
T4 to T12. Lordosis was measured from L1 to L5. The
thoracolumbar junction was measured from T9 to L2.
MediCAD software (Hectec GmbH, Niederviehbach,
Germany) was used to make all the measurements.

@ Springer

Curve correction was statistically analysed using paired
Student’s t test.

Surgical technique

All the patients are placed in the lateral decubitus position
with the hemivertebra facing upward. Spinal cord moni-
toring is used for all patients. Care must be taken to keep
the posterior spine exposed. A transthoracic or thoraco-
abdominal approach is chosen depending on the level of
the HV.

Once the vertebral column is visualised, intraoperative
radiographs are taken to confirm levels. Segmental vessels
are preserved if possible. After exposure of the HV
(Fig. 1), the disc material proximal and distal to the HV
including the concave part of the disc is removed. Further
resection of the HV is reserved until later stage to minimise
bleeding.

Now a posterior midline incision is made. The posterior
elements on the convexity are carefully exposed. In the first
year to 2 years of life, cartilage forms a significant part of
the posterior elements and correction of the deformity can
be obtained without a formal posterior release. In older
children, facectomies of the HV are performed. Convex
onlay morselised autogenous rib graft augmented with
ProOsteon (Interpore Cross International, Irvine, CA) is
applied after decortication of the laminas and spinous
process corresponding to the levels of the anterior
instrumentation.

If there is a failure of segmentation of the posterior
elements, an osteotomy of the lamina can be done to fur-
ther improve mobility at the segment.

The superior and inferior endplates of the HV are now
removed to bleeding bone. The posterior body of the HV is
partially decancellated. The body of the hemivertebra is

Lateral view

Fig. 1 Anterior—posterior and lateral sequence of the operative
technique
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resected to a stump corresponding to the pedicle location to
achieve union with the adjacent endplates. Partial preser-
vation of the body of the HV prevents nerve root
impingement and minimises interference with local blood
supply to the spinal cord.

At this point, anterior instrumentation begins. Bicortical
transbody monoaxial screws are placed posteriorly and
parallel to the endplates above and below the HV. Bicor-
tical purchase of all screws is documented by manual
palpation of the contralateral side of the spine. Washers
were used in 6 of the 32 patients. A single straight rod is
then engaged and the inferior screw is locked. Manual
posterior pressure is applied to the spine to open the disc
space and rib strut graft is inserted into the anterolateral
portion of the concave disc space. Final position of the
struts can be adjusted with a small bone punch. The intact
posterior longitudinal ligament prevents over distraction
during this manoeuvre.

Then careful intersegmental compression is applied. The
strut graft prevents inducing kyphosis during anterior
compression and serves as a fulcrum to obtain coronal
correction. The disc space is further filled with morselized
rib autograft.

Intraoperative radiographs are obtained before closure
of the wound.

Patients were braced
postoperatively.

in a TLSO for 6 months

Results

The average operating time in this procedure was 133 min
(range 80-210 min). The average blood loss 169 mL
(range 50-550 mL), equivalent to a mean external blood
volume loss of 10% (range 5-24%).

Segmental scoliosis (Table 1) was corrected from 39°
(range 29°-56°) before surgery, to 15° (range 2°-27°) after
surgery, and 15° (range 3°-32°) on the average, at the last
follow-up. The major curve was 41° (range 29°-60°), 19°
(range 4°-40°), and 17° (range 6°-35°), respectively. This
represents a 62% of improvement for the segmental curve,
and a 59% of improvement for the total main scoliosis
curve at last follow-up.

About 47% of correction was obtained in the upper and
45% correction in the lower compensatory curves at the
last follow-up.

Table 1 Correction of main
and segmental scoliosis curves,
compensatory curves, kyphosis

and sagittal measurements

Preoperative Postoperative Follow-up Paired Student’s
test at follow-up
Total main (mayor) curve (°) 41 19 17 P < 0.001
Segmental curve (°) 39 15 15 P < 0.001
Cranial curve (°) 15 9 8 P < 0.001
Caudal curve (°) 20 12 11 P < 0.001
Segmental kyphosis (°)
Thoracic HV 11 10 9
Thoracolumbar HV 20 16 13
Lumbar HV 10 6 8
Total number HV 16 11 11
Total kyphosis T4-T12 (°)
Thoracic HV 17 15 35
Thoracolumbar HV 18 21 25
Lumbar HV 11 12 22
Total number HV 15 17 25
Thoracolumbar Junction T9-L2 (°) (4 Kyphosis) (— Lordosis)
Thoracic HV 7 3 2
Thoracolumbar HV 16 11 10
Lumbar HV 4 4 -2
Total number HV 12 9 6
Total Lordosis L1-L5 (°)
Thoracic HV 27 28 44
Thoracolumbar HV 28 30 43
Lumbar HV 19 21 33
Total number HV 26 28 40
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In the sagittal plane, the segmental kyphosis averaged
16° (range 3°-47°) before surgery, 11° (range 2°-29°)
postoperatively and 11° (range 3°-29°) at last follow-up.

Follow-up focal kyphosis of four patients with a seg-
mental kyphosis of more than 20° preoperatively (average
31°, range 22°-46°) had a residual average segmental
kyphosis of 24.5° (range 21°-29°) on the latest follow-up.
The total thoracic kyphosis T4-T12 averaged 25° (range
4°-44°) at the latest follow-up. Lumbar lordosis L1-L5
was 40° (range 15°-58°) at the latest follow-up.

There is a significant range of normal values with
respect to the sagittal alignment of the spine [2, 4, 8, 10, 24,
27, 30, 33]. Accepted normal ranges of thoracic kyphosis
and lumbar lordosis are 20°-50°, and 20°-60°, respec-
tively. In our present study, seven patients were outside this
range: five patients with thoracolumbar HV and one patient
with a lumbar hemivertebra developed a thoracic hypoky-
phosis on follow-up, and one patient with a lumbar HV
developed lumbar hypolordosis and thoracic hypokyphosis.
The average segmental kyphosis for these patients was 17°.

Twenty-nine patients showed a sagittal plumb line with
in normal range on follow-up (Figs. 2, 3).

Complications

One patient had an intraoperative fracture of the vertebral
body during screw insertion, and required fusion of one
additional segment.

Loosening of the screw rod interface (Webb—Morley
Spine System, Biomet-Merck Ltd, Bridgend, UK) occurred
in one patient. Intraoperative correction was lost in this
patient, although went on to stable bony union without
further intervention.

Fig. 2 Preoperative anterior—posterior and lateral radiograph in a
19-month-old girl with congenital scoliosis due to fully segmented
hemivertebra
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Fig. 3 Follow-up radiographs of the spine 7 years later showing
satisfactory fusion and deformity correction in both coronal and
sagittal planes

There were no neurological complications. Pseudoar-
throsis was not observed.

Two patients had a deep posterior postoperative wound
infection which required wound debridement, and resolved
successfully with a course of antibiotics. No other reopera-
tions were performed.

Discussion

Surgery is often necessary for progressive congenital sco-
liosis due to HV in the early growth cycle [7, 11, 13, 21,
25]. The severity of the curve, the type of HV, the location
and the age of the patient are important factors in choosing
the type of surgical intervention needed [3, 6, 22, 39].

Surgery is indicated with severe curvature at presenta-
tion, documented progression or predictable course. A
corrective procedure to prevent the development of sec-
ondary structural curves and keeping the fused segment
short to allow spinal growth is preferable [15, 16, 25, 28].

However, surgical treatment for congenital scoliosis
carries a higher risk of paralysis [12, 19, 38]. Abnormal
vascular supply to the spinal cord in congenital scoliosis
has been postulated as one of the reasons for the higher
incidence of neurological injury after surgical treatment for
congenital deformities [5]. Normotensive anaesthesia and
spinal cord monitoring are mandatory [18, 35].

An ideal treatment for congenital scoliosis due to HV is
controversial [39] (Table 2).

Posterior spinal fusion alone with or without instru-
mentation carries a high risk of crank shafting, non-union
and curve progression and most surgeons would reserve
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this procedure for patients presenting late in the growth
cycle with no decompensation of the spine [37].

Combined anterior and posterior hemiarthrodesis was
designed to benefit of the growth potential on the concave
side of the curve [9, 20, 31, 36]. Results are unpredictable
but it remains a viable option on young children with low
magnitude curves with enough discs above and below to
prevent unbalancing of the spine.

An anterior or posterior HV excision lead to instability
and it is necessary to apply compression instrumentation
for adequate arthrodesis [15, 28]. A number of reports
describe the difficulty of closing the wedge created by
means of hooks, wiring techniques and sublaminar suture
tape requiring frequently longer posterior fusions [3, 15,
16, 23].

HV usually produce acute angular deformity and pos-
terior compression instrumentation can end up in the
midline or concavity of the curve, increasing the deformity
even further [3]. Spinal cord injury and nerve root com-
pression when the pedicles of the vertebra above and below
are approximated has been reported in HV resection [17,
29, 38].

A recent development has been the excision of HV
through a posterior only approach [23, 25, 28]. The pos-
terior-only approach for hemivertebra excision is a
technically demanding procedure especially above the
level of the cauda equina.

Anterior column visualisation and concave disc resec-
tion is difficult. Spinal cord and dural manipulation
increases the risk for neurological injury [12].

Ruf et al. [25] reported good sagittal and coronal cor-
rection on 28 patients with posterior HV resection and
pedicle screw instrumentation. He also reported difficulties
achieving secure posterior instrumentation.

High intraoperative blood loss has been reported with
posterior HV resection [23, 25]; thus the ability of main-
taining normotensive anaesthesia in children where the
incidence of congenital heart disease averages 26% [1], can
be compromised.

Focal kyphosis can improve with further growth after
single stage posterior resection of HV with transpedicular
fixation [26]. This phenomenon has not been observed in
series using a combined approach with posterior instru-
mentation [3]. In our series, we have not observed an
anterior tethering effect with progressive focal kyphosis
during further growth.

Our technique described earlier has a low intraoperative
blood loss. No dural manipulation is needed and inter-
ference with local blood supply to the spinal cord is minimal.
The partially preserved HV is the ideal vascularised bone
graft to achieve solid fusion.

Short anterior instrumentation is able to transmit higher
convex compressive forces to the vertebral body than a

@ Springer

Fig. 4 Preoperative anterior—posterior and lateral radiograph in a 26-
month-old boy with congenital scoliosis due to two fully segmented
ipsilateral hemivertebrae

Fig. 5 Follow-up radiographs of the spine 8.5 years later showing a
balanced spine with satisfactory fusion in the coronal plane and
residual thoracolumbar kyphosis

posterior tension band system like pedicle screws, provi-
ding good correction and stability [34]. This technique is
particularly effective for correction of adjacent ipsilateral
hemivertebrae (Figs. 4, 5)

Our technique has many advantages but has only limited
ability to correct focal kyphosis. In cases with significant
kyphosis, additional posterior instrumentation is required
to close the posterior gap.
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Conclusions

A range of procedures has been proposed for the treatment
of congenital scoliosis. Trend is more towards the radical
procedures in young children to correct this condition with
significant morbidity. Our series of short anterior instru-
mented fusions with partial preservation of the HV show
that this is a safe and effective technique with minimal
blood loss, reliable fusion rate and low morbidity to treat
congenital scoliosis in very young children.

It also provides excellent coronal correction and bal-

anced growth in the coronal plane. In the saggital plane,
especially in the thoracolumbar junction persistant kypho-
sis during correction may require the addition of posterior
instrumentation.
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™ Anterior Instrumentation and Correction of
Congenital Spinal Deformities Under Age of Four

Without Hemivertebrectomy

A New Alternative

Hazem B. Elsebaie, FRCS, MD,* Wael Kaptan, MD,* Yasser EI Miligui, FRCS, MD,*
Mohamed A. EI Masry, MRCS, MD,* Motaz Salaheldine, MSc(Orth),
Hilali M. Noordeen, FRCS(Orth),+ and Behrooz A. Akbarnia, MD§

Study Design. Retrospective clinical and radiologic
evaluation of a single-stage partial corpectomy of the
hemivertebra with anterior instrumentation and simulta-
neous posterior noninstrumented fusion.

Objective. To determine the safety and efficacy of a
new technique in the management of progressive con-
genital spinal deformities due to failure of formation in
the very young age.

Summary of Background Data. Several techniques
have been reported for the surgical treatment of young
children with congenital spinal deformities. There have
been concerns regarding epidural bleeding, neurologic
complications, pedicle screws placement, implant fail-
ure, and prominence of posterior constructs in this very
young age group. A single-stage partial corpectomy of
the hemivertebra with anterior instrumentation and si-
multaneous posterior noninstrumented fusion can offer
a new alternative which can avoid these concerns.

Methods. Twelve patients with progressive congenital
spinal deformities due to failure of formation were retro-
spectively reviewed after adopting the above mentioned
technique. All patients included in the study presented
with a single hemivertebra. The mean age at time of
surgery was 2 years 7 months (range, 1 year and 9
months to 3 years and 10 months). The average follow-up
period was 3 years and 1 month (range, 2 years to 4 years
and 5 months).

Results. There were no cases of intra or postopera-
tive neurologic or implant related complications. There
was 1 superficial infection. All patients showed solid
radiologic fusion. The mean scoliosis angle improved
from 48.3° (range, 34°-58°) preoperative to 17.2°
(range, 11°-25°). The mean angle of kyphosis improved
from 23.2° (range, 16°-57°) before surgery to 11.7°
(range, 4°-16°).

Conclusion. A single-stage partial corpectomy of the
hemivertebra with anterior instrumentation and simul-
taneous posterior noninstrumented fusion offers a
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safe alternative method in treating patients with congen-
ital hemivertebra under the age of 4 years.

Key words: congenital scoliosis, hemivertebra, ante-
rior instrumentation. Spine 2010;35:E218-E222

The natural history of congenital scoliosis is usually
progressive and surgery is required in most cases.
Hemivertebrae are the most frequent causes of con-
genital scoliosis.'

Previously described surgical procedures include in
situ posterior or anterior—posterior fusion with or with-
out instrumentation, combined anterior and posterior
convex hemiepiphysiodesis and hemiarthrodesis, hemi-
vertebra excision with fusion,” and more recently poste-
rior hemivertebra resection with transpedicular instru-
mentation.' Fusion iz situ, hemiepiphysiodesis and
hemiarthrodesis while successful in preventing the pro-
gression of deformity, is unable to produce significant
correction of the existing deformity and moreover the
effect on further growth is unclear.?

Hemivertebra resection which is a wedge osteotomy
was first described by Royle in 1928.* Immobilization in
a body cast or a brace for approximately 6 months has
been customary. Further reports on resections by com-
bined anterior and posterior approaches in 1-stage or
2-stage procedures with or without instrumentation fol-
lowed.’™” A recent interest in posterior pedicle screw fix-
ation of these curves after hemivertebrae excision yielded
better results with significant correction, using a com-
bined anterior and posterior approach” or a posterior
only approach.'® There have been concerns regarding
complications such as epidural bleeding, neurologic
complications, pedicle screws placement, implant fail-
ure, and prominence of posterior constructs in this very
young age group.

The aim of this study was to report on a single-stage
partial corpectomy of the hemivertebra with anterior
instrumentation and simultaneous posterior nonin-
strumented fusion in the treatment of congenital
scoliosis caused by a hemivertebra in children below
the age of 4 years. To the best of our knowledge, the
use of such technique has not been previously reported
in the literature.
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B Materials and Methods

Twelve consecutive patients were evaluated retrospectively. All
patients underwent surgery at our institutions between 2002
and 2005.

There were 8 girls and 4 boys. The mean age at time of
surgery was 31.2 months (range, 21-46 months).

All patients presented with a single level hemivertebra. The
hemivertebra located at the thoracic spine in 4 cases and the
thoracolumbar region in 8 cases. Seven hemivertebra were
right sided, and 5 were left sided. Nine hemivertebra were fully
segmented and 3 were semisegmented. Radiographic measure-
ments were performed with the patient standing using coronal
and lateral radiographs of the spine. Cobb’s method was used
to assess the scoliosis angle.'® The local kyphosis angle was
measured to assess the degree of kyphosis.

All patients underwent preoperative MRI, renal ultrasound,
and echocardiography. Of the 12 patients, none had intraspi-
nal anomaly, 5 showed associated anomalies in the following
locations: genitourinary system in 2, and cardiopulmonary sys-
tem in 3. None of the patients had undergone a prior operation.

Surgical Technique
A single-stage partial hemivertebrectomy with anterior instru-
mentation using different rod screw systems with screws diam-
eters of 4.35,4.75, and 5 mm and with rod diameters of 4.75
and 5.5 mm; simultaneous posterior noninstrumented fusion
was used in all the patients.

The patient was placed in the lateral decubitus position with
the hemivertebra facing upward. Both the thoracic and abdom-
inal regions extending from the axilla to the greater trochanter
and extending anterior to the sternum and umbilicus were ster-
ilized and prepared together with the posterior spine from the
cervicothoracic junction to the gluteal fold. Depending on the
level of the deformity; a thoracic approach was used for hemi-
vertebrae at and above T10 and a retroperitoneal thoracoab-
dominal approach was used below T10.

After identifying the hemivertebra using its shape and the
internal counting of the ribs using the preoperative Plain Ra-
diographs as a guide for identification of the level, full exposure
of the discs and vertebral bodies above and below was done
(Figure 1). Segmental vessels at the level of the hemivertebra
have to be cauterized for adequate preparation to the following
steps, the intervertebral discs above and below the hemiverte-
bra were completely excised followed by removal of the adja-
cent cartilaginous endplates and hence exposing the underlying
bone. The convex-side cortex of the hemivertebra was removed
exposing the cancellous bone. Partial anterior corpectomy was
done using a rongeur and/or a high-speed burr reaching the con-
cave tether on the other side of the hemivertebra and posteriorly
leaving the posterior cortex with its overlying cancellous shell and
pedicle intact to avoid exposure of the spinal canal and epidural
space. Partial corpectomy is important as an additional type of
release, it gives full exposure of the endplates of the bodies above
and below the hemivertebra to give a better guide for the anterior
screws insertion, and finally it gives a full exposure to the tough
concave tether allowing for its safe rigorous release.

Release of the concave side soft tissue tether was then
achieved greatly aided by a manual posterior to anterior push
at the apex of the deformity putting this tether in tension and
therefore identifying the amount of maximum release needed
for better correction. At this stage insertion of the body screws
at the vertebrae above and below the hemivertebra was done,
the entry point was identified, the bone at the entry point was

Figure 1. Intraoperative picture showing the hemivertebra after
full exposure.

opened by a sharp awl, the direction of the screw was guided by
the well exposed endplate, and the screw was then inserted with
a special attention to go as posterior in the body as possible to
have a better hold without using a tap in order to get a bicor-
tical purchase in the body. The position of the screws was
checked by an image intensifier in an anteroposterior and lat-
eral views. The rod was gently bent before insertion to fit into
the deformity then rotated into a lordotic position to facilitate
correction of the kyphosis; the amount of rod bent is dependent
on the degree of kyphosis and the site of the deformity with its
expected normal sagittal contour. The rod was applied first to
the cephalad screw and correction of the deformity was
achieved by bringing the rod onto the caudal screw trying to get
the superior and inferior endplates (around the hemivertebra)
as parallel as possible, this is greatly helped by a gentle gradual
manual push on the posterior elements at the apex of the de-
formity to open up the space at the concave side and to correct
the kyphosis at the same time, a strut rib graft was then inserted
to keep the space opened and decrease the stress on the implant
(Figure 2). Following the insertion of the rod the screws are
compressed, to achieve better correction before final tightening

Figure 2. Intraoperative picture after insertion of the screws and
placement of the anterior rib graft.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Table 1. Preoperative and Postoperative Data

Age at

Patient  Operation Preoperative Preoperative Follow-up Follow-up
Number (mo) Cobb® Kyphosis® Cobb®  Kyphosis®

1 23 44 n 22 9

2 21 42 27 13 6

3 26 58 29 25 16

4 23 34 n 12 7

5 42 52 23 n 10

6 43 50 38 19 15

7 46 56 22 15 13

8 32 40 16 16 4

9 28 4 n 17 12
10 25 52 34 21 15
" 31 55 32 18 14
12 34 56 57 17 19
Average 31.2 48.3 23.2 17.2 1.7

n indicates normal.

of the screws. Autologous strut rib graft was then packed into
the void space left after the partial corpectomy and correction
(Figure 5). Closure of the wound in layers with a routine use of
a chest drain was used in all patients.

The patient was then turned to the prone position; a routine
posterior approach was used exposing the posterior elements
of the vertebra above and below the hemivertebra identified by
image intensifier in an anteroposterior view. Decortication of
the posterior elements of the hemivertebra with the vertebra
above and below was achieved using a high speed burr fol-
lowed by the application of autologous rib graft.

Wake up test was performed for all patients, and additional
neuromonitoring has been used in 4 cases, and this was decided
per surgeon’s discretion. All patients had prophylactic antibi-
otic coverage for 24 hours. The drains were removed at 48
hours. All patients were mobilized in a brace for 12 weeks.
They were routinely discharged from hospital 5 days after sur-
gery, and reassessed in the clinic at 6 weeks. They were rou-
tinely reviewed again with further plain radiographs at 3, 6,
and 12 months, and then yearly after surgery.

H Results

The average follow-up period was 3 years and 1 month
(range, 2—4 years and 5 months).

The mean blood loss was 150 mL (range, 80-500
mL). The mean operating time for the anterior and pos-
terior procedures was 120 minutes (range, 98180 min-
utes). There were no cases of intra or postoperative neu-
rologic complications. There were no cases of deep
infection; 1 patient developed a superficial wound infec-
tion. There was no obvious pseudarthrosis, decompen-
sation, or implant failure at the last follow-up.

The mean preoperative was 48.3° (range, 34°-58°).
The mean kyphosis angle was 23.2° (range, 16°-57°)
(Figures 3A, B). The mean postoperative Cobb angle for
scoliosis was 17.2° (range, 11°-25°) with no loss of cor-
rection at the latest follow-up. This represents a 64.5%
improvement in the curve magnitude. The mean postop-
erative kyphosis angle was 11.7° (range, 4°-16°) which
was maintained at the latest follow-up (Table 1). This
represents a 49.5% improvement (Figures 4A, B). One
patient developed a junctional kyphosis and another pa-

Figure 3. A, B, Preoperative anteroposterior and lateral radio-
graphs showing a scoliotic curve measuring 56° and a kyphosis
angle measuring 52°.

tient had an adding on (elongation of the distal scoliotic
curve).

H Discussion

Untreated congenital scoliosis caused by hemivertebrae
usually leads to unacceptable deformities.'"*'* McMas-
ter and Ohtsuka'? reported that approximately 75% of
congenital scoliosis progress significantly and that con-
genital kyphosis due to a hemivertebra always showed
rapid progression.'*

Fusion in situ, hemiepiphysiodesis and hemiarthrode-
sis while successful in preventing the progression of de-
formity, is unable to produce significant correction of the

Figure 4. A, B, Two years and 8 months follow-up anteroposterior
and lateral radiographs showing a residual scoliotic deformity
measuring 17° and a kyphotic deformity measuring 19°.
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Figure 5. Diagram for description of the surgical technique: (1)
Exposure of the hemivertebra. (2) Excision of the intervertebral
discs with partial anterior corpectomy. (3) Insertion of body
screws. Manual push on the posterior elements at the apex of the
deformity to open up the space. (4) Autologous strut graft packed;
the rod inserted and the screws are compressed.

existing deformity and moreover the effect on further
growth is difficult to estimate.’

Early description of hemivertebra excision was from
Royle* in 1928, further reports followed."*>'® The most
notable problems were pseudarthrosis, kyphosis and
neurologic deficits.

Leatherman and Dickson'” developed the concept of
two-stage surgery with shortening of the spine during
correction to reduce the risk of neurologic complica-
tions. They reported on 50 patients treated with 2-stage
hemivertebra excision, with a mean correction of 43%.

Slabaugh et al'® reported on 8 lumbosacral resections
of hemivertebrae, again as a 2-stage procedure with a
mean correction of 35%. Bergoin et al'® reported on 19
resections of hemivertebrae in 9 children who underwent
a single-stage posterior and anterior procedure and were
able to achieve a mean correction of scoliosis from 30° to

16° and mean correction of kyphosis from 33° to 12°.
Holte et al® reported on a series of 37 patients with con-
genital scoliosis treated with thoracic and lumbar hemi-
vertebrectomy but reported 8 neurologic complications
(seven were transient and 1 permanent).

A combined anteroposterior fusion reduces the inci-
dence of pseudarthrosis and theoretically reduces crank
shaft phenomena.

A recent interest in posterior instrumentation with
hemivertebra excision in children below the age of 5
years yielded better results with significant correction.
Lazar and Hall” reported on a simultaneous anterior and
posterior hemivertebra excision with posterior instru-
mentation in 11 patients with a mean age of 18 months,
they achieved an average correction of 70% with 1 pa-
tient having a postoperative transient left leg weakness.
Ruf and Harms' published their results with posterior
hemivertebra excision with transpedicular instrumenta-
tion in children aged 1 to 6 years, with mean curve of
45°. The average blood loss was 496 mL. They had 1
infection, 2 pedicle fractures, 3 implant failures and 2
new developing curves. They achieved a considerable
correction of 68.8% for the main scoliosis angle and
60% of the local kyphosis angle.

There has been a concern regarding epidural bleeding,
neurologic complications, pedicle screws placement, im-
plant failure, and prominence of posterior constructs in
this very young age group. The new alternative technique
described in this study consisting of partial corpectomy
of the hemivertebra leaving the posterior cortex, pedicle
and posterior elements intact without exposing the dura
with anterior instrumentation and posterior fusion
avoids such problems. Moreover, it allows excision fol-
lowed by correction and instrumentation at the site of
pathology. The anterior instrumentation will allow di-
rect compression of the graft, obviates the need for post-
operative casting allowing early mobilization with a re-
movable brace, and avoids the use of posterior pedicle
screw fixation with its potential difficulties and risks. A
great part of the correction in this technique is achieved
by closing the discs above and below the hemivertebra
and opening the contralateral concave side where the
strut graft is placed making the 2 endplates as parallel as
possible, all while leaving the posterior cortex intact.

The results reported in this study of 64.5% mean cor-
rection of the scoliosis angle and 49.5% mean correction
of the kyphosis angle correlates well with the best results
reported in the literature.

In our series, there were no implant related complica-
tions, and despite concerns for the relative bulkiness of the
head of the screws for this age group this did not seem to
cause any additional problems, there were no neurologic
complications, no decompensation, and no deep infections.
One patient developed superficial wound infection which
responded well to oral antibiotic treatment.

A short fusion increases the risk of newly developing
deformity and the need for reoperation; however, this
should be accepted in order to minimize the compromise

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



E222 Spine * Volume 35 ¢« Number 6 ¢ 2010

111

of spinal growth.” We had 1 patient who developed a
junctional kyphosis, and 1 patient who had an adding on
(elongation of the distal scoliotic curve) which increased
despite bracing and was subsequently scheduled for
growing rods; it would of course be valuable to have a
much longer follow-up for these patients through matu-
rity to get a more comprehensive picture for the long-
term behavior of the whole spine.

H Conclusion

Early instrumented correction and fusion in the very
young age group is the recommended treatment for pro-
gressive congenital scoliosis produced by a hemivertebra.
A single-stage partial corpectomy of the hemivertebra
with anterior instrumentation and simultaneous poste-
rior noninstrumented fusion is a safe and effective alter-
native technique in such patients. It avoids the risks and
disadvantages of complete excision of the hemivertebra
and pedicle screws instrumentation with comparable ef-
ficacy. Smaller size implant systems specially designed
for this age group would make their fixation easier and
decrease the concerns related to the bulkiness of the cur-
rently available systems.

B Key Points

e Surgery is required in most cases of congenital
scoliosis.

e Fusion in situ is unable to produce significant
correction of the existing deformity.

e The most notable problems with excision of the
hemivertebra are epidural bleeding, pseudar-
throsis, kyphosis and neurologic deficits.

e A single-stage partial corpectomy of the hemiver-
tebra with anterior instrumentation and simulta-
neous posterior noninstrumented fusion offers a
safe and alternative method.
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™ The Surgical Treatment of Congenital Kyphosis

M. H. H. Noordeen, MA, FRCS,*t Enrique Garrido, EBOT, MRCS,*
Stewart K. Tucker, FRCS (Orth),*t and Hazem Bayoumi Elsebaie, FRCS

Study Design. Retrospective study with clinical and
radiologic evaluation of 15 patients with congenital ky-
phosis or kyphoscoliosis who underwent anterior instru-
mented spinal fusion for posterolateral or posterior hemi-
vertebra (HV). The management of congenital kyphosis
has been described in the literature using a variety of
techniques. The presentation of patients at diagnosis is
discussed. The question of when to begin treatment is
reviewed. The pitfalls in the management and how to
avoid these are discussed. The different published tech-
niques are reviewed. We present our own techniques and
our results of treatment of congenital kyphosis in very
young children.

Objective. To evaluate the safety and efficacy of early
surgical anterior instrumented fusion with partial preser-
vation of the HV in the treatment of progressive congen-
ital kyphosis in children below the age of 3. We discuss
the management of patients presenting with neurologic
compromise. We aim to systematically review the litera-
ture and to present our own experience in the manage-
ment of these deformities, so that the issues common to
treating physicians may be explored.

Summary of Background Data. A variety of treatments
have been described in the literature for the treatment of
congenital kyphosis due to HV. We report the results of
our technique.

Methods. Between 1997 and 2005 we have treated 15
consecutive patients with progressive congenital kypho-
sis with anterior instrumented fusion and strut grafting.
Thirteen patients had a single posterolateral HV and 2
patients had a single posterior HV. Of the 15 patients in
the study, 5 were girls and 10 boys. Mean age at surgery
was 22 months (range, 8-33). Mean follow-up period was
6.8 years. Thirteen HV were located in the thoracolumbar
junction (T10-L2) and 2 in the thoracic spine.

Results. The average operating time of procedure
was 150 minutes (range, 130-210 minutes). The aver-
age blood loss was 180 mL (range, 100-330 mL), equiv-
alent to a mean external blood volume loss of 15%
(range, 11%-24%).

Preoperative segmental Cobb angle averaging 34° at
last follow-up. Compensatory coronal cranial and caudal
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curves were corrected by 50%. The angle of segmental
kyphosis averaged 39° (range, 20°-80°) before surgery
and 21° (range, 11°-40°) at last follow-up. This represents
a 43% of improvement of the segmental kyphosis, and a
64% of improvement of the segmental scoliosis at last
follow-up. One case with initial kyphosis of 80° continued
to progress and required revision anterior and posterior
surgery. There were no neurologic complications.

Key words: hemivertebra, congenital kyphosis, con-
genital spine deformity, anterior instrumented fusion,
segmentation mismatch. Spine 2009;34:1808-1814

B Natural History and Classification

The estimated prevalence of vertebral malformations is
approximately 0.5 to 1 in 1000. Beals et al have shown
that the most common vertebral anomaly is the multiple
hemivertebra (HV) (44 %) followed by anterior segmen-
tation defects (32%) and single HV (18%).! Congenital
kyphosis is far less common than congenital scoliosis.
The deformity is caused by developmental anomalies
that impair longitudinal growth anterior or anterolateral
to the transverse axis of vertebral rotation in the sagittal
plane.? Winter et al concluded that congenital kyphosis
is progressive without surgical intervention. The apex of
the deformity occurs most commonly in the thoracolum-
bar junction. Winter et al classified the deformities into 3
types.’

Type 1
Anterior failure of vertebral body formation is the most
common type of congenital kyphosis. This deformity if
left untreated can develop into severe rigid angular
deformity, causing spinal cord compression in 25% of
cases.”*

In North America, congenital kyphosis is the most
common cause of paraplegia due to spinal deformity.’
Paralysis occurs most commonly during the pubertal
growth spurt.

Type 1 deformity due to posterolateral quadrant HV
progresses at a median rate of 2.5° per year until the age
of 10 and then 5° thereafter. Posterior hemivertebrae
have slightly better prognosis followed by butterfly and
wedge vertebrae.”

Type 2
Anterior failure of vertebral body segmentation are an-
terior or anterolateral bars. These curves have a smooth
kyphosis and usually involve several segments. Anterior
bars in McMaster series showed a slowly increasing de-
formity by about 1% per year before the age of 10, with
anterolateral bars having a worse prognosis.”
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Other authors have reported higher deformity pro-
gression in failures of vertebral body segmentation.® The
main problem of these malformations is spinal imbal-
ance. Specially if located in the thoracolumbar junction it
produces a compensatory hyperlordosis causing low
back pain.®

Type 3

A combination of anterior failure of formation and seg-
mentation and is the least common malformation. Ky-
phoscoliosis due to anterolateral unsegmented bar com-
bined with posterolateral quadrant HV progress at 5°
per year until the age of 10 and 10° thereafter.” In prac-
tice, deformities present for treatment either with severe
deformity with or without neurologic compromise, or as
deformity with the propensity to progress.

H Patient Evaluation

Associated Congenital Anomalies
Vertebral malformations have been shown to be associ-
ated with hemifacial microsomia, Alagille, Jarcho-Levin,
Klippel-Feil, Goldenhar, Joubert syndrome, and
VACTERL sequence as well as basel cell nevus, trisomy
18, and diabetic embryopathy.”

Associated anomalies both within and outside the
spine in children with congenital deformity ranges from
50% to 60%."® In patients with congenital spinal defor-
mity, the prevalence of intraspinal anomalies that are
detected with MRI has been reported to be approxi-
mately 37%.’

Treatment of intraspinal pathologies is usually per-
formed before deformity correction. However, a recent
study has reported simultaneous neurosurgical treat-
ment and correction of deformity without adverse
events.'?

Congenital heart disease is present in 7% to 26% of
children. Urogenital anomalies occur in 21% to 27% of
patients with vertebral malformations but obstructive
uropathy is found only in 3% of this patients.”! "' All
patients with congenital spinal deformity should be in-
vestigated with whole spine MRI, echocardiography,
and renal ultrasound before any surgical intervention.

Anatomical Pitfalls

Accurate radiologic evaluation is essential. Morphologic
evaluation is more difficult in congenital kyphosis than in
scoliosis, especially in young children. Plain radiographs
have shown poor sensitivity identifying anomalies in the
posterior elements of the spine.'® Preoperative planning
and intraoperative localization of the congenital anomaly is
facilitated by a detailed knowledge of the anatomy. Three-
dimensional computed tomography allows precise correla-
tion of anterior and posterior anatomy to plan osteotomy
planes and anticipate problems with placement of the in-
strumentation.'®!* The authors have performed osteoto-
mies of single posterior segmentation failures during HV
resection based on the preoperative imaging. Multiplanar
reformatted images are particularly useful in recognizing
complex segmentation failures.'*

Classification
Moe and Winter et al classified congenital scoliosis ac-
cording to morphologic characteristics on plain radio-
graphs into formation failure, segmentation failure, and
a mixed type. Earlier authors have recognized the fre-
quent lack of correlation between anterior and posterior
elements in congenital vertebral malformations.'*!* Na-
kajima studied the morphology of the posterior ele-
ments and classified these “discordant” anomalies as
mismatch malformations and mixed complex malfor-
mations. We feel that a classification system that de-
scribes the anomaly accurately is necessary to study
the natural history as well as to guide treatment in the
future.

Deformities can be very complex and it is best to de-
scribe them individually by their anterior and posterior
formation and segmentation anomalies using Winter
classification system. As Nakajima proposed one can
classify the congenital deformity into type A where there
is correlation of anterior and posterior malformation
and type B where there is a mismatch.

Classification would start by describing the anterior
elements into Type 1 (anterior failure of vertebral body
formation), Type 2 (anterior failure of vertebral body
segmentation), and Type 3 (combination of anterior fail-
ure of formation and segmentation) followed by descrip-
tion of the posterior morphology.

Vascular Pitfalls
Several reports show that single-stage HV excision
through anterior/posterior or posterior only approach is
safe in the young child.'®™>* However, there is a great
concern regarding the risk of spinal cord injury during
HV excision, especially in older children.?* Abnormal
vascular supply to the spinal cord in congenital defor-
mity has been postulated as one of the reasons for the
higher incidence of paralysis after surgical treatment for
congenital deformities.

Loss of spinal cord monitoring signal occurs in 20%
of children undergoing kyphosis correction, with spi-
nal osteotomy.?® Loss of SSEP and paraplegia has been
reported during segmental vessel ligation in congenital
kyphoscoliosis before any correction maneuver is per-
formed.*”

Tanaka and Uhtoff showed in a study on 11 embryos
and fetuses with vertebral malformations that that there
is a relationship in the genesis of aberrant vertebrae and
vasculature.”® Abnormal segmental blood supply has
been reported on adults with congenital kyphosis.”” Our
own observations with CT angiography have shown ab-
errant vasculature and abnormal course of vessels.

The extramedullary blood supply to the spinal cord
comes from many branches derived from segmental ar-
teries. The segmental arteries divide into numerous
branches at the intervertebral foramen that supply the
anterior and posterior part of the vertebral canal. Only at
some levels this arteries further divide into arteries that
join the anterior and posterior roots to reach the me-
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Table 1. Data on Patients Who Presented to Us With Significant Neurological Deficit Improved With Surgical
Stabilisation and No Correction of the Deformity

Age at Associated Preoperative Neurologic Follow-Up
Case Sex Presentation Anomalies Level Condition (yr) Procedure Current Neurological Status
1 M 16 No T8 posterior HV  Paraparesis only residual 10.3 Anterior release and rib strut Walk indoors unaided, outdoors
movement in right foot. grafting. Posterior 2 crutches. Regained bowel
Incontinent Frankel C instrumented fusion T4-T12. and bladder control
Somatosensory evoked
potentials could not be
recorded
2 M 14 No T5 posterolateral Paraparesis lower limbs MRC 6 Anterior in situ fusion and Full recovery working in the
HV 3 with hyperreflexia and posterior instrumented fusion building trade
normal sensation. No T3-T8 Somatosensory evoked
bowel or bladder potentials could not be
dysfunction recorded
3 M 3 No L1 posterior HV  Hyperreflexive, falls and 10 Anterior strut grafting and Full recovery except MRC 4+
reduced motor power posterior in situ fusion. Plaster weakness in right
MRC 4 jacket. Augmentation of quadriceps
posterior bone graft 1 yr later
4 F 6 mo Bilateral Segmental spinal Spastic paraparesis. MRC 2 73 Anterior grafting and Able to ambulate with a walker
clubfeet dysgenesis instrumentation with cervical
T12-11 plate
5 M 7 mo Segmental spinal Hyperreflexia, decreased 85 Anterior grafting and Full neurological recovery.

dysgenesis
T12-11

lower extremity
movements

instrumentation with cervical
plate

Residual kyphosis of 55°

dulla. In the thoracolumbar junction where kyphosis is
most common one of the anterior radicular arteries is
always dominant in caliber and is termed the great radic-
ular artery or artery of Adamkiewicz. These radicular
branches have a typically cranially directed course (due
to the ascension of the cord). The intrinsic arterial system
of the spinal cord is composed of a central (centrifugal)
system and peripheral system (centripetal). The central
system is composed of 5 to 9 sulcal or central arteries per
spinal segment, arising from the anterior spinal artery.
The peripheral system consists of numerous small arter-
ies which originate in the pial network covering the spi-
nal cord and pass through the white matter in a radial
course. In the normal spinal cord numerous extra- and
intraspinal anastomoses guarantee sufficient collateral
supply in the presence of extravertebral occlusion.®
However, cadaver studies have shown that bilateral liga-
tion of segmental arteries can lead to a decreased blood
supply. Chwajol and Houten reported a case in which
the segmental arteries failed to develop in concert with
the anterior failure of formation of the L1 and L2
body.?®

In such circumstances interference with the anasto-
motic network at the apex of the deformity by vertebral
resection or osteotomy may lead to cord ischemia.

We conclude that in severe congenital kyphotic de-
formities blood supply is possibly compromised by 3
factors:

Elongation and compression of the longitudinal arte-
rial trunks, with kinking or stretching of the sulcal
arteries.

Instability causing microcirculatory perfusion deficits.

Congenitally deficient segmental blood supply at the
level of the deformity.

W Discussion

Nonoperative treatment has been ineffective in control-
ling progressive deformity.> Operative correction of
congenital kyphoscoliosis is still a challenging prob-
lem in the growing spine. Normotensive anesthesia
and spinal cord monitoring are mandatory. It is im-
portant to use frequent spinal cord monitoring during
corrective procedures.

Early Treatment

Noninstrumented Fusion. Posterior quadrant HV and
posterior HV or type 3 deformities can cause sharp an-
gular kyphosis with spinal cord compression, and early
prophylactic surgical intervention is recommended (Ap-
pendix 1, Supplemental Digital Content 1; available at:
http:/links.lww.com/A1325). Winter et al outlined the
principles of posterior iz situ arthrodesis to halt the pro-
gression of the kyphosis due to unbalanced growth of the
spine (Table 1).?

However, correction relies on anterior growth poten-
tial which is unpredictable. Pseudarthrosis rates approx-
imate 20% and long posterior fusions are needed inter-
fering with further spinal growth.**! Winter et al also
noted that kyphosis greater than 55° in children older
than 5 years required anterior and posterior fusion to
halt progression.*’

Anterior and Posterior HV Excision. Modern pediatric in-
strumentation and increasing familiarity with anterior
and posterior column surgery have allowed more aggres-
sive treatment of these deformities presenting early in the
growth cycle. The aim is now not only to prevent future
spinal cord compression but to achieve a balanced sagit-
tal profile with a short fusion segment. A prerequisite to
achieve this goal is early diagnosis and early surgical
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intervention before the curve becomes severe and rigid.
HV resections with short segment instrumented fusions
can be performed for segmental kyphosis not exceeding
40° in young children.'”"? The excision of a HV may be
performed by using staged or simultaneous anterior and
posterior procedures.'®**

An anterior or posterior HV excision lead to instabil-
ity and it is necessary to apply compression instrumen-
tation for adequate arthrodesis.>>** A number of reports
describe the difficulty of closing the wedge created by
means of hooks, wiring techniques, and sublaminar su-
ture tape, requiring frequently longer instrumented pos-
terior fusions,'”-*123

HYV usually produce acute angular deformity and pos-
terior compression instrumentation can end up in the
midline or concavity of the curve, increasing the defor-
mity even further.'” Spinal cord injury and nerve root
compression when the pedicles of the vertebra above
and below are approximated have been reported in
HV resection, 8242532

All-Posterior Approach for HV Excision. A recent develop-
ment has been the excision of HV through a posterior-
only approach.'”?%?3 The posterior-only approach for
HYV excision is a technically demanding procedure espe-
cially above the level of the cauda equina. The disadvan-
tages of posterior-only procedures include the difficulty
with anterior column visualization and incomplete resec-
tion and the need for spinal cord and dural manipulation
creating further risk for neurologic injury.?°

Ruf and Harms reported good sagittal and coronal
correction on 28 patients with posterior HV resection
and pedicle screw instrumentation.'” They also reported
difficulties achieving secure posterior instrumentation. In
their study, 18 % of the patients had an implant failure or
intraoperative pedicle fracture.

Higher intraoperative blood loss has been reported
with posterior HV resection; thus the ability of maintain-
ing normotensive anesthesia in children where the inci-

dence of congenital heart disease is high, can be compro-
mised.®17:23

Anterior Instrumentation. It is our preference to treat con-
genital kyphosis very early before the deformity becomes
rigid and more severe. Anterior instrumentation with an-
terior strut grafting incorporating 3 spinal segments is
our preferred method of treatment for children younger
than 3 years of age. We believe that anterior instrumen-
tation with bicortical purchase of the vertebral body of-
fers the most secure fixation in the very young child.
Blood loss is less because no epidural bleeding is encoun-
tered. Partial preservation of the vertebral body prevents
compression of the exiting nerve root.

Between 1997 and 2005 we have treated 15 consecu-
tive patients with progressive congenital kyphosis with
anterior instrumented fusion and strut grafting. Thirteen
patients had a single posterolateral HV and 2 patients a
single posterior HV. Of the 15 patients in the study, §
were girls and 10 boys. Mean age at surgery was 22

,‘-‘5‘9’,. 210 f

Figure 1. Patient with double ipsilateral hemivertebrae. Posterior
elements of the T11 hemivertebra form a complete vertebral arch
with the spinal segment above. During surgery it would be easy to
misidentify the hemivertebra.

months (range, 8-33). Mean follow-up period was 6.8
years (range, 2—10 years). Thirteen HV were located in
the thoracolumbar junction (T10-L2) and 2 in the tho-
racic spine.

Surgical Technigue
All the patients are placed in the lateral decubitus posi-
tion with the HV facing upward. Spinal cord monitoring
is used for all patients. Care must be taken to keep the
posterior spine exposed. A transthoracic or thoracoab-
dominal approach is chosen, depending on the level of
the HV.

Once the vertebral column is visualized, intraopera-
tive radiographs are taken to confirm levels. Segmental
vessels are preserved if possible. After exposure of the
HYV (Figures 1-3), the disc material proximal and distal
to the HV including the disc on the concave side is re-
moved. The superior and inferior endplates of the HV
are now prepared to bleeding bone.

The body of the HV is partially preserved keeping part
of the posterior vertebral body wall and PLL intact.
Transbody screws are inserted into the 2 vertebrae above

Anterior Elements

I A1 B1.2 |B1.3
Posterior Elements ” B 2.1 A2 B23
N |B31 [B22 [A3

I, failure of formation; Il failure of
segmentation; |l failure of segmentation and
foarmation

Figure 2. Classification system to take into account mismatch of
anterior and posterior elements. Anterior elements of the involved
spinal segment are classified first followed by the type of anomaly
present posteriorly.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 3. Complex cervicothoracic malformation with hypoplastic
vertebral artery.

and 2 vertebrae below the HV. Screws are inserted pos-
terior as possible and parallel to the endplates. Bicortical
purchase of all screws is documented by manual palpa-
tion of the contralateral side of the spine. Insertion of
multiple rib strut grafts or a small cage is facilitated by
manual anterior directed pressure over the gibbus. A
small bone punch can be used to position the struts as far
as possible into the concave disc space.

In young patients the deformity is relatively flexible and
elongation of the spinal cord is prevented by the intact PLL
and the posterior wall of the HV. A single straight rod is
then engaged and the inferior screws are locked. Careful
intersegmental compression is then applied using the rib
graft as a fulcrum against the body of the HV to obtain
coronal correction.

The patient is turned to the prone position and poste-
rior midline incision is made. Onlay bone graft is applied
after gentle decortication of the laminas, transverse pro-
cess, and spinous process, with a high-speed burr. If there
is residual kyphosis after anterior instrumentation a sin-
gle posterior compression rod is added on the convex
side. All patients were braced in a thoracolumbosacral
orthosis for 6 months (Figures 4, 5).

Instability and

Neural deformity

Impairement

Macromotion

and

insufficiency

of perfusion
Figure 4. Pathogenesis of neurologic injury in congenital kypho-
sis.

Figure 5. Lateral and AP sequence of correction technique.

H Results

The average operating time of the procedure was 150 min-
utes (range, 130-210 minutes). The average blood loss was
180 mL (range, 100-330 mL), equivalent to a mean exter-
nal blood volume loss of 15% (range, 11%-24%).

Preoperative segmental Cobb angle averaging 34°
(range, 0°-58°), was corrected to 18° (range, 0°-31°) at
last follow-up. Compensatory coronal cranial and cau-
dal curves were corrected by 50%. The angle of segmen-
tal kyphosis averaged 39° (range, 20°-80°) before sur-
gery and 21° (range, 11°-40°) at last follow-up. This
represents a 43% of improvement of the segmental ky-
phosis and a 64% of improvement of the segmental sco-
liosis at last follow-up.

One case with initial kyphosis of 80° continued to
progress and required revision anterior and posterior
surgery. There were no neurologic complications or
changes in monitored spinal cord potentials.

Late Treatment
Correction of a rigid kyphoscoliotic deformity in the
older child is a difficult problem. Neurologic injury is
much more likely than in the young child. Preoperative
traction is not recommended as it only corrects the more
mobile compensatory curves but not the rigid gibbus of
the deformity. Elongation of the spinal cord with trac-
tion can result in neurologic deterioration.!

Anterior spinal release and strut graft insertion fol-
lowed by posterior instrumented fusion provides reliable
results.’’ Variable amounts of vertebral resection are
necessary to obtain a satisfactory release and secure
placement of the grafts. The posterior HV can be difficult
to visualize during an anterior exposure and the spinal
cord is compressed against the gibbus. In the authors
experience it is usually not necessary to perform a full
formal anterior decompression. Lengthening of the an-
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terior column with an intact medial column results in
indirect decompression of the spinal canal.

The senior author (M.H.H.N.) avoids whenever possi-
ble resecting the body of the HV fully to avoid instability
and interference with the blood supply at the apex of the
deformity.

Multiple strut grafts to fill the angle of the kyphosis
effectively build an anterior bridge to support the spine.
The most anterior strut should lie at the level of the
gravity line but the further anterior these grafts are placed
the more likely they are to fracture.>* Posterior instrumen-
tation is applied by use of compression and leverage. There
have been several reports on HV resections in older children
with moderate kyphotic deformities.

Shono et al reported the results of HV resections with an
average kyphosis of 40° through a posterior-only ap-
proach. Despite that the anterior column and disc on the
concave side could not be fully resected sufficient correction
could be achieved.?® One patient reported persistent dyses-
thesias in his lower extremities after surgery. Substantial
blood loss should be anticipated.>® Only few studies in-
clude patients with severe angular congenital kyphosis.

Shimode et al reported the results of circumferential
posterior spinal osteotomy on 5 patients with congenital
kyphosis. Kyphosis was corrected from 104° to 48° on
average. Segmental vessels were clamped before ligation
and controlled shortening across the resection gap was
performed under frequent spinal cord monitoring. One
patient with preoperative neurologic dysfunction im-
proved by 1 Frankel grade and other suffered transient
muscle weakness after surgery. The authors concluded
that correction with too much shortening is dangerous
and considered the procedure acceptably safe.’® Al-
though these techniques provide effective deformity cor-
rection the reviewer feels that they have to be considered
high-risk procedures.

H The Child Presenting With Spinal Cord Compromise

There may be several mechanisms responsible for neuro-
logic dysfunction in patients with congenital kyphosco-
liosis. They are as follows:

1. Mechanical instability of the spine, which may re-
sult in chronic trauma to the spinal cord,

2. Gradual impingement on the cord,

3. Associated anomalies of the spinal cord.*

McMaster reported on 6 patients who presented with
significant neurologic deficit. On 3 patients an indirect
decompression by partial correction and stabilization
was performed. Two patients made a complete recovery
and 1 made a partial recovery. On 3 patients on whom a
formal anterior or anterolateral decompression was per-
formed, 1 patient was worse, 1 made a partial recovery,
and 1 recovered.?’ The question if neurologic decom-
pression should be performed is controversial. Zeller et
al recommended this procedure while McMaster had
good results with circumferential fusion only.?'”

Adequate decompression requires removal of the
body of the apical vertebra but also frequently resections
on adjacent vertebrae. This is difficult to achieve without
interfering with segmental blood supply to the spine,
which can result in further deterioration.

With increasing familiarity with osteotomy procedures,
surgeons have begun to develop techniques for decompres-
sion and correction of kyphotic deformities through an all-
posterior approach.2®3¢38:3% One-level closing wedge os-
teotomies restrict sagittal correction to 25° in the thoracic
spine and 35° in the lumbar spine.*® Correction of greater
angles requires shortening of the spinal cord and seems
dangerous in the presence of compromised neural tissue.

We believe that in evolving paraplegia stability
through circumferential fusion is essential for neurologic
recovery. Stability rather than correction of deformity is
paramount. In a recent review of 52 patients who had
surgical treatment of severe angular kyphosis, of whom
17 had a myelopathy, anterior decompression, and fu-
sion with posterior fusion and no attempted correction
of deformity found that this was a safer modality with
better results than previously reported.*

H Conclusion

Congenital kyphosis remains a challenging problem for the
deformity surgeon. Better understanding of the pathophys-
iology of neurologic dysfunction in congenital kyphosis
may help us in the future to develop safer treatment meth-
ods. Morphologic classification will need to evolve to study
the natural history of more complex anomalies. A new
technique to treat young children is described in which the
HV is partially preserved, reducing the intraoperative
blood loss, avoiding dural manipulation, and minimizing
the risk of interfering, with local blood supply. The pre-
served HV is the ideal vascular graft to achieve solid fusion.

H Key Points

e In progressive congenital kyphosis, early diagno-
sis and aggressive surgical treatment are manda-
tory for a successful result.

e Early treatment minimizes the risks of surgery.
e Anatomic and physiologic pitfalls in the treat-
ment of congenital kyphosis are discussed.

e Anterior instrumented fusion of congenital kypho-
sis provides sagittal and coronal correction in very
young children with low risk of complications.

Supplemental digital content is available for this article.
Direct URL citations appear in the printed text, and links to
the digital files are provided in the HTML text of this article
on the journal’s Web site (www.spinejournal.com).
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™ Anterior Instrumented Fusion for Thoracolumbar
Kyphosis in Mucopolysaccharidosis

Samir S. Dalvie, MS, M. H. H. Noordeen, FRCS, and Ashok Vellodi, FRCP

Study Design. A case series of seven children who had
a thoracolumbar gibbus related to mucopolysaccharido-
sis treated with anterior instrumentation were reported
retrospectively.

Objective. To describe a new technique for treating
progressive thoracolumbar kyphosis in children with
mucopolysaccharidosis.

Summary of Background Data. Management of this
condition is not well represented in the literature. Isolated
reports on the surgical management of this disorder ap-
pear, but there is no previous report of correction per-
formed anteriorly.

Methods. Seven patients underwent anterior instru-
mentation for correction of a thoracolumbar gibbus not
arrested by brace treatment. Preoperative kyphosis
ranged from 42° to 64° (average, 52.5°). Data on all seven
patients were collected prospectively. The technique and
its principles are described.

Results. A good correction of the kyphosis was ob-
tained, with postoperative angles of 3° to 29° (average,
15°), and maintained through the follow-up period. There
were no complications from the procedure.

Conclusion. Anterior instrumented correction and fu-
sion of the spine is effective in treating thoracolumbar
kyphosis associated with mucopolysaccharidosis. [Key
words: kyphosis, mucopolysaccharidosis, spinal instru-
mentation] Spine 2001;26:E539-E541

The mucopolysaccharidoses are a group of inherited
metabolic disorders characterized by abnormal storage
of mucopolysaccharides in various tissues of the body. In
the past, most patients with this disorder did not survive
beyond early childhood. Patients with Morquio Type A
disease died of sudden atlantoaxial dislocations, and
those with Hurler, Hunter, and Maroteaux-Lamy dis-
ease died of systemic complications. However, there has
been increased survival of these patients related to early
“prophylactic” fusion of the occipitocervical complex
and bone marrow transplantation for the systemic disor-
ders. This has resulted in a presentation of problems
arising from dysplasia of the thoracolumbar spine in the
surviving children.

The vertebral bodies of these patients are deficient
anteriorly, and thus are flattened, beaked, or notched.>*
The intervertebral discs are thick and bulging, often
larger than the bodies. Thus, in time, the thoracolumbar
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spine collapses into a long-segment kyphosis. If confined
to a short segment, this leads to a progressive localized
kyphos with the appearance of an anterolisthesis. This
deformity is progressive, leading to poor trunk balance
and possible neurologic deterioration.! The gibbus is
quite flexible in childhood, but with progression be-
comes increasingly rigid.

H Methods

Seven children with a previous diagnosis of mucopolysaccha-
ridosis were treated with an anterior instrumented correction
and fusion for a progressive thoracolumbar kyphosis (Table 1).
These children had dysplastic vertebrae and a “ round-back”
kyphosis with a T12 or L1 apex. Cobb angles for the kyphosis
ranged from 42° to 64° (average, 52.5°) in the erect lateral
radiographs. The kyphosis was flexible, as demonstrated by the
difference in the kyphosis noted on the magnetic resonance
scans obtained with the patient in the supine position, and in
the standing lateral radiographs. All children with Morquio
Type A disease and thoracolumbar gibbus were treated with a
molded thoracolumbar spinal orthosis brace. However, this
was ineffective in halting curve progression in these seven chil-
dren. All children were ambulant at the time of surgery.

Four of the children (patients 1 to 4) presented with neuro-
logic deterioration manifesting as poor coordination and clum-
siness of gait resulting from motor weakness. In addition, pa-
tient 1 had bladder dysfunction, and patient 3 had sensory
disturbances. These children had magnetic resonance scans of
their entire spine. These scans showed bulging discs causing
canal compromise over the kyphotic area. Differential evoked
potentials were obtained, and these confirmed the level of neu-
rologic dysfunction to be at the thoracolumbar spine.

Indications for surgery were progression of the curve despite
bracing and neurologic deterioration. Surgery was performed
to improve and restore trunk balance and stability and to pre-
vent or improve neurologic dysfunction. Another benefit of
surgery was avoidance of long-term brace wear.

Technique. The number of levels to be included in the fusion
is determined. These include all the vertebrae that form part of
the curve. A few additional wedged vertebrae at the thoracic
level may be included. Some patients have a single-level prob-
lem similar to a congenital kyphosis resulting from anterior
failure of formation. These patients require instrumentation
above and below the deficient vertebra.

An extensile thoracolumbar approach is performed through
the appropriate rib bed in the thorax, extending retroperitone-
ally into the abdomen and connected by peripheral incision in
the diaphragm. The bulging discs are excised to the posterior
longitudinal ligament, and the cartilaginous endplate are ex-
cised on either side. The vertebral body is defined, with care
taken to reflect the psoas posteriorly in the lumbar spine. The
vertebral bodies typically are wedge-shaped, giving a larger
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Table 1. Results of Treatment With an Anterior Instrumented Correction and Fusion for a Progressive Thoracolumbar
Kyphosis in Seven Children With a Previous Diagnosis of Mucopolysaccharidosis

Preoperative Postoperative Follow-up
Age Kyphosis Kyphosis Fusion Period
Patient (years) Gender Diagnosis Previous Treatment (°) (°) Levels (months)
1 10 M Morquio A (MPS 1V) 0C Fusion at age 4 59 6 T10-L3 36
2 8 M Morquio A (MPS 1V) 0C Fusion at age 5 45 3 T7-14 19
3 13 F Morquio A (MPS 1V) 0C Fusion at age 8 42 8 T10-L3 1
4 7 F Morquio A (MPS 1V) 0C Fusion at age 5 44 24 T12-12 9
5 14 M Martoux-Lamy (MPS VI) BMT at age 8 55 17 T10-L3 16
6 4 F Martoux-Lamy (MPS VI) BMT awaited 64 29 T10-L3 8
7 5 M Hurler's (MPS 1) BMT at age 4 59 18 T11-12 5

MPS = mucopolysaccharidosis; OC = occipitocervical fusion; BMT = bone marrow transplant.

area for screw placement. A 4-mm pediatric screw is placed in
the middle, with care taken to ensure bicortical purchase.

After instrumentation of all levels, a 4.75-mm solid rod is
inserted, engaging the screw heads sequentially, thus correcting
each level. A three-point corrective force is used to aid the
correction. The screw heads then are distracted gently to open
the disc spaces farther.

Interbody fusion is performed by placing struts fashioned
from the excised rib. Interestingly, the ribs of these patients are
very stout. The graft is loaded by compressing the screws gently
before final torque-tightening of the top nuts. All the children
are braced after surgery in a total contact thoracolumbar spinal
orthosis brace for 6 months. They are allowed to ambulate.

M Results

All the patients had a good correction of kyphosis (Table
1) Postoperative Cobb angles ranged from 3° to 29° (av-
erage, 15°). The average operating time was 1 hour and
55 minutes (range, 1 hour 25 minutes to 2 hours 35
minutes), and the average blood loss was 150 mL (range,

125-250 mL). The longest follow-up period (patient 1;
Figure 1) at this writing is more than 3 years. There has
been no loss of correction in any of the patients.

All four patients with a neurologic deficit recovered
their baseline neurology after surgery. Patient 1 had im-
provement in bladder function, beginning at 3 months,
with motor improvement beginning at 6 months and
completed by 18 months. The three other patients had
early onset of recovery, with complete recovery by 6
months. All the children experienced restoration of their
previous gait. No significant postoperative complica-
tions from this procedure occurred in these patients.

H Discussion

Children with Morquio Type A disease are significantly
handicapped because of their short stature and multiple
skeletal dysplasias. A progressive thoracolumbar gibbus
further adds to their disability. These patients require

Figure 1. A, Preoperative radiographs of patient 1. B, Anterioposterior radiographs showing the instrumentation in place. C, Radiograph
at 3 years, showing correction of the gibbus with the instrumentation and a solid bony fusion.
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correction and stabilization of their thoracolumbar gib-
bus to preserve trunk balance, prevent further progres-
sion, and avert or reverse neurologic deterioration. In the
past, they were treated with prolonged bracing or in situ
posterior fusion.* However, it is well recognized that a
kyphos in a dwarf must be fused early. Now that the life
expectancy of these patients is improving, it is imperative
that correction at the thoracolumbar spine be obtained
and maintained.

The authors have used the described anterior tech-
nique because they believe it offers certain distinct
advantages:

1. There is an opportunity for anterior decompression
by excision of the bulging discs before correction of the
kyphosis.

2. The number of levels necessarily included in the
fusion is always less than required posteriorly, thus spar-
ing lumbar levels, which is of particular importance in
these patients because of the skeletal dysplasia.

3. The posterior elements in these children are not
strong enough to hold the instrumentation. Further-
more, there is canal stenosis because of soft tissue depo-
sition, making sublaminar wires unsafe.

4. The interbody fusion obtained is of an excellent
quality, using the maximum fusion area loaded in
compression.

5. Anterior surgery can be performed quickly and dis-
sects fewer muscle planes.

Intraoperative technical difficulties can be encoun-
tered during screw placement and correction. The verte-
bral bodies are very small, and great care must be taken
to ensure central placement after the exact dimension of
the bony corpus is determined. If the correction maneu-
ver places excessive stress on the implants, they may cut

through the bone. Thus, the correction maneuver must
include an external corrective force.

In these seven patients, the authors intended to instru-
ment 41 vertebrae, but were successful in instrumenting
only 37. Anterior column stability in cases of fixation
loss is restored by strut-grafting the intervertebral spaces.

Traditionally, kyphosis is corrected using posterior
instrumentation, although anterior surgery is used for a
release or arthrodesis. To the authors’ knowledge, this is
the only report describing anterior instrumentation for
correction of a kyphosis. The short-term results of this
procedure have been satisfactory, but the issue of late
changes at nonfused levels will be clarified only after a
longer follow-up period.
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™ Spondylocostal Dysostosis

Thirteen New Cases Treated by Conservative and Surgical Means

Marco Teli, MD, Harish Hosalkar, MD, Inder Gill, FRCS, and Hilali Noordeen, FRCS

Study Design. Prospective assessment of a cohort of
patients affected by spondylocostal dysostosis.

Objective. To report on the results of conservative and
operative management of spondylocostal dysostosis and,
based on this, to propose an assessment and treatment
protocol for the condition.

Summary of Background Data. Spondylocostal dysos-
tosis and spondylothoracic dysostosis are subtypes of
Jarcho-Levin syndrome, a hereditary condition mani-
fested by vertebral body and related rib malformations.
Mortality prevails in spondylothoracic dysostosis be-
cause of more severe respiratory compromise.

Methods. Details of prenatal and postnatal diagnosis,
history, and management of 13 patients with spondylo-
costal dysostosis are presented. All patients were treated
postnatally with repeated chest physiotherapy. Two pa-
tients refractory to conservative treatment underwent
surgical intervention: the first had a chest wall reconstruc-
tion via a latissimus dorsi flap, the second a posterior
spinal instrumented fusion for progressive scoliosis.

Results. Prenatal ultrasound in 4 of 13 cases showed full
details of vertebral and rib anomalies. Thoracic and lumbar
hemivertebrae were most common, leading to congenital
scoliosis in 10 of 13 cases. A number of extraskeletal abnor-
malities were also identified. At an average follow-up of 4.5
years, the survival rate was 100% with a remarkable de-
crease of the rate of respiratory complications. Surgical
treatment in selected cases led to satisfactory results.

Conclusions. Prenatal diagnosis of spondylocostal
dysostosis allows exclusion of spondylothoracic dysosto-
sis and aids genetic counseling in quantifying the risk to
siblings. Postnatally, prompt management of these pa-
tients with physiotherapy leads to prolonged survival.
Surgical intervention may then be indicated to stabilize
chest wall or spine deformities, with promising results.

Key words: congenital scoliosis, spondylocostal dys-
ostosis, operative treatment. Spine 2004;29:1447-1451

In 1938, Jarcho and Levin described a syndrome affect-
ing individuals with short neck and short-trunk dwarf-
ism resulting from multiple vertebral and associated rib
anomalies. In Jarcho-Levin syndrome (JLS), hemiverte-
brae, butterfly vertebrae, and unsegmented, hypoplastic
vertebrae may almost affect the entire thoracic and lum-
bar spine at alternate levels.' Cervical spine involvement
may be in the form of hemi- and unsegmented vertebrae,
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causing shortness of neck. The ribs can vary in number
and shape often showing fusion, primarily near the costo-
vertebral ends. Multiple rib and vertebral anomalies may
determine scoliosis, kyphosis, and pectus deformities. The
widespread distribution of the vertebral anomalies and
their association with rib anomalies differentiate JLS from
congenital scoliosis.' In 1978, Solomon et al classified cases
of JLS into two types: spondylothoracic dysotosis (STD)
and spondylocostal dysotosis (SCD).?

Individuals with STD have vertebral anomalies and
severely deformed and fused ribs, resulting in the “crab-
like” appearance of the chest on plain radiographs. The
inheritance pattern is autosomal dominant. Patients af-
fected by STD have a higher fatality rate as a result of
posterior tethering of the ribs, leading to progressive tho-
racic restriction with growth.

Individuals with SCD have vertebral anomalies and
intrinsic rib defects or malformations (hypoplasia) of
varied patterns. The inheritance pattern is either autoso-
mal dominant or recessive, the latter being described as
the most aggressive form. Patients with SCD survive
more often than those with STD despite gross thoracic
abnormalities, possibly because the lungs are not re-
stricted. SCD has a reported prevalence of 0.25/10°.3

The aim of this study is to outline a protocol for the
assessment and treatment of SCD based on the results of
conservative and surgical treatment in 13 new cases of
this syndrome and the pertinent literature. We also de-
scribe the results of surgical treatment in 2 of our pa-
tients, including the use of the latissimus dorsi flap for
costal defect reconstruction in one and instrumented
posterior spinal fusion in the other.

To the best of our knowledge, the present series is the
largest ever reported on the condition. From 1938 to date,
41 cases of SCD and 20 cases of STD have been described in
the English medical literature, the largest single series re-
porting on no more than 5 and 6 patients, respectively.”

B Materials and Methods

We performed a prospective follow-up study of 13 pediatric
patients affected by SCD and treated at two Pediatric Orthope-
dic Institutions.

Five patients had consanguineous parents. Four patients
were seen from birth and prenatal ultrasound diagnosis had
been made in all of them. All patients had full spine and chest
plain radiographs; six had ultrasound® evaluation of segmental
defects and three had full spine MRI scans. A thorough clinical
and radiologic assessment was done in all cases for cardiovas-
cular,® genitourinary, parenchymal organ defects and neural
tube defects.®

Our protocol in managing these patients postnatally was
based on chest physiotherapy (CPT) and regular clinical eval-
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Table 1. Patients’ Details

No. of
Absent Rate of LRTI per
Ribs Month
Case Age First Prenatal Vertebral Rib
No. Seen Sex  Consanguinity Diagnosis Defect Site Associate Anomalies R L Fusion Pre-Rx Post-Rx
1 Newborn M + + TL ASD 5 0 - 3 1:3-6
2 Newborn F — - T Jaundice, left renal 4 0 — 3-4 1:3
agenesis, clubfeet
3 6 mo F + - T+1L Hydrocephalus, spina 1 5 7,89(L) 5-6 1:2
bifida, bifid uvula, 45 (R)
supemumerary
nipple
4 3 mo M - - TL Sprengel’s deformity 3 0 - 1-2 1:4
5 2 mo F - + T Polycystic kydney 0 2 - 3 1:3
6 5 mo F + - T - 2 0 56,7 (R) 4-5 1
7 5 mo M - - CT + TL ASD, supemumerary 4 0 6,7 (R) 3-4 1:3
nipple
8 Newborn M - + TL ASD, diaphragmatic 0 4 - 1 1:8
hernia
9 2 mo M - - T Hydrocephalus, spina 0 3 - 4-5 1
bifida, clubfeet
10 Newborn F + - TL VSD, left renal 4 0 - 3-4 1:3
agenesis
1" 1 mo M + + T Cleft palate, 2 3 — 4 1:3
supemumerary
nipple, DDH
12 3 mo F - - CT + TL Jaundice, clubfeet 4 0 - 2-3 1:3
13 10 yr M — - T — 3 3 6,7 (R) 4 1:2

CT = cervicothoracic; T = thoracic; TL = thoracolumbar; L = lumbar; VD = vertebral defect; ASD = atrial septal defect; VSD = ventricular septal defect; DDH =

developmental dysplasia of the hip; LRTI = lower respiratory tract infection.

uations. Chartered physiotherapists treated patients on a daily
basis in hospital and at weekly intervals after discharge, until
improved clinical conditions allowed monthly appointments.
Treatment consisted of a modified CPT routine followed by
breathing games to perform diaphragmatic breathing in in-
fants, and of positive expiratory pressure therapy plus chest
wall oscillation in children.

The frequency of lower respiratory tract infections (LRTIs)
was recorded. In the clinical setting of an LRTI, i.e., worsening
general conditions, oxygen desaturation, raised white cell
count, and positive chest radiograph, patients were admitted to
hospital to receive broad-spectrum intravenous antibiotic cov-
erage. Antibiotics were then targeted to sputum culture results
and discontinued at the reversal of the above clinical indexes.

Bracing was used in those cases warranting treatment of a
progressive spinal deformity, provided it was tolerated by pa-
tients and on the grounds of a satisfactory pulmonary function.

A rib defect reconstruction procedure was performed in pa-
tient 8 (Table 1) who had frequently recurrent LRTIs, para-
doxic chest wall movements, and a diaphragmatic hernia. Ul-
trasound showed herniation of the lower left lung lobe with the
diaphragm and the upper pole of the spleen with respiratory
movements. The rib defect was repaired with an autologous,
vascularized latissimus dorsi flap to stabilize the chest wall and
contain the lung and spleen herniation.”

Posterior instrumented spinal fusion was done in patient 13
(Table 1)>® who was referred to our service at 10 years of age
for progressive scoliosis. At the time of the first observation, he
already had features of lower thoracic paraplegia,® restrictive
lung disease, and recurrent and severe chest infections. His sitting
balance had been deteriorating because of increasing spinal defor-
mity and pelvic obliquity. Figure 1 shows his preoperative plain
radiographs. Because of his poor general health, posterior instru-

mented spinal fusion with limitation of fusion levels from the
lower thoracic vertebrae to the pelvis was the only management
option at that time. Figure 2 shows his 3-year follow-up films,
with adding-on of the upper thoracic curve and satisfactory main-
tenance of the lower spinal and pelvic deformity. At this time, his
general health had improved to the stage that proximal extension
of the spinal fusion was deemed feasible.

H Results

There were 7 males and 6 females. Patient age varied
from 1 day to 10 years when first seen. Final follow-up
ranged from 26 to 72 months, averaging 56 months. No
patient was lost to follow-up.

The nature of the vertebral defects was delineated in
all cases. One or more vertebral anomalies were present
in all patients and included all together 1 hypoplastic sacral
vertebra, 3 absent thoracic vertebrae, 7 butterfly vertebrae
(4 thoracic, 3 lumbar), and 18 hemivertebrae. Hemiverte-
brae, the most common vertebral anomalies, were more
commonly located in the thoracic and thoracolumbar re-
gion than in the cervical region. Congenital scoliosis was
identified in 10 of 13 patients (75%): average anteroposte-
rior Cobb angles varied from 23° at the beginning of the
observation to 38° at the latest follow-up.

Both unilateral (10 cases) and bilateral (3 cases) rib
defects were noted. Rib fusion was found in 3 cases. Rib
anomalies included posterior fusion, absence, and irreg-
ular size and shape.’

The extraskeletal associated anomalies'” included su-
pernumerary nipples (3 cases), clubfoot deformity (3

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 1. Case No. 13 preopera-
tively, aged 10 years. PA + lat-
eral sitting films.

Figure 2. Case No. 13 2 years
after posterior spinal fusion,
aged 13 years. PA + lateral sit-
ting films.
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Figure 3. Case No. 13 2 years
after thoracic extension of spinal
fusion, aged 15 years. PA + lat-
eral sitting films.

cases), Sprengel’s deformity (1 case), strabismus (1 case),
bifid uvula (1 case), cleft palate (1 case), congenitally
dislocated hip (1 case), neonatal jaundice (2 cases), my-
elomeningocele and hydrocephalus (2 cases), renal
anomalies (4 cases), atrial septal defect (1 case), and ven-
tricular septal defect (1 case).

The presenting complaints in all patients were recur-
rent LRTIs, with an average of 3 episodes per month
(range, 1-6), poor general condition, and failure to
thrive. After birth, patients were hospitalized on average
once a month (range, 0.3—4) mostly for treatment of
LRTIs. Mechanical respiratory support was necessary
once every three admissions to hospital for an average of
2 days (range, 1-5) during hospitalization. Mean height
and weight growth curves were under the fifth and
around the 10th centiles, respectively, before treatment.

This picture was reversed at follow-up, with a reduc-
tion of the incidence of LRTIs to an average of 1 episode

every 3 months (range, 1:8 to 1 a month) and hospital-
ization to an average of once every 6 months (range, 1:8
to 1:3 months). We observed a mean reestablishment of
the weight curves to the 25th centile and fairly stable
height curves just under the fifth centile.

Patient 8, treated with autologous rotation latissimus
dorsi muscle flap, at follow-up reveals containment of
herniation, a supple scar, and a static rib defect. His
pulmonary function improved readily after surgery” and
currently, 24 months after surgical intervention, he ex-
periences 1 episode of respiratory infection every 8
months. His paradoxical chest movements have stopped
and his diaphragmatic hernia is well contained.

The follow-up for patient 13 is now 2 years following
the revision procedure. Currently, the patient is pleased
by his sitting balance and by the absence of uneven pres-
sure areas or spinal instrumentation prominence. Al-
though he his still frequently admitted to our Hospital

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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for respiratory care, the rate of his chest infections has
fallen from 4 a month to 1 a month. Figure 3 shows
satisfactory fusion and absence of instrumentation fail-
ure in his latest follow-up spine radiographs.

W Discussion

SCD is a rare® disorder of vertebral and rib formation of
unknown etiology. In our series, there was history of
maternal diabetes in one of the patients only, confirming
previous reports of low incidence of diabetic embryopa-
thy in JLS.>® Regarding its pathogenesis, the vertebral
anomalies observed in this syndrome could be secondary
to a developmental disturbance at the fourth to eight
week of fetal life. At that time, the multiple centers of
chondrification formed about the notochord unite to
form a complete cartilaginous pro-vertebra composed of
centra in the vertebral body and transverse, articular,
and spinous processes. Failure of these chondrification
centers to develop or unite could result in the develop-
ment of hemivertebrae and butterfly vertebrae. The
anomalous rib development is apparently secondary to
the vertebral malformations.'"

Second trimester prenatal diagnosis® was done in 4 of
our 13 cases. A deformed spine and incompletely formed
ribs were demonstrated in all cases. Prenatal diagnosis is
thus feasible and important to detect the more aggressive
and lethal form of JLS, i.e., STD."

Genetic counseling is likewise fundamental. In the re-
cessive form of SCD, the risk to siblings of an affected
child is 25%. In the dominant form, this risk is negligible
but rises to 50% for the offspring of a long survivor.''?

The survival rate seen in our 2- to 6-year follow-up
was 100%. This applies to a series of patients affected by
both the dominant and the recessive form of SCD. The
recessive form of the disease resulted from a number of
patients being born to consanguineous parents (Table 1).

The outcome of conservative treatment was notewor-
thy in all cases, especially considering the dramatic de-
crease in the incidence of respiratory infections. Both
CPT and hospitalization had to be repeated at regular
intervals. Noncompliance was noted in some cases, es-
pecially after the reestablishment of the weight curves
observed with improved general conditions.

Prolonged survival thus leads to issues of chest wall or
spinal deformity management. Chest wall reconstruction
has been performed by using either polypropylene mesh'?
or, in our case, autologous muscle flap” to improve chest
wall compliance. The results have been so far favorable.
Spinal fusion in our patient adds to the few other relative
descriptions®®1* and eventually succeeded in stabilizing a
progressive scoliotic deformity with pelvic obliquity.

H Conclusion

Based on the above findings we feel that assessment and
treatment of SCD should be based on the following
guidelines:

e Early prenatal ultrasound diagnosis of SCD is feasible
and genetic counseling thus plays an important role.

e In view of the concomitant nonskeletal anomalies, a
thorough clinical and radiologic screening of every
patient with these skeletal defects is essential.

e Early and repeated CPT forms the mainstay of
treatment.

e Prolongation of life span with CPT opens up new
possibilities for surgical intervention for reconstruc-
tion or deformity correction.

e Surgical intervention for correcting costal defects
and spinal surgery with instrumentation seem to be
beneficial in these cases.

H Key Points

e Spondylocostal dysostosis is a form of hereditary
scoliosis amenable to prenatal ultrasound diagnosis.
e A mainstay of treatment is conservative with
chest physiotherapy plus prevention and treatment
of respiratory tract infection.

e Surgery is reserved to selected cases of untreatable
respiratory deterioration or scoliosis progression.
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Segmental posterior spinal instrumented correction and fusion is the current ‘standard of
care’ for treating scoliosis secondary to neuromuscular scoliosis (NMS). | undertook a
retrospective comparative clinical study (Level of Evidence [LoE] lll: Therapeutic), evaluating
the clinico-radiological results of second vs. third generation instrumentation systems, in
matched cohort of patients, (i.e. Luque-trolley or Unit rods vs. Cotrel-Dubosset and segmental
instrumentation systems). All children were under twenty one years old, and were operated
between 1995 and 2000. The study group comprised of fifty six patients (twenty nine males &
twenty seven females) who were closely followed-up for a mean of fifty two months (range:
twenty four to eighty five months). The minimum follow-up was two years in all patients. The
etiologies included cerebral palsy (36), Duchenne’s muscular dystrophy (8), and miscellaneous
(12), which comprised of Friedreich’s ataxia, Spina bifida, Spinal muscular atrophy,
Syringomyelia, and Poliomyelitis.

NMS is characterized by the highest incidence of complications amongst all spinal
deformities. Efforts are underway to reduce complications without a compromise in clinical or
surgical results. This study was one such effort from my end wherein | had convincingly
showed that there were reduced complication rates with use of the third generation
instrumentation systems. This was also one of the first studies that had objectively evaluated the
cumulative benefit, using a validated outcome measure. The overall incidences of major and
minor complication in this series were ten percent (7/56) and sixteen percent (9/56)
respectively. There were only two deep, and one superficial, wound infection. There was one

death, unrelated to surgery in this series (progressive cardiomyopathy in Friedreich’s ataxia).

Neuromuscular scoliosis treated by segmental third-generation instrumented spinal fusion.

Teli M, Elsebaie H,Biant L, Noordeen H. J Spinal Disord Tech. 2005 Oct; 18(5): 430-8.

PMID: 16189456

128



Advances in Surgical Techniques for EOSD

Paper: 16

The most common orthopaedic manifestation in neurofibromatosis-1 is
scoliosis. | had published a review article in the European Spine Journal summarizing all
the salient findings and treatment challenges in this unique group of patients. The
scoliosis could be broadly divided into dystrophic and non-dystrophic types. NF-1
scoliosis is notorious for psuedoarthrosis. There may also be co-existent dural
ectasias and dumbbell-shaped neurofibromas. The dystrophic curves are very rigid,
and commonly present with multi-planar deformities (i.e apex of kyphosis and scoliosis
to be at different levels). Bracing is often unsuccessful, warranting aggressive surgical
intervention. Implant failure secondary to pseudoarthrosis is also common. BMP (i.e.
bone morphogenetic protein) is often used, especially in revision surgeries, to achieve a
solid arthrodesis.

I have extensive surgical experience in treating all types of spinal deformities by
growth sparing and fusion surgeries. The use of magnet driven growing rods has been an
innovative concept and boon to such children presenting with severe or rigid deformities at
very young age (under five years old). Early surgery should be offered for dystrophic curves
when the Cobb angle is less than twenty degrees. Kyphosis, when seen, is most common in
the cervical spine, and may cause a neurodeficit. Atlanto-axial instability should also be ruled

out in pre-op assessment, prior to subaxial spinal surgical fixation and fusion.

Spinal deformity in neurofibromatosis type-1: diagnosis and treatment. Tsirikos Al, Saifuddin

A, Noordeen MH. Eur Spine J. 2005 Jun; 14(5): 427-39. E-pub 2005 Feb 15. PMID:

15712001
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Duchenne’s muscular dystrophy (DMD) is characterised by muscle dysfunction, and
is inherited as an X-linked recessive disorder (which is lethal in boys). The pathognomonic
feature is the absence of dystrophin, an integral membrane protein responsible for the
contractility of the skeletal, cardiac, and smooth muscles. Affected children have mild
mental retardation with an intelligent quotient (1Q) of one standard deviation (SD) below
the mean. DMD patients also develop progressive rapid decline in pulmonary function and
Many surgeons have also observed increased intra-operative bleeding in DMD.

I was one of the first authors to formally document the increased bleeding tendency
objectively, in a series of forty eight out of 102 patients with DMD treated with first and
second generation instrumentation systems operated over a decade (1983 to 1993). The
diagnosis of DMD was histologically proven by a quadriceps biopsy in forty one patients (85
percent). There was a statistically significant increase in blood loss compared to spinal
muscular atrophy (SMA) and scoliosis secondary to other neuromuscular etiologies. The
possible causes and hypothesis proposed were:

i) Intrinsic abnormality of smooth muscles affecting the blood vessels’ contractility

i) Absence of dystrophin in skeletal and smooth muscles, causing excessive bleeding
This is a key contribution to the spinal community, in an attempt to understand the
pathophysiology of DMD and emphasise the importance of meticulous attention to

haemostasis in such high-risk patients while performing scoliosis correction.

Blood loss in Duchenne muscular dystrophy: vascular smooth muscle dysfunction? Noordeen

MH, Haddad FS, Muntoni F, Gobbi P, Hollyer JS, Bentley G: J Pediatr Orthop B. 1999 Jul;

8(3): 212-5. PMID: 10399127.
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Multi-modal neuromonitoring (SSEP, SCEP and TcMEP) are now the standard of
care in spinal deformity corrective surgery for all etiologies. However, neuromuscular
scoliosis (NMS) constitutes a special category of patients who have a high incidence of false
positive and true negative signals. | was one of the early pioneers in using multi-modal
sensory monitoring, in an attempt towards making these surgeries as safe and reliable as
possible. I have published a review article summarising the role of spinal cord monitoring for
NMS. | had also described a novel technique of obtaining reliable somatosensory evoked
potentials (SSEP) and spinal cord evoked potentials (SCEP) signals, using epidural
electrodes. The fifty percent rule (i.e. the fall in amplitude by more than fifty percent from
baseline) correlated very well with impending spinal cord injury (eighty seven percent
sensitivity and forty four percent specificity), and has been universally accepted in the
contemporary era.

The operative step of passing sublaminar wires was found to be at the highest risk of
impending spinal cord injury. Other factors that may influence neuromonitoring signals are:

i) Hypotensive anaesthesia,
i) Hypothermia, and

iii) Anaesthetic agents administered.

Spinal cord monitoring in neuromuscular scoliosis. Tucker SK, Noordeen MH, Pitt MC: J

Pediatr Orthop B. 2001 Jan; 10(1): 1-5. Review. PMID: 11269804
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I reviewed ninety nine patients with NMS treated with Luque-Galveston rods and sub-
laminar wires, using SSEPs under supervision of Prof. G Bentley in the mid 1990s. It is
a well-known fact, from numerous published studies, that neuromonitoring for
neuromuscular scoliosis (NMS) is less reliable, and more prone for false positive and true
negative episodes in comparison to the adolescent idiopathic scoliosis (AlS). All patients
were operated on at a single institute between 1983 and 1994 who were
comprehensively reviewed and their neuromonitoring data analysed. The etiologies included
Duchenne's muscular dystrophy (DMD)-55, spinal muscular atrophy (SMA)-30 and

miscellaneous-14.

Of the ninety nine patients, the pre-operative baseline could not be obtained in only

~two patients (DMD and myelomeningocoele). The sensitivity and specificity of each

etiology at twenty five, fifty and seventy five percent loss of amplitude is shown below:

25% 50% 75%
Sensitivity | Specificity | Sensitivity | Specificity | Sensitivity | Specificity
DMD 90 29 87 44 70 52
SMA 93 19 93 42 82 52
Misc Not reported 86 54 Not reported

| advocate the use of a fifty percent fall in baseline amplitude to be of optimal
sensitivity and specificity. Twenty five percent change was associated with a high incidence
of false positive episodes, and a seventy five percent change in amplitude yielded too many
false negatives. Hence, the fifty percent change in amplitude rule made sense. This has now

been a benchmark for over two decades for safety during scoliosis surgery.

Spinal cord monitoring in operations for neuromuscular scoliosis: Noordeen MH, Lee J,

Gibbons CE, Taybr BA,Bentley G. JBone Jbint Surg Br. 1997 Jan; 79(1): 53-7. PMID:

9020445.
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ORIGINAL ARTICLE

Neuromuscular Scoliosis Treated by Segmental
Third-Generation Instrumented Spinal Fusion

Marco Teli, MD, Hazem Elsebaie, FRCS, Leela Biant, FRCS, and Hilali Noordeen, FRCS

Abstract: We aimed to investigate whether the outcome and com-
plications of surgical treatment of neuromuscular curves with seg-
mental third-generation instrumentation could compare with those
reported with standard second-generation instrumentation. The clin-
ical and radiologic data of a single surgeon’s consecutive series of
patients with neuromuscular scoliosis treated with two types of newer-
generation instrumentation and posterior or anteroposterior approaches
were retrospectively and independently reviewed. The results of this
study support the concept that third-generation instrumentation is able
to provide at least as good results as second-generation instrumentation
in the treatment of neuromuscular scoliosis patients, at the expense of
a lower complication rate.

Key Words: neuromuscular scoliosis, spinal fusion, third-generation
instrumentation

(J Spinal Disord Tech 2005;18:430-438)

he term “neuromuscular scoliosis” (NMS) describes a

spectrum of spinal disorders that have in common the
resulting disturbance of the musculoskeletal system because of
altered innervation and/or muscle tone. As a consequence, the
spine in these patients tends to lack its supportive properties,
which makes ambulating and sitting problematic. Patients
affected by NMS have a poor response to conservative treat-
ment of spinal deformities, and the consequences of spinal
deformity itself are more serious for them than for patients
with idiopathic scoliosis, namely, in the cardiovascular and
respiratory systems.' Surgical treatment, in the form of segmental
instrumented spinal fusion (ISF) with second-generation instru-
mentation (eg, Luque—Galveston and unit rod constructs), has
been considered the standard surgical technique for NMS
surgery in the last two decades.” These techniques generally
lead to improved quality of life with correction of coronal
deformity and of pelvic obliquity in the range of 50-75% of
preoperative values. Major complications, most commonly
deep infection, instrument failure, and pseudoarthrosis, affect
7-45% of treated patients.>”’
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The widespread use of third-generation instrumentation
(Cotrel-Dobousset and related implants) has changed our ap-
proach to the surgical treatment of both adolescent® and adult’
idiopathic scoliosis. Surgery for idiopathic scoliosis using
third-generation instrumentation techniques provides signifi-
cant deformity correction and patient satisfaction, with an ac-
ceptable complication rate. Nevertheless, almost 20 years after
the introduction of such devices, reports are lacking on the
results of third-generation instrumentation for the treatment of
NMS. Therefore, the aim of this study is to verify the hy-
pothesis that treatment of NMS with third-generation ISF may
provide at least as good results as second-generation ISE, with
fewer complications. To do so, we report on a single surgeon’s
consecutive series of patients treated at two tertiary referral
centers for spinal disorders and compare the results with the
pertinent literature.

MATERIALS AND METHODS

Inclusion criteria for the study were a diagnosis of
progressive scoliosis due to a neurologic or muscular disorder,
treatment by posterior-only or anteroposterior spinal fusion by
third-generation instrumentation, and a minimum follow-up of
2 years from surgery. Exclusion criteria were incomplete clin-
ical and/or radiologic documentation at follow-up. The med-
ical records and imaging of all patients operated on by the
senior author from 1995 to 2000 who satisfied the above
criteria were reviewed.

Patients aged up to 15 years were treated at a pediatric
orthopedic institution, whereas older patients were treated at
a separate spinal deformity unit. All patients were assessed
preoperatively by the senior author and followed up postop-
eratively in his outpatient clinic. At every appointment, sitting
(standing when possible) posteroanterior and lateral 50 X
115—cm radiographs were obtained. Posteroanterior traction
(bending when possible) films were requested preoperatively.
The coronal and sagittal components of the spinal deformity
were measured by the Cobb method. Pelvic obliquity was mea-
sured as the angle described by a line tangential to both iliac
crests and a line perpendicular to the spinous processes of L4
and L5.'° When instrumentation, fusion mass, or removal of
spinous process made this comparison unreliable, we drew
a line intersecting the middle of the pedicles of L4 and L5 on
the posteroanterior view.

Indications for surgery were based on (a) consideration
of the magnitude and progression of the spinal deformity; (b)
presence of functional deterioration; (c) evaluation of cardio-
pulmonary status, including echography where necessary (eg,
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in myopathic patients) and pulmonary function tests in coop-
erative patients; (d) evaluation of nutritional status, including
weight/height ratio, lymphocyte count, and serum albumin.' ="
These evaluations were carried out by a team composed of
a spinal deformity surgeon (senior author) with his fellow and
resident, a dedicated anesthesiologist, a referring pediatri-
cian/neurologist, specialist nurses, physiotherapists, nutrition-
ists, and occupational therapists. Procedures were planned as
posterior-only, anteroposterior on the same day under one
anesthetic session (combined) or at a time interval of 1 week
(staged), depending on etiology and flexibility of the curve,
general health status, skeletal maturity, and anticipated in-
traoperative blood loss. Indications for posterior-only instru-
mented spinal fusion were given to patients affected by flaccid
NMS due to Duchenne muscular dystrophy (DMD), to those
whose cardiopulmonary function was not deemed suitable for
a double approach, and to those skeletally mature patients
whose deformities were flexible (above 50% correction on
traction/bending films). Indications for anteroposterior spinal
fusion were given, with the above exceptions, to patients
featuring rigid coronal curves (below 50% correction on trac-
tion/bending films) and/or fixed pelvic obliquity, deficiency of
posterior elements, and skeletal immaturity. Anterior instru-
mentation was used to correct fixed thoracolumbar and lumbar
coronal and/or sagittal deformities whenever bone was judged
of sufficient quality by the surgeon. The decision whether to
perform an anterior instrumented versus noninstrumented
fusion was taken both on the results of the preoperative screen-
ing (nutritional status, walking ability) and on the operative
findings (bone quality and ability to withstand implants). Bone
densitometry was not part of the screening tests of the study
population. Combined procedures were selected by the sur-
gical team whenever possible. Staging was reserved to those
cases where significant intraoperative factors (ie, amount of
blood loss and operating time) were anticipated to contrain-
dicate same-day surgeries or when halo-tibial traction was
used to progressively correct fixed sagittal deformities. Ante-
rior procedures always preceded posterior ones. Two types of
third-generation titanium instrumentation systems were used
anteriorly and posteriorly as available in the two public health
care institutions where patients were treated. The two systems
used were the Synergy (Interpore Cross, Irvine, CA) and the
Colorado (Medtronic Sofamor Danek, Memphis, TN). Indi-
cations for fusion to the pelvis by iliac screws were given to
nonambulatory patients with sitting unbalance and to patients
who had curves including the pelvis and/or fixed pelvic
obliquity.

Surgical Technique

Anterior thoracic or thoracoabdominal approaches to the
spine were done on the convex side of the deformity, through
the rib bed correspondent to the highest spinal level to reach.
The selected rib was excised, morselized, and used as autograft
for the posterior spinal instrumented fusion. The diaphragm was
divided peripherally in thoracolumbar approaches. Ligature of
segmental vertebral vessels was done only in instrumented
procedures. It was the surgeon’s effort to perform release of the
anterior longitudinal ligament, discectomy, and removal of
vertebral endplates. This aimed to enhance mobilization of the
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spinal segments and chances of interbody fusion. Twenty to
40 mL of hydroxyapatite derived from marine coral was used
as interbody graft material. Anterior instrumentation included
segmentally the entire curve as measured preoperatively. In-
strumentation consisted of 5.0- to 7.0-mm-diameter screws
with washer and bicortical purchase in the vertebral bodies
and a single 5.5-mm-diameter rod, tightened to each screw
and derotated to achieve the necessary coronal and sagittal
contour of the regional vertebral column. In thoracolumbar
approaches, the diaphragm was closed in a continuous layer
with the pleura over a suction drain.

Posterior approaches were done through a straight mid-
line incision and subperiosteal exposure of the vertebral levels
to be included in the fusion. Facetectomy was done at the
same levels. Vertebral levels encompassed the entire thoracic
(from T1 or T2) and lumbar spine according to the morphol-
ogy of the deformity. Laminar, pedicle, and transverse process
hooks were preferred at thoracic levels. Pedicle screws were
positioned at lumbar and thoracolumbar levels. Sublaminar
wires were used at lumbar and thoracolumbar levels in case of
insufficient bone—implant purchase to achieve further fixation.
Two 5.5-mm-diameter rods linked by cross-connectors were
implanted in each patient. The technique of ileospinal fixation
involved bilateral exposure of the posterior superior iliac spine
through the same midline incision used for the lumbar
exposure, perforation of the iliac crest with a pedicle finder
directed toward the superior and lateral rim of the acetabulum,
and use of 5.5- to 7.0-mm-diameter, 40- to 80-mm-long iliac
screws. Bilateral S1, L5, or L4 screws and dedicated con-
nectors completed the construct. Deformity correction was
obtained by contouring of the rods, careful translation, and
segmental compression/distraction. Morselized autografts, from
harvested spinous processes, facet joint bone, and rib (where
previously harvested), were all applied after decortication of
the posterior elements. This was routinely augmented with 20—
40 mL of hydroxyapatite derived from marine coral. The fascia
was closed in a continuous layer followed by subcuticular and
intradermal layers. No wound drains were used. No cell-saver
was used intraoperatively on the patients included in the study.
Patients received homologous blood transfusions intra- and
postoperatively as needed by clinical conditions. Controlled
hypotensive anesthesia (with a mean blood pressure above
60 mm Hg) was carried out to maintain a dry surgical field
and to control blood losses, a feature of utmost importance in
NMS surgery and ensuring critical perfusion of the vital or-
gans. Recording of the somatosensory spinal-evoked poten-
tials (SSEPs) was done routinely: A prolonged 50% decrease
in SSEP trace amplitude was regarded as significant.* Intrave-
nous antibiotics, a combination of aminoglycosides and
[B-lactamates for prophylaxis against gram-negative and gram-
positive bacteria, were started perioperatively and continued
for 72 hours.

Postoperative Care and Follow-Up

Postoperatively, patients were transferred to an intensive
care unit (ICU) if they were still ventilated or to a high-
dependency unit (HDU) if they were not ventilated and needed
only specialized postoperative care. Patients were transferred
from these units to their wards after extubation and fluid
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balancing. Oral feeding was stimulated as soon as tolerated,
whereas enteral or parenteral hyperalimentation was used in
case oral feeding was not possible. Mobilization to a molded
wheelchair or ambulation was also allowed as soon as tol-
erated, with the assistance of specialized physiotherapists. No
brace was prescribed postoperatively. Clinical and radiologic
outpatients’ follow-up was done at 3, 6, and 12 months post-
operatively and yearly thereafter with the modalities described
above. Fusion and graft incorporation were routinely judged
upon examination of posteroanterior and lateral radiographs.
Oblique views and computed tomography scans were re-
quested in cases of suspected pseudoarthrosis, namely, local
tenderness, loss of correction, implant failure, or a combination
of these factors.

An outcome questionnaire validated for flaccid NMS®
only was adopted for review of spastic NMS cases too and
mailed to patients’ parents/caregivers at the final follow-up.
The questionnaires were filled in by patients themselves or by
parents or caregivers depending on the patients’ intellectual
abilities. The questionnaire includes a total of 20 questions
concerning satisfaction with the surgical outcome, cosmesis,
function, self-image, pain, patient care, pulmonary function,
and quality of life. Every answer is graded —2 (worse) to +3
(major improvement) for a cumulative score ranging from —36
to +52.

Analysis of Data

Clinical and radiographic data were subdivided among
treatment groups, that is, posterior-only (group 1), anteropos-
terior combined (group 2), and anteroposterior staged (group
3) surgeries. We considered sex, age, and weight at surgery,
functional status, number of levels operated, operative time,
intraoperative blood and estimated blood volume (EBV) loss,
instrumentation type, ICU/HDU stay, hospital stay, complica-
tions, follow-up length, preoperative/postoperative/follow-up
scoliosis, kyphosis, lordosis, and pelvic obliquity angles.
Complications were divided into major and minor according
to their effect on the course of recovery in hospital and on
their potential life-, limb-, or function-threatening effect.®!!*1?
Major complications included pneumonia, pneumothorax re-
quiring prolonged chest tube, tracheostomy, persistent neuro-
logic deficit, deep wound infection, bowel ischemia, conges-
tive heart failure and injury to a major vessel, urinary sepsis
and gross hematuria, disseminated intravascular coagulation,
rod breakage, implant loosening requiring revision, and
pseudoarthrosis. Minor complications included upper respi-
ratory tract or tracheostomy infections, spontaneously resolv-
ing pneumothorax, paresthesia, cerebrospinal fluid leak, su-
perficial wound infection, wound dehiscence, pressure sore,
ileus, gastritis, colitis, transient cardiac arrhythmia, urinary
tract infection, and implant loosening not requiring revision.

Pearson correlation analysis was applied to data by
means of an SPSS program (Chicago, IL). To test persistent
effects, preoperative, postoperative, and follow-up scores were
evaluated by the Wilcoxon signed rank test. Differences be-
tween groups were evaluated by the x? test. For all compar-
isons, a P value of <0.05 (two tailed) was considered signif-
icant. Descriptive statistics were used for these and other
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outcomes, and the results were expressed as means £ SD,
range, percentage, or total number of cases.

RESULTS

Of a group of 62 patients who satisfied the inclusion
criteria, 5 were excluded because their follow-up data were
incomplete owing to change of address and hospital care area.
One (affected by arthrogryposis) was excluded because at the
time of the latest follow-up, he had been treated with a long
anterior instrumented fusion only and was being observed. Of
the 56 patients (27 females, 29 males) included in the study
cohort, mean age at surgery was 14 (range 8-21) years, mean
weight at surgery was 46 (range 30-70) kg, and mean follow-up
was 52 (range 24—85) months. Etiology of spinal deformity in-
cluded spastic quadriplegic cerebral palsy (CP) in 36 patients,
and DMD in 8 patients. Spina bifida, Friedreich ataxia, syrin-
gomyelia, spinal muscular atrophy (SMA), and poliomyelitis
were the etiologies in the remaining 12 patients. Functional
level was graded according to the World Health Organization
classification of impairment, activity, and participation."* Forty-
five patients (80%) included in this study were at functional
level 5. Patients’ functional levels and etiologies of spinal
deformity are displayed in Table 1.

At the time of surgery, spinal growth in 35 patients
(62.5%) was considered complete. This was defined on pre-
operative posteroanterior full spine radiographs as Risser 5
ossification of the iliac apophysis and closure of the triradiate
cartilages.

Table 2 summarizes the main clinical features regarding
the three treatment groups. There were 23 (41%) patients in
group 1 (posterior-only), 24 (42%) in group 2 (anteroposterior
combined), and 9 (17%) in group 3 (anteroposterior staged).

TABLE 1. Patients’ Functional Level'® and Etiology of
Spinal Deformity

No. of Patients
(n = 56)
WHO functional — —
level 1 = walkers
without devices
WHO functional 6

Etiology/No. of
Patients

CP/4, Friedreich ataxia/l,

level 2 = walkers with Syringomyelia/l
limitations in community
walking

WHO functional 5 CP/2, DMD/2,
level 3 = walkers with syringomyelia/l
mobility devices

WHO functional 2 CP/1, DMD/1

level 4 = self-mobilized
with either transport or
power mobility outdoors
WHO functional 43
level 5 = self-mobilized
with severe limitations

CP/29, DMD/5,
spina bifida/4,
Friedreich ataxia/2,
syringomyelia/l,
SMA/1, poliomyelitis/1

WHO, World Health Organization.
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TABLE 2. Main Clinical Data

Age at  Weight at Operative Major Minor Follow-up
Gender Surgery Surgery Operated Time Blood Loss ICU/HDU Hospital Complications Complications Length
Group (M:F) ) (kg) Levels (min) (mL) [EBV] Stay (h) Stay (d) (no. of patients) (no. of patients) (mo)
1 (n=23) 149 14 =2 49+ 12 16 £4 273 £67 2,815 % 953 34 +6 9*38 2 5 56 = 23
[1.1 £0.5] P < 0.05 P < 0.05
2Mm=24) 915 14*=25 43=*9 246 443 £ 175 3228 £ 1,253 4110 137 2 1 50 = 14
P <0.05 [1.2 £ 0.6]
3(m=9) 4:5 1533 410 25*6 38378 2,620*+1584 43*+15 17%5 2 3 50 = 16

[0.9 + 0.5]

Values are means * SD.

Among the 23 patients in group 1, there were 11 affected by
CP, 8 by DMD, 3 by Friedreich ataxia, and 1 by SMA; the last
7 were not deemed medically fit for a double approach. Among
the 24 patients in group 2, 19 were affected by CP, 1 by polio-
myelitis, and 4 by spina bifida. Among the nine patients in
group 3, six were affected by CP and three by syringomyelia.
Two patients in group 3, both affected by spastic quadriplegic
CP and having a stiff thoracolumbar kyphosis as the main
feature of their deformity, underwent a 1-week period of halo-
tibial traction between stages. Sex, age, and weight at surgery,
functional levels, and follow-up length were not significantly
different among the three groups. On average, 8§ levels (range
5-13) were operated on the 37 anterior and 16 levels (range 9—
19) on the 56 posterior procedures. Of 37 anterior procedures,
25 (64%) were instrumented. Of 56 posterior procedures,
48 (86%) included the pelvis. The longest mean operative
time was recorded in group 2, that is, combined approach
(443 minutes; P < 0.05). The highest blood loss was recorded
in group 2 (1.2 EBVs) and the lowest (0.85 EBVs; P < 0.05)
in group 3, that is, staged approach. Blood loss was correlated
with the degree of pelvic obliquity (» = 0.29) and number of
operated levels in all groups: 1 (r = 0.42, P < 0.05), 2 (r =
0.39, P < 0.05), and 3 (r = 0.42, P < 0.05).

Significant intraoperative SSEP changes, that is, drops
to below 50% of baseline trace amplitude, were observed in
seven patients (12.5%). These were all false-positive intraoperative
records; that is, they did not correlate with newly developed
postoperative neurologic deficits.

The longest ICU/HDU stay (46 hours on average) was
recorded in group 3, but this value did not reach statistical
significance compared with the two other groups. Hospital stay
in group 1 (9 days on average) was significantly shorter (P <
0.05) compared with the two other groups.

Major complications affected six patients (10.7%). Of
a total of seven major complications, there was one pneumonia
in a patient in group 2 who eventually required a long-term
tracheostomy, one persistent pleural effusion due to chylo-
thorax in a patient in group 3, two deep wound infections (both
in group 1 patients, resolved with repeat operative debride-
ment), two cases of ileosacral screw loosening requiring
removal (one in group 1 same patient who had the deep wound
infection[ and one in group 2), and one pseudoarthrosis at the
midthoracic level requiring a local revision and fusion pro-
cedure in a group 3 patient. No perioperative death occurred in
this study cohort.

© 2005 Lippincott Williams & Wilkins

Minor complications affected nine patients (16.1%). Of
a total of nine minor complications, there was one superficial
infection that settled with intravenous antibiotics in group 1,
one ischial pressure sore requiring a local flap procedure
6 weeks postoperatively in group 3 (same patient who had
chylothorax), and four cases (four patients, two in group 1 and
one each in groups 2 and 3) of urinary tract infection treated
with oral antibiotics. Furthermore, there were three cases of
implant prominence (proximal hooks and ileosacral screws) in
thin patients, two in group 1 and one in group 3, not requiring
removal at the date of follow-up. Major complications were not
statistically different in the three groups of treatment. Minor
complications prevailed significantly in group 1 (5 patients
affected; P < 0.05).

One patient in the study group died of cardiac failure at
age 19, 41 months after posterior-only spinal fusion. He had
cardiomyopathy and restrictive lung disease, his primary
diagnosis being Friedreich ataxia.

Outcome questionnaires® (Table 3) were returned by 46
of 56 (82%) parents/caregivers. The parents of the deceased
patient refused to respond. Nine other patients had changed
their address at the time of the postal survey, and we have been
unable to track their new address. Their follow-up data are thus
based only on recorded evidence of outpatient and radiology
appointments made until a minimum follow-up of 2 years. The
mean cumulative score of the outcome questionnaire was 26.3
(range 21-31) for 8 patients with flaccid NMS (7 by DMD and
1 by SMA) and 20.9 (range 10-37) for 38 patients with spastic

TABLE 3. Evaluation Questionnaire Scores®

Flaccid NMS Spastic NMS
(n =10) (n = 36)
Cumulative 26.1 = 5.0 209 = 6.5
Cosmesis 4+14 42 +19
Function 6+ 3.6 3.8 +38
Self-image 0.7 =09 0.7+ 13
Pain 0.7 =09 0.7 =13
Patient care 1*+14 1.6 = 3.9
Pulmonary function 0.7 £09 05 * 1.6
Quality of life 4+05 3+32
Satisfaction 9£25 64 44
Note: Validated for flaccid NMS only. Scores are means * SD.
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NMS whose parents/caregivers completed the questionnaire.
The highest scores in both flaccid and spastic patients were
recorded in the areas of satisfaction, cosmesis, function, and
quality of life. In flaccid patients, satisfaction and function
scores were definitely higher than in spastic ones (on average 9
and 6 compared with 6.4 and 3.8, respectively). No statistical
test was applied to these data because the questionnaire is not
validated for spastic NMS cases. The lowest questionnaire
score was recorded in the above-described patient affected by
CP who required a long-term tracheostomy.

Table 4 summarizes the main radiographic data of the
three study groups. On average, preoperative coronal de-
formity was lower in group 1 (58°) than in group 2 (72°; P <
0.05) and group 3 (86°; P < 0.001), whereas no significant
differences were noted in preoperative kyphosis and lordosis
angles. Again, main preoperative pelvic obliquity was lower in
group 1 (8°) than in group 2 (19°; P < 0.05) and group 3 (18°;
P < 0.05). Correction of scoliosis compared with preoperative
values was statistically significant within groups, but no
differences were significant among groups. At follow-up, loss
of correction of the coronal deformity varied from 0% (group
1) to 2% (group 2). Variation of kyphosis values observed after
treatment prevailed in group 1; differences with preoperative
values were all statistically significant within groups, but no
differences were significant among groups. More importantly,
in all groups, an average return to values of kyphosis close to
normality was observed postoperatively, without significant
changes at follow-up. Variation of lordosis angles prevailed in
group 2 (5°; P < 0.05 versus groups 1 and 3), with a corrective

effect on lordosis (—2°) recorded in group 1. At follow-up,
change of lordosis angles prevailed in group 1 (3°). Correction
of pelvic obliquity compared with preoperative values was
statistically significant in groups 2 and 3. At follow-up, loss of
correction of pelvic obliquity prevailed in group 1 (3° or 38%).
Figure 1 (A and B) illustrates a neuromuscular curve with
pelvic obliquity in a 14-year-old girl with paraplegia due to
spina bifida. Follow-up spinal radiographs (see Fig. 1, C and
D) show the correction of deformity achieved with ante-
roposterior instrumented fusion.

DISCUSSION

There are no published randomized studies on conser-
vative versus surgical treatment of progressive neuromuscular
curves, spinal surgeons being divided between strong oppo-
nents and proponents of the treatment. Nevertheless, reports
are increasingly being published on the favorable results of
surgery on NMS patients. Areas of particular benefit are
better nursing, fewer respiratory complications, improved
feeding, and better cosmesis compared with the preoperative
status. It is therefore not only a matter of curve correction and
stabilization that may provide a satisfactory outcome in these
surgically treated patients, but also of overall improved quality
of life.

The use of postoperative means of external support (casts,
braces) after second-generation ISF for NMS is common.'®
Third-generation segmental ISF has boosted our capability to
correct spinal deformities and allow early ambulating/nursing

TABLE 4. Main Radiographic Data

Scoliosis Reop. (Cobb) Scoliosis Scoliosis Kyphosis Kyphosis Kyphosis
[% flexibility on Postop. (Cobb) f/Up (Cobb) Preop. Postop. Follow-up
Group bending/traction films] [% correction] [% lost] (Cobb) (Cobb) (Cobb) [° lost]
1 (n=23) 69 = 30 24 £ 16 24 = 11 52 =23 32 *+19 31 =19
[64%)] [65%] [0%] P < 0.001 [—1°]
P < 0.001
2 (n=24) 72 = 21 29 = 11 31 = 18 54 =19 41 = 15 44 = 17
[60%)] [59%)] [2%] P < 0.001 [3°]
P < 0.05 P <.05
3(m=9) 86 = 16 40 = 19 41 = 16 50 = 30 38 =11 41 * 25
[48%)] [53%)] [1%] P < 0.001 [3°]
P < 0.001 P < 0.001
Lordosis Lordosis Lordosis Pelvic Pelvic Obliquity Pelvic Obliquity
Preop. Postop. Follow-up Obliquity Postop. (Cobb) Follow-up
Group (Cobb) (Cobb) (Cobb) [° lost] Preop. (Cobb) [% correction] (Cobb) [% lost]
1 (n=23) 31 =22 29 + 15 32+ 15 8§*£2 4*+4 7*2
[3°] [50%)] [38%]
2 (n=24) 22 + 23 27 = 15 27 + 18 19 = 10 9*+38 10 = 8
P < 0.05 [0°] P < 0.05 [47%)] [6%)]
P < 0.05
3(mn=9) 30 = 26 32 16 33 £ 18 18+ 14 9+ 11 10 = 12
[1°] P < 0.05 [50%)] [5%]
P < 0.05

Values are means = SD, expressed as degrees.
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FIGURE 1. A-D, Posteroanterior, lateral preoperative, and follow-up radiographs following anteroposterior combined instru-

mented fusion in 12-year-old boy with spina bifida (see text).

without external supports in idiopathic scoliosis surgery.®®
There is so far no evidence that the same is true in NMS
surgery.

It is widely reported that anteroposterior spinal fusion
increases deformity correction and decreases the risk of
pseudoarthrosis in NMS surgery with second-generation
implants 67111214716 Iy our practice, anterior instrumentation
of lumbar and thoracolumbar deformities with third-genera-
tion implants gives the spine satisfactory solidity, adding to
the strength of posterior instrumentation, with the final result
of'a low loss of correction and pseudoarthrosis rate (see Tables
2 and 4; Fig. 1). This seems to reflect the experience of
other authors with second-generation posterior implants.'®!’
Conversely, we did not find that anterior procedures with or
without instrumentation increase deformity correction, as our
data show that the greatest correction was achieved in the
group of patients treated with posterior-only approaches. A
likely explanation for this finding is that this group of patients
had the greatest curve flexibility, because flaccid deformities
prevailed in patients treated only posteriorly. A few studies
have compared combined versus staged anteroposterior second-
generation ISF in NMS, with results in terms of outcome and
complications that are variably favorable to combined”' or
staged'>'* procedures. The use of halo traction between stages
has not been reported to provide higher correction rates.'¢
Nevertheless, in the authors’ experience, it can be used after
anterior surgical release to make stiff sagittal deformities more
flexible and less demanding to correct by posterior surgery.

Comparison of the results of this study with previous-
generation instrumentation series was not performed because
such a patient population was not available to the authors.
Limitations of the present study include the retrospective study
design and the diversity of diagnoses in the study group.
Previous reports on second-generation ISF for NMS have
similar biases, thus making the results of the present study
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comparable from the point of view of operative time, blood
loss, hospital stay, deformity correction, and complications.
Two points have to be acknowledged when comparing second-
generation studies with the current one: (a) Patients in our
series possibly received improved preoperative assessment and
postoperative care, improved anesthetic techniques, and ded-
icated rehabilitation programs; (b) only crude numbers can be
compared, statistical analysis being impossible owing to dif-
ferent data reports in the previous studies. Table 5 summarizes
the main indexes of clinical and radiographic outcome by
comparing the results of the current study (considering cohort
values) with those of second-generation anteroposterior ISF in
NMS patients.>%!!:12

This retrospective analysis on a series of 56 patients con-
secutively treated by a single surgeon shows that at an average
follow-up of >4 years, segmental ISF with third-generation
implants in NMS patients provides improved quality of life with
satisfactory correction of coronal deformity, sagittal deform-
ities, and pelvic obliquity. There were statistically significant
differences in the main indexes of clinical outcome (Table 2)
among patients treated posteriorly only or anteroposteriorly:
Patients treated with posterior-only procedures had the shortest
hospital stay but the highest incidence of minor complications,
whereas patients treated with anteroposterior combined
procedures had the longest operating time and highest blood
loss, the latter not being statistically significant. Blood loss
correlated significantly with the number of operated levels
(a parameter of the extent of surgery) in all types of procedures,
but not with the number of complications. Blood loss also
correlated with the degree of pelvic obliquity, a finding that is
explained by the necessity for more extensive anterior and
posterior surgeries with increasing pelvic obliquity.

The major complication rate (10.7% of patients) in this
study cohort was remarkably lower than that generally
reported for second-generation instrumentation (Table 5) with
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TABLE 5. Comparison of Main Clinical and Radiographic Data of Current Study with Similar Reports on Second-Generation

ISF in NMS
No. of Operative Blood Hospital Questionnaire® Mean Scoliosis %
Report Patients Time (min) Loss (mL) [EBV] Stay (d) Cumulative Score Correction
Current study, cohort data 56 370 3250 [1.1] 14 26.1 (flaccid NMS) 59
Benson et al® 50 402 1839 [unknown] 20 Not applicable 65
Bridwell et al® 54 Unknown Unknown Unknown 17.5 (flaccid NMS) 51
Sarwahi et al'' 111 Unknown 660 [unknown] Unknown Not applicable Unknown
Tsirikos et al,'* cohort data 45 420 2600 [1.6] 26 Not applicable 67
Kyphosis (°), Lordosis (°), Pelvic Major Minor Mean
Follow-up Follow-up Obliquity % Complications Complications Follow-up
Report Mean Mean Correction (% of patients) (% of patients) Length (mo)
Current study, cohort data 37 32 47 10.7 16.1 53
Benson et al® Unknown Unknown 75 14 28 40
Bridwell et al® 9 (thoracolumbar) Unknown 57 7.3 1.8 92
Sarwahi et al'! unknown Unknown Unknown 21.6 22.5 Unknown
Tsirikos et al,'* cohort data 41 40 75 433 50 38

the single exception of the above-referenced study on flaccid
NMS patients.’> A lower complication rate possibly resulted
from improved preoperative assessment, intraoperative man-
agement, and postoperative care compared with previous
reports. Major complications were equally distributed among
patients treated with the three different procedures, although
deep wound infections were observed only in the group of
patients treated with posterior-only procedures. In the current
authors’ practice, deep wound infections tend to affect NMS
patients treated with any procedure. The pseudoarthrosis

FIGURE 2. A-B, Posteroanterior and lateral
preoperative and follow-up films in a 15-year-
old boy with DMD. There are adequate
lumbar fixation points following posterior-
only instrumentation.

436

rate detected at an average follow-up of 4 years (1 of 56
patients or 1.8%) in the present series is in the lower range
compared with previous reports on second-generation ISF
(1.5-10%).>->6-1112.14.15 The Jow pseudoarthrosis rate, possibly
due to the increased stability provided by third-generation
instrumentation, is reflected in a minimal loss of correction of
scoliosis, kyphosis, and lordosis angles (0—6% in the different
groups) observed at follow-up (Table 4). Nevertheless, we
noted that in the group of patients treated with posterior-only
procedures, loss of correction of lordosis was noticeable at

© 2005 Lippincott Williams & Wilkins
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Neuromuscular Scoliosis

FIGURE 3. A-D, Posteroanterior and lateral follow-up films in a 13-year-old boy with spastic quadriplegic CP. Note the paucity of
lumbar fixation points following anterior release/fusion and posterior-only instrumentation. The right rod has disengaged from the
iliac bolt, indicating local motion and possibly lumbosacral pseudoarthrosis.

follow-up. Also, correction of pelvic obliquity and loss of
correction of the same at follow-up were worse in the group of
patients treated with posterior-only procedures than in patients
treated with anteroposterior combined and staged procedures,
a finding that could lead to deterioration of the patients’ con-
ditions at a later date. During the review of the postoperative
and follow-up films, it became apparent that in a number of
early patients, posterior instrumentation was not applied
segmentally (Fig. 2). The paucity of fixation points at the apex
of coronal and sagittal curves might cause loss of correction
through failure of instrumentation and pseudoarthrosis at a
later date. Therefore, we suggest that a strictly segmental con-
cept of fixation should be applied to posterior third-generation
instrumentation in neuromuscular deformities (Fig. 3).

The administration of an outcome questionnaire® for the
evaluation of results of NMS treatment was an effort to move
on from the subjective evaluation models that previous authors
have reported. This questionnaire was used for evaluation of
spastic cases too because no validated questionnaires exist for
these patients to date. The designers of the adopted question-
naire’ validated it only for evaluation of flaccid cases (DMD
and SMA) treated with second-generation instrumentation,
reporting an average cumulative total of 17.5 points in their
patients (Table 5). We recorded a 26.3-point mean score in
our flaccid NMS patients and, for descriptive purposes only,
20.9-point mean score in our spastic NMS patients. Still, dis-

© 2005 Lippincott Williams & Wilkins

satisfaction might have been expressed by the parents/care-
givers who could not receive the outcome questionnaire.
Scores in the specific areas of cosmesis and quality of life
(Table 3) of our flaccid NMS patients were remarkably similar
to those reported for flaccid NMS patients treated with second-
generation instrumentation.> In both our spastic and flaccid
patients, “major improvements” were recorded on average in
the areas of satisfaction, cosmesis, function, and quality of life,
although higher scores were recorded in flaccid than in spastic
patients in the specific areas of satisfaction and function. This
finding might be explained by the fact that flaccid cases were
treated when functional deterioration was starting to be signif-
icant. On the other hand, it might suggest that the course of this
deterioration was altered by surgical intervention.

Based on the results of this study, we conclude that
segmental third-generation ISF is able to offer NMS patients
improved quality of life through satisfactory and lasting
correction of their spinal deformity, at the expense of a lower
complication rate than that generally reported for second-
generation ISF.
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Spinal deformity in neurofibromatosis
type-1: diagnosis and treatment

Abstract Spinal deformity is the
commonest orthopaedic manifesta-
tion in neurofibromatosis type-1 and
is categorized into dystrophic and
non-dystrophic types. Management
should be based on a meticulous
assessment of the spine with plain
radiography and magnetic reso-
nance imaging (MRI) to rule out the
presence of dysplastic features that
will determine prognosis and surgi-
cal planning. MRI of the whole
spine should also be routinely
obtained to reveal undetected int-
raspinal lesions that could threaten
scheduled surgical interventions.
Non-dystrophic curvatures can be
treated with similar decision-making
criteria to those applied in the
management of idiopathic scoliosis.
However, close observation is nec-
essary due to the possibility of
modulation with further growth and
due to the increased reported risk of

Introduction

pseudarthrosis after spinal fusion.
The relentless progressive nature of
dystrophic curves necessitates
aggressive operative treatment,
which often has a significant toll on
the quality of life of affected patients
through their early childhood.
Bracing of dystrophic curves has
been unsuccessful. Combined ante-
rior/posterior spinal arthrodesis
including the entire structural com-
ponent of the deformity is indicated
in most cases, particularly in the
presence of associated sagittal
imbalance. This should be per-
formed using abundant autologous
bone graft and segmental posterior
instrumentation to minimize the risk
of non-union and recurrence of the
deformity.

Keywords Neurofibromatosis -
Spine deformity - Management -
Radiography - MRI

Individuals with the disorder have attracted in

Neurofibromatosis is the most frequent single-gene dis-
order affecting mankind [12]. Itis a disorder of neural crest
cells defined as a spectrum of multifaceted diseases,
probably hamartomatous in origin, involving neuroec-
toderm, mesoderm and endoderm [16]. Its clinical mani-
festations have in common the presence of neurofibromas,
schwannomas and café-au-lait macules, which can
potentially appear within any organ system of the body,
involving primarily the skeleton, skin and soft tissues.

the past significant public interest mainly due to the
dramatic cutaneous manifestations, the overgrowth of
an extremity as part of a gigantism process and the
development of severe spinal deformities causing
devastating cosmetic results. ‘““The Hunchback of Notre
Dame™, a novel written by Victor Hugo, portrays
Quasimodo as a man with a deformed back who was
probably affected by neurofibromatosis [33]. The con-
dition drew public attention when Joseph Carey Mac-
Donald Merrick (John Merrick), who was portrayed in
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the book and play “The Elephant Man”, was thought to
have neurofibromatosis. However, it is now believed
that Proteus syndrome was a much more likely diagnosis
[4, 61].

Historically, the clinical symptomatology of neurofi-
bromatosis has been described as early as the 14th
century [52]. Virchow, a well-known German patholo-
gist, reported more than 150 years ago clinical features
of the condition in several members of the same family,
while 35 years later his student von Recklinghausen
investigated the histological characteristics of the
disorder that was later named after him [70, 72].

Classification and diagnosis

Two distinct clinical forms of neurofibromatosis have
been described; neurofibromatosis-1 (NF-1) or periph-
eral neurofibromatosis and neurofibromatosis-2 (NF-2)
or central neurofibromatosis. Other investigators also
accept two additional clinical types namely segmental
and mixed neurofibromatosis [16]. Central neurofibro-
matosis affects 1:50,000 individuals and is characterized
by bilateral acoustic neuromas. It is not associated with
primary skeletal disorders and orthopaedic complica-
tions [43, 55]. The most common form of neurofibro-
matosis is NF-1, which affects 1:3000-4000 individuals
and 1,000,000 people worldwide, being seen in all racial
and ethnic groups [2, 9, 27, 32, 39]. Inheritance of the
disorder is autosomal dominant with high penetrance.
Nevertheless, approximately 50% of cases arise spo-
radically due to de novo mutations [7, 67, 54, 71]. Ad-
vanced paternal age appears to predispose to new
mutations in the NF-1 gene [54].

NF-1 is caused by a defect in the gene responsible
forthe production of the protein neurofibromin. This is a
tumour suppressor gene linked to the long arm of
chromosome 17 [16, 67, 71]. Neurons, oligodendrocytes,
non-myelinated Schwann cells, adrenal medulla, testes
and leukocytes are the primary sites where neurofibro-
min demonstrates its highest expressivity [18, 31]. The
major function of the gene product appears to be regu-
lation of the ras protein [44, 71]. Absence of neurofi-
bromin expression results in tumourgenic effects and
the development of NF-1 associated neoplasms,
including malignant peripheral nerve sheath tumours,
pheochromocytomas, malignant myeloid dysplasias and
benign neurofibromas [46, 71]. The role of ras in
the pathogenesis of tumours in NF-1 has suggested an
approach to treatment using ras inhibitors, some of
which are likely to begin clinical trials in patients
with NF-1 in the near future [44]. Moreover, neurofi-
bromin is a large protein with 2,818 amino acids and
has many locations probably interacting with other
intracellular proteins. Therefore, one could postulate
that interruption of this combined activity could be

contributory, apart from the formation of neoplastic
lesions, to the development of the other numerous
clinical manifestations evident in individuals with NF-1
[19, 30].

The NF-1 gene is fairly large, with approximately
300,000 base pairs [16]. It also demonstrates a consid-
erably high mutation rate, lacks hotspots where these
mutations arise, has a variable expressivity from patient
to patient and does not show a clear genotype-pheno-
type correlation [71]. These are the reasons why, despite
the identification of the neurofibromin gene, prenatal
genetic diagnosis still remains clinically impractical [16,
29]. The detection of new cases is, therefore, still based
on clinical criteria defined by the 1987 Consensus
Development Conference of the National Institutes of
Health on NF-1 (Table 1) [53]. Diagnosis requires at
least two of the described criteria to be present [53].

Clinical manifestations of NF-1

Patients with NF-1 may present with a wide variety of
clinical manifestations that may not all be readily
apparent at birth. Café-au-lait spots are present in over
90% of all individuals affected by NF-1, usually in early
childhood and classically take on a Coast of California
appearance [16, 71]. Axillary or inguinal freckling also
bears a high specificity for confirming the diagnosis of
NF-1 in children. Lisch nodules of the iris are common
in children above the age of 6 years [48] and are evident
in most patients older than 30 years [54]. In contrast,
optic gliomas constitute an infrequent finding [39].
However, a limited percentage of these tumours may
enlarge rapidly and cause exophthalmos and visual
compromise [16]. Neurofibromas appear around pub-
erty and can be cutaneous or deep, infiltrating the sur-

Table 1 Diagnostic criteria defined by the 1987 Consensus
Development Conference of the National Institutes of Health for
the diagnosis of neurofibromatosis [53]. Two or more criteria
present confirm the diagnosis of NF-1

Diagnostic criteria for NF-1

Six or more cafe-au-lait macules >5 mm in greatest diameter
in pre-pubertal individuals and > 15 mm in greatest diameter
in post-pubertal individuals

Two or more neurofibromas of any type or more than
one plexiform neurofibroma

Freckling in the axillary or inguinal regions

Optic glioma

Two or more Lisch nodules (iris hamartomas) by slit
lamp examination

A distinctive osseous lesion, such as sphenoid dysplasia
or thinning of a long bone cortex, with or without
pseudoarthrosis

A first-degree relative (parent, sibling, or offspring)
with NF-1 by the above criteria




144

429

rounding tissues and affecting peripheral nerves or the
spinal cord. These lesions can potentially increase in size
and number due to puberty or pregnancy and are quite
frequent in patients over 30 years old [14, 54].
Approximately 50% of patients with NF-1 will de-
velop severe orthopaedic complications during child-
hood with spinal deformity and congenital
pseudarthrosis of the tibia creating the most challenging
therapeutic dilemmas [12, 71]. A recent study reported
that 70% of affected individuals would require hospi-
talization to address surgical or medical issues directly
related to neurofibromatosis [79]. Familiarity with the
various manifestations of NF-1 in different anatomic
locations is, therefore, critical in making an early diag-
nosis and optimizing treatment. The mainstay of care for
these patients focuses on the symptomatic management
of disease complications. Counselling of patients and
their families should provide adequate information on
the possible disease complications, which may impede
the quality of patients’ life at a very early age, while
emphasizing that most individuals with NF-1 have
normal life expectancy and lead a productive life.

Spinal deformity in NF-1: classification and imaging
evaluation

Scoliosis is the most frequent musculoskeletal manifes-
tation in NF-1, usually occurring in the thoracic region
[2, 16, 58]. Almost a century ago, both Gould [28] and
Weiss [73] called attention to the high incidence of spinal
deformity in patients with neurofibromatosis. However,
the true prevalence of spinal deformity in NF-1 remains
unknown, with figures in the literature ranging from 2 to
69% [2, 12, 16, 21, 26, 35, 38, 45, 50, 57, 58, 63, 64, 66].
Conversely, 2-3% of all scoliotic patients with signifi-
cant curves have neurofibromatosis [57]. Suggested
aetiological theories for the development of spinal
imbalance in this condition include erosion or infiltra-
tion of bone by localized neurofibromas, primary
mesodermal dysplasia, osteomalacia and endocrine dis-
turbances [8, 16, 26, 43].

Coronal spinal decompensation in neurofibromatosis
is generally classified into non-dystrophic and dystro-
phic types based on the absence or presence of skeletal
dysplasia on plain radiographic evaluation, with the
clinical and radiological features in the non-dystrophic
type being similar to idiopathic scoliosis [26, 75] (Fig. 1).
A meticulous search for evidence of dysplastic changes
should be performed in all patients since prognosis and
management of the scoliotic curve depend largely on the
presence of dystrophic features (Table 2). Dystrophic
features include vertebral scalloping (posterior, lateral or
anterior) (Fig. 2), rib pencilling (Fig. 3) or spindling of
the transverse processes, wedging of one or more ver-
tebral bodies (Fig. 4), paraspinal or intraspinal soft tis-

Fig. 1 PA radiograph of the spine demonstrating a non-dystrophic
curve pattern in NF-1

sue masses, a short curve with significant apical rotation,
occasionally leading to subluxed or dislocated vertebral
bodies, foraminal enlargement and defective pedicles.
Dystrophic changes are thought to be either intrinsic in
origin or associated with intraspinal anomalies, namely
abnormalities of the dura mater such as dural ectasia, or
dumbbell neurofibromas extending through the inter-
vertebral foramina and causing foraminal enlargement
[16, 43]. As a general rule, the more severe the dystrophic
changes identified in the vertebral bodies, the higher the
likelihood that the scoliotic curvature will deteriorate. In
a previous study investigating the evolution of spinal
deformity in NF-1, when a combination of three or more
dysplastic features was present, the risk of curve pro-
gression was significantly increased in 85% of the pa-
tients, while rib pencilling was the only singular
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Fig. 2 Vertebral scalloping in NF-1. a Lateral coned radiograph of
the lower thoracic spine demonstrating posterior vertebral scallop-
ing (arrows). b Lateral coned radiograph of the lower thoracic spine
demonstrating anterior vertebral scalloping

Fig. 3 AP radiograph of the upper chest wall demonstrating rib
pencilling (arrows)

dystrophic factor statistically influencing risk of scoliosis
deterioration [22].

A finding characteristic of NF-1 is dural ectasia, an
expansion of the thecal sac at the expense of the bony
and ligamentous structures. This may result in posterior
vertebral scalloping (Fig. 5) and lateral thoracic men-
ingocele formation (Fig. 6), often causing destabiliza-
tion of the vertebrae leading to spontaneous subluxation
or dislocation, as well as penetration of the spinal canal
by protruding ribs separated from their costotransverse
attachments [25, 49, 60]. Canal widening, as the result of
dural ectasia, is the reason why even tremendous angular
deformities may not be accompanied by spinal cord
compromise and neurologic deficit. On the contrary, if
an intraspinal neurofibroma is the aetiological factor
related to the development of canal expansion (Fig. 7),
as with any other space-occupying lesion, it can provoke
cord compression.

If dystrophic changes are noted on plain radiographs,
magnetic resonance imaging (MRI) has been considered
absolutely essential to further investigate the intraspinal
contents [16], particularly when surgical management of
scoliosis is anticipated [16, 43]. MRI of the entire spine is
recommended as part of the routine preoperative
assessment in all patients with neurofibromatosis to
detect intraspinal mass lesions [16, 57, 67]. It is worth
noting that the interpretation of MRI can occasionally
be difficult in patients with complex deformities includ-
ing significant vertebral rotation and acute kyphosis.

In our institution, patients with NF-1 who present
with spinal curvatures are routinely screened at initial
presentation with the use of plain radiographs in order to
characterize the deformity in both coronal and sagittal
planes and identify associated dystrophic changes. MRI
is obtained as part of the regular imaging evaluation,
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Fig. 4 Coronal TIW MRI showing wedging of the L3 vertebra

Table 2 Typical dysplastic changes evident on plain radiographs in
patients with NF-1 [22, 26, 37, 43]

Dysplastic changes

Vertebral scalloping (considered to be present when
the depth of scalloping is more than three millimetres
in the thoracic spine or more than four millimetres
in the lumbar spine)—this is either associated with
dural ectasia or neural tumour

Rib pencilling (considered to be present when the width
of the rib was smaller than that of the narrowest portion
of the second rib)

Transverse process spindling

Vertebral wedging

Paravertebral soft tissue mass

Short curve with severe apical rotation

Intervertebral foraminal enlargement

Widened interpediculate distances

Dysplastic pedicles

Fig. 5 Sagittal T2W MRI showing dural ectasia in the lower
thoracic region associated with posterior vertebral scalloping

regardless of the presence of neurological symptoms,
with the aim of delineating intraspinal and paraspinal
lesions and better illustrating the components of the
deformity. In our experience, MRI of the whole spine
identified vertebral dysplasia in 36.3% of cases of NF-1
initially classified on plain radiography as having non-
dystrophic curves, while 25% of this subgroup of pa-
tients required early surgical correction of the curvature
due to rapid progression. This finding indicates the po-
tential value of whole spine MRI at presentation in pa-
tients with NF-1 and spinal deformity in clarifying the
classification of curve type and assisting management
planning.

The need for preoperative assessment with whole
spine MRI to exclude underlying intraspinal pathology
cannot be overemphasized. However, the requirement
for radiological surveillance of spinal tumors in patients
with NF-1 that are not scheduled for spine surgery is
controversial. Previous investigators have used whole
spine MRI, in conjunction with plain radiographs, as a
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Fig. 6 Coronal T2W MRI showing dural ectasia and a right lateral
thoracic meningocele in the upper thoracic region

diagnostic tool to detect the presence of spinal tumors in
patients with NF-1 [23, 42, 69]. Egelhoft et al. [23]
identified a high incidence of spinal tumors on MRI
(35.7%) in a mixed population of adult and pediatric
patients with NF-1 without spinal deformity, and sug-
gested that MRI of the spine should be performed as a
routine test in this patient group. In contrast, other
investigators do not advocate routine MR imaging and
emphasize that MRI should be indicated by clinical
necessity [32]. Khong et al. [42] examined 62 children
with NF-1 with whole spine MRI and reported an
incidence of 13.2% for spinal neurofibromas, closely
associated with an increased incidence of scoliosis,
localized cutaneous neurofibromas and massive soft-
tissue neurofibromas. Thakkar et al. [69] conducted an
MRI study including 1,400 children and adults and de-
tected symptomatic spinal tumors in only 23 patients
(1.6%).

In our experience, the prevalence of intraspinal and
extraspinal neurofibromas was relatively higher com-
pared to that previously documented [23, 42, 69], with a
cumulative incidence of 37% in a combined group of
patients with dystrophic and non-dystrophic curves.

Fig. 7 Coronal T2W MRI in the cervicothoracic region showing a
dumb-bell neurofibroma compressing the cervical spinal cord
(arrow)

However, none of these tumors was associated with any
neurological impairment and all patients were com-
pletely asymptomatic on serial clinical examination.
Intraspinal or paraspinal neurofibromas were identified
in almost half of the patients in the dystrophic group. In
this group, there was a tendency for the neurofibromas
to develop adjacent to the convexity of the curve
(Fig. 8).

Management of spinal deformity in NF-1
Non-dystrophic curves

Non-dystrophic curves can be managed similarly to
idiopathic scoliosis and demonstrate comparable re-
sponse to treatment [3, 13, 15, 43, 55, 62, 75]. If the
magnitude of the scoliotic deformity is less than 20-25°,
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Fig. 8 Coronal TIW MRI in the mid-thoracic region showing a
neurofibroma adjacent to the convexity of the curve and associated
with minor lateral vertebral scalloping

the patient may be observed closely at regular 6-monthly
clinic visits. Brace treatment can be applied for curves
between 20° and 40° if the patient still has significant
remaining growth. When bracing is selected as the pre-
ferred management option, it should be noted that
compliance can be particularly challenging, since chil-
dren with NF-1 may often have cognitive dysfunction,
intellectual handicap, attention deficit disorders, seizures
and a greater degree of social, emotional and psycho-
logical problems compared to their unaffected siblings
[24, 41].

If the deformity exceeds 40°, it should be treated
surgically by a posterior spinal fusion and segmental
instrumentation. The use of autologous iliac crest graft
is recommended to enhance a solid bony fusion, espe-
cially since there is evidence of a higher incidence of non-

union after attempted instrumented spinal fusion in
patients with NF-1 in comparison to those with idio-
pathic scoliosis [1, 13, 15, 16, 43, 55]. For curves of more
than 55-60°, where increased rigidity should be antici-
pated, combined anterior release and bone grafting fol-
lowed by posterior spine fusion with the use of
instrumentation is often necessary to achieve restoration
of spinal balance [13, 15, 40, 43, 55].

Close observation of the evolution of deformity is
critical due to the possibility of modulation of spinal
deformity from non-dystrophic to dystrophic curves and
the development of spinal canal neurofibromas, giving
rise to pressure-induced expansion of the canal and
secondary dysplastic changes in the vertebral bodies [16,
22]. Modulation of non-dystrophic to dystrophic scoli-
otic curvatures is unique to children with neurofibro-
matosis, with a reported incidence that varies from 81%
in patients diagnosed before 7 years of age to 25% in
those detected after the age of 7 years [22]. When
observing patients with NF-1 initially classified as hav-
ing non- dystrophic curves over an extended period of
time, there is a higher propensity for developing pro-
gressive deformity compared to the idiopathic scoliosis
population. In these patients dystrophic changes may
develop with growth as part of the modulation phe-
nomenon, but do not show a consistent pattern across
the neurofibromatosis population [13, 15, 26, 43]. It is
possible that the dystrophic features in this subgroup of
skeletally immature patients with idiopathic-like curves
have not yet been developed. Another explanation,
however, could be that at least certain patients in the
non- dystrophic group had occult dystrophic changes
initially missed on plain radiography. This concept
would call into question the theory of modulation as
postulated by Durrani et al. [22].

Dystrophic curves

The dystrophic type of scoliosis is less common, but
much more resistant to management [0, 67]. This type of
deformity is characterized by short segment, sharply
angulated, single thoracic curves that involve four to six
vertebral levels and present with three or more dystro-
phic elements [67]. Dysplastic scoliotic curves may be
associated with sagittal plane deformities, namely an
angular apical thoracic kyphosis (Fig. 9), or less com-
monly thoracic lordosis. These concomitant deformities
should be recognized early, as they play a significant role
in surgical planning.

Dystrophic curves should be treated aggressively, as
there is a strong tendency for curve progression even
following spinal fusion [3, 6, 16, 43, 75, 77]. The natural
history of untreated dysplastic curves, particularly be-
tween the ages of 6 and 18 years, is that of relentless
deterioration [5]. Passive observation of dystrophic
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Fig. 9 a AP and b lateral
radiographs of the spine show-
ing the classical acute upper
thoracic kyphoscoliosis

curves as they progress throughout childhood is inade-
quate and unjustifiable [16, 75]. Brace therapy has been
ineffective [62, 76] and the need for early aggressive
surgical intervention is well documented even in young
children [3, 6, 8, 13, 15, 43, 55, 62, 66, 75, 77]. Early
spinal fusion does not lead to loss of trunk height since
the developing curves are usually short-segment, with
limited growth potential. Therefore, loss of height
should be anticipated if the deformity is allowed to
progress rather than if premature fusion is performed.
Apart from the presence of dystrophic changes, other
factors that increase substantially the risk of curve
deterioration include a young age and a high magnitude
of deformity at initial presentation, pathological ky-
phosis of greater than 50°, location of the apex of the
curvature in the mid to caudal thoracic region of the
spine, severe apical vertebral rotation of more than 11°,
and a severely notched anterior vertebral body [6, 13, 15,
26, 37, 43, 55, 66, 75].

Dystrophic scoliotic curves less than 20° should be
closely observed at 6-month intervals to identify any
sudden rapid progression and thus prompt surgical
management. For patients with scoliotic deformities

measuring 20-40° with less than 50° of kyphosis, pos-
terior spinal arthrodesis using segmental fixation with
either multiple sublaminar wires or dual rod-multiple
hook constructs and the application of autologous iliac
crest graft is strongly indicated [16, 43]. Pedicle screws
can be occasionally used to provide more stable fixation
in the thoracolumbar and lumbar spine in the absence of
pedicular dysplasia. Apart from this selective group of
patients that can be treated with isolated posterior in-
strumented fusion, for most types of progressive dys-
trophic curvatures regardless of the degree of sagittal
imbalance, antero-posterior fusion is recommended and
provides more reproducible results.

Skeletally immature patients with curves that deteri-
orate in an uncontrolled fashion require an additional
anterior spinal fusion in conjunction to the posterior
surgery, with the aim of preventing the development of
crankshaft phenomenon. This is produced by continuing
unbalanced anterior vertebral growth, which results in
increasing rotation of the spine in the presence of a
posterior tether caused by the fusion [55]. When the
dystrophic scoliotic curve exceeds 40°, combined ante-
rior/posterior spinal fusion including anterior discecto-
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my, intervertebral bony fusion with autograft followed
by posterior instrumented arthrodesis provides more
consistent results in both correcting the deformity and
reducing the risk of pseudarthrosis [16]. Both procedures
can be performed under the same anesthetic session,
unless there is a medical contraindication such as
excessive hemorrhage.

Patients with coronal deformity and a dystrophic
angular kyphosis also respond poorly to posterior fusion
alone. Most authors recommend combined anterior/
posterior spinal arthrodesis as the most reliable surgical
option in the presence of associated thoracic hyperky-
phosis that exceeds 50° [6, 16, 55, 56, 67]. In the latter
situation, a structural bone autograft, either rib or fib-
ula, should reinforce the anterior intervertebral fusion
followed by posterior instrumentation and arthrodesis
using a copious amount of autologous iliac crest bone.

When a neurological deficit is present in a young
patient with neurofibromatosis, it is usually caused by
increasing kyphosis. Other contributory factors include
penetration of the ribs into the spinal canal, structural
instability of the vertebral column, progressive dystro-
phy or destruction of the vertebrae, fibrofatty tissue
reaction, intraspinal tumour or dural ectasia [15, 16, 20,
40, 43, 68, 75, 78]. Kyphosis results considerably more
than scoliosis in neurologic impairment by creating a
pathological spinal flexion, which produces excessive
attenuation and deformation of the spinal cord paren-
chyma and gives rise to neurological symptoms [17, 47,
51]. If the cord is compressed due to the development of
a progressive kyphotic deformity, treatment should
consist of anterior decompression through a vertebrec-
tomy in the concavity of the deformity followed by
combined circumferential bony fusion. Laminectomy
has been shown to be ineffective to release pressure in a
sharply angulated spinal cord [77]. In the presence of an
angular kyphotic deformity, shown to be flexible on
extension radiographs, with associated mild neurologic
involvement, preoperative halo-dependent traction may
be considered, in order to maximise curve correction
during the anterior decompression and facilitate place-
ment of the strut graft [15, 43].

Intraspinal tumours can also contribute to spinal
cord encroachment and neurologic compromise, partic-
ularly in older patients [16, 43]. Treatment consists of
laminectomy in combination with tumour resection.
Hemilaminectomy is preferable when feasible with the
aim of preserving as much bone stock as possible. Re-
moval of the lesion must be accompanied by prophy-
lactic instrumentation and spinal arthrodesis to stabilize
the vertebral segments that have been decompressed and
prevent the development of post-laminectomy kyphosis
[10, 16, 43, 55].

The development of thoracic lordosis is relatively
infrequent in patients with NF-1. However, it is often
associated with significant respiratory compromise and

mitral valve prolapse [34, 74]. Anterior discectomy and
fusion followed by posterior fusion using segmental
instrumentation, either sublaminar wires or rod-multiple
hook constructs should be performed to restore normal
sagittal alignment.

There are several difficulties that a spine surgeon in-
volved in the management of patients with neurofibro-
matosis should be prepared to encounter. Excessive
bleeding can hamper particularly anterior approaches to
the vertebral bodies and can occur due to the presence of
paraspinal neurofibromas and plexiform venous chan-
nels in the soft tissues surrounding the spine (Fig. 10).
The disproportionate vascularity of neurofibromatous
soft tissue is also responsible for the increased frequency
of postoperative haemorrhage and haematoma forma-
tion [37, 50]. Meticulous haemostasis and wound
drainage are necessary to address this problem. More-
over, patients with NF-1 often suffer from hypertension,
occasionally associated with renal artery stenosis or
pheochromocytoma [59, 71]. Therefore, thorough
investigation is required to identify the actiology of
elevated blood pressure.

In patients with neurofibromatosis the fusion area
has to be generous. The usual reason for failure of spine
surgery is the implementation of technically inadequate
anterior procedures, such as performing a short fusion
or using a limited amount of bone graft [16, 43, 75, 77].
The entire structural area of the deformity should be
fused anteriorly with complete disc resections, interpo-
sition of iliac crest and rib morselized autograft and
additional strong strut grafting using fibular or rib
autologous graft in the presence of kyphosis. All grafts

Fig. 10 Axial TIW MRI through the upper thoracic spine
demonstrating plexiform neurofibromatous tissue (arrows) around
the vertebral body, entering the left intervertebral foramen and
associated with posterior vertebral scalloping
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should have direct contact with the spine and with each
other, while any intervening soft tissue should be
meticulously excised. Bone grafts surrounded by
abnormal neurofibromatous soft tissue demonstrate an
increased tendency to resorb in the midportion [75].
Following the anterior stage of the procedure, posterior
segmental instrumentation and iliac crest autogenous
graft should be used to secure fixation and enhance a
solid arthrodesis. The fusion should be extended to in-
clude the neutral vertebra above and below the curve
[16]. During the posterior exposure of the spine, the
surgeon should be particularly careful to avoid invading
the spinal canal and injuring the cord in arcas where the
posterior bony elements are weakened due to the pres-
ence of intraspinal tumours or dural ectasia.

Segmental instrumentation can occasionally be chal-
lenging, since severely deformed vertebrae constitute
poor anchorage points for fixation. If internal fixation is
not technically feasible because of poor bone stock, in
situ fusion with bone autograft and application of a
postoperative cast or brace is necessary [43, 55]. If
excessive angular kyphosis is present or if the vertebrae
are weak due to the bony dysplasia, postoperative or-
thotic immobilization is recommended even if instru-
mentation has been successfully applied, in order to
remove excessive strains at the proximal hook sites and
prevent dislodgement of the implants [36, 43, 55, 62, 65].
Due to the high incidence of pseudarthrosis, evaluation
of the fusion mass should be routinely performed at
6 months. If there is evidence of weakness of the fusion
mass, posterior re-exploration and augmentation of the
fusion should be undertaken [16, 55, 75, 77].

Scoliosis in the lumbar spine is relatively uncommon
in NF-1. However, the principles of treatment do not
differ. In the operative management of a lumbar cur-
vature, it is important to rule out the presence of
spondylolisthesis, which shows an incidence similar to
that in patients without neurofibromatosis. In NF-1,
spondylolisthesis can be the result of an increased
diameter of the spinal canal, causing pathologic elon-
gation and thinning of the pedicles and giving rise to an
abnormal forward displacement of the anterior bony
elements of the spine [16]. Distortion of the pedicles
precludes reduction maneuvers using pedicle screws,
while posterior fusion even after the application of
autologous bone graft may be delayed, necessitating
further reinforcement of the fusion mass at 6 months, if
imaging studies show evidence of poor healing.

Deformities of the cervical spine in NF-1 have received
little attention in the literature. They can cause neck pain
and occasionally neurological complications, including
nerve root compromise and complete or incomplete
spinal cord deficits [11, 17, 55, 80]. However, in a large
percentage of patients, cervical deformities are asymp-
tomatic, therefore, anteroposterior and lateral radio-
graphs should always be obtained, especially for patients

scheduled to undergo instrumented fusion of the thoracic
or lumbar spine or halo-dependent traction. If dystrophic
features are identified, oblique radiographs can illustrate
the presence of dumpbell lesions. Instrumentation and
manipulation of the spine in the presence of undetected
cervical intraspinal lesions can be extremely dangerous.
Kyphosis is the most common deformity occurring in
the cervical spine in neurofibromatosis (Fig. 11). It is
often the result of a previous excision of an intraspinal
tumorous mass, which necessitated resection of the
laminae and posterior elements creating secondary
destabilization of the vertebral column and post-lamin-
ectomy kyphosis [13, 16, 43]. Anterior fusion with a
combination of iliac crest and fibular autograft supple-
mented by halo vest or cast can achieve satisfactory
results [55]. Alternatively, combined anterior-posterior
spinal fusion with segmental fixation can provide ade-
quate stability and avoid postoperative external immo-
bilization. Atlantoaxial instability may also be present
and evaluation for this condition is necessary using lat-

Fig. 11 Lateral radiograph demonstrating the classical cervical
kyphosis of NF-1
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eral cervical radiographs in flexion and extension, par-
ticularly if application of halo traction is anticipated.
In conclusion, spinal deformity in patients with neu-
rofibromatosis type-1 poses a significant diagnostic and
therapeutic dilemma. A thorough search for evidence of
dysplastic changes on plain radiography and MRI is
mandatory and will clarify prognosis and management
options. MRI of the entire spine will illustrate the int-
raspinal contents and unveil the presence of intracanal
anomalies that might interfere with any attempt for
surgical correction of the deformity. Non-dystrophic
curves are treated using the same principles applied in

idiopathic scoliosis. On the contrary, dystrophic scoli-
otic curvatures or multiplanar spinal deformities with
significant sagittal decompensation necessitate early
aggressive surgical management, which should include
an anteroposterior spinal arthrodesis with the use of
segmental instrumentation and plentiful bone autograft.
The primary goal of surgery in those cases is to stabilize
the vertebral column and halt further progression of the
deformity rather than perform heroic attempts for cor-
rection that could potentially result to permanent neu-
rological injuries.
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Summary: Patients with Duchenne muscular dystrophy
(DMD) tend to bleed more during surgery than do patients with
other conditions. A retrospective analysis of blood loss after
spinal surgery for scoliosis was therefore undertaken in 102
patients undergoing surgery in the senior author’s unit. These
included 48 patients with DMD, 26 patients with spinal mus-
cular atrophy. and a miscellaneous group of 28 other patients
most of whom had idiopathic scoliosis. For each patient the age
at surgery, estimated blood volume, duration of operation,
Cobb angle, and number of vertebrae fused were recorded and
compared. Expression of dystrophin in skeletal muscle and the
underlying gene mutation were also determined. The estimated
blood loss in patients with DMD was significantly higher than
that in patients with spinal muscular atrophy undergoing the
same or similar procedure (P < 0.005) and was also signifi-

cantly greater than that of the third group. which consisted
mostly of patients with idiopathic scoliosis (P < 0.0005). Blood
loss in the patient group with DMD showed a significant rela-
tionship with duration of surgery (P < 0.05). As most patients
expressed no dystrophin, this did not correlate with the esti-
mated blood loss. There was also no correlation between the
estimated biood loss and the type of gene mutation found caus-
ing DMD. The authors’ previous observations confirm the in-
creased blood loss in patients with DMD who undergo scoliosis
surgery. Because children with DMD lack dystrophin in all
muscle types, including smooth muscle, the excessive blood
loss may be because of a poor vascular smooth muscle vaso-
constrictive response due to a lack of dystrophin. Key Words:
Blood loss—Duchenne muscular dystrophy—Scoliosis—
Neuromuscular—Smooth muscle—Dystrophin.

Duchenne muscular dystrophy (DMD) is the most
common lethal genetic disorder in boys. It is an X-linked
recessive disease that ultimately leads to premature
death. Although it has been known to be a distinct clini-
cal entity for over a hundred years, the cause was un-
known until the identification of dystrophin (8). Dystro-
phin, an integral membrane protein, is normally present
in skeletal, cardiac, and smooth muscle as well as in
cortical neurons but is absent in the corresponding tis-
sues in boys with DMD. As a result, there is a severe and
progressive degenerative process of all muscles that
leads to a complete loss of contractile function. The lack
of dystrophin in the central nervous system is the most
likely cause for the mental retardation in DMD. with
average IQ 1 SD below the normal range and mental
retardation present in a third (10).

Although there is less information on the effect of
dystrophin deficiency in smooth muscle, there have been
reports on delayed gastric emptying (2) and fatal gastric
distension (17) in patients with DMD. Constipation (16)
and impaired bladder function (9) have also been de-
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scribed. Dystrophin is also expressed in arterial smooth
muscle (8.11) and in particular the tunica media of blood
vessels larger than arterioles such as muscular arteries.
which possess thick smooth muscle layers (13). The ab-
sence of dystrophin from the arteries of children with
DMD has been documented in the few patients who have
been studied to date, but scant attention has been paid to
its functional significance.

Children with DMD develop a progressively severe
scoliosis that often requires instrumentation. The authors
of the present study. along with other investigators
(3.20), have noted that patients with DMD tend to bleed
more during surgery than do patients with other condi-
tions, including other neuromuscular disorders. The aims
of this study were to formally document this observation
and to investigate the hypothesis that dystrophin defi-
ciency in arterial smooth muscle in DMD may lead to an
increased bleeding tendency during surgery.

MATERIALS AND METHODS

A total of 102 consecutive patients who underwent
scoliosis surgery in the senior author’s unit were studied.
All had spinal correction and stabilization with Harring-
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ton-Luque distraction instrumentation with posterior fu-
sion (36 patients) or using Luque instrumentation includ-
ing fusion to the pelvis with crossed rods using the
Galveston technique (66 patients).

The patients were divided into three groups: group
1—DMD (48 patients); group 2—spinal muscular atro-
phy (SMA, 26 patients); group 3—idiopathic or other
etiology of scoliosis (miscellaneous group. 28 patients).
For each patient the estimated blood volume (EBV), es-
timated blood loss (EBL). duration of surgery. Cobb
angle, and the number of vertebral bodies involved were
evaluated.

In all 48 patients, DMD was diagnosed according to
the standard clinical and biochemical criteria (7). Screen-
ing for the deletion in the dystrophin gene was performed
in all patients. and the majority (85%) also had a quad-
riceps needle biopsy as part of the diagnostic work-up:
this was processed in line with standard techniques (6.7)
including immunohistochemistry with antidystrophin an-
tibodies. In addition. the quantity and quality of skeletal
muscle dystrophin expression were determined.

In the SMA group, 20 were classified as having “in-
termediate™ SMA, and the remaining 6 had “mild” SMA.
In the third group of 28 patients that was used as a further
control, 24 patients (85%) had idiopathic scoliosis. The
other four patients had diagnoses of congenital muscular
dystrophy. minicore disease, rigid spine syndrome. and
Charcot-Marie-Tooth disease.

DNA Analysis

Screening for the dystrophin gene deletion was per-
formed on genomic DNA using multiplex polymerase
chain reaction methods and cDNA probe hybridization to
Southern blot (7).

Gel Electrophoresis and Western Blotting

Muscle biopsy specimens were frozen in liquid nitro-
gen. crushed, and treated with a solubilization buffer
containing protease inhibitors (5). A sample of solubi-
lized muscle containing 60 g of total protein was elec-
trophoresed on 4% to 20% linear gradient polyacryl-
amide gels. The separated proteins were electroblotted
onto nitrocellulose membrane; blots were then incubated
with dystrophin antisera and diluted in phosphate buff-
ered saline 0.05%. and bound antibody was visualized.

Antibodies

Antiserum P6 was polyclonal whole rabbit antiserum
raised to a fusion protein (19). Monoclonal antibodies
DYS 1 and DYS 2 were obtained from Novo Castra
Laboratories (Newcastle upon Tyne, U.K.).

Immunocytochemistry

Muscle biopsy specimens were mounted transversely
and frozen in isopentane cooled in liquid nitrogen. Un-
fixed frozen sections (5 pwm) were incubated with the
various dystrophin antisera for 30 minutes. Bound anti-
bodies were detected as previously described (14.18).

Operative Intervention
All surgical procedures were performed by one sur-
geon (G.B.) between April 1983 and November 1993,

TABLE 1. Baseline data for the Duchenne group

Runge Mean Median SD

Age at surgery (yr) 11-18 14,08 14.5 1.30
Preoperative Cobb

angle 10120 69.67 70.0 2242
Number of vertebrae 1-17 13.02 14.00 23]
EBV (mL) 1.500-6.150 3477 3.368 1.208
EBL tmL) 700-8.000 2977 2500 1.667
Duration of surgery

{min) 155-310 214 295 45.1

EBL. estimated blood loss: EBV, estimated blood volume; SD, stan-
dard devianon.
In the study group. n = J48

The two procedures performed in this study were Luque
instrumentation and Harrington-Luque instrumentation
with posterior fusion (4). Indications for the former gen-
erally included patients that were wheelchair bound. In-
dications for the later included patients with less severe
neuromuscular disorders or those who were thought
likely to remain ambulant. As a result, of the 74 patients
in the DMD and SMA groups. all had Luque-Galveston
instrumentation except for 8 who underwent the Harring-
ton-Luque procedure. The less severely affected patients
in the miscellaneous group all had Harrington-Luque
procedures except for one.

Normal adult blood volume is roughly equal to 75
mL/kg but may vary by 10% depending on body mor-
phology (1). Estimated blood volume was therefore cal-
culated using this equation where the weight (in kilo-
grams) was multiplied by 75 to determine EBV (in mil-
liliters).

Estimated blood loss values were retrieved from the
anesthetic records at time of operation and from surgical
postoperztive notes. The duration of the operation was
defined as the time from incision to closure and was also
determined from anesthetic and surgical records.

The Cobb angle was derived from spinal radiographs.
The angles were all measured from the views taken with
the patient seated, not suspended. Only the dominant
curve’s Cobb angle was used in the statistical analysis.
The number of vertebral bodies involved was inferred
from the same radiograph. taking into account the high-
est and lowest vertebrae involved.

TABLE 2. Baseline data for the spinal muscular
atrophy group

Range Mean Median SD

Age at surgery (yr) 5-13 9.46 9.0 232
Preoperative Cobb

angle 45-150 g91.15 90.00 2316
Number of vertebrae 11-17 14.04 14.00 1.34
EBV imL) 7004500 1936 1.500 1.012
EBL (mL) 350-3.500 1437 1.150 782
Duration of surgery

(min}) 120-275 203.2 205 36.56

EBL. estimated blood loss: EBV, estimated blood volume: SD. stan-
dard deviauon.
In the study group, n = 26.
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TABLE 3. Baseline data for the miscellaneous group

Range Mean Median sD
Age al surgery (yr} 8-21 14.5 14.5 3.20
Preoperative Cobb
angle 30-128 78.14 775 339
Number of vertebrae 10-18 11.93 12.00 218
EBV imL) 1.500-5.400 3,121 3100 994.6
EBL (mL) T00-3.500  1.568 1.350 7582
Duration of surgery
{min) 135-2%0 209.81 200 60.33

EBL, estimated blood loss: EBV, estimated blood volume: SD, stan-
dard deviation.
In the study group. n = 28,

Statistical Analysis

A stepwise linear regression was performed on the
data. A log transformation was required for EBL and
cubes were taken of the number of vertebral bodies. The
EBL was taken as the variable of interest and the others
as explanatory variables. A P value of less than 0.05 was
taken as the level for statistical significance.

RESULTS

The baseline patient data for the three groups are pre-
sented in Tables I, 2, and 3. The significant results of the
multiple linear regression analysis are summarized in
Table 4.

The EBL in the DMD group is significantly higher
than values in the two other groups (medians: 2500 ver-
sus 1150 and 1350; P < 0.005). The analysis is compli-
cated by the fact that, in the SMA group, the age at
operation and hence the EBV are notably lower with
respect to the other two groups. In the miscellaneous
group, although the EBV is similar to the DMD group,
the EBL is considerably lower. The results show that the
group the patient belongs to is a significant explanatory
variable for EBL in all models that include DMD, but not
in the model containing the SMA and miscellancous
groups.

Neither age nor the number of vertebrae fused has a
significant association with EBL, when considered with
the other variables, in any of the models. Duration of the
surgery has a significant association with the EBL only
in the smaller models containing the patients with DMD.
Analysis of the DMD group alone shows that duration of

surgery was significantly associated with EBL within
this group (P = 0.0023).

Although the preoperative Cobb angle has some value
as an explanatory variable, it is significant only in the
models containing both DMD and miscellaneous groups,
perhaps as a consequence of a significant difference in
the angle in patients in these groups. Similarly, EBV is
significant only in the models that include the SMA
group. As EBV is calculated by measurement of body
weight, this is significantly lower in the SMA group, as
is the patient age, which may account for this.

Thus, the EBL has a predominant dependence on pa-
tient group and is significantly greater in the DMD group
than in the SMA or miscellaneous groups. The other
variables have differing predictive values depending on
the model used and the groups included. Estimated blood
loss also shows a significant relationship to duration of
surgery within the DMD group.

Dystrophin immunocytochemistry performed with the
various antidystrophin antibodies showed that no pa-
tients with DMD produced dystrophin at the periphery of
their skeletal muscle fibers. In approximately one third of
the patients with DMD, the occurrence of rare revertrant
fibers, a common phenomenon in DMD, was noted.
Western blot analysis confirmed the lack of dystrophin
expression in the skeletal muscle of patients with DMD.

Forty-eight percent of patients with DMD had a dele-
tion of one or more exons of the dystrophin gene. The
majority (75%) of the patients had a deletion in the cen-
tral region of dystrophin, and only a minority had a de-
letion at the 5" end, a trend that is almost identical to the
one observed in the general DMD population (7). All
patients had out-of-frame deletions. There was no corre-
lation between the location of the intragenic deletion and
the EBL.

DISCUSSION

The absence of dystrophin in skeletal and cardiac
muscle in DMD leads to a number of clinical sequelae:
all children with DMD are wheelchair bound by the age
of 12 years and ultimately die of cardiac or respiratory
failure. Patients with DMD require surgery for progres-
sive scoliosis. A tendency to excessive blood loss has
been noted before but not formally documented.

This study was undertaken to ascertain whether the

TABLE 4. The stepiwise multiple linear regression analvsis

All DMD DMD and SMA and
groups and SMA  Miscellancous  Miscellaneous
Preoperative Cobb angle 0.022 0.008 232
Group <0.0005 0.005 <0.0005
EBV (mL) <0.0005 0.005 0.002
Duration of surgery (min} 0.007 0.012

DMD. Duchenne muscular dystrophy: EBV. estimated blood volume; SMA. spinal

muscular atrophy.

Whel"e therc_ is no P value or where the variable is omitted (age, number of vertebrae),
the variable did not make a significant contribution to the fit of the model and was

therefore omitted.
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apparent increase in blood loss in patients with DMD
was a consistent finding. The EBL in a group of patients
with DMD was compared with values in a group of
patients with SMA, a condition affecting exclusively the
anterior horn motor neurons. A third miscellaneous
group, consisting mainly of patients with idiopathic sco-
liosis, was also studied and compared with both the
DMD and the SMA groups. The results indicate that
there is a statistically significant increase in EBL in the
DMD relative to the other two groups who have similar
blood losses. This confirms that patients in the DMD
group have a greater predisposition to blood loss during
surgery. Because the type of surgical intervention, the
duration of surgery, and the number of vertebral bodies
fused did not differ significantly between the DMD and
SMA groups, this suggests that DMD is a condition as-
sociated with increased blood loss.

Because patients with DMD do not produce a physi-
ologic protein, dystrophin, that is produced in all muscle
types, it is possible that the increased blood loss observed
in these patients is related to a lack of dystrophin in
arterial smooth muscle. It is unclear whether dystrophin-
deficient smooth muscle cells have a primary contractil-
ity problem or whether this lack of contractility is related
to degeneration of the smooth muscle cells and subse-
quent replacement by connective and adipose tissue, as
occurs in skeletal and cardiac muscle. There is evidence
that the smooth muscle histology of the gastrointestinal
tracts in patients with DMD resembles the abnormalities
found in skeletal and cardiac muscle (2). However, to
date, no structural abnormalities, other than the absence
of dystrophin, have been noted in the vasculature (15).
Mechler et al. (12) reported their experience with Becker
muscular dystrophy. a milder variant of DMD in which
dystrophin can be partially produced. Adrenergic beta-
receptor vascular smooth muscle responses were normal,
but alpha-receptor responses were abnormal. This also
suggests an intrinsic problem in vessel contractility in
patients with DMD.

Children with DMD have been shown to lose signifi-
cantly more blood during surgery when compared with
children with other neuromuscular conditions and this
blood loss is dependent on the duration of surgery. Al-
though there is no direct explanation for this, the fact that
dystrophin is physiologically expressed in arterial
smooth muscle. and that it is absent in patients with
DMD, allows us to hypothesize that increased blood loss
is a consequence of vascular smooth muscle dysfunction.
Although further studies are necessary to define the pre-
cise mechanisms responsible for this excessive bleeding,
clinicians should be aware that patients with DMD ex-
perience more severe blood loss than other scoliosis pa-
tients. This should be taken into account when planning
surgery in this condition.

=)
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Summary: This article reviews the use of spinal cord
monitoring in neuromuscular scoliosis, a condition having
a higher incidence of true positive results than idiopathic
scoliosis. While somatosensory cortical evoked potentials
(SCEP) are unreliable, somatosensory spinal evoked po-
tentials (SSEP) are possible to obtain in most cases and a
method using an epidural electrode is described. The 50%

rule’ is satisfactory having good specificity and sensitivity
with it rare for post-operative paralysis to have occurred
undetected. The spinal cord in these cases appears to have
increased susceptibility particularly during the passage of
sublaminar wires with the incidence of complications re-
duced using modern instrumentation. Key Words: Spinal
cord monitoring—Scoliosis—Neuromuscular Scoliosis.

Intraoperative monitoring of spinal cord function
is now a routine accompaniment to complex spinal
surgery, providing a continuous means to assess the
integrity of the spinal cord. The recovery of
postoperative neurologic deficits shows a directly
proportional relationship to the speed of removal of
instrumentation (11). Theoretically, earlier detection
of spinal cord dysfunction allows immediate inter-
vention and the possible prevention of any neuro-
logic deficit.

In most spinal surgery units, spinal cord moni-
toring has replaced the Stagnara wake-up test. The
latter, however, is still of clinical importance should
there be a significant change in intraoperative moni-
toring. However, the wake-up test is not always
practical in patients with neuromuscular scoliosis,
owing to muscle weakness and mental retardation
(18).

Somatosensory cortical evoked potentials (SCEP)
have been found to be unreliable and nonspecific in
neuromuscular scoliosis. Somatosensory spinal
evoked potential (SSEP) monitoring, however, is
useful for the detection of neurologic injury. The
detection of true-positive results is higher in neuro-
muscular scoliosis, when compared with idiopathic
scoliosis. In neuromuscular patients, SSEP moni-
toring is less sensitive and specific, and there are
more false-negative results. An amplified loss, less

Address correspondence to M.H.H. Noordeen FRCS, 107
Harley Street, London, WIN 1DG.

than 50% of baseline, may still be associated with
significant neurologic deficit.

METHOD

The recording technique currently in use at The
Hospital for Sick Children is described. Evoked po-
tential recordings are made, at the time of opera-
tion, using a commercial electromyography (EMG)
and evoked potential machine. Two disposable, ad-
hesive and pre-gelled electrodes are applied to each
popliteal fossa with the cathode proximal, and an
earth electrode placed on the posterior thigh. These
are connected to the stimulator outputs of the
preamplifier.

The evoked potentials are recorded with a 4 F
bipolar electrode, inserted into the epidural space,
cephalad to the highest proposed level of fusion, by
either direct incision of the ligamentum flavum,
through a large bore intravenous cannula or via an
epidural needle placed by the anaesthetist before
skin incision.

The legs are stimulated alternately with the stimu-
lus intensity increased until a reproducible signal
could be identified. If no signal is obtained, technical
failure must be excluded before concluding that the
response is absent. The stimulation duration is 0.5
ms and the rate 20 Hz, with 100 stimuli per test. The
recording parameters are: low-frequency filter, 200
Hz; high frequency, 2 kHz; input sensitivity, 50
©V cm; and average sensitivity, 0.5 uV cm.
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FIG. 1. Typical visual display.

Cursors are applied manually and the maximum
amplitude difference of the polyphasic waveform
measured, usually of the second or third waveform.
The latency is measured to the start of the response.
Recordings are made repeatedly, with the stimulus
alternating between the two lower limbs (Fig. 1).

A failure of monitoring is represented by no
recordable responses after all known cases of techni-
cal error have been excluded. Achievement of re-
sponses from only one lower limb is not considered
a technical failure.

INTERPRETATION OF SPINAL CORD
MONITORING

Approximately one-quarter of monitored patients
show a fall of 10% to 50% in sensory evoked poten-
tial (SEP) amplitude during surgery. A 60% fall in
peak-to-peak amplitude of the evoked potential wave
carried a 10-fold increase in the risk of neurologic
complication (10). The latency of the evoked poten-
tial and the duration of the recorded waveform are

TABLE 1. Classification of sensory evoked potentials (15)

Classification Definition

True-negative ~ No change in trace

No neurologic sequelae

No change in trace

Neurologic sequelae

Change in trace that can be related to surgery;
does not necessarily mean neurologic sequelae
Change in trace cannot be related to surgical
or anaesthetic events

No neurologic sequelae

False-negative
True-positive

False-positve

of no significance in the prediction of neurologic
outcome (8).

The present rule is that an amplitude fall of 50%
from the initial baseline should be considered sig-
nificant (3,9,16) and carries a risk of spinal cord
injury (Table 1).

False-positive SSEPs are not infrequent during
intraoperative monitoring and are usually caused by
technical problems or environmental factors unre-
lated to surgical manipulation. These include equip-
ment failure, electrode movement, alterations in
blood pressure, depth of anaesthesia and tempera-
ture changes.

Hypotension

Hypotensive anaesthesia has significantly reduced
operative blood loss and blood-product requirement.
It does, however, have a deleterious effect, espe-
cially on SCEPs, but may affect SSEPs to a lesser
degree. Anaesthesia appears to have a significant
effect on the amplitude of SCEPs; especially those
recorded from patients undergoing surgery for neu-
romuscular scoliosis.

Decreased body temperature will typically in-
crease the latency of a response because of slowing
in conduction velocity. A gradual increase in latency

TABLE 2. Modes of neurologic injury

Direct
Sublaminar wire hook passage
Indirect
Distraction instrumentation
Derotation instrumentation
Ischaemia
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is common during an operative procedure owing to
cooling of the patient (7). Latency increase without
significant loss of SEP amplitude is not associated
with neurologic complications (Table 2).

DISCUSSION

SSEPS are primarily an indication of dorsal
column integrity and do not provide information
about the more clinically relevant motor pathways.
However, motor evoked potential (MEP) monitoring
has not yet been refined sufficiently to facilitate its
use routinely. SSEP monitoring therefore relies on
intraoperative events affecting descending motor
pathways producing concurrent changes in dorsal
column activity.

Postoperative paralysis has been reported despite
normal SCEP monitoring perioperatively (2,6). In
the majority of these cases, the operated deformity
was principally kyphosis, which accounts for 30% of
cases of major neurologic complication (11). It is
likely that the cause of neurologic injury in such
cases is vascular, with infarction, initially of the
anterior portion of the cord, explaining the immedi-
ate postoperative finding of motor paralysis despite
normal SEPs during monitoring. Experimentally,
motor cordotomy has been performed without SEP
change (13).

It is generally assumed that, in the absence of a
50% fall of epidural SEP amplitude, which is not
rapidly reversible, the risk of clinically significant
motor tract damage must be exceedingly low. How-
ever, the need for concurrent, reliable MEP and
SSEP monitoring is clear.

Ashkenaze et al. (1) found SCEP monitoring to be
unreliable and nonspecific in 101 patients under-
going neuromuscular scoliosis surgery, and con-
sidered it nonefficacious in preventing or detecting
spinal cord injury when used alone. Of note in their
study was the inability to obtain adequate baseline
tracings in 28% of their patients.

Owen et al. (14) found that, with the use of
multiple recording sites, a reliable cortical or sub-
cortical SEP could be obtained in 90% of neuromus-
cular patients. Furthermore, with the addition of
MEDPs, a reliable response was present in 96% of
patients. It was possible to obtain reliable myogenic
or neurogenic MEPs in all patients with some motor
function demonstrable before surgery. Owen et al.
(14) considered that the combined use of multiple
recording sites and multiple modalities improved
their capability to monitor spinal cord function suc-
cessfully in patients with neuromuscular scoliosis.

Williamson and Galasko (18) documented 60 neu-
romuscular patients 30 Duchenne muscular dystro-
phy (DMD), 6 myelomeningocele, 6 spinal muscular
atrophy (SMA), 7 cerebral palsy, 11 miscellaneous

conditions . They obtained satisfactory SSEP traces
in all but two patients (one FA, one myelo-
meningocele). Using the classification of Szalay (15),
true negative responses occurred in 43 patients and
true-positive responses in 15 patients, invariably as-
sociated with the tightening of a sublaminar wire. In
11 of these patients, the SEP trace returned to its
control latency and amplitude after loosening of the
wire, which was later tightened uneventfully. In one
patient, the SEP trace did not recover until all the
sublaminar wires had been loosened. Instrumenta-
tion was therefore abandoned and an in situ fusion
performed, without consequence. Szalay (15) found
no false-positive and no false-negative results, and in
no case did the postoperative neurologic state differ
from the preoperative state.

The largest reported series is that of Forbes et al.
(5). They detailed 1168 consecutive cases with SSEP
monitoring in scoliosis surgery, of which 21% were
congenital or neuromuscular curves. No technically
adequate tracing could be obtained in 26 patients
2.2%).

In neuromuscular scoliosis and, particularly, the
cerebral palsy and Charcot—Marie—Tooth groups,
altered neural pathways between the applied stimu-
lus and the sensory cortex may account for the high
rate of nonreproducible tracings. The higher success
rate of obtaining a reproducible waveform in DMD
and polio patients reflects the underlying integrity of
the sensory pathway being tested.

One hundred and nineteen (10.5%) patients
showed a drop in amplitude of greater than 50% of
the initial SEP on one or both sides at some time
during the operation. In 35 of these patients, the
loss of trace resolved spontaneously or when the
recording electrode was repositioned. None of this
group suffered neurologic complications. The re-
maining 84 patients with persistent depression of
more than 50% included all but one of the 33
patients (2.7%) who suffered neurologic complica-
tions. Of the group with persistent SSEP decre-
ments, 38% had neuromuscular scolioses.

The overall incidence of SSEP fall was 7.2% and
that of neurologic complication was 2.7%. These
incidences were significantly higher in patients with
neuromuscular scoliosis, most due to DMD or SMA,
than for patients with idiopathic and osteogenic
curves (P 0.01).

All patients who sustained neurologic complica-
tions at operation recovered to some degree. Most
of the serious episodes were related to distraction of
the spine or to wire placement and tightening. Of
the 84 patients with significant SEP decrements, 53
received instrumentation with an applied distraction
force. All the neuromuscular patients received Luque
instrumentation.

This series has a highly significant false-negative
rate (P 0.001), suggesting that, in the absence of
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technical failures, SSEP traces that remain above
50% of their initial value will not be associated with
clinically detectable neurologic complications.

An SSEP fall of 50% or greater in initial SSEP
amplitude should be considered significant. Greater
falls in SSEP amplitude are generally associated
with a higher incidence of neurologic complications.
Although recovery of amplitude is encouraging, it
does not guarantee that there will be no neurologic
complications.

Noordeen et al. (12) retrospectively reviewed 99
consecutive patients who underwent reconstructive
spinal surgery for neuromuscular scoliosis (55 DMD,
30 SMA, 14 miscellaneous conditions), with SSEP
intraoperative monitoring. Traces could not be ob-
tained in only two patients (2%), one with DMD and
the other with myelomeningocele and paraplegia.

They studied the significance of any diminution in
amplitude with three levels; namely, 25%, 50% and
75% of the initial baseline. In the DMD group, 25%
loss of amplitude showed a 90% sensitivity, with 295
specificity and 2 false-negative results; 50% loss of
amplitude had 87 sensitivity with 44% specificity and
3 false-negative results; and 75% loss of amplitude
had a 70% sensitivity with 52% specificity and 7
false-negative results. Results were comparable in
the SMA and miscellaneous groups.

Noordeen et al. concluded that a loss of amplitude
of greater or equal to 50% of the initial baseline
should be used to define abnormality in neuromus-
cular scoliosis, as with idiopathic scoliosis.

The incidence of neurologic injury in neuromuscu-
lar scoliosis is much higher than in idiopathic scolio-
sis. In the neuromuscular group, an amplitude re-
covery greater than 50% may still be associated with
significant, although temporary, neurologic sequelae.
Both these findings suggest an increased sensitivity
of the spinal cord to injury in the neuromuscular
patient.

An amplitude loss of greater than 50% in the
DMD group seen in 35 patients (69%) was at-
tributable to sublaminar wiring in all cases (34
during wire tightening, 1 during wire passage). Neu-
rologic injury was detected in 22 cases but was
temporary in all.

Within the SMA group, 73% had a loss of ampli-
tude greater than 50%, attributable to sublaminar
wiring in 95% (81% wire tightening, 14% wire pas-
sage). Fifteen (of 22) patients had some degree of
neurologic impairment.

In the authors’ experience with third-generation
instrumentation (pedicle screw hook rod con-
structs), there has been no loss of amplitude in 20
consecutive patients operated on for Duchenne
muscular dystrophy. This is additional evidence to
the previous reporting of the sensitivity of neuro-

muscular patients to the passage of sublaminar wires
(4,17).
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CONCLUSION

Spinal cord monitoring can reliably be obtained in
approximately 98% of patients with neuromuscular
scoliosis, using SSEPs with epidural placed elec-
trodes rather than SCEPs. A decline in amplitude of
50% of the initial baseline reading should be con-
sidered significant.

The occurrence of postoperative motor paralysis,
despite normal intraoperative SEPs, although re-
ported, is extremely low. However, this reinforces
the urgency for the development of reliable MEP
monitoring in accompanied of SSEP monitoring.

The spinal cord appears to have an increased
susceptibility to injury in neuromuscular patients,
especially during the passage and tightening of sub-
laminar wires. The rates of diminution in SSEP
amplitudes previously reported are much lower us-
ing modern pedicle screw hook rod constructs.
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SPINAL CORD MONITORING IN OPERATIONS FOR

NEUROMUSCULAR SCOLIOSIS

M. H. H. NOORDEEN,

J. LEE, C.E.R.GIBBONS, B.A.TAYLOR, G.BENTLEY

From the Royal National Orthopaedic Hospital, Stanmore, England

We reviewed retrospectively the role of monitoring of
somatosensory spinal evoked potentials (SSEP) in 99
patients with neuromuscular scoliosis who had had
operative correction with Luque-Galveston rods and
sublaminar wiring.

Our findings showed that SSEP monitoring was
useful and that a 50% decrease in the amplitude of
the trace optimised both sensitivity and specificity.
The detection of true-positive results was higher than
in cases of idiopathic scoliosis, but the method was
less sensitive and specific and there were more
false-negative results. In contrast with the findings in
idiopathic scoliosis, recovery of the trace was
associated with a 50% to 60% risk of neurological
impairment.

Only one permanent injury occurred during the use
of this technique, and any temporary impairment
resolved within two months.

J Bone Joint Surg [Br] 1997;79-B:53-7.
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Intraoperative monitoring of the spinal cord is commonly
used to help to diminish the risk of neurological injury.
Somatosensory recording of the spinal evoked potential
(SSEP) is a popular method which offers continuous sur-
veillance and is %enerally used during operations for idio-
pathic scoliosis.” Its role in neuromuscular scoliosis,
however, is less well defined.”” We have therefore assessed
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the value of SSEP monitoring in a large series of patients
with this condition.

PATIENTS AND METHODS

We retrospectively reviewed 99 consecutive patients who
had reconstructive surgery of the spine for neuromuscular
scoliosis between April 1983 and December 1994. The
operations had all been performed by one surgeon in the
same unit with the same anaesthetist. All the patients had a
one-stage Luque-Galveston procedure with crossed rods and
sublaminar wires. Of the 99 patients, 55 had Duchenne’s
muscular dystrophy (DMD), 30 had spinal muscular atro-
phy (SMA), and 14 had miscellaneous conditions including
congenital myopathies, spinal dysraphism and other rare
syndromes. Table I gives the details of the groups.

We reviewed the records of each patient and recorded the

age at operation, gender, diagnosis, the operative approach,
the instrumentation and the levels fused. In addition, we noted
the magnitude, flexibility, percentage correction and level of
coronal and sagittal spinal curves fused, the anaesthetic details
and intraoperative events, the neurological function after
operation and any adverse postoperative symptoms.
Spinal cord monitoring. Measurement of the SSEP was
used to monitor the function of the spinal cord throughout the
operation. Stimulation of the posterior tibial nerve with supra-
maximal constant-voltage single-pulse stimuli of 0.2 ms, at
20 per second, was applied alternately to both legs. The SSEP
was recorded with a 4F bipolar electrode (Orthoexpress,
Amersham, UK) from the epidural space at the level above
the highest proposed level of fusion. The signals were ampli-
fied, conditioned and displayed on a Medelec MS91 (Mede-
lec, Old Woking, UK) and a PA89 preamplifier. The filters
were set to BER (200 to 2000 Hz) and sweeps were averaged
to obtain clear recordings at intervals coinciding with steps in
the operation or changes in the signal. Hard copies of the
traces were made on calibrated paper.

The SSEP was measured as the maximum peak-to-peak
value, and its amplitude related to different points in the
operation. The amplitude at insertion of the electrode was
taken as the control level and the amplitudes at the insertion
of sublaminar wires, correction (tightening of the wires) and
at closure of the skin were measured and expressed as a
percentage of the control value.

Three levels of loss of signal, namely more than 25%,
50% or 75% of the control were used to judge the sig-
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Table I. Details of the patients with neuromuscular scoliosis
Group
DMD

SMA Miscellaneous

Mean age at operation  14.08 (11 to 18)

in years (range)

Mean Cobb angle in
degrees (range)

69.67 (10 to 120)

Mean number of
vertebrae instrumented
(range)

13.02 (11 to 17)

9.46 (5 to 13) 13.78 (8 to 21)

91.15 (50 to 150)  74.10 (30 to 128)

14.04 (11 to 17) 11.99 (10 to 18)

nificance of any diminution in amplitude.

The SSEP traces were designated as false-positive, false-
negative, true-positive or true-negative, defined as follows:
False-positive. A change in the trace unrelated to the
position of the electrode or an anaesthetic event but with no
neurological injury detected.

False-negative. No change in the trace but a neurological
injury was produced.

True-positive. A change in the trace unrelated to the posi-
tion of the electrode or an anaesthetic event with neuro-
logical injury detected.

True-negative. No change in the trace and no neurological
injury detected.

The neurological injuries included change in muscle

power in the lower limb, change in sensation in the trunk or
in the lower limb, or a change in bladder control.
Anaesthesia. Similar techniques of anaesthesia were used.
Induction was either by intravenous injection of thiopentone
or by inhalation of halothane and was followed by main-
tenance with enflurane and nitrous oxide in oxygen. Vecur-
onium or pancuronium was given for paralysis and doses of
opioid were given peroperatively for analgesia. The systolic
blood pressure was maintained at about 70 mmHg, and
labetolol or trimetephan was occasionally given to facilitate
this. All patients had intra-arterial monitoring, and most also
had a central venous pressure transducer.
Statistical methods. We analysed the relationship between
reduction of the trace to less than 50% of the control value
and the neurological injury, the flexibility of the curves, the
Cobb angle before operation and the percentage correction
obtained using the Mann-Whitney U test. Comparison of
the systolic blood pressures and the temperatures were
made by Student’s two-tailed #-tests.

RESULTS

Traces could not be obtained in two of the 99 patients; one
had DMD and the other was paraplegic due to
meningomyelocoele.

DMD group. There were 51 sets of traces for the 55
patients available for analysis (Fig. 1); 40 (79%) had lost
trace amplitude by more than 25% of the control, 35 (69%)
by more than 50% and 30 (59%) by more than 75% of the
control. The results were as follows: 25% loss of amplitude

showed a 90% sensitivity with 29% specificity and two
false-negative results; 50% loss of amplitude had 87%
sensitivity with 44% specificity and three false-negative
results; and 75% loss of amplitude had a 70% sensitivity
with 52% specificity and seven false-negative results.
Neurological injury was detected in 22 cases (43%) (Fig. 2)

B> 25%
0> 50%
B> 75%

False
-ive

Fig. 1

Accuracy of SSEPs in the DMD group (n=51) at loss of amplitude of
more than 25%, 50%, and 70% of the control.
30
25 4
20 4

154

Bladder

Numbness Weakness

Hyper-
aesthesia

No
change

Fig. 2
Postoperative neurological status in the DMD group (n =51).
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but was temporary in all of them. There were three false-
negative results at 50% amplitude loss: one patient had
hyperaesthesia on the abdomen for one week and in the
legs and feet for three weeks, one had hyperaesthesia in a
leg for two weeks and another had hyperaesthesia of the
lower abdomen for two days.

Of the 35 patients with SSEP loss of over 50%, this
occurred during wire tightening and correction in 34 and
during passage of the wire in one. In 13 patients although
the SSEP amplitude improved between correction and skin
closure, six of these had neurological impairment.

SMA group. Examination of 30 sets of traces available
for the patients with spinal muscular atrophy (Fig. 3)
showed that 26 (87%) had a loss of amplitude of more
than 25%, 22 (73%) of more than 50% and 20 (67%) of
more than 75%. The results were as follows: 25% loss of
amplitude had a sensitivity of 93% with specificity of 19%
and one false-negative result, 50% loss of amplitude had a

% of cases

False False True True

+ive -ive +ive -ive
Fig. 3

Accuracy of SSEPs in the SMA group (n=30) at loss of amplitude of
more than 25%, 50% and 70% of the control.

16 -
14 -

— —
L= [=2] =] [= L%
1 L 1 1 1

Number of cases

24

No Hyper- Numbness Weakness Bladder
change aesthesia

Fig. 4
Postoperative neurological status in the SMA group (n = 30).
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sensitivity of 93% with specificity of 42% and one false-
negative result, and 75% loss of amplitude had a sensitiv-
ity of 82% with a specificity of 52% and three
false-negative results.

There were 14 cases of neurological injury (47%) (Fig. 4),

but all except one resolved. Loss of amplitude of 50%
occurred on wire tightening and correction in 24 (81%) and
on passing wires in four (14%). Of the 22 patients with loss
of amplitude greater than 50%, 15 had some degree of
neurological impairment.
Miscellaneous group. The miscellaneous group consisted
of patients with a variety of syndromes and congenital
myopathies. There were 13 traces available for analysis in
the 14 patients; nine had lost amplitude by more than 50%,
giving a sensitivity of 86% and a specificity of 54% (Fig. 5).
There was one false-negative result. The pattern of neuro-
logical damage is shown in Figure 6, but there were no
cases of permanent injury.

False False True True

+ive -ive +ive -ve
Fig.5

Accuracy of SSEPs in the miscellaneous group (n = 13) at loss of ampli-
tude of more than 25%, 50% and 70% of the control.

Number of cases

No Hyper- Numbness Weakness Bladder
change aesthesia

Fig. 6

Postoperative neurological status in the miscellaneous group (n = 13).
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Table II. Characteristics of the curves in degrees (mean, range) in the
DMD and SMA groups

Preoperative % correction
Group Cobb angle Flexibility obtained
DMD (n=51) 69.3 (10 to 122) 24.8 (0 to 70) 57.2 (15 to 100)
SMA (n=30) 93 (40 to 100) 20 (5to 70)  48.4 (18 to 80)
Table III. Physiological measurements (mean, sEm) in patients with

neurological injury compared with those with no injury

Systolic blood pressure (mmHg)

Core temperature

Group Lowest Highest at skin closure (°C)
No neurological injury  71.7 (2.1) 112.4 (3.3) 36.2 (0.2)

(n=28)

Neurological injury 68.5 (1.4) 107.6 (1.9) 36.2 (0.2)

(n=45)

In all three groups of patients there was a 100% correla-
tion between the side on which the amplitude decreased
and the side of the neurological deficit.

In both the DMD and SMA groups, the Mann-Whitney
U test showed no significant correlation between amplitude
loss of greater than 50% or neurological injury and the
preoperative Cobb angles, the flexibility curve or the per-
centage correction of the curve obtained during the opera-
tion (Table II).

Most patients with bladder dysfunction had retention of
urine; those with permanent damage had intermittent
retention.

Physiological details were available for 73 (74%) of the
patients. Those who had neurological impairment were
compared with those who did not, using Student’s two-
tailed r-test (Table III). No significant difference was
obtained when comparing the highest or the lowest systolic
blood pressures or the core temperatures at skin closure.

Table IV. Comparison of idiopathic and neuromuscular scoliosis
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DISCUSSION

Segmental instrumentation of the spine carries a high risk
of neurological injury.4 Intraoperative monitoring of the
function of the spinal cord includes wake-up techniques
and the recording of evoked potentials. Some patients,
however, continue to suffer neurological complications
despite monitoring.5

A study of SSEP monitoring of the spinal cord in 1168
consecutive patients with idiopathic scoliosis using tech-
niques identical to those in our series showed an inability to
obtain adequate tracings in 26 patients (2.2%) which com-
pares well with our figure of 2.1%." The incidence of
technical failure was 28% using cortical somatosensory
evoked potentials in a series of patients with neuromuscular
scoliosis.’

In the series of Forbes et al' 119 patients (10.2%) with
an amplitude loss greater than 50% of the control value had
detectable neurological injury with a sensitivity of 100%
and a specificity of 57.8% (Table IV). In 35 (29.4%) of
these, however, the SSEP improved spontaneously to more
than 50% of the control level and none had neurological
injury. There were no false-negative results. In our series
there was a high rate of trace loss, temporary neurological
injury and some false-negative results, as shown by the
reduced sensitivity. Forbes et al,1 however, used broader
categories than in our study and the results of neurological
impairment are therefore difficult to compare directly.

An amplitude loss greater than 25% diminished the rate
of false-negative results but increased the false-positives,
diminishing specificity. The use of loss of amplitude greater
than 75% reduced the number of false-positive results, but
resulted in an unacceptable number of false-negatives. We
therefore suggest that a loss of amplitude of 50% or more
should be used to define abnormality in neuromuscular
scoliosis.

The incidence of neurological injury in neuromuscular

Group
Forbes et al ' DMD SMA Miscellaneous
Number of patients 1168 55 30 14
(26 failures; 2.2%) (2 failures for all three
groups; 2.1%)
Loss of trace >50% 119 (10.2%) 35 (69%) 22 (73%) 9 (69%)
Recovery of this 294 37 36 33

degree of loss (%)

Neurological complication

Long-term neurological
impairment

True-positive results (%)
False-negative results (%)
Sensitivity (%)
Specificity (%)

of which none had
neurological complications

32 (2.8%)
6 (0.5%)

26.9
0.0
100.0
57.8

of which 46% had
neurological complications

22 (43%)

37.0

6.0
80.0
52.8

of which 68% had
neurological complications

14 (47%)
1 for all three groups; 1%

44.0

3.0
88.5
595

of which 66% had
neurological complications

6 (46%)

46.0

7.0
77.0
66.0
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scoliosis seems to be much higher than in idiopathic scolio-
sis. In the former group an amplitude recovery above 50%
may still be associated with significant, although tempo-
rary, neurological sequelae which may be due to an
increased sensitivity of the spinal cord to injury, caused by
the segmental wiring or to both. Luque-Galveston instru-
mentation using sublaminar wires has been associated with
a significantly higher incidence of trace changes.6

We conclude that SSEP monitoring in neuromuscular
scoliosis is useful for the detection of neurological injury in
contrast to the use of somatosensory cortical evoked poten-
tials which have been found to be unreliable and non-
specific. Although the detection of true-positive results is
higher in neuromuscular scoliosis when compared with
idiopathic scoliosis, the method is, however, less sensitive
and specific.

VOL. 79-B, No. 1, JANUARY 1997
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IDIOPATHIC SCOLIOSIS
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Paper: 20

Adolescent idiopathic scoliosis (AIS) is the most common spinal deformity and is
most commonly seen amongst girls (male:female ratio being 1:10). The exact cause is not
known, though recent studies have identified many genes associated with causation of AlS. |
have published a review article in British Medical Journal (BMJ) to guide general
practitioners, and other healthcare professionals in evaluating patients presenting to their
practice with scoliosis. The article describes the manifestations and indications for surgery,
guided by clinical evaluation, comprehensive assessment and special investigations (magnetic
resonance imaging [MRI] and integrated shape and imaging system [ISIS] scans).

Curves less than twenty degrees are treated by close observation with serial six
monthly x-rays, whereas twenty to fifty degrees are treated with bracing. The brace is worn
full-time, and it provides a rigid, three-point fixation, supporting the growth of the spine over
time, which minimizes the progression of the deformity. Surgery is offered for curves
greater than fifty degrees and posterior spinal fusion with segmental fixtion using
pedicle screws and judicious use of hooks and wires, has been a gold standard in the
contemporary era.

I have also developed a simplified algorithm to aid surgeons in choosing fusion
levels, while performing posterior spinal fusion, which takes into consideration the
shoulder heights. Unlike Lenke’s classification, which has six main curve patterns with a
total of fifty four sub-types that are very cumbersome to apply, the new algorithm has only
three main curve patterns, with a total of six curve sub-types. The validated algorithm in 177
cases was presented at International Meeting on Advanced Spinal Techniques (IMAST) in

2010.

Adolescent idiopathic scoliosis. Altaf F, Gibson A, Dannawi Z, Noordeen H. BMJ. 2013 Apr

30; 346: 2508. PMID:23633006
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Paper: 21
Idiopathic scoliosis could be complicated with abnormalities in neuraxis (Chiari
malformation, syrinx, and so forth). A whole spine MRI is undertaken prior to surgery in
most patients. Asymmetrical or absent superficial abdominal reflexes (SAR) has been
reported to be associated with an occult syrinx or a neuraxial anomaly. However, true
incidence of a SAR abnormality, and its relevance with respect to neuraxial anomaly in
scoliotic groups, was unknown until a prospective study was undertaken under my

supervision.

Amongst seventy three patients comprising of infants (3), juveniles (23), and
adolescents (47), who were prospectively evaluated in my out-patient clinic with idiopathic
scoliosis (eleven males and sixty two females), eight of them had abnormal SAR (an
incidence of eleven percent). Two out of eight patients (twenty five percent) had an absence
of SARs (one patient each had unilateral and bilateral absence). Both patients had Chiari-I
malformation with syrinx on their magnetic resonance imaging (MRI) scans. Absence of
SAR on convexity of curve or bilateral absence was found to be highly associated with the
underlying neuraxial anomaly warranting a mandatory MRI prior to surgical intervention to
minimize the risk of post-op neurodeficit or intra-op loss of neuromonitoring signals.

This was one of the first studies in English medical literature to emphasize the
importance of a meticulous clinical examination, and how subtle clinical examination
findings may have wide surgical implications in the assessment of patients presenting with

spinal deformities.

Prevalence and clinical significance of superficial abdominal reflex abnormalities in idiopathic

scoliosis: Saifuddin A, Tucker S, Taylor BA, Noordeen MH, Lehovsky J. Eur Spine J. 2005

Nov; 14(9): 849-53. E-pub 2005 Mar 9. PMID: 15756608
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Paper: 22

Syringomyelia is characterised by an abnormal dilatation of the central canal,
resulting in a balaclava pattern of loss of sensations in the scalp and upper extremities. It
can be present in any segment of the spine (i.e. cervical, thoracic, or lumbar), and

may be associated with Chiari malformation.

The erstwhile and now obsolete Harrington instrumentation system was less tolerated
by the neural tissues, and the presence of syringomyelia was a risk factor for spinal deformity
correction by use of such distraction systems. | had published a case of an eighteen year old
male with scoliosis and co-existent syringomyelia, who had a reduction in somatosensory
evoked potentials (SSEP) and spinal cord evoked potenitals (SCEP) amplitude during his
corrective surgery in 1994, warning other surgeons of this intra-op neurological event,
and offering valuable insight into early preventive steps that can be taken to minimize

neurological risk:

i) Remove all distraction

i) Conversion of hypotension to normotension to prevent ischemia to the cord

I recommended a fifty percent reduction in amplitude from baseline to be a threshold
to take aggressive intra-op steps to facilitate neurological recovery. The index patient had a
temporary retention of urine, and he did not suffer from any permanent neurological deficit at

the final follow-up following excellent post-op care.

Syringomyelia. A potential risk factor in scoliosis surgery. Noordeen MH, Taylor BA, Edgar

MA. Spine (Philadelphia, PA 1976). 1994 Jun 15; 19(12): 1406-9. PMID: 8066525
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Paper: 23

Idiopathic scoliosis has traditionally been classified as infantile, juvenile, and
adolescent (James JI, 1954). Juvenile idiopathic scoliosis (JIS) is characterized by the
presence of a spinal deformity between three to eight years old. | undertook a prospective
clinical study (Level of Evidence [LoE] II; Prognostic study) evaluating all JIS
patients by a detailed clinical assessment, a comprehensive neurological examination,
and magnetic resonance imaging (MRI) scans of the neuraxis in a series of thirty one
patients (seven males and twenty four females). The mean age at first assessment of
scoliosis in a specialist unit was 8.6 years in males and 9.1 years in females.

Of these thirty one patients, nineteen of them had single, and the remaining twelve
had double structural curves with a mean Cobb angle of forty degrees (range: ten to one
hundred degrees). All patients had pre-operative or pre-bracing MRI scans with a 1.5T
scanner. Eight patients (two males and six females) had neuraxial anomalies (six patients
Chiari | malformation with syrinx, one patient each had isolated Chiari malformation and
astrocytoma with syrinx.) Surprisingly six of the eight patients (seventy five percent) had
normal neurology, and only two patients had abnormal neurology on clinical examination.
One patient had a unilateral absence of superficial abdominal reflexes (SAR), and one with
astrocytoma had ataxia with nystagmus. Four of the six patients with Chiari Malformation
had left sided curves.

This was one of the first studies to emphasize the need for mandatory MRIs in all
patients presenting with JIS despite normal neurology given the risks associated surgery. Left

sided curves and absence of SAR were more likely to have neuraxial anomalies.

MRI of 'idiopathic' juvenile scoliosis. A prospective study. Evans SC, Edgar MA, Hall-

Craggs MA, Powell MP, Taylor BA, Noordeen HH. J Bone Joint Surg Br. 1996 Mar; 78(2):

314-7. PMID: 8666649.
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Adolescent idiopathic scoliosis

Farhaan Altaf specialist registrar trauma and orthopaedics, Alexander Gibson consultant spinal
surgeon, Zaher Dannawi spinal fellow, Hilali Noordeen consultant spinal surgeon

Spinal Surgery Unit, Royal National Orthopaedic Hospital, Stanmore, London HA7 4LP, UK

Scoliosis is a three dimensional deformity of the spine defined
as a lateral curvature of the spine in the coronal plane of more
than 10°." It can be categorised into three major
types—congenital, syndromic, and idiopathic. Congenital
scoliosis refers to spinal deformity caused by abnormally formed
vertebrae. Syndromic scoliosis is associated with a disorder of
the neuromuscular, skeletal, or connective tissue systems;
neurofibromatosis; or other important medical condition.
Idiopathic scoliosis has no known cause and can be subdivided
based on the age of onset—infantile idiopathic scoliosis includes
patients aged 0-3 years, juvenile idiopathic scoliosis includes
patients aged 4-10 years, and adolescent idiopathic scoliosis
affects people aged >10 years.

Adolescent idiopathic scoliosis (AIS) is the most common spinal
deformity seen by primary care physicians, paediatricians, and
spinal surgeons.” This review is focused on AIS and reviews
the diagnosis, management, and controversies surrounding this
condition based on the available literature.

What causes adolescent idiopathic
scoliosis?

The diagnosis of AIS is one of exclusion, and is made only
when other causes of scoliosis, such as vertebral malformations,
neuromuscular disorders, and other syndromes have been ruled
out. According to epidemiological studies, 1-3% of children
aged 10-16 years will have some degree of spinal curvature,
although most curves will not require surgical intervention.’ *

Suggested causes of AIS include mechanical, metabolic,
hormonal, neuromuscular, growth, and genetic abnormalities.’ ¢
These factors are not yet well accepted as a direct cause for this
condition. The current view is that AIS is a multifactorial disease
with genetic predisposing factors.

What is the natural course of adolescent
idiopathic scoliosis?

The natural course of scoliosis was studied in a prospective case
series of 133 patients. The patients were followed for an average
of 40.5 years (range 31-53 years), and 68% of adolescent
idiopathic curvatures were found to progress beyond skeletal
maturity. Thoracic curvatures greater than 50° progressed at an
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average of 1° a year, thoracolumbar curves progressed at 0.5°
a year, and lumbar curves progressed at 0.24° a year. Thoracic
curvatures of less than 30° did not progress.’

Previous long term retrospective observational studies of
idiopathic scoliosis presented a poor prognosis (respiratory
failure, cardiovascular risk, and mortality).® This has created a
misinterpretation that all types of idiopathic scoliosis inevitably
lead to disability from back pain and serious cardiopulmonary
compromise. These studies included patients with mixed
diagnoses, which could explain the poor outcomes reported. In
a more recent prospective case-control study describing the 50
year natural course of untreated idiopathic scoliosis, there was
no evidence linking untreated AIS with increased rates of
mortality in general, and cardiopulmonary compromise in
particular.’

Progressive scoliosis can result in the development of a
worsening deformity and cosmesis.'’ The physical deformities
seen include the development of chest wall abnormality, rib
prominences, asymmetry in shoulder height, and truncal shift.

How does adolescent idiopathic scoliosis
present?

Patients with AIS most often present with unlevel shoulders,
waist line asymmetry (one hip “sticking out” more than the
other), or a rib prominence. This is usually first identified by
the patient, family member, general practitioner, or a school
nurse.

Back pain is sometimes the presenting complaint. The
association between scoliosis and back pain has been
demonstrated in a retrospective study of 2442 patients with
idiopathic scoliosis,'" which found that 23% of patients with
AIS had back pain at initial presentation, and another 9%
developed back pain during the study. An underlying
pathological condition was identified in 9% (48/560) of the
patients with back pain, mainly spondylolysis and
spondylolisthesis and only one case of an intraspinal tumour."
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Summary points

Scoliosis is a lateral curvature of the spine measuring >10° in the coronal plane

Several different types of scoliosis exist, and idiopathic scoliosis occurs in 0.5-3.0% of the paediatric population

Initial evaluation should involve a focused history and physical examination. The Adam’s forward bend test is particularly useful for

detection

Factors predicting curve progression include maturity (age at diagnosis, menarchal status, and the amount of skeletal growth remaining),

curve size, and position of the curve apex

Bracing is used to treat scoliosis in many European countries, but practice is divided in the UK and US, and elsewhere

Surgery is recommended in adolescents with a curve of a Cobb angle more than 45°-50°

Sources and selection criteria

We searched Medline and the Cochrane Library using MeSH terms “adolescent idiopathic scoliosis”, and “scoliosis bracing”. We included
systematic reviews, randomised controlled trials, and good quality prospective observational studies mainly from the past 15 years but did

not exclude seminal papers from before this time.

How is adolescent idiopathic scoliosis
diagnosed?

On presentation of a patient with scoliosis to primary care, a
detailed history, examination, and radiological investigations
should be undertaken before referral to a specialist.

The history should include a detailed birth history,
developmental milestones, family history of spinal deformity,
and assessment of physiological maturity. Difficulties during
labour can be associated with a diagnosis of cerebral palsy,
which can lead to neuromuscular scoliosis. A history of
developmental delay can be indicative of a non-idiopathic cause
for the scoliosis.

Assessment of maturity includes inquiry about the growth spurt
and the menarchal status in girls, as menarche indicates a point
at which the growth starts to decrease over a period of two years
from its onset."”

The patient’s presenting complaint should be elicited, including
back pain, neurological symptoms, and any concerns regarding
cosmesis. The presence of constant pain, night pain, or radicular
pain indicates that further investigations are required to exclude
underlying pathology."”

When examining a patient with suspected scoliosis, adequate
exposure is required to assess the spine appropriately. Boys
should be examined in their underwear or shorts; girls should
be wearing underwear and a bra. Gait and posture should be
evaluated, looking in particular for a short-leg gait due to leg
length discrepancy and listing to one side seen in severe curves.

The patient’s upright posture should be evaluated from the front,
back, and sides. The relative heights of the iliac crests and the
shoulders should be observed for any asymmetry that could be
indicative of curve severity. The pelvis should be level and any
lower limb discrepancy compensated with a lift (a series of
wooden blocks may be placed under the short leg until the hips
are level). If a curvature of the spine is seen, the location and
direction of the curve(s) should be noted. The curve is
designated according to the direction of the curve convexity.

The back should be inspected for the presence of cafe au lait
spots, subcutaneous nodules, and axillary freckles, which are
seen in neurofibromatosis. The presence of hairy patches or skin
dimples over the lower back can be an underlying sign of spinal
dysraphism (a constellation of congenital abnormalities
including defects of the spinal cord and vertebrae).

The balance of the thorax over the pelvis is assessed by dropping
a plumb line from the C7 spinous process, which normally falls
within the gluteal cleft. In cases of coronal imbalance the

distance from the plumb line to the gluteal cleft is measured in
centimetres and the direction of deviation noted.

The Adam’s forward bend test' is carried out to assess the
degree of rotational deformity associated with the scoliosis. The
patient is asked to bend forward at the waist with the knees
straight and the palms together (fig 11/). The examiner looks
down the back for the presence of asymmetry in the rib cage
(rib prominence) or deformities along the back indicative of a
structural scoliosis. A non-structural curve (postural scoliosis)
normally disappears on bending forwards.

A scoliometer is an instrument that is placed on the back and
can be used to provide an objective measure of curve rotation."”
In primary care the use of a scoliometer is not required for the
diagnosis of scoliosis, and suspected cases should be referred
for specialist opinion on diagnosis.

A detailed neurological examination should be performed testing
motor and sensory function and reflexes. Asymmetries in
reflexes can be a sign of an intraspinal disorder.'® The abdominal
reflex refers to the neurological reflex stimulated by stroking
the abdomen around the umbilicus. This usually involves a
contraction of the abdominal muscles, resulting in the umbilicus
moving towards the source of the stimulation. An abnormal
abdominal reflex may be suggestive of an intraspinal disorder
and is often absent on the convex side of the curve.

What imaging is required?

Full length standing posteroanterior and lateral radiographs of
the spine are required in order to assess the degree of deformity.
These are taken with the patient in a standing position in order
to assess the effect of gravity on the deformity. Patients are
instructed to remove their shoes, and any lower limb discrepancy
is compensated with a shoe lift before the radiograph is taken.
Radiographs are taken with the patient looking straight ahead,
legs apart for stability and with their hands on clavicles. If a
radiograph is normal the patient and family can be reassured
that there is no scoliosis. A referral can still be made if there is
concern about pain, axial tenderness, or neurological
abnormalities. If x ray facilities are not available, the patient
may be referred directly to the specialist without radiographs.

On a full length posteroanterior plain radiograph, the magnitude
of a scoliosis curvature is determined with the Cobb technique
(fig 21)). Firstly, it is important to identify the superior and the
inferior end vertebrae—the vertebrae with the greatest tilt at the
proximal and distal ends of the curve. The angle between them
is measured by drawing a line from the top of the superior end
vertebra parallel to the upper endplate, and another line from
the bottom of the inferior end vertebra parallel to the lower

‘rer al e | eeri ta rerit tt www er i i

rie tt www ri e‘

175



BMJ 2013;346:f2508 doi: 10.1136/bm;j.f2508 (Published 30 April 2013)

Page 3 of 7

CLINICAL REVIEW

endplate. Perpendicular lines are then constructed at right angles
to the lines along the endplates. The angle formed by the
intersection of the perpendicular lines defines the Cobb angle
(fig 21)).

If surgery is considered, films of lateral bending view (full
length posteroanterior plain radiographs with patient bending
to the right and to the left) are first taken to determine curve
flexibility, which is important in the preoperative evaluation
and surgical planning.

The presence of a left thoracic curve or an abnormal neurological
finding are most predictive of the presence of an underlying
disease and warrant referral for further imaging." Magnetic
resonance imaging is useful for the identification of tumours
and other pathological lesions—associated neural axis
abnormalities such as syrinx (a fluid filled cavity within the
spinal cord) and Arnold-Chiari malformations."

What are the risk factors for curve
progression?

For decisions about choosing conservative or surgical treatment,
the child’s maturity and the severity of the curvature are the two
most important factors. It is important to evaluate maturity
because the younger the child the greater is the likelihood of
curve progression, equally the larger the curve magnitude the
greater is the risk of progression.’

Scoliosis with a high risk for rapid progression must be detected
as early as possible. In a retrospective case series of 205 patients
(163 girls and 42 boys) with idiopathic scoliosis at skeletal
maturity, the surgical risk for a curve of 20° at the onset of
puberty was at 16%. This surgical risk increased to 100% for
curves >30° at the onset of puberty.'® The table| summarises
the risk factors for curve progression.

Scoliosis curve progression increases markedly at the time of
the adolescent growth spurt in idiopathic curves and markedly
slows or ceases at the time of completion of growth.”** Spinal
growth is closely associated with increase in height, but the
measurement of height velocity at sequential visits is often
associated with inaccuracies. Other maturity markers are
therefore often used to measure the growth rate. The use of these
maturity markers allows us to determine which curves are at
risk of progression. This information allows the clinician to
differentiate between curves that require careful regular
monitoring and ones that require active treatment.

The total growth spurt has a duration of about 2.5-3.0 years,’
with the mean age for peak height velocity being about 14 years
in boys and 12 years in girls.”

Sexual maturity can be evaluated with the Tanner grading
scale,” which is based on the extent of development of
secondary sexual characteristics. It is important to ask about
menarche because curve progression is less common after its
onset.

Skeletal age is a more accurate marker of maturity. The Risser
sign,” which refers to the appearance of the iliac apophysis of
the pelvis, can be used to determine skeletal age. There are six
Risser stages, from zero to five, denoting the course of the
apophysis from the anterior to the posterior iliac spine, and then
the fusion with the iliac bone (fig 31/).” The incidence of
progression of untreated AIS has been correlated with Risser
sign and curve magnitude.” For curves of 20°-29° in a immature
child with a Risser sign of 0 or 1, the incidence of progression
was 68%. For curves <19° in a mature adolescent with a Risser
sign of >2, the incidence of progression was 1.6%. For small
curves <19° in an immature child (Risser sign O or 1), and larger

curves (20°-29°) in a mature child (Risser sign >2), the incidence
of progression was about the same, at 22% and 23%
respectively.” The disadvantages of the Risser sign are that it
correlates with skeletal age differently in boys and girls and it
typically appears after the peak height velocity.

Skeletal age can also be assessed by evaluating the development
of the left hand and wrist on a radiograph: the bones are
compared with those of a standard atlas compiled by Greulich
and Pyle.” Sanders found that the scoring of the metacarpals
and phalanges more closely related to scoliosis progression than
other maturity indicators, including Tanner stage and Risser
sign.” Dimeglio et al described elbow maturation as being more
precise than hand maturation.”

How is adolescent idiopathic scoliosis
managed?

Observation for AIS is the most common approach used for
patients with mild deformity (such as a Cobb angle measurement
<25°). Depending on the degree of skeletal maturity, patients
are assessed every four to six months at a specialist clinic to
watch for curve progression. The interval of follow-up will be
determined on an individual basis, based on the age of the
patient, degree of curve, and skeletal maturity. Posteroanterior
radiographs only are taken during each follow-up visit in order
to minimise the exposure to radiation.

Bracing

Bracing in AIS is controversial, with treatment effectiveness
remaining questionable based on available evidence, with most
published studies being of low methodological quality. The
rationale for the use of braces has been that external forces can
guide the growth of the spine. Brace treatment is not necessarily
benign in terms of the psychosocial and body image concerns
it causes for many patients and their families. Bracing is used
for the treatment of scoliosis in many centres in continental
Europe, but practice is divided in the UK and US, and elsewhere.

Advocates of bracing quote level 2 evidence based information
from prospective controlled studies®?' as well as other studies
with level 3 and 4 information®** in support of bracing efficacy.
In a meta-analysis a total of 1910 patients had non-operative
treatment for idiopathic scoliosis, with 129 patients managed
with observation only.* The analysis concluded that bracing
was effective in altering the natural course of scoliosis. In 1995,
a prospective, multicentre, non-randomised, non-blinded study
also showed the effectiveness of bracing in girls with curves of
25°-35°%

Other studies have shown less positive results. A prospective
case series of 102 immature patients with idiopathic scoliosis
reported that bracing provided curve correction in only 15% of
patients, while 42% later became surgical candidates.”

The primary goal of bracing for scoliosis is to halt curve
progression. The most widely accepted practice for brace
treatment suggests that patients with curves of 25°-45° and in
the most rapidly growing stage (Risser stage O or 1) should be
offered a brace on initial evaluation. Curve progression is
defined as an increase in the magnitude of the deformity by
more than 5° at consecutive follow-up appointments of between
four and six months.

Various factors can hinder successful brace treatment. Poor
adherence is common. A meta-analysis reported that a protocol
of 23 hours/day was more successful than protocols of 16
hours/day or night time use.* A multidisciplinary team approach
involving the patient’s general practitioner, surgeon, orthotist,
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physiotherapist, and parents is needed to improve adherence.
Families must be counselled that there is a risk that bracing may
not be successful, but that the chances of success are improved
with discipline and adherence to wearing the brace for the
recommended time. Patients who have passed the peak height
velocity, are within a year of skeletal maturity, or are a year or
more after menarche are unlikely to benefit from use of a brace.

When should surgery be considered?

About 10% of adolescents with idiopathic scoliosis will progress
to a level requiring consideration of surgery.* Surgery is
generally indicated to treat a significant clinical deformity or
to correct a scoliotic deformity that is likely to progress. Surgery
is recommended in adolescents with a curve that has a Cobb
angle greater than 45°-50°. This recommendation is derived
from studies that have shown that curves >50° tend to progress
slowly after maturity." The decision to proceed with surgical
correction therefore needs to take into consideration the clinical
assessment, comorbid conditions, the wishes of the patient, and
the effects the scoliosis has on the patient’s quality of life. It is
not clear that surgery is an effective treatment for back pain
associated with scoliosis.

The aims of surgery may be to arrest curve progression by
achieving a solid fusion, to correct the deformity, and to improve
cosmetic appearance. If the decision is taken to operate, the
usual approach in AIS is posterior (fig |}). In this approach a
longitudinal posterior midline incision is used. Pedicle screws
are inserted into the spine and two metal rods are measured and
contoured. Curve correction is achieved as the two metal rods
are attached and tightened on to the pedicle screws. An anterior
fusion is used in AIS either as the sole approach in
thoracolumbar or lumbar curves or in conjunction with posterior
fusion in special cases.

Surgical treatment of AIS has a low rate of non-union and other
complications. The incidence of neurological complications for
spinal deformity surgery has been estimated by the Scoliosis
Research Society at <1%."" A more recent prospective clinical
case series of 1301 patients reported a neurological complication
rate of 0.69%.”” A long term case-control study of scoliosis
curves fused to the lumbar spine evaluated pain and functional
status of AIS patients with a minimum of 10 years’ follow-up
(average 19 years).”™ These patients were compared with a
control population matched for work, age, and recreational
activities. The two groups did not differ with respect to
functional status or pain.

After surgery it is important to check for abnormal neurology
and for bowel and bladder symptoms. Back pain after surgery
is not uncommon, especially if it is mechanical in nature. In the
presence of continuous or night pain, infection or non-union
should be considered, and referral to a specialist is advised.

Postoperative follow-up often involves clinical and radiological
reviews at six weeks, three months, six months, and one year.
These intervals and will vary between institutions, but follow-up
until completion of growth is common.
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Additional educational resources
Resources for healthcare professionals
Scoliosis Research Society website. www.srs.org
AAOS American Academy of Orthopaedic Surgeons. Adolescent idiopathic scoliosis: etiology, anatomy, natural history, and bracing.
Instructional Course Lectures 2005;54:529-36.
Resources for patients
Scoliosis Association United Kingdom (SAUK). www.sauk.org.uk—Provides patient information on the condition and treatments

Scoliosis Research Society. www.srs.org/patient_and_family—Patient and family section provides information on the condition, treatments,
and outcome

Tips for non-specialists

Postural scoliosis can be differentiated from structural scoliosis with the Adam’s forward bend test: the curvature will disappear on
forward bending in postural scoliosis

If scoliosis is seen in a premenarchal female there is a higher risk of curve progression, and early referral to a specialist is advised

Patients undergoing brace treatment for scoliosis must be encouraged to adhere with brace treatment. Patients must be informed that
the brace can be removed for washing and swimming

Table

| Risk factors for curve progression in adolescent idiopathic scoliosis

Risk factor Comment

Age The younger the age at diagnosis, the greater potential for curve progression at the onset of adolescent growth spurt
Sex Progression is more common in girls

Menarche Progression is least common after menarche

Remaining skeletal growth More skeletally immature the greater risk of curve progression

Curve pattern Double curves are more likely to progress than single curves

Curve magnitude The risk of progression increases with curve magnitude
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Figures

Fig 1 The Adam’s forward bend test performed by (left) a patient without scoliosis, and (right) a patient with scoliosis showing
a rib prominence
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<

Fig 2 Cobb technique for determining size of a scoliosis curvature. On a posteroanterior view of the spine, tangents
(dashed-dotted lines) are drawn along the superior endplate of the superior end vertebra and the inferior endplate of the
inferior end vertebra. The angle formed (angle a) by the intersection of these two lines is the Cobb angle. This is more
conveniently measured as the angle (b) formed by the intersection of two lines drawn perpendicular to the tangents. Adapted

from Kim et al'”

Q Risser:
Risser 5
Q 4 3

Fig 3 lllustration of the six Risser stages of skeletal age, from 0 to 5, denoting the course of the apophysis from the anterior
to the posterior iliac spine, and then the fusion with the iliac bone
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CLINICAL REVIEW

el - 8 e .
Fig 4 Preoperative (left) and postoperative (right) radiographs of an adolescent boy with idiopathic scoliosis, showing
correction of the scoliosis by posterior instrumented fusion of the spine
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ORIGINAL ARTICLE

Prevalence and clinical significance
of superficial abdominal reflex abnormalities

in idiopathic scoliosis

Abstract To determine prevalence
and significance of abnormal super-
ficial abdominal reflexes (SARs) in
idiopathic scoliosis. Study of 73 pa-
tients with presumed idiopathic sco-
liosis referred for magnetic
resonance imaging (MRI), either as
a routine pre-operative assessment
(n=42) or because of abnormal
symptoms or neurological signs
(n=31). All patients were examined
prior to magnetic resonance imaging
(MRI), and the presence of abnor-
mal SARs was noted. All patients
then underwent MRI of the whole
spine from the foramen magnum to
the sacrum. The presence of Chiari 1
malformation and syrinx was re-
corded. The study group consisted
of 11 males and 62 females with a
mean age at time of MRI of 18 years
(range 5-51 years) and a mean Cobb
angle of 48° (range 10-104°).
Abnormality of the SARs was re-
corded in eight cases (prevalence
11%). An abnormal MRI study was

recorded in nine cases (12.3%), all
patients having a syrinx and four
having in addition, a Chiari 1 mal-
formation. Of the patients with
abnormal SARs, only 2 (25%) had
an abnormal MRI study; 1 had
unilateral absence of the reflexes
whereas the other had complete ab-
sence of SARs. Of patients referred
for MRI as a routine pre-operative
assessment, 5 (11.6%) had an
abnormal MRI study. In patients
with idiopathic scoliosis, abnormal-
ity of the SARs was recorded in 11%
of cases. Unilateral absence was
present in one case only and was
associated with the presence of syr-
inx. Other patterns of abnormality
were not a useful indicator of
underlying cord abnormality.

Keywords Scoliosis - Abdominal
reflexes - Syrinx - Chiari
malformation - MRI

Introduction

A proportion of children and adolescents with presumed
‘idiopathic’ scoliosis have an underlying abnormality of
the neuraxis, particularly Chiari 1 malformation and
syrinx [2, 7, 9, 13, 18]. Several studies have indicated the
value of magnetic resonance imaging (MRI) in the
investigation of ‘idiopathic’ scoliosis in selected groups
of patients. Factors considered to be important indica-

tors of underlying brainstem and spinal cord abnor-
mality include infantile and juvenile onset [6, 8, 11], left
thoracic curves [4], severe curves [3] and abnormal
neurological examination [1]. Abnormal superficial
abdominal reflexes (SARs) have been reported to be a
specific early sign of occult syrinx. Zadeh et al. [21] de-
scribed 12 children with abnormal SARs, of whom 10
had a syrinx identified by means of MRI. Ghanem et al.
[10] reported 12 children with Chiari 1 malformation
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and syrinx, 7 of whom had scoliosis and all of whom had
abnormal SARs. These reports are retrospective and
complicated by the fact that there were additional risk
factors for cord abnormality, particularly early age of
onset and other abnormal neurological signs. For these
reasons, it is difficult to know the true relevance of
abnormal SARs as an isolated sign of underlying syrinx.
The problem is compounded by reports of ‘abnormality’
of the SARs in normal individuals [20].

The aim of the present study was to determine the
prevalence and clinical relevance of abnormal SARs in a
consecutive group of patients with presumed idiopathic
scoliosis who underwent whole spine MRI.

Materials and methods

This was a study of patients with presumed idiopathic
scoliosis who were referred for whole spine MRI. Pa-
tients were imaged as a routine prior to corrective sur-
gery, as part of standard clinical practice, despite normal
neurological examination (group 1), or due to the pres-
ence of atypical clinical symptoms or examination
findings (group 2). Prior to MRI referral, patients
underwent a complete neurological examination by
experienced scoliosis surgeons, particularly noting the
status of the SARs. Other data collected included the sex
of the patient, the age of onset of the curve, presence of
symptoms such as headache and spinal pain and the age
at which MRI was performed. All patients in group 1
were asymptomatic, had normal neurological examina-
tions, including SARs, and had typical idiopathic
curves. Patients in group 2 had symptoms, abnormal
neurological signs or atypical curve patterns, typically
left thoracic curves. Patients were also classified into
infantile (IIS), juvenile (JIS) and adolescent (AIS),
depending on age at onset, with infantile being 0—
3 years, juvenile 4-11 years and adolescent over
12 years. Cobb angle was recorded from the radiograph
obtained at the time of referral for MRI.

MRI studies were performed at 1.0 T field strength
with the whole spine imaged from the foramen magnum
to the sacrum using a combination of sagittal, axial and
coronal T1-weighted spin echo (W SE) and T2-weighted
fast spin echo (W FSE) sequences. All MRI studies were
reported by experienced spinal radiologists, with par-
ticular note made of the presence of Chiari I malfor-
mation and syrinx. The relationship between
abnormalities of the SARs and MRI findings was
determined.

Results

A total of 73 patients were included in the study, 62
females and 11 males. Patients presented over a period
of 21 months. The mean age of the whole group at time
of referral for MRI was 18 years (range 5-51 years).
Three children were classified as IIS, 23 as JIS and 47 as
AIS. Of the patients, 42 were asymptomatic and had
normal neurological examination, being referred for
MRI as a routine pre-operative assessment (group 1); 31
were referred for assessment of a variety of symptoms
and signs (group 2). Of these 31, 8 had an abnormality
of the SARs, giving a prevalence of SAR abnormalities
of 11%. Details of these patients are presented in Ta-
ble 1. Other indications for MRI were spinal pain
(n=23), headaches (n=1), abnormal lower limb reflexes
(n=15) and an unusual curve pattern (n=75).

The mean Cobb angle at the time of referral was 48°
(range 10-104°) and 64 MRI studies were normal. Of the
9 that were abnormal, 4 showed the presence of a Chiari
I malformation, and all 9 had a syrinx. MRI abnor-
malities are detailed in Table 2. Of the 42 routine pre-
operative referrals, 4 (9.5%) had abnormal MRI studies
(1 Chiari I malformation and 4 syrinxes). Of the 8§ pa-
tients referred because of abnormal SARs, 2 (25%) had
abnormal MRI studies, both with Chiari 1 malforma-
tion and syrinx. Both were girls with JIS. In one case,
there was unilateral absence of SARs while, in the other,
there was complete absence of the SARs.

Table 1 Details of patients with abnormal superficial abdominal reflexes (SARs) and relationship to magnetic resonance imaging (MRI)

findings
No. Sex Age at presentation SAR abnormality Age at MRI MRI findings
(years) (years)
1 Male 19 Asymmetric 20 Normal
2 Female 16 Absent 29 Normal
3 Female 4 Asymmetric 5 Normal
4 Female 9 Absent left side 16 Chiari 1, syrinx C2-T12
5 Female 14 Asymmetric 15 Normal
6 Female 8 Absent 10 Chiari 1, syrinx C4-C6
and long thoracic
7 Female 12 Asymmetric 12 Normal
8 Female 12 Absent 17 Normal
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Table 2 Details of magnetic resonance imaging (MRI) abnormalities

No. Age onset curve Referral group Chiari I Syrinx Syrinx level
(years)/ sex malformation
1 15/Male 1 Yes Yes C5-7
2 12/Female 2 (back pain) Yes Yes Cervical down
to T7
3 2/Female LBP 2 No Yes CI1-T11
4 9/Female 2 (L thoracic curve.
Abnormal SAR)
5 6/Male 1 No Yes C5-6, T3-5
6 10/Female 2 Yes Yes C3 to T9/10
7 8/Female 2 (shoulder pain Yes Yes C4-6, long thoracic
absent SARSs)
8 15/Female 1 No Yes C6
9 13/Female 1 No Yes T7
- - ‘idiopathic’ scoliosis. Of these, 8 (26%) had significant
Discussion

The need to identify abnormalities of the hindbrain and
spinal cord, particularly syrinx, prior to scoliosis cor-
rection surgery has been highlighted [15]. MRI has been
established as the technique of choice for assessing the
spinal cord in patients with scoliosis [16], but it is a
relatively costly examination and the routine use of MRI
prior to surgery has been questioned. In the setting of
asymptomatic children with typical AIS and normal
neurological examination, the pick-up rate and clinical
significance of Chiari 1 malformation and syrinx is
small, suggesting that routine pre-operative MRI is not
indicated in this group of patients. Shen et al. [17]
identified two Chiari 1 malformations in 72 patients with
AIS. In a group of 140 children with typical AIS, Winter
et al. [19] identified only four abnormalities, one small
thoracic syrinx and three Chiari 1 malformations. All
patients underwent scoliosis surgery without complica-
tions. Maiocco et al. [14] reported 45 consecutive chil-
dren with AIS, finding one Chiari | malformation and
one syrinx. Most recently, Do et al. [5] reported on 327
consecutive patients with AIS who underwent MRI
prior to surgical correction and found only two syrinxes
and four Chiari 1 malformations. In the current study, 4
of 42 (9.5%) patients with asymptomatic typical curve
patterns (group 1) had an MR abnormality; 3 of these
were considered to be typical cases of AIS (the other
being a boy with JIS). The incidence of MR abnormality
in asymptomatic AIS is therefore 7%, which is slightly
higher than previously reported.

The situation is different in the case of IIS and JIS
onset scoliosis, and in the presence of symptoms and/or
abnormal neurological examination. Dobbs et al. [6]
identified MRI abnormalities in 21% of neurologically
normal children with IIS, including five Chiari 1 mal-
formations, eight syrinxes, one low lying conus and one
brainstem tumour. Evans et al. [8] performed a pro-
spective MRI study of 31 patients with juvenile onset

abnormalities, including 7 Chiari 1 malformations, 6
syrinxes and | cervical cord astrocytoma. It is notable
that only 2 of these patients had abnormal neurological
examinations. Unilateral absence of the SARs was re-
corded in 3 patients, only 1 of whom had an abnormal
MRI. Gupta et al. [12] reported on 25 consecutive
children with atypical features including age <11 years
at presentation, presence of pain, hyperkyphosis, severe
curves and the presence of the left thoracic or thora-
columbar curves, finding abnormalities in 7 patients
(28%).

The potential relationship between abnormality of
the SARs and underlying syrinx was promoted by Zadeh
et al. [21]. They reported 12 children presenting over a
period of 8 years who had abnormal SARs. The mean
age at diagnosis of scoliosis was 4.3 years (range 1 year
8 months—6 years 7 months). The majority had other
abnormal examination findings and 5 of the curves were
left sided. Of the children, 10 had syringomyelia and had
either the complete absence of the SARs or unilateral
absence on the side of the convexity of the curve. In 2
cases, the abnormal SAR was the only neurological
finding. They concluded that an absent SAR on the side
of the convexity of the curve was an early and sensitive
indicator of underlying syringomyelia. However, the
presence of several other risk factors makes it difficult to
assess the relevance of the abnormal SAR. Also, it is not
known how many children with normal SARs present-
ing to their Unit over the same time period had abnor-
mal MRI findings. Therefore, the true sensitivity and
specificity of an abnormal SAR cannot be determined
from their study.

The prevalence of abnormal SARs in children and
adolescents with ‘idiopathic’ scoliosis has not been re-
ported, although in the study of JIS by Evans et al. [§],
3 of 31 (10%) children had an abnormal SAR. In
contrast, the prevalence of ‘abnormal” SARs in other-
wise normal children, adolescents and young adults has
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been studied. Yngve [20] studied the variation of SARs
in 65 normal subjects, 30 in the 10- to 20-year age
range and 35 in the 21- to 30-year age range. In the
first group, the SARs were present and equal in 73% of
cases, present but asymmetric in 10% and absent in
some quadrants in 3%. Complete absence was seen in
13% whereas unilateral absence was never seen. In the
second group, the SARs were present and equal in
49% of cases, present but asymmetric in 17% and
absent in some quadrants in 17%. Complete absence
was seen in 17% whereas unilateral absence was again
never seen. This report therefore calls into question
what constitutes abnormal SAR.

In our Spinal Deformity Unit, any asymmetry or
absence of the SARs has been considered an indication
for MRI to rule out underlying syrinx. In the present
study, the prevalence of ‘abnormal” SARs was 11%,
consistent with the findings of Evans et al. [8]. In four
patients, the SARs were present but asymmetric, and
none of these cases had an abnormal MRI study. In
one patient, there was unilateral absence of the SARs
and this patient had an abnormal MRI study. She was
a girl with JIS, a left thoracic curve and left-sided ab-
sence of the SARs. In three patients, the SARs were
completely absent and one of these had an abnormal

MRI. She was a girl with JIS, upper limb pain and
abnormal neurological signs. Our study therefore sup-
ports the view that unilateral absence of SARs on the
convexity of the curve is a significant, albeit uncom-
mon, clinical finding in children with ‘idiopathic’ sco-
liosis and is consistent with the findings of Zadeh et al.
[21]. Complete absence of the SARs may also be
associated with syrinx. However, any other ‘abnor-
mality’ of SARs was not associated with abnormal
MRI findings and is consistent with the normal varia-
tion in abdominal reflex patterns as reported by Yngve
[20].

Conclusions

We have identified a prevalence of abnormality of the
SARs in 11% of patients with suspected idiopathic
scoliosis undergoing whole spine MRI. Unilateral ab-
sence of SARs on the convexity of the curve is a sig-
nificant clinical finding suggestive of underlying syrinx.
Complete absence of SARs may also be associated with
neuraxis anomalies. However, asymmetry of SARs is a
normal variation, which in itself is not and indication for
whole spine MRI.
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B Syringomyelia

A Potential Risk Factor in Scoliosis Surgery

M. H. H. Noordeen, FRCS,t B. A. Taylor, FRCS,t and M. A. Edgar, FRCS*

Study Design. An 18-year-old patient with “idiopath-
ic" adolescent scoliosis is presented. A thoracic syrinx
was detected as an incidental finding during magnetic
resonance imaging of the spine,

Objectives. Syringomyelia may be a risk factor for
neurologic injury during correction of scoliosis, and in
these cases, spinal cord monitoring may be of particu-
lar valua,

Background Data. Spinal distraction and instrumen-
tation carry a risk of neurologic damage in patients with
scoliosis and associatad syringomyelia, Syringomyaelia
is a cause of scollosis, and although neurologic prob-
lems are the usual symptom, scoliosis may be the only
sign at initial examination. A higher risk of neurologic
injury has been reported in corrective surgical treat-
mant of patients with syringemyelia. The mechanism of
cord damage is unclear. Monitoring of spinal cord func-
tion is recommended to detect intraoperative neurolog-
ical injury, which may be reversed on removing distrac-
tion and implants.

Results. Intraoperative somatosensory-evoked po-
tential (SSEP) spinal cord monitoring detected possibla
cord damage during outrigger distraction. Reduction of
distraction lad to a recovery of SSEPs and a satisfac-
tory operative outcome,

Conclusion. Syringomyelia may be a risk factor for
neurelogie injury during correction of scoliosis, and
SSEP spinal cord monitoring may identify and prevent
intraoparative spinal cord injury. [Key words: surgery,
scolinsis, syringomyelia, complications] Spina 1994;19:
1406-1409

Spinal distraction and instrumentation carry a risk of
neurologic damage in patients with scoliosis and asso-
ciated syringomyelia, and three cases of permanent
paraplegia have been reported after correction of scoli-
osis in these patients.””' Syringoyelia has been recog-
nized as a neurogenic cause of scoliosis, and the inci-
dence of scoliosis in patients with syringomyelia is
between 20% and 85%, with a higher incidence in those
with skeletal immaturity.%”'® Although neurologic
problems are the usual symptom, scoliosis may be the
only sign at initial examination.?%!® Syringomyelia is
often associated with other abnormalities, particularly
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the Chiari type I malformation. Magnetic resonance
imaging (MRI) should be used to evaluate syringomye-
lia.”

Neurologic complications during surgery for spinal
deformity vary between the populations treated and the
procedure gerformed and are reported between 0.7%
and 5%."'% A higher risk of neurologic injury has been
reported in corrective surgical treatment of patients with
syringomyelia.’®'® The mechanism of cord damage is
unclear, although risk factors have been identified.!?
Monitoring of spinal cord function is recommended to
detect intraoperative neurologic injury, which may be
reversed by the reduction of distraction or the removal
of implants.

An 18-year-old adolescent with “idiopathic” scolio-
sis is presented; a Chiari type I malformation and a
thoracic syrinx were detected as an incidental finding
during MRI spinal scanning trial. Intraoperative so-
matosensory-evoked potential (SSEP) spinal cord mon-
itoring detected possible cord damage during outrigger
distraction. Reduction of distraction led to the recovery
of SSEPs and a satisfactory operative outcome. Syringo-
myelia may be a risk factor for intraoperative neurologic
injury during correction of scoliosis, and in these cases,
spinal cord monitoring may be of particular value.

m Case Report

An 18-year-old male had scoliosis, which was detected 1 year
previously, at initial examination. He had occasional discom-
fort over the right scapula for 2 years. He had no history of
illness or injury. Birth, perinatal, and early development were
within normal limits; there was no family history.

On examination, he was 5 feet and 5 inches tall, and he had
right thoracic scoliosis, with a high right shoulder, and a
prominent right scapula. There was a full range of spinal
movements, and the deformity corrected with lateral flexion.
A neurologic examination including examination of power,
tone, coordination, light touch sensation, pin- prick sensation,
joint position sensation, reflexes, and the plantar response, did
not reveal any abnormality. Measurement of rotational defor-
mity using the Bunnell method yielded 17°, in the thoracic
spine.

Radiographic films (Figure 1) showed a right-sided thoracic
curve from the T5-T11 levels, measuring 55° by the Cobb
method, The iliac epiphyses had fused. Longitudinal traction
reduced the curve to 35°, A technetium 99m bone scan did not
showed any significant abnormality. MRI scans of the whole
spine showed a small syrinx extending from the T6-T8 ver-



Syringomyelia ® Noordeen et al 1407

tebral levels, crossing the apex of the scoliosis (Figure 2). A
Chiari type I malformation was identified in the cervical spine.
The patient had a Moe fusion performed with a contoured
Harrington rod and sublaminar wiring, through a posterior
midline incision. SSEP spinal cord monitoring was used
throughout the operation.

Spinal Cord Monitoring. Posterior tibial nerve stimulation
with supramaximal constant voltage single pulse stimuli of 0.2
ms, at 20 per second were applied alternately to left and right
legs. The SSEP was recorded with a 4F bipolar electrode
(Orthoexpress, Amersham, Bucks, England) from the epidural
space at the T2 level. Signals were amplified, conditioned, and
displayed on a Medelec MS91 (Medelec, Old Woking, Surrey,
England) and PA89 preamplifier. Filters were set to BER

Figure 1. Preoperative antero-
posterior and lateral radio-
graphic films, demonstrating the
deformity before and after hori-
zontal traction.

(200~-2000 Hz), and sweeps were averaged to obtain clear
recordings. Recordings were of good technical quality
throughout.

After exposure of the spine and insertion of upper and
lower Harrington hooks, outrigger distraction was applied
initially to 12.5 Ib, After facet joint excision, distraction was
increased to 17.5 Ib, and simultaneous changes in pulse, blood
pressure, and the SEP occurred on the right side, which
dropped to 36% of the control amplitude (Figure 3). Distrac-
tion was discontinued completely, and pulse and blood pres-
sure rapidly returned to previous levels. The SSEP from the
right leg rapidly recovered to 150% of control amplitude.
Redistraction to 12.5 1b did not alter the SSEP, which re-
mained stable for 30 minutes until insertion and distraction of
the Harrington rod, which again caused a rapid decrease to

Figure 2. MRI imaging of thoracolumbar spine demonstrating a small syrinx at the T6-T8 vertebral levels, transverse section at the T7
vertebral level demonstrating the syrinx, and at the level of the foramen magnum, demonstrating the Chiari type | malformation.
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Figure 3. Chart showing SEP potentials obtained, the relationship
between time, the SEP potentials on each side, and intraoperative
events,

50% of peak amplitude. This recovered over 10 minutes but
again decreased (to initial control amplitude) after sublaminar
wire tightening.

Postoperatively, the patient had urinary retention and had
to be catheterized. Neurologic examination including exami-
nation of power, tone, coordination, light touch sensation,
pin-prick sensation, joint position sensation, reflexes including
abdominal reflexes, and the plantar response, revealed loss of
the right-sided abdominal reflex. At 48 hours, both the ability
to void urine, and the abdominal reflexes, had returned. Neu-
rologic examination did not reveal any abnormalities. Postop-
erative erect radiographic films (Figure 7, 8) showed correc-
tion to 30° measured by the method of Cobb. The patient was
mobilized with a brace and is included in follow-up without
any evidence of problems.

B Discussion

Unusual curve types, painful curves, and rapidly pro-
gressive curves despite skeletal maturity, have been rec-
ognized as heralding the presence of syringomyelia in
scoliosis.>® MRI studies on patients with idiopathic sco-
liosis have shown that syringomyelia may be more com-
mon than previously thought, and MRI imaging of the
spinal cord should be mandatory before bracing or op-
erative correction of scoliosis.'” In patients with neuro-
logic symptoms, scoliosis, and syringomyelia, drainage
of the cyst is recommended because it stabilizes or im-
proves neurologic function, and although it does not
arrest progression of the curves, it temporarily does so
in immature patients. It may make scoliosis surgery less
dangerous.’S The recommendations for patients with
small cysts presenting with scoliosis only, are less clear,
though scoliosis may precede neurologic symptoms by
several years,> Patients with Chiari type I malforma-
tions who do not have syringomyelia are unlikely to
develop scoliosis, and the effect of Chiari surgery on
scoliosis is inconclusive.!” If surgical correction is antic-
ipated without syrinx decompression, constant intraop-
erative monitoring may be particularly indicated.
Intraoperative monitoring of spinal cord function in-
cludes wake-up techniques and recording of SSEP, A
small number of patients, however, continue to have

neurologic complications despite monitoring.® A study
of SSEP spinal cord monitoring in 1168 consecutive
patients using techniques identical to that used in the
present case* showed no false-negative cases of intraop-
erative spinal cord damage.

When decreases in SSEP amplitudes were more than
50%, as observed in this instance, 38% had clinically
detectable postoperative neurologic changes. Those pa-
tients with a decrease of amplitude greater than 80%
had a high risk of significant neurologic deficit (57%).
There was a 100% correlation between the side of the
amplitude decrease and the side of the neurologic loss in
the trunk or limb. Those patients in whom SSEP ampli-
tudes did not return to levels above 50% had an in-
creased risk of neurologic complication. Abdominal re-
flexes are cutaneous reflexes consisting of a brisk
unilateral contraction of a part of the abdominal wall in
response to a cutaneous stimulus, such as light scratch
with a pin. It is a polysynaptic, multisegmental reflex,
localized in the spinal cord from the 7th to 12th dorsal
segments. Although lower motor neurone damage may
cause dimunition or loss of the reflex, it is normally
dependent on the integrity of the ipsilateral corticospi-
nal tract,® thus indicating ipsilateral upper motor neu-
ron injury in the case reported.

Spinal cord injury may occur intraoperatively after
“moderate” distraction in “idiopathic” scoliosis. The
case reported was an “idiopathic” scoliosis until MRI
scanning revealed an unsuspected thoracic syrinx. MRI
scanning has improved the detection of syringomyelia,
and this case strengthens the case for routine MRI
screening of all “Idiopathic” scolioses. Syringomyelia
may be a risk factor for neurologic injury during cor-
rection of scoliosis; SSEP spinal cord monitoring may
identify and prevent intraoperative spinal cord injury.
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MRI OF ‘IDIOPATHIC’ JUVENILE SCOLIOSIS

A PROSPECTIVE STUDY
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In a prospective trial we performed MRI of the spine
and hind brain in 31 patients with scoliosis of onset
between the ages of four and 12 years.

In eight patients (26%) there was a significant
neuroanatomical abnormality; there were six cases of
Chiari-1 malformation associated with a syrinx, one
isolated Chiari-1 malformation and one astrocytoma of
the cervical spine. Four of these patients had left-sided
curves.

There were no clinical features which could reliably
identify those patients with abnormalities on MRI. In
particular, the unilateral absence of abdominal reflexes
was found to be non-specific (1 of 8 of patients with
neuroanatomical abnormalities (12.5%) v 2 of 23 with
normal scans (8.7 %)).

In view of the established risks of surgical correction
of scoliosis in the presence of undecompressed
syringomyelia and the possible improvement that may
follow decompression of the foramen magnum, we feel
that MRI of all patients with scoliosis of juvenile onset
should be obligatory.
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In 1954 James classified idiopathic scoliosis into three
groups according to the age of onset: infantile, juvenile and
adolescent. In his study the juvenile group included only 16
of 134 thoracic curves. Although the age criteria for classi-
fication vary between different studies, juvenile scoliosis
remains relatively uncommon (Tolo and Gillespie 1978;
Dickson 1985). Some juvenile cases result from undiag-
nosed infantile curves and, conversely, a proportion of
adolescent scolioses will represent previously undetected
juvenile cases. Doubt over the true significance of the
juvenile group led Dickson (1985) to use the original
classification of Ponseti and Friedman (1950) into early and
late onset, with five years as the dividing point.

The association of scoliosis with syringomyelia is well
established (Woods and Pimenta 1944; McRae and Standen
1966). In the past the identification of abnormal neuro-
logical signs prompted further, usually invasive, investiga-
tion. Baker and Dove (1983) were the first to report
scoliosis as the presenting sign of otherwise asymptomatic
syringomyelia and this has since been confirmed by others
(Raininko 1986; Isu et al 1992; Lewonowski, King and
Nelson 1992). With the advent of MRI, sporadic accounts
of syringomyelia, often associated with the Chiari-1 mal-
formation, have identified a preponderance within the
juvenile period (Arai et al 1992).

Zadeh et al (1995) found ten cases of syringomyelia in
12 patients with idiopathic scoliosis who had been selected
for MRI after the identification of asymmetrical or absent
superficial abdominal reflexes. This review, and that of
Schwend et al (1995), emphasised the need for a pro-
spective study of MRI in idiopathic scoliosis and we have
performed such a study on the juvenile age group.

PATIENTS AND METHODS

We performed a prospective study of 31 consecutive
patients who presented with idiopathic scoliosis first detec-
ted between the ages of four and 12 years inclusive. All
patients were assessed clinically with a full history and
examination including neurological evaluation.

There were 24 girls and seven boys. The mean age at
which scoliosis was first noted was 8.6 years (6.6 years for
boys and 9.1 years for girls; range 4.0 to 12.5; Fig. 1).

All patients had MRI with a 1.5 Tesla Siemens Magne-
tom 63SP system (Siemens, Erlangen, Germany). Images
of the whole spine were produced by a linearly-polarised
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Fig. 1

Scattergram showing the age at onset of scoliosis in 31 patients.

cervical spine coil for the cervical spine and a four-element
phased array spine coil for the thoracic and lumbar spine. A
combination of sagittal, coronal and axial T1-weighted
scans was made in all patients. Those in whom a syrinx was
found without an associated Chiari malformation were also
examined after intravenous injection of gadolinium-DPTA
(Magnevist; Schering, Burgess Hill, UK) to exclude an
underlying neoplasm of the cord. These scans were pro-
spectively studied by experienced radiologists. The hind
brain and spinal cord were examined for syrinx formation,
features of spinal dysraphism and cord neoplasms.

RESULTS

There were 19 single and 12 double curves (Fig. 2). The
thoracic curves were right-sided in 24 and left-sided in 7.
The Cobb angles of the major curves at presentation ranged
from 10° to 100° with a mean of 40°.

In eight patients a considerable neuroanatomical abnor-
mality of the hind brain or spinal cord was identified; there
were six cases of Chiari-1 malformation associated with a
syrinx, one of an isolated Chiari-1 malformation and one
astrocytoma with a syrinx. In four of these patients the
thoracic curve was left-sided, whereas this was seen in only
three of the 23 patients with normal neuroanatomy
(p =0.05).

There was no significant difference in the mean age of
onset between the groups with and without neuroanatom-
ical abnormalities (8.3 years and 8.7 years, respectively).
The mean curve at presentation was 45° in the group with
abnormal neuroanatomy and 40° in the normal group. The
proportion of abnormal neuroanatomical findings was sim-
ilar for both sexes (6 girls and 2 boys, 25% and 29%,
respectively).

At presentation only two of the eight patients with
neuroanatomical abnormalities had neurological signs.
These were marked in one and included nystagmus and
ataxia; in the other there was unilateral absence of the
abdominal reflex. Both patients had a syrinx with a Chiari-1
malformation. Two patients with normal neuroanatomy had

VOL. 78-B, No. 2, MARCH 1996

unilateral absence of the abdominal reflex.

Twenty patients were observed for at least six months
before surgery. They had a mean progression of the curve
of 7.6°/year (—10 to 44). For the five patients with neuro-
anatomical abnormalities who were observed for this peri-
od the mean progression was 9.8°/year and for the 15
normal cases 6.9°/year.

All six patients with a Chiari malformation and syrinx
had decompression of the foramen magnum (Fig. 3). Three
with curves greater than 50° at the time of neurosurgery
subsequently had two-stage spinal fusion. One of the three
remaining patients showed an improvement from 33° to
19° over nine months after decompression. Follow-up of
the last two patients, with curves of 28° and 44° respect-
ively, has been too short to make a useful observation.

The patient with an astrocytoma and syrinx had a biopsy
and radiotherapy. The patient with an isolated Chiari-1
malformation had a two-stage fusion 47 months after
presentation.

— Cases with abnormal neuroanatomy
EEE=E  Upper curve
= Lowercurve

Vertebral level
-

1234567 8 9101M121314151617181920212223 2425262728293031

Case number
Fig. 2

Chart showing the site of scoliosis in 31 patients.

Of the 23 patients with normal neuroanatomy six were
managed by simple observation, four had bracing and 13
had fusion (1 anterior, 1 posterior and the remainder two-
stage).

DISCUSSION

We have used MRI prospectively to screen a consecutive
group of 31 children with idiopathic scoliosis of juvenile
onset. We found abnormalities of the hind brain or cord in
eight (26%). Since the clinical presentation did not discrim-
inate between those with and without CNS abnormalities,
the underlying abnormalities would have remained undiag-
nosed without the routine use of MRI.

The unilateral absence of abdominal reflexes did not
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MRI showing a Chiari malformation associated with a large syrinx in the cervical and thoracic cord before decompression of the
foramen magnum (a) and eight months after decompression (b) with reduction in the size of the syrinx.

prove to be a specific finding, being identified in one of
eight patients with neuroanatomical abnormalities as
against two of 23 with normal neuroanatomy. This appears
to conflict with Zadeh et al (1995) who concluded that “an
absent superficial abdominal reflex on the same side as the
convexity of the curve is an early and sensitive indicator of
underlying syringomyelia”. The patients whom they report,
however, were selected for scanning on the basis of abnor-
mal abdominal reflexes; no comment can be made on the
incidence of syringomyelia in patients who had not been
scanned. The age distribution of their patients was also
younger and we doubt the significance of this reflex when it
is absent bilaterally rather than unilaterally.

We found that 50% of the neuroanatomical abnormalities
were associated with left-sided curves. In other reviews of
syringomyelia Isu et al (1992) and Muhonen et al (1992)
had similar findings of approximately 50%, but Schwend et
al (1995) found a greater association with left-sided curves
(77%). If MR is done solely on the basis of the direction of
the scoliosis then half of all such abnormalities will be
missed.

Although only one of our four patients managed by
decompression of the foramen magnum has so far shown a
reduction of the curve, several reports have indicated either
arrest or improvement of the scoliosis after this procedure
(Dure et al 1989; Phillips, Hensinger and Kling 1990;
Muhonen et al 1992). Early detection of a syrinx by prompt
MRI may therefore be of particular value.

The risk of neurological injury during instrumented cor-
rection of scoliosis without prior decompression of an
associated syrinx has already been documented (Huebert
and MacKinnon 1969; Diaz and Lockhart 1987; Noordeen,

Taylor and Edgar 1994). The cause is uncertain, but sensi-
tivity to direct trauma, a tenuous blood supply in the
presence of an expanded cord and changes in the pressure
of the CSF have all been suggested (Phillips et al 1990).

The identification of a spinal tumour lends weight to the
value of MRI. There have been several reports of scoliosis
as the presenting feature of an intramedullary cord tumour
without neurological signs or symptoms (Allen and Kahn
1933; Dalloz et al 1963; Citron et al 1984). Early detection
and treatment of our patient allowed the preservation of
complete neurological function.

In a prospective study of routine MRI of ‘idiopathic’
scoliosis in 26 patients of all ages Samuelsson, Lindell and
Kogler (1991) identified two with syrinxes and concluded
that “MR should be mandatory before bracing or operative
correction of scoliosis”. In our study we have failed to
identify any clinical features which may reliably distin-
guish affected cases. For all new patients with scoliosis the
cost of routine MRI may be prohibitive in many units, but
since we have found significant neuroanatomical abnor-
malities in 26% of curves of juvenile onset, we feel that in
this age group MRI should be obligatory.

We wish to thank the Wishbone Trust for financial support and Dr B. E.
Kendall for his assistance with this study.
No benefits in any form have been received or will be received from a

commercial party related directly or indirectly to the subject of this
article.
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Isthmic spondylolysis most commonly at L5 is a common cause of back pain in
children. Sporting activities involving repetitive hyperextension (viz. gymnastics, fast
bowlers in cricket, and so forth) are prone to have spondylolysis. It is characterized by a
defect in pars interarticularis. Surgical intervention is offered for those who have refractory
pain, despite activity modification and non-operative treatment. Pars repair, or spinal fusion,
is one of the most commonly performed surgeries.

I have described an innovative technique of treating symptomatic back pain that has
failed all conservative modalities of management in such young children, by using a modular
cross-link and pedicle screws without spinal fusion. A series of twenty such adolescents and
teenagers between nine and twenty one years of age were treated by this novel technique and
prospectively followed-up for a mean of four years (range: 2.3 to 7.3 years) was published.
The validated outcome measures used were Oswestry disability index (ODI) and visual
analog scale (VAS) score. The fusion rate at the pars defect area assessed by post-operative
CT scans was eighty percent. All patients had a statistically significant improvement in
back pain with post-op mean ODI of only eight percent (p<0.001).

The use of a modular ‘U’ cross-link without spinal fusion has other advantages as the
incidence of adjacent segment degeneration (ASD) is eliminated. Anatomical repair and
union of the pars defect restores normal biomechanics at the lumbo-sacral junction which is

desired for the long-term success.

Repair of spondylolysis using compression with a modular link and screws: Altaf F, Osei

NA, Garrido E, Al-Mukhtar M, Natali C, Sivaraman A, Noordeen HH. J Bone Joint Surg Br.

2011 Jan; 93(1): 73-7. PMID: 21196547
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Osteoid osteomas are characterized by a nidus surrounded by dense sclerotic bone,
and are a common cause of back pain in young individuals. It most commonly affects the
posterior elements (i.e. lamina, pedicles, and the spinous processes), and is invariably
associated with a painful scoliotic list. The secretion of proteoglycans and chemical
mediators is responsible for pain. Prompt relief of this pain, with an intake of aspirin and
other NSAIDs, is pathognomonic of this condition.

A ten year old girl who was referred by her GP for persistent back pain and painful
scoliosis was seen in my out-patient clinic. A CT scan confirmed the diagnosis of an osteoid
osteoma located in the postero-lateral aspect of the left T6 vertebral body. The NSAIDs
therapy was so effective that an interval CT scan, performed at sixteen months from the date
of her first clinical evaluation, revealed a complete resolution of the scoliosis with a less
conspicuous radiolucent nidus. The patient had a complete resolution of all her symptoms
within two years, and had returned to full sporting activity.

This goes to emphasise that a surgical excision of a nidus, though an attractive option,
may not necessarily be needed in selective cases of osteoid osteoma causing back pain and

scoliosis.

Symptomatic resolution of spinal osteoid osteoma with conservative management: imaging

correlation. Jayakumar P, Harish S, Nnadi C, Noordeen H, Saifuddin A. Skeletal Radiol.

2007 Jun; 36 Suppl 1: S72-6. E-pub 2006 Sep 12. PMID: 16967288
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Langerhans cell histiocytosis (LCH) is a spectrum of disorders characterized by a
pleomorphic infiltration of tissues by Langerhan’s giant cells. The severity may vary from a
solitary bone to diffuse systemic skeletal involvement. The most common type is eosinophilic
granuloma (EG). LCH also affects the skull, causing a ‘geographical skull’ appearance, and
the spinal cord. Vertebral body involvement, in the form of ‘vertebra plana’, is the most
common feature. Skin lesions or multiple vertebral involvement is also not uncommon, and
active lesions may be associated with back pain, warranting surgical interventional when all
conservative modalities have failed. The most common region of the spine affected is the
thoracic, and incidence of vertebra plana is only 15 percent.

I have published a series of two patients with LCH, and have studied the MRI features
and characteristics differentiating the active and inactive lesions, correlating them with
histological features at the time of surgery. The presence of a hyperintense lesion on a T,
weighted MRI was suggestive of an active EG, a key observation that was hitherto unknown

to spinal surgeons until this publication.

Patient 1. A seven year old female with an L5 lesion that was positive on S100 and CDla

special stains on biopsy.

Patient 2: A ten year old male with T6-T9 collapse and angular kyphosis showing an

increased uptake at T9 (i.e. hyperintense T2 images).

Langerhans' cell histiocytosis of the spine: use of MRI in quiding biopsy: Kaplan GR,

Saifuddin A, Pringle JA, Noordeen MH, Mehta MH. Skeletal Radiol. 1998 Dec; 27(12): 673-

6. PMID: 9921928
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Very little is known about traumatic lumbo-sacral dislocation, and if it is
unrecognized, a L5 lytic or isthmic spondylolysis can rapidly progress to become a Gr IV
spondylolisthesis or spondyloptosis. | have published one such case in a sixteen year old girl,
who was a victim of a vehicular accident and was hit by a truck from behind.

Despite being a rear seated, chest and shoulder strap restrained, passenger, she
sustained significant abdominal injuries, in addition to spinal trauma, requiring an urgent
laparotomy. Over a few months, despite being in a lumbar corset with activity modification,
she had persistent back pain and left leg sciatica or radicular pain. An interval CT scan at one
month post laparotomy revealed a fracture of the S1 articular process with a degenerative L5-
S1 disc. She successfully underwent a combined anterior + posterior instrumented spinal
fusion with anatomical restoration of her lumbo-sacral junction and biomechanics.

A series of two cases (another patient being an adult) was published in Spine in 2004.
The most common mechanism hypothesised was hyperflexion with compression, which can
also result in bilateral L5-S1 facet fractures. Other radiological and clinical features which
raise a strong suspicion of L5-S1 dislocation are:

i) Perineal lacerations

i) Transverse process fractures

Traumatic lumbosacral dislocation: report of two cases. Tsirikos Al, Saifuddin A, Noordeen

MH, Tucker SK. Spine (Philadelphia, PA 1976). 2004 Apr 15; 29(8): E164-8. PMID:

15083005
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Multi-modal neuromonitoring is now a standard of care for all spinal deformity
corrections surgery of the cervical and lumbar spine. | have published a comprehensive
review article explaining the role of somatosensory evoked potentials (SSEPs) in the
setting of spinal trauma, and reported results from a personal series of eighty two patients
operated on over five years (1995 to 2000) for trauma where SSEPs were used. The
duration of the follow-up was 2 to 7.5yrs. They included cervical (20), thoracic (8),
thoraco-lumbar (8), and lumbar fractures (48). Forty of them had a pre-operative
incomplete neurodeficit (group 1), and 42 patients had no pre-op neurodeficit (group II).
Eleven patients underwent combined anterior + posterior spinal fusion, whereas forty
seven patients had posterior only, and twenty four patients had stand-alone anterior spinal

fusions.

A fifty percent fall in amplitude in comparison to baseline recordings was associated
with sixty seven percent sensitivity, and seventy one percent specificity in predicting
neurological deficit. Patients, who had greater than twenty percent improvement in amplitude
at end of surgery in group I, were associated with neurological improvement to functional
status. Anterior surgeries were most commonly associated with a fall in amplitude by more
than fifty percent (forty four percent of cases), compared to posterior surgeries (seventeen
percent of cases), which was also statistically significant (p<0.001). This article continues to
be one of my key contributions to the spinal surgical community, emphasising safety issues,
and discussing the potential application of neuromonitoring data in predicting prognosis in

patients with spinal trauma.

Spinal cord monitoring using _intraoperative somatosensory evoked potentials for

spinal trauma. Tsirikos Al, Aderinto J, Tucker SK, Noordeen HH. J Spinal Disord Tech.

2004 Oct; 17(5): 385-94. PMID: 15385878.
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Repair of spondylolysis using compression
with a modular link and screws

We describe the results of a prospective case series of patients with spondylolysis,
evaluating a technique of direct stabilisation of the pars interarticularis with a construct that
consists of a pair of pedicle screws connected by a U-shaped modular link passing beneath
the spinous process. Tightening the link to the screws compresses bone graft in the defect
in the pars, providing rigid intrasegmental fixation. We have carried out this procedure on
20 patients aged between nine and 21 years with a defect of the pars at L5, confirmed on CT.
The mean age of the patients was 13.9 years (9 to 21). They had a grade | or less
spondylolisthesis and no evidence of intervertebral degeneration on MRI. The mean follow-
up was four years (2.3 to 7.3). The patients were assessed by the Oswestry Disability Index
(ODI) and a visual analogue scale (VAS). At the latest follow-up, 18 patients had an excellent
clinical outcome, with a significant (p < 0.001) improvement in their ODI and VAS scores.
The mean ODI score at final follow-up was 8%. Assessment of the defect by CT showed a
rate of union of 80%. There were no complications involving the internal fixation.

The strength of the construct removes the need for post-operative immobilisation.

A spondylolysis is a defect of the pars inter-
articularis. Usually there is a complete break in
the pars on one or both sides of the neural arch.
The condition is often asymptomatic, but may be
the cause of pain in the back. Free nerve end-
ings with nociceptive function have been iden-
tified in the area of the lysis by Schneiderman
et al.! Neuropeptides which mediate in the sen-
sation of pain have been described at the site of
the defect by Eisenstein et al.?

The surgical management of symptomatic
spondylolysis or isthmic spondylolisthesis was
first described by Albee,®> Hibbs,* and Bos-
worth et al’ using posterior fusion to stabilise
the defect by eliminating the movement seg-
ment. Cleveland, Bosworth and Thompson®
and Watkins’ described the technique of poste-
rolateral fusion.

Kimura® was the first to describe the direct
repair of the pars defect using an isolated bone
graft without instrumentation. Patients who
underwent this procedure had to remain
recumbent for a number of weeks, followed by
external immobilisation in a cast for up to six
months. Buck’ first described the technique of
direct repair by filling the gap in the defect
with iliac cancellous autograft and placing
screws directly through the defect itself.

A number of techniques have since been
described for direct repair of the defect, but
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have been associated with complications such
as loosening and breakage of the internal fixa-
tion, technical difficulty, extensive muscle and
tissue dissection, and variable rates of consoli-
dation of the defect.

We describe a prospective case series evalu-
ating a technique of direct repair of the pars
stabilised with a construct consisting of a pair
of pedicle screws connected by a U-shaped
modular link passing beneath the spinous pro-
cess. Tightening the link to the screws
compresses the bone graft in the defect, provid-
ing rigid intrasegmental fixation. This
technique was first described by the senior
author (HHN).

Patients and Methods
Patients were selected who had chronic disabling
pain located in the lower back without sciatica,
which had been resistant to conservative treat-
ment for at least 12 months, including modifica-
tion of activity and a trial of bracing and
physiotherapy. All had defects in the pars at LS
on CT scans. Other inclusion criteria were the
absence of adjacent degenerative disc disease
confirmed by normal T2-weighted MRI, and no
more than a grade I spondylolisthesis.'°

Of the 20 patients in this series, 12 were
male and eight were female, and nine had
grade 1 spondylolisthesis. There was one
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Fig. 1

Photograph showing the construct in a model spine. The shaded lines
illustrate the location of the pars defects.

Fig. 2

Photograph showing the construct in situ
from above. The rod is firmly fixed
against the spinous process and the lam-
inae, which promotes compression of
the graft in the defect and stabilises the
posterior arch.

smoker, who was male. The mean age of the patients was
13.9 years (9 to 21). None had a motor or sensory deficit.

Bony union of the pars was assessed by plain lateral
radiographs and CT scans in all patients. The clinical out-
come was evaluated using the Oswestry Disability Index
(ODI),11 and a visual analogue scale (VAS)'? with 0 repre-
senting no pain and 10 maximum pain), both pre-
operatively and at follow-up. Complications were also
recorded.

P,
& T3
r‘"’?: s

Fig. 3

Anteroposterior radiograph show-
ing the construct at L5.

Statistical analysis used the paired #-test and the Wil-
coxon’s signed-ranks test. Significance was set at p < 0.05.
Surgical technique. The patient is positioned prone. A mid-
line incision is made and the paraspinal musculature ele-
vated laterally to expose the lamina, the pars and the base
of the transverse process. Care is taken not to injure the
capsule of the facet joint. The defect in the pars is exposed
and the fibrocartilaginous element curetted. A burr is used
to decorticate the defect and the corresponding lamina and
transverse process. Anatomical landmarks and fluoroscopy
are then used to determine the starting point for the pedicle
screw. A starting hole is burred and a pedicle finder used to
enter the pedicle. The walls and floor are assessed with a
ball-tipped probe, and the hole is tapped and prepared for
a 5 mm pedicle screw. Bone graft is harvested from the iliac
crest, placed in the defect and impacted before insertion of
the screw. After placement of the screw, a rod is contoured
in a U-shape, placed just caudal to the spinous process,
deep to the interspinous ligament of the affected level, and
attached to each pedicle screw (Figs 1 and 2). When tight-
ened to the screws, the rod compresses the defects. It is
firmly fixed against the spinous process and the laminae,
which promotes compression of the graft in the defect and
stabilises the posterior arch.

Finally, fluoroscopic imaging (Fig. 3) confirms correct
placement of the screw and link. Post-operative instruc-
tions include the administration of intravenous antibiotics
until the wound is dry. The patient is mobilised without a
brace.

Results

The mean follow-up was four years (2.3 to 7.3). None of
the patients was lost to follow-up. The mean in-patient stay
was three days (2 to 5). Post-operative complications
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Fig. 4a

Fig. 4b

Lateral radiographs showing a) the pars defect at L5 pre-operatively and b) union of the pars

defect at six months post-operatively.

Fig. 5a

Fig. 5b

Lateral CT scans showing a) the pars defect at L5 pre-operatively and b) union of the pars defect at six

months post-operatively.

included one superficial wound haematoma which did not
require evacuation, and two superficial wound infections
which responded to antibiotic treatment.

Bony union of the defect (Figs 4 and 5) occurred in 16 of
the 20 patients. Three of the four patients with nonunion
had a grade I spondylolisthesis. At the latest follow-up,
18 of the 20 patients had a significant (p < 0.001) improve-
ment in their ODI (Table I) and in their VAS scores com-
pared with the pre-operative levels. The mean ODI
improved from 54% (42 to 78) pre-operatively, denoting
severe disability, to 8% (0 to 42), indicating minimal dis-
ability. The mean VAS improved from 8.1 (6.5 to 10) pre-
operatively to 1.6 (0 to 8.2) after operation. The mean ODI
and VAS of the 16 patients with union of the defect was 3%
and 0.4 respectively, at final follow-up.

The two patients who did not have a significant improve-
ment in outcome had no evidence of union of the pars defect
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on the CT scan. The other two patients with nonunion were
asymptomatic. Of the two patients who developed a symp-
tomatic nonunion, one was classified as having severe dis-
ability at follow-up. He was a smoker, and was offered a
further grafting procedure. The second patient was classified
as having moderate disability, was a non-smoker, and had
grade I spondylolisthesis. This patient had some subjective
improvement and wanted no further intervention.

No breakage or loosening of the internal fixation was
encountered, and none was removed.

Discussion

The aetiology of spondylolysis remains unknown, but cur-
rent opinion is that there is an element of weakness which is
genetically determined, or a degree of dysplasia at the pars
interarticularis which renders it susceptible to the stresses
of normal activity, resulting in a stress fracture.
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Table . Post-operative clinical
Disability Index11

assessment using the Oswestry

Number of
Score (%) patients
Excellent (minimal disability) 0to 20 18
Good (moderate disability) 21 to 40 1
Fair (severe disability) 41 to 60 1
Poor (complete disability) 61 to 80 0
Very poor (bedbound) 81 to 100 0

A minority of those affected need treatment and only a
few require surgery. Most patients considered for surgical
treatment have had the time for adjacent disc disease to
develop, or have a spondylolisthesis. Lumbosacral fusion is
the most common operation performed in these cases. For a
grade I or less spondylolisthesis, a direct repair of the pars
defect may be considered. This has the advantage of pre-
serving adjacent movement segments and dealing directly
with the anatomical defect responsible for any listhesis.

Buck” initially carried out his technique of direct repair
in 16 patients. None developed nonunion, which was
assessed radiologically, but three patients had a poor out-
come. He suggested that this technique should only be used
in cases where the gap in the neural arch was < 3 mm to
4 mm. In 19793 he described a larger series of 75 patients,
88% of whom had a satisfactory result. The accurate place-
ment of the screw in this technique was found to be diffi-
cult, with a lengthy learning curve, and complications of
this procedure most commonly arose secondary to screw
loosening or misplacement.'*

The Scott technique'’ involved stabilisation of the loose
posterior arch by cerclage wiring of the transverse process
to the spinous process of the involved vertebra with fusion
of the defect. This technique requires greater surgical expo-
sure, with extensive stripping of the muscle in order to
expose the transverse process completely. Placement of the
wires under the transverse processes is difficult and can lead
to substantial bleeding. There is also a risk of injuries to the
nerve root. Several cases of wire breakage have been
reported.'® Salib and Pettine'” described a modification of
this technique that consisted of a tension band wire around
the posterior spinous process, with a screw in the pedicle.
The proposed advantages were that there was no need to
pass the wire around the transverse process, with its associ-
ated risk of injury to the nerve root, and the better anchor-
age of the wire using the pedicle screw. The strength and
linkage of wires and the diversion of the compression force
away from the graft mass are disadvantages. Songer and
Rovin'® described a small series in which the cerclage wire
was replaced by a cable passing underneath the lamina,
fixed on a pair of pedicle screws, in a technique that
requires specific instrumentation.

In 1984, Morscher, Gerber and Fasel' described a new
repair technique that used a laminar hook positioned in the
defect and a compressive force placed upon it with a spring
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held against a screw within the articular process. The
proposed advantages of this technique were that the fixa-
tion did not depend on the shape of the defect; it allowed
for maximal grafting of the defect; and it would exert a
compressive force across the lamina. Numerous problems
have been encountered with this technique, including diffi-
culty in screw placement, screw loosening?® and break-
age,”! and a high rate of failure. Tokuhashi and
Matsuzaki?? described a modified technique that stabilised
bone grafted to the pars defect with a pedicular screw, a
hook and a rod used in combination. They described signif-
icant relief of symptoms in six patients over a limited period
of follow-up.

Kakiuchi?® used a variable-angle pedicle screw, a rod and
a laminar hook with bone graft placed across the defect.
The proposed advantage was fixation which was more
rigid. He reported resolution of symptoms in 13 of
16 patients and bony union in all at a mean follow-up of
25 months.

Gillet and Petit** described direct repair by placing
screws on the pedicles of the involved vertebra and
fixing the loose posterior arch with a solid rod bent into a
V-shape, taking purchase on the spinous process and lami-
nae. They achieved excellent results in six of ten patients,
with no complications.

In our series of 20 patients we achieved an excellent clin-
ical outcome in 18, with a mean follow-up of four years.
Union of the pars defect was achieved in 16 patients (80%).
Contradictory opinions have been reported as to the effect
of nonunion on outcome. According to Nicol and Scott,?’
Debnath et al,*® Wu, Lee and Chen?’ and Dai et al?®
patients with a pseudarthrosis have a poor or fair outcome.
However, Hefti, Seelig and Morscher,>® Johnson and
Thompson?®® and Pellisé et al*! could not prove this rela-
tionship. In our series, of the four patients with a non-
union,32 two had a poor and two an excellent outcome.

The treatment of defects of the pars that appear cold on
a bone scan is associated with a higher rate of nonunion.??
Although the patients in our study did not have a pre-
operative bone scan, this may be a useful investigation to
identify the rate of nonunion in those patients who have a
cold lesion. Biomechanical studies may also be useful to
further evaluate the distribution of compressive forces
across the pars defect in construct. Most
studies”!® 181923 on spondylolysis have used plain radio-
graphs for the assessment of union, with its associated lim-
ited sensitivity.>> In our study we used CT imaging, which is
more sensitive and specific when used to assess union.??
This may give an impression of a higher rate of pseud-
arthrosis in our study as compared with other studies which
have used radiographs to assess union.

Some authors’®3*3 consider that a slight degree of
spondylolisthesis does not affect the outcome of patients
undergoing direct repair of the pars. Others®®3” carry out
direct repair of the pars in patients with a spondylolisthesis
of up to 25%. Jeanneret*® found no difference in outcome

our
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between patients with a spondylolisthesis of between 0%
and 25%. In our series, nine of the 20 patients had grade I
spondylolisthesis, three of whom developed a nonunion of
the defect.

Our patients were aged between nine and 21 years, with
no evidence of adjacent level disc disease on MRI, and
spondylolisthesis not greater than grade I. Numerous
authors have found that patients in the age range 20 to
30 years have worse results than younger patients.>34? The
primary reason for this failure is thought to be associated
with the appearance of degenerative disc disease.

Our technique uses readily available instrumentation to
provide a strong construct. The bone graft in the pars defect is
not hindered by screws, allowing for high rates of union. Post-
operative recovery is made easier as the strength of the con-
struct removes the need for post-operative immobilisation.

Listen live
Listen to the abstract of this article at
www.jbjs.org.uk/interactive/audio

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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Abstract A 10-year-old girl pre-
sented with a history of painful scoli-
osis. Imaging performed, including
computed tomography (CT) and
magnetic resonance imaging (MRI),
demonstrated a lesion with radiologi-
cal features consistent with an osteoid
osteoma (OO) of the 6th thoracic
vertebra. The patient was treated
conservatively with non-steroidal anti-
inflammatory drugs (NSAIDs). Over
eight months of clinical and radiolog-
ical surveillance, she became entirely

asymptomatic and demonstrated
complete resolution of the scoliotic
curve. The CT and MRI features of the
osteoid osteoma during the period of
surveillance are presented and are
correlated with the corresponding
clinical features.

Keywords Osteoid osteoma -
Spine - MRI - CT - Conservative
management - Spontaneous resolution

Introduction

Osteoid osteomas (OOs) of the spine present as the most
common cause of painful scoliosis in children and young
adults [1]. Surgical excision has been considered to be the
treatment of choice, particularly given the potential risks of
structural spinal deformity [2]. Minimally invasive treat-
ments, such as radiofrequency (RF) and interstitial laser
ablation, have also been applied and continue to advance
[3]. Conservative treatment with non-steroidal anti-inflam-
matory drugs (NSAIDs) has been reported to be extremely
effective in the management of OOs, particularly in the
spine [4]. However, aspects such as the duration of
treatment and the frequency of surveillance remain unclear.

We report a case of OO of the 6th thoracic vertebra (T6)
managed conservatively and describe the correlative

changes on computed tomography (CT) and magnetic
resonance imaging (MRI). A case of spontaneous remis-
sion of OO in the axis with CT follow-up has been reported
in the literature [5]. To the best of our knowledge, this is the
first report that discusses the follow-up MRI features in a
case of conservatively treated spinal OO.

Case report

A 10-year-old girl presented to her local General Practi-
tioner with a history of mild back pain of two months
duration. Clinically, the pain appeared to be poorly
localised to the thoracic spine region. Initial spine radio-
graphs performed did not show any definite abnormality.
However, her back pain persisted and a repeat radiograph
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performed six months after the initial consultation revealed
a right thoracic scoliosis. This prompted a referral to the
Spinal Surgery Unit. The patient had severe pain localised
to the mid-thoracic spine, including night pain, but was
otherwise systemically well. She did not take any
medications. Clinically, no motor weakness, sensory deficit
or bladder or bowel problems were present. An MRI study
of the thoracic spine was performed eight months from the
initial presentation. Sagittal Spin Echo T1-weighted (SE
T1W) and Fast Spin Echo T2-weighted (FSE T2W) MR
images of the spine demonstrated bone marrow oedema in
the posterior two-thirds of the T6 vertebral body towards
the left side (Fig. lab). CT of the thoracic spine
subsequently demonstrated a nidus in the cortex of the
posterolateral vertebral body of the T6 vertebra on the left
side with intense perinidal sclerosis (Fig. 2a,b). A diagnosis
of spinal OO was made on the basis of the above findings.
She was subsequently placed on NSAIDs, as both her and
her family declined operative treatment. Over the course of
our surveillance, her pain began to improve early on in her
treatment course. Moreover, improvements were observed
in the degree of curvature, to the extent that both the pain
and scoliotic curves had completely resolved at the last
follow-up consultation, 16 months after the initial presen-
tation. CT scanning localised to the T5-T7 levels
performed 14 months after the initial presentation demon-

Fig. 1 a Sagittal Spin Echo T1-
weighted (SE TIW) MRI: eight
months post initial presentation.
b Fast Spin Echo T2-weighted

(FSE T2W) MRI: eight months
post initial presentation

strated a radiolucent nidus and persistent perinidal sclerosis
(Fig. 3). CT scanning localised to the T5-T7 levels per-
formed 16 months after the initial presentation at the final
follow-up visit demonstrated only mild perinidal sclerosis
and a less conspicuous radiolucent nidus (Fig. 4a,b).
Sagittal SE T1W and STIR MR images performed at the
final consultation, 16 months after the initial presentation,
showed complete disappearance of the bone marrow
oedema, but there was persisting low signal intensity in
the T6 vertebral body on both sequences, in keeping with
residual sclerosis (Fig. 5a,b). At this stage, the patient was
completely asymptomatic and had returned to full activity.

Discussion

0O has been reported in patients ranging from 2 to 56 years
of'age [6-9]. The lower incidence in the elderly population
may suggest a spontaneous natural regression over time.
However, long persistent cases without regression have
also been reported [8].

There are two contemporary case series and one isolated
case report in the literature describing actively observed
spontaneous resolution of OO [4, 5, 10]. In the series by
Ilyas and Younge, of 11 OOs treated conservatively, one
occurred in the lamina of the lumbar spine [10]. They
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Fig. 2 a CT: eight months post
initial presentation. b CT with
contrast: eight months post ini-
tial presentation

reported continued presence of the radiolucent nidus and
perinidal sclerosis on radiographs in the majority of their
patients after the resolution of symptoms. No cross-
sectional imaging follow-up was detailed in their series.
From a series of nine patients with OO treated conserva-
tively compared with 15 treated by surgical excision,
Kniesl and Simon concluded that the administration of
NSAIDs could be as effective as operative excision for the
treatment of OO [4]. They advocated conservative treat-
ment, particularly for complex lesions with potentially
significant surgical morbidity. Coulier et al. reported the
only case in the literature of the spontaneous resolution of
spinal OO with imaging follow-up in a 17-year-old girl
with OO of the lateral mass of the axis [5]. In their case, the
Iytic lesion almost completely disappeared with some
residual hyperostosis on CT after treatment with NSAIDs
for eight months. However, no MRI follow-up was
presented in their case.

These studies support the theory that OOs are clinical
entities that are non-progressive in nature. They state that
conservative management with the long-term administra-
tion of NSAIDs may be of symptomatic and therapeutic
benefit, posing as an alternative management option to
surgical excision. The dramatic response of pain to

NSAIDs is thought to be due to the high levels of
prostaglandin (PGE,) and prostacyclin (PGI,) produced
within the nidus [11]. Furthermore, the presence of
extensive perinidal oedema in OO, as seen on MRI, is
thought to be due to high levels of cyclo-oxygenase-2
expression in neoplastic osteoblasts in the nidus [12].
NSAIDs may reduce the inflammation, which is consid-
ered to be a major contributing factor in exacerbating
vascular pressure and the stimulation of autonomic nerves
in the vicinity of the lesion. These factors may, subse-
quently, cause the pain-provoked, asymmetric muscle
spasm, triggering a reactive scoliosis [13, 14].

Surgical excision of the nidus has long been considered
to be the gold standard in the treatment of spinal OOs [2,
15, 16]. However, complex lesions that can be difficult to
localise intra-operatively may require wide excision of a
nidus, resulting in variable levels of post-operative mor-
bidity. RF and laser ablation are attractive alternatives,
considered by some authors not only to be a safe and
effective option, but, potentially, the treatment of choice for
0O0s [9, 15]. However, several authors have highlighted
that this technology may have deleterious effects if applied
to spinal lesions in the proximity of neural structures within
the spinal canal, lateral recesses and neural foramina [9].
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Fig. 3 CT: 14 months post initial presentation

Furthermore, they have recommended that percutaneous
RF ablation should be contraindicated in spinal OOs if the
nidus is <5 mm from neurological structures [15]. A study
by Rosenthal et al. stated that safety can generally be
assured if the electrode is at least 1 cm away from major
neural structures [9]. As developments continue to ad-
vance, proponents of this technique argue that medical
management only has a role in those patients with OOs
who refuse operative surgery or percutaneous ablation [17].

This interesting case highlights a potential therapeutic
role for expectant conservative therapy via the long-term
administration of NSAIDs in the management of OOs of
the spine. However, further research is essential in order to

Fig. 4 a CT: 16 months post

initial presentation. b CT with
contrast: 16 months post initial
presentation

determine whether this is a reliable and appropriate
treatment option. Conservative therapy may be of value
in carefully selected cases where early symptomatic control
is achieved. However, caution must be taken in patients
with an immature skeleton, significant skeletal deformity
or those presenting after a long delay before diagnosis,
especially given the potential chronicity of these painful
lesions. Failure to exert adequate control may lead to
significant compromise in the quality of life, despite on-
going medical management. A further caution must be
placed on the chronic use of NSAIDs and the increased risk
of mucosal disruption of the gastrointenstinal tract. In the
case of spinal tumours, it may be a suitable option in
complex or inaccessible lesions due to the attendant risks of
percutaneous ablation or surgical excision. It is important
to note that these are less frequent. At present, surgical
excision remains the gold standard in managing these
lesions, with percutaneous RF ablation presenting a
dynamic and attractive alternative.

From an imaging perspective, we demonstrate the
radiological evolution and eventual resolution of a
conservatively treated lesion using serial CT and MRL
To our knowledge, this has not been reported previously in
the literature. Furthermore, the lesion presented is located
in the posterolateral vertebral body, which is a less
common location in terms of spinal OOs. Fine-cut CT
has been considered the modality of choice in demonstrat-
ing OO [3, 13]. However, MRI demonstrates characteristic
inflammatory changes in the neural arch, suggesting a
diagnosis of spinal OO [18]. Thus, CT and MRI may both
be useful surveillance modalities in demonstrating the
radiological regression of a lesion treated by a conservative
approach. In particular, we suggest that MRI is used for
follow-up as the disappearance of previously observed
oedema could be considered as a radiological sign of
resolution. However, more detailed studies are required to
correlate the length of conservative treatment and the
disappearance of oedema with the resolution of pain and
the regression of the spinal OO.
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Fig. 5 a SE T1W MRIL:

16 months post initial presenta-
tion. b STIR MRI: 16 months
post initial presentation
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Abstract The MRI features of two
cases of spinal Langerhans’ cell his-
tiocytosis with multilevel involve-
ment are presented in which MRI was
of help in differentiating active from
inactive healing lesions by the dem-
onstration of signal changes in the
vertebral body marrow of the active
lesion, manifest as low signal inten-
sity on T1-weighted sequences and
high signal intensity on T2-weighted
sequences. This distinction could not
be made by plain radiography or bone
scintigraphy. In cases where biopsy is
required for diagnosis, MRI is rec-
ommended to guide the biopsy to-
wards levels suggestive of active in-
volvement.

Key words Langerhans’ cell
histiocytosis - Spine - MRI - Biopsy

Introduction

Langerhans’ cell histiocytosis (LCH) encompasses a
spectrum of conditions characterised pathologically by
the invasion of various tissues by a pleomorphic infiltrate
containing Langerhans’ cells, which are normally found
only in the skin and draining lymph nodes [1]. The com-
monest form of the disease is restricted to the skeletal sys-
tem (a condition previously termed eosinophilic granulo-
ma of bone or histiocytosis X). The spine is involved in
approximately 28% of cases of eosinophilic granuloma
[2]. In one study [3], only three of 28 patients with spinal
involvement had multilevel disease at presentation.

In LCH, a characteristic feature of vertebral involve-
ment is that the endplates are not involved. For this rea-
son, the vertebrae typically regain some height once the
disease becomes inactive [4]. This presents a dilemma
to the radiologist or clinician when faced with a child
whose spinal radiographs show multiple partially col-

lapsed vertebrae. Which vertebra is actively involved
and collapsing and which one is already beginning to re-
constitute its height?

We present two patients with multilevel disease limit-
ed to the spine in whom MRI suggested different degrees
of vertebral activity. Biopsies of the relevant vertebrae
supported the MRI findings.

Case reports
Case 1

A 7-year-old girl presented with a 2-month history of thoracic and
lumbar back pain. Examination of the spine was unremarkable. Plain
radiography of the lumbar spine demonstrated collapse of T4, T10
and L5 (Fig. 1). Whole-body bone scintigraphy (Fig. 2) identified
increased activity in the mid-thoracic spine, T10 and the sacrum.
The patient’s symptoms continued intermittently. MRI of the lower
thoracic and lumbar spine was performed and demonstrated collapse
and signal intensity (SI) changes in both T10 and L5 (Fig. 3). Col-
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Fig. 1A, B Case 1. A Anteroposterior radiograph of the lower tho-
racic spine demonstrating collapse of T10. B Lateral radiograph of
the lumbar spine showing reduced height of L5 (the patient has
six lumbar vertebrae)

Fig.2 Case 1. Posterior view 99™ Tc bone scan showing increased
activity in the mid-thoracic spine, T10 and in the sacrum

Fig.3A,B Case 1. A Sagittal T1-weighted spin echo (SE) and
B T2-weighted SE MR images of the lower thoracic and lumbar
spine. L5 shows increased signal intensity (SI) on the T1-weighted
sequence and isointensity on the T2-weighted sequence, indicating
fatty replacement consistent with a healed lesion. T10 shows de-
creased SI on the T1-weighted sequence and increased SI on the
T2-weighted sequence, indicating oedema consistent with an active
process (note that the patient has six lumbar vertebrae). Collapse of
the superior endplate of the sacrum is also identified, indicating pre-
vious involvement

lapse of the superior endplate of the sacrum was also identified but
marrow SI in the sacrum was normal.

CT-guided biopsy of L5 was performed revealing haematopoie-
tic and fatty marrow with evidence of increased vascularity. The
bone trabeculae showed active surface osteoblasts with the majority
having parallel cement lines and layers of appositional reactive
bone. The features indicated a healing response but the cause of
the abnormality was not evident. Since the patients symptom’s were
progressing, a further percutaneous needle biopsy was undertaken,
this time at the T10 level. Histological examination of the tissue
core showed trabeculae of lamellar bone, marrow spaces and blood
clot containing a mixed inflammatory infiltrate including numerous
eosinophils together with large cells with reniform nuclei and copi-
ous cytoplasm. These showed positive immunohistochemical stain-
ing with S100 and CDl1a, confirming the diagnosis of LCH. The pa-
tient was treated conservatively. At latest follow-up she was entirely
asymptomatic.

Case 2

An 11-year-old boy presented with a 6-month history of recurrent
mid-thoracic back pain. Examination revealed tenderness and limi-

tation of movement with a minor focal kyphosis. Plain radiographs
of the thoracic spine showed wedge collapse of T7 and T9. Whole-
body bone scintigraphy (Fig. 4) revealed increased activity in the
T6-7 region and at T9. MRI of the thoracic spine (Fig. 5) showed
collapse of T6, T7 and T9 with SI changes limited to T7.
Percutaneous needle biopsy of T7 was therefore undertaken. His-
tological examination confirmed a diagnosis of LCH. The patient
was treated in a brace and prescribed analgesics. At final follow-
up, the patient was asymptomatic as regards the spine. Repeat
MRI at this stage demonstrated hyperintensity in T7 on T1-weighted
images consistent with fatty replacement and healing (Fig. 6).
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Fig.4 Case 2. Posterior view 99™ Tc bone scan of the thoracic spine
showing increased activity in the T6-7 region and in T9

Fig.5 Case 2. Sagittal T1-weighted SE (leff) and T2-weighted SE
(right) MR images of the thoracic spine. T9 shows normal SI on
both sequences suggesting an inactive lesion, whereas T7 shows re-
duced SI on the T1-weighted sequence and increased SI on the T2-
weighted sequence consistent with an active lesion. There is also a
minor region of decreased SI on the T1-weighted sequence under the
superior endplate of T1, which shows a normal SI on the T2-weight-
ed sequence. This may represent a partially healed lesion.

Fig. 6 Case 2. Sagittal T1-weighted MR image of the thoracic spine
at final follow-up. The SI in T7 is now increased consistent with fat-
ty replacement and healing. The SI in T6 has also returned to normal

Discussion

In the spine, LCH most commonly affects the thoracic
vertebrae, followed by the lumbar and cervical regions.
In the series of Robert et al. [3], 46 of 54 lesions involved
the body while only seven lesions involved the posterior
elements. In only one case was simultaneous involvement
of the vertebral body and posterior elements present. The
vertebral body may collapse in a symmetrical or asym-
metrical fashion and associated paravertebral soft tissue
mass is uncommon [4], although it has been reported [5,
6]. Extraosseous disease with cord compression is occa-
sionally demonstrated, but is also a non-specific feature.

The classical appearance of “vertebra plana” is only
seen in approximately 15% of cases [4]. Therefore, in
the absence of this finding, a differential diagnosis needs
to be considered. This includes lymphoma, leukaemia,
metastases from solid tumours such as neuroblastoma,
Gaucher’s disease and osteogenesis imperfecta [4]. In
such cases, vertebral biopsy may be required to achieve
a diagnosis.

The natural history of LCH in the spine is one of par-
tial restoration of vertebral height following either sponta-
neous resolution of the disease or various treatments. Nes-
bit et al. [4] studied serial radiographs of 17 lesions for
between 2 and 11 years and found that 13 of these lesions
showed partial reconstitution of vertebral body height.
This was not influenced by the treatment patients re-
ceived, regardless of whether this was radiotherapy, che-
motherapy or corticosteroids. Partial reconstitution of ver-
tebral body height was also shown in 15 of 20 vertebral
lesions in the study by Sartoris and Parker [2]. The rate
of healing was again unaffected by the mode of therapy
but was related to the age of the patient, with the rate
of healing being inversely proportional to the patient’s
age at presentation. Up to 85% of normal height can be
achieved in some cases. Healing with fusion across the
disc space is also a feature.

It is clear that when a child presents with multilevel
spinal involvement plain radiography may not be able
to distinguish whether a partially collapsed vertebra is
in a stage of active collapse or in a stage of healing with
reconstitution of its height. Some vertebrae show a “bone
within a bone” appearance as they heal, but this finding is
only seen following collapse to the degree of vertebra pla-
na [4].

Bone scintigraphy is less sensitive than plain radiogra-
phy for identifying lesions of LCH. Parker et al. [7] found
that only 35% of lesions visible on radiographs were seen
on radionuclide studies. This is contrary to earlier studies
but agrees with the findings of Siddiqui et al. [8], who
found that seven of 20 bone scans were completely nor-
mal despite extensive disease shown by plain radiogra-
phy. In only one patient was the bone scan abnormal with
a normal radiograph. It has been suggested that radionu-
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clide uptake may be related to disease activity [8]. This
may well be true, but case 2 in the present series indicates
that a vertebra which has healed (as manifest by normal
MR signal intensity within the vertebral marrow) may still
show increased uptake on scintigraphy. This is presum-
ably due to the increased osteoblastic activity associated
with active reconstitution of vertebral height. Thus scin-
tigraphy cannot be considered a sensitive technique for
identifying disease activity or, therefore, for guiding biop-
sy.
There are several studies that have described the MRI
features of LCH, mostly in lesions not involving the spine
[9,10]. Those cases involving the spine, however, show
non-specific features including vertebral collapse and re-
duced marrow signal intensity on T1-weighted sequences
with increased signal intensity on T2-weighted sequences
[9, 11, 12]. The two cases involving the spine in the series
of de Schepper et al. [10] showed intermediate to high
signal intensity compared with muscle on T1-weighted
sequences and high signal on T2-weighted sequences.
These authors could not confirm a relationship between
high signal on T1-weighted sequences and increased lipid
content or stagnant blood within the lesion at pathological
examination.

As far as we are aware, the MRI features of multilevel
spinal involvement have not previously been reported.
Both patients in the present series had a chronic history
of recurrent back pain and plain radiography showed
multilevel involvement in the spine with no evidence of
extraspinal disease. In case 1, T4, T10, L5 and the sacrum
were shown to be involved at various stages. MRI of the
lower thoracic and lumbar spine showed reduced SI in
T10 on Tl-weighted sequences and increased signal on
T2-weighted sequences, while there was mild increased
SI in L5 on T1-weighted sequences with normal marrow
signal on T2-weighted sequences. Both vertebrae showed
evidence of collapse. Biopsy of L5, chosen because of the

abnormal signal characteristics and the easier location for
percutaneous biopsy, showed evidence of a non-specific
healing response in the marrow spaces and trabeculae. Bi-
opsy of T10 at a later stage revealed typical histological
features of LCH, allowing a definitive diagnosis. We as-
sume that the signal changes in L5 were consistent with a
healed lesion of LCH. Similar SI changes were seen in T7
in case 2 at a stage when the child had no significant back
pain. Marrow can show evidence of increased SI on T1-
weighted sequences following various treatments such
as radiotherapy and chemotherapy [13]. Successful treat-
ment of spinal osteomyelitis can also result in increased
SI in the affected marrow on T1-weighted sequences
[14]. A similar process presumably occurs following
spontaneous healing of lesions of LCH. The cases of de
Schepper et al. [10] also showed mild hyperintensity on
T1-weighted sequences but differed in that there was also
increased marrow signal on T2-weighted sequences. In
case 2, two of the three abnormal levels on radiography
and scintigraphy showed normal marrow SI on both T1-
and T2-weighted sequences. The vertebral body showing
abnormal SI (low on T1 and high on T2) was therefore
chosen for biopsy, revealing typical histological features
of LCH. Although biopsy of one of the other lesions
would have been of interest to determine the activity of
the disease at sites with normal marrow SI, it was not felt
justified based on the experience of case 1.

The value of MRI in the local staging of diseases in-
volving the spine is well known. The two cases presented
suggest that MRI may be of value in guiding biopsy of pa-
tients with suspected multilevel spinal involvement with
LCH. We propose that MRI is useful not only in assessing
associated reactive bone marrow and soft tissue changes,
but also in assessing the activity of the vertebral body le-
sion, and therefore providing a guide to the optimal biop-
sy site.
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0 Traumatic Lumbosacral Dislocation

Report of Two Cases

Athanasios |. Tsirikos, MD,* Asif Saifuddin, FRCR,t M. Hilali Noordeen, FRCS,* and

Stewart K. Tucker, FRCS*

Study Design. A retrospective study of 2 patients with
traumatic lumbosacral dislocation.

Objectives. To discuss the difficulty in making diagno-
sis and the effect of surgical treatment.

Summary of Background Data. Traumatic lumbosa-
cral dislocation is an uncommon injury, which creates
diagnostic difficulty and is typically managed by open
reduction internal fixation of the lumbosacral spine.

Methods. Medical notes and imaging of the 2 patients
were reviewed.

Results. Both patients were engaged in high-energy
accidents and had concomitant injuries. Patient 1 was
initially misdiagnosed as having L5 lytic spondylolisthesis
and was treated with a lumbar corset. She developed
progressive low back and left leg pain. Eleven months
after the accident, a bilateral lumbosacral dislocation with
right S1 superior facet fracture, disc rupture, posterior
soft tissue disruption, and a resultant Grade 4 L5-S1 trau-
matic spondylolisthesis was identified. She underwent
open reduction, followed by a staged anteroposterior
spinal arthrodesis using instrumentation with excellent
results. Patient 2 sustained a unilateral L5-S1 facet dislo-
cation without neurologic deficit, which reduced sponta-
neously. The evaluation demonstrated a grossly dis-
turbed posterior ligamentous complex adjacent to the
lumbosacral articulation. A combined anteroposterior
spinal fusion with instrumentation was performed with
favorable outcome.

Conclusion. Meticulous clinical examination and care-
ful imaging assessment, including CT and MRI, assist an
early diagnosis in cases of lumbosacral dislocation. Open
reduction and circumferential bony fusion restore seg-
mental stability and painless function. [Key words: spine,
trauma, lumbosacral dislocation] Spine 2004;29:E164-
E168

Traumatic lumbosacral dislocation constitutes an un-
usual injury pattern, which results from violent trauma
and is frequently associated with adjacent spinal frac-
tures. The direction of the displacement may be anterior,
posterior, or lateral depending on the vector of the de-
forming force. The dislocation may be either unilateral
or bilateral. We report 2 patients involved in severe road
traffic accidents, who had lumbosacral disarticulation.
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B Case Reports

Patient 1. A 16-year-old girl was a rear-seated, shoulder and
lap strap seat-belted passenger in a car, which was hit from
behind by a truck. She sustained a right clavicular fracture and
multiple intra-abdominal injuries. Initial investigation revealed
that multiple sections of her bowel had become devascularized,
and she underwent an urgent laparotomy with partial resection
of the small intestine, from which she made a satisfactory re-
covery. However, in the following days, she started complain-
ing of constant low back pain. Imaging evaluation, including
plain radiographs (Figure 1A) and computed tomography (CT)
of the lumbar spine (Figure 1B), was performed and was ini-
tially reported to show a right pars interarticularis defect at
L5-S1. Magnetic resonance imaging (MRI) was subsequently
obtained, which revealed a Grade 1 L5-S1 spondylolisthesis
(Figure 1C). A rigid lumbar corset was prescribed and the pa-
tient was discharged from the hospital.

Her back pain persisted and with the addition of radiation to
the left leg with associated numbness in the calf and dorsum of the
foot. At that point, 11 months after the accident, the patient was
referred to our institution. Clinical examination revealed a palpa-
ble step-off from the spine of the fifth lumbar vertebra to the
sacrum, with anterior translation of L5 on S1, and a positive
straight leg-raising test at 45° on the left side resulting in paresthe-
sia. Repeat imaging, including radiographs (Figure 2A), CT with
multiplanar reconstruction (Figure 2B), and MRI (Figure 2C),
demonstrated Grade 4 spondylolisthesis due to left L5-S1 facet
dislocation and fracture of the right superior S1 articular process.
Degeneration of the L5-S1 disc and disruption of the posterior
ligamentous complex were also identified.

The patient underwent staged circumferential bony fusion
of the lumbosacral joint. The first stage comprised reduction of
the L5-S1 dislocation with application of bilateral pedicle
screws at the LS and S1 levels through a posterior midline
approach, and precontoured oversized rods to provide distal
corrective force. Realignment was achieved by slow traction on
L5 after the placement of the screws. Intraoperative findings
showed disruption of the interspinous ligaments between L5
and S1. Bilateral facet joint dislocation and the fractured right
superior S1 facet were confirmed. The left L5-S1 facet was
excised to facilitate reduction. After securing the rods at L5,
both rods were pushed caudally to achieve further correction
and restore the sagittal alignment of the previously dislocated
segment. Bilateral posterolateral arthrodesis was performed
with onlay autologous bone graft harvested from the posterior
iliac crest. The procedure was performed under spinal cord
monitoring using epidural recording of somatosensory-evoked
potentials, with normal traces obtained and maintained
throughout the operation.

One week later, the patient underwent anterior spinal fu-
sion with the use of a threaded metallic cage and iliac crest bone
autograft retained from the first stage. The lumbosacral artic-
ulation was exposed by a transperitoneal approach through the
previous laparotomy scar.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 1. Patient 1. Imaging im-
mediately postinjury. a: Lateral
radiograph of the lumbosacral
junction showing Grade 1 L5-S1
spondylolisthesis. b: Axial CT
through the lumbosacral junction
demonstrates disruption of the
neural arch. Note fracture of the
right transverse process (arrow)
and the “naked” facet sign (dou-
ble arrow). ¢: Sagittal T2-
weighted MRI demonstrates
avulsion of the L5-S1 disc from
the sacrum and disruption of the
ligamentum flavum (arrow). a

Satisfactory reduction of the facet dislocation and the spon-
dylolisthesis was achieved and maintained at follow-up. The
patient’s postoperative course was uneventful and her neuro-
logic picture recovered completely. She was mobilized in a lum-
bar orthosis with extension above the knee on the right side for
3 months.

Two years after the surgery, the patient had her first baby
through a vaginal delivery without complications. Her spine
remained asymptomatic throughout her pregnancy. At the
most recent examination, 3 years after surgery, she was pain
free with normal neurologic function and radiographic evi-
dence of a stable fusion (Figure 3).

Patient 2. A 42-year-old patient was the victim of a road traffic
accident, sustaining a closed head injury from which he recov-
ered uneventfully. However, during his hospitalization, he ex-
perienced low back pain without neurologic deficit. CT dem-
onstrated the presence of a right unilateral L5-S1 facet

dislocation with associated ipsilateral LS transverse process
fracture (Figure 4). While being transferred for an MRI scan, he
had an acute, intense pain in the lumbosacral region. The en-
suing MRI confirmed spontaneous reduction of the dislocation
and showed normal bilateral L5-S1 facet joints. The L5-S1
disc appeared normal, although there was evidence of posterior
ligamentous complex rupture. The neurologic examination re-
mained normal.

Because of the significant risk of residual lumbosacral insta-
bility and recurrence of the dislocation, the patient was treated
surgically by a combined single-stage anteroposterior spinal
arthrodesis. The spine was first approached through a posterior
midline incision with the patient in the prone position. The
posterior spinal elements were dissected and a hematoma was
found in the paraspinal musculature, with disruption of the
interspinous and supraspinous ligaments on the side of the
dislocation. The contralateral facet joint, exposed for the pur-
pose of arthrodesis, appeared normal. Posterolateral bony fu-

a

Figure 2. Patient 1. Delayed imaging. a: Lateral radiograph of the lumbosacral junction shows Grade 4 L5-S1 spondylolisthesis. h: CT of
the lumbosacral junction. Right parasagittal multiplanar reconstruction showing fracture of the S1 superior articular facet (arrow). ¢: CT
of the lumbosacral junction. Left parasagittal multiplanar reconstruction showing dislocation of the left L5-S1 facet joint. d: Sagittal
T2-weighted MRI demonstrates Grade 4 L5-S1 traumatic spondylolisthesis with compression of the cauda equina and degeneration of the

L5-S1 disc.
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Figure 3. Patient 1. Postoperative imaging. Lateral radiograph
demonstrates solid instrumented L5-S1 circumferential fusion.

sion was performed and instrumentation was used in the form
of a pedicle screw-rod construct securing fixation on the LS and
S1 segments. Hydroxyapatite bone substitute was applied to
enhance fusion. A recording electrode was introduced to the
epidural space by an open procedure and monitored normal
spinal cord function during the posterior stage of the surgery.
The patient was then rolled to the supine position, the lumbo-
sacral joint was exposed through a Pfannenstiel incision and
a transperitoneal approach, and a threaded metallic cage

Figure 4. Patient 2. a: Axial CT at
the lumbosacral junction demon-
strating unilateral right L5-S1
facet dislocation manifest as the
“naked” facet sign (arrow). b:
Axial CT at the lumbosacral junc-
tion demonstrating right L5 trans-
verse process fracture (arrow).
c: CT at the lumbosacral junction.
Right parasagittal multiplanar re-
construction showing L5-S1
facet dislocation. d: CT at the
lumbosacral junction. Left para-
sagittal multiplanar reconstruc-
tion showing normal L5-S1 facet
joint. e: Sagittal T2-weighted
MRI. The lumbosacral disc ap-
pears normal, although there is
evidence of ligamentum flavum
rupture (arrow). C

was inserted into the disc space to achieve anterior interbody
fixation and arthrodesis. During the anterior procedure, the
L5-S1 disc seemed to have a normal appearance. The patient
had an uncomplicated recovery from his operation. Postop-
erative management consisted of a lumbar corset worn for 3
months.

Two years postsurgery, he was completely asymptomatic,
with normal neurologic findings, and had resumed his previous
level of physical activities. Radiographic evaluation confirmed
a solid spinal fusion.

H Discussion

Watson-Jones! was the first to describe lumbosacral dis-
location, which he attributed to a hyperextension mech-
anism. However, most authors consider a combination
of hyperflexion with compression as the commonest
mechanism of injury to produce bilateral L5-51 disloca-
tion.>~* Dewey and Browne® postulated that a severe
force is applied to the lumbar spine and results in for-
ward shifting on the fixed sacrum. The presence of a
presumed unilateral rotatory element is implicated in
unilateral facet dislocations.®™® Roaf’ showed experi-
mentally that a combination of hyperflexion with verti-
cal loading and rotation is necessary to create this injury.
Hyperflexion alone is not capable of producing either
pure dislocation or fracture—dislocation in the lumbar
spine.” Other investigators have assumed hyperflexion
with various degrees of distraction and sheer forces to be
the most frequent mechanism of lumbar facet disloca-
tion.'?~'2 There are also reports of direct traumatic vec-
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tors that act as a tangential force applied to the L5-S1
apophyseal joints and cause the dislocation to occur.'?'*

Radiologic diagnosis of this injury is dependent on
good quality initial radiographs, which will demonstrate
the altered association of the lumbosacral facet joints.
However, emergency room radiographs are frequently in-
adequate and can be easily misdiagnosed as normal such
that the lesion is missed on original presentation.*'>1® Our
first patient was misdiagnosed as having an L5-S1 lytic
spondylolisthesis, and the correct diagnosis was not estab-
lished until 11 months postinjury. However, careful assess-
ment of the original MRI study demonstrated avulsion of
the L5-S1 disc from the sacrum and disruption of the pos-
terior ligamentous complex.

Aihara et al'” reviewed 7 patients with fracture—
dislocations of the fifth lumbar vertebra and analyzed 50
previously reported cases. They developed a classifica-
tion system with the aim at planning operative manage-
ment. According to the proposed classification system,
Patient 1 would be categorized as having a Type 2 injury
and Patient 2 as Type 1.

Herron and Williams'® suggested that the presence of
transverse processes fractures should lead to the suspi-
cion of traumatic lumbosacral dislocation. The presence
of a transverse process fracture appears to be a clear
association with lumbosacral dislocation in consecutive
historical reports.>=8:10:11.13.15.18-22 11, 5 qdition, the
existence of a perineal laceration should alert radio-
graphic examination of the lumbar spine to exclude the
occurrence of L5-S1 dislocation.**

Unilateral facet dislocation is an injury classically lo-
calized to the mobile cervical spine.>®> However, its rarity
in the lumbosacral spine is attributed to the more vertical
sagittal orientation of the facet joints and the presence of
robust muscular and capsuloligamentous structures that
provide substantial stability in the lower lumbar re-
gion.®?? Unilateral dislocations are unlikely to cause
neurologic compromise.®?* On the contrary, bilateral
dislocations, especially those associated with a signifi-
cant degree of spondylolisthesis, can produce neurologic
deficit. The most commonly affected nerve rootis S1, and
even with reduction of the dislocation, only partial re-
covery of nerve function should be anticipated.'?

The management of lumbosacral dislocation has var-
ied. Newell'* and Zoltan et al** reported success with
conservative treatment in the unreduced position. Begui-
ristain et al'® treated a S-year-old boy with pure trau-
matic anterior L5-S1 dislocation with traction, followed
by a lumbar plaster jacket. A favorable outcome was
obtained 8 years postinjury, even though the dislocation
was only partially reduced. In the case of subacute or
inveterate dislocation, previous authors have suggested
conservative management, in view of the complexity of
surgical treatment and reported excellent clinical re-
sults.”® Boger et al® presented a case of a 24-year-old
male patient who sustained a spontaneously reducing
unilateral facetal dislocation and was treated nonsurgi-
cally with good outcome.

Holdsworth?® postulated that spinal dislocations
without associated fracture should be treated by open
reduction and fusion particularly in unreduced disloca-
tions. Irrespective of the type of injury, lumbosacral dis-
location is a three-column injury and consequently
highly unstable.?® Open reduction internal fixation and
bone grafting as soon after the injury as possible will
ensure complete correction of the deformity, prevent
later deterioration, and should be considered the treat-
ment of choice for unilateral or bilateral lumbosacral
dislocations,?=*811.17-21

Closed reduction of bilateral lumbosacral dislocation
has not been advised in previous reports, citing the risk of
increasing the neurologic deficit and the apparent diffi-
culty in reducing the displacement.?>”-1°

Partial facetectomy can be performed in cases of pure
dislocation to facilitate reduction and does not jeopar-
dize segmental stability provided internal fixation is
used.>>”** However, if reduction can be attained with-
out facet resection, the intact apophyseal joints serve
as a block against deforming forces that can cause
redislocation. Decompressive laminectomy is not indi-
cated in the absence of neurologic signs and can create
further instability.*'° It has, however, been recom-
mended in cases of cauda equina compromise or de-
layed reduction.”>!8:20:27

Injury to the intervertebral disc is a prominent feature
of L5-S1 facet dislocation and can be reliably assessed
with preoperative MRI.'>?” Attention should be drawn
to the disc disruption in order to prevent the develop-
ment of cauda equina syndrome or nerve root compres-
sion after operative reduction of the dislocation.”'%!1-2”
In our first case, the use of intraoperative spinal cord
monitoring confirmed intact peripheral neural function
during reduction of the dislocation, and a decompressive
laminectomy was not deemed to be necessary.

Even though in previous reports, interspinous wiring
has been used after reduction of lumbosacral dislocations
with good reported results,”*'" pedicle screw instrumen-
tation is now the preferred technique for achieving postero-
lateral fixation.””'%'? Aihara et al'” recommended anterior
lumbar interbody fusion after posterior reduction of the
dislocation with pedicle screw instrumentation. Verlaan ez
al?’ treated a patient with bilateral dislocation with a pos-
terior interbody fusion procedure combined with a postero-
lateral instrumented fusion. We also believe that lumbosa-
cral dislocation is significantly unstable; therefore, we
supplemented the posterolateral fusion with an additional
anterior interbody fusion. This combined anteroposterior
surgical intervention produced a solid circumferential seg-
mental arthrodesis and restored stability of the lumbosacral
junction. Consequently, both patients returned to painless
function and had an excellent clinical outcome.

Finally, associated bony injury must be identified.
Ebraheim et al*® described the case of an 18-year-old girl
who sustained a traumatic unilateral lumbosacral dislo-
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cation associated with a vertical shear fracture of the
sacrum and instability of the symphysis pubis.

B Key Points

e Early recognition of a lumbosacral dislocation is
challenging and depends on a careful imaging
evaluation.

e Identification of all the different components of
the injury guides adequate surgical treatment.

e Reduction of the dislocated lumbosacral facet
joints requires open techniques.

e Combined anteroposterior L5-S1 arthrodesis
with compression instrumentation achieves
stability.
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ORIGINAL ARTICLE

Spinal Cord Monitoring Using Intraoperative Somatosensory
Evoked Potentials for Spinal Trauma

Athanasios 1. Tsirikos, MD, Joseph Aderinto, MD, Stewart K. Tucker, MD, and Hilali H. Noordeen, MD

Background: Intraoperative spinal cord monitoring is common-
place in scoliosis surgery as an adjunct to evaluate functional integrity
of the cord; however, limited information is available on its applica-
bility in spinal trauma.

Methods: We investigated the efficacy of somatosensory evoked
potential (SEP) recording during reconstructive procedures in 82 pa-
tients who sustained 20 cervical, 8 thoracic, 6 thoracolumbar, and 48
lumbar vertebral fractures or fractures—dislo-cations. Seventy-one pa-
tients underwent single anterior or posterior operations and 11 com-
bined anterior—posterior procedures. Forty patients had incomplete
injuries, and 42 had no preoperative neurologic deficit. SEP trace am-
plitude at insertion of electrode was considered as the baseline value
and was compared with the lowest intraoperative signal amplitude
and the amplitude at completion of operation.

Results: Fifty-nine patients had a depression in wave amplitude of
>25% during surgery; in 25 patients, the trace fell by >50%, and in 7
cases, a >75% diminution was recorded. A loss of 50% in SEP signal
amplitude showed 67% sensitivity and 71% specificity in predicting
neurologic outcome. Increasing trace deterioration threshold from
50% to 60% improved specificity to 81% without compromising sen-
sitivity. A loss of >50% in SEP amplitude occurred with significantly
increased incidence during the anterior compared with the posterior
spinal procedures. More than 20% recovery in signal amplitude at the
conclusion of the procedure in patients with incomplete injuries was
correlated with favorable neurologic function.

Conclusion: Persistent intraoperative decrement in SEP amplitude
and poor restitution at completion of surgery increase the risk for
postoperative neurologic compromise.

Key Words: spinal cord monitoring, trauma, spine

(J Spinal Disord Tech 2004;17:385-394)

he risk of spinal cord injury is always present during cor-
rective surgery involving the spine, particularly when in-
strumentation is used to achieve optimum spinal alignment and
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allow for a solid fusion. The prevalence of neurologic compli-
cations following instrumented fusion for spinal deformity has
been previously reported to range between 0.7% and 2.7%."'~
If neural cord injury occurs, this can result in permanent neu-
rologic damage. Intraoperative monitoring of the spinal cord
provides continuous surveillance and has helped diminish the
incidence of neurologic impairment.*~

The efficiency of somatosensory evoked potential (SEP)
screening varies depending on the type of spinal deformity.
SEP recording during operations for idiopathic scoliosis has
proven to be a helpful diagnostic tool with consistent sensitiv-
ity, reproducibility, and reliability in the early detection of cord
compromise; acute intervention at this stage can prevent irre-
versible cord injury.>* On the contrary, the efficacy of SEPs in
the surgical management of neuromuscular scoliosis has been
controversial.*> Noordeen et al® demonstrated that, despite a
lower sensitivity and specificity, the application of this method
in neuromuscular scoliosis can still provide useful information
and predict neurologic deficits. A number of studies have in-
dicated a decrement of 50% in SEP signal amplitude during
scoliosis surgery as the criterion for amplitude change that car-
ries increased risk of cord dysfunction.>**® Animal studies
have also confirmed the predictive value of a fall of 50% in the
amplitude of SEP waves in detecting potential neural cord
damage.”® The role of SEP monitoring during reconstructive
procedures in patients who have sustained spinal trauma is,
however, less certain.

The purpose of this study was twofold: primarily, to de-
fine possible benefits from monitoring continuously electrical
activity in the sensory pathways using mainly spinal epidural
SEPs in predicting the ultimate neurologic outcome in a group
of patients who underwent surgery following spinal column
injury; and second, to determine if the threshold of 50% in SEP
trace amplitude diminution, described in deformity surgery as
a predictive factor for neurologic compromise, could be reli-
ably applied during operative procedures to address spinal
trauma.

MATERIALS AND METHODS

This is a retrospective study including a population of
patients treated in our institution for spinal injuries between
1995 and 2000. Our study cohort comprised 82 patients who
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underwent 83 reconstructive procedures (Table 1). Seventy-
one patients underwent isolated posterior or anterior spinal
surgery, whereas combined anterior—posterior operative pro-
cedures were necessitated in 11 patients. In all but one patient
in the combined procedures group, the operations were per-
formed in one session; one patient required staged anterior—
posterior approaches, and therefore he had two consecutive
SEP trace recordings. The medical records of the 82 patients
were reviewed to document the type of injury and the surgical
treatment offered, the method of anesthesia, the posttraumatic,
preoperative, and postoperative neurologic status of each indi-
vidual patient and any adverse sequelae, and the fluctuation of
SEP monitoring during surgery. Inclusion in this study re-
quired availability of complete intraoperative spinal cord
monitoring signals and accurate documentation of the level of
neurologic function before and after surgery.

All surgical procedures were performed by consultant
spinal surgeons in our unit, applying a consistent perioperative
management protocol with the same anesthetic team. Physi-
ologic measurements such as lowest and highest intraoperative
systolic blood pressures and body temperature at completion
of the operation were also documented. Detailed information
on the age and gender of patients, date and level of injury, and
surgical approach and procedure were recorded. Similar tech-
niques of anesthesia were applied. Induction was done by in-
travenous thiopentone or inhalation of halothane, followed by
maintenance with enflurane and nitrous oxide in oxygen. Ve-
curonium or pancuronium was used for muscle paralysis and
opioids for perioperative analgesia. During the operation, the
systolic blood pressure was maintained at levels above 85 mm
Hg, occasionally with the administration of labetalol or tri-
metaphan. Intra-arterial monitoring and central venous pres-
sure transducers were used in all patients.

Neurologic Assessment
Neurologic outcome measures were based on changes in
motor grade strength, sensory function, tendon reflexes, and

gait pattern. Neurologic examination results in the preopera-
tive and postoperative period were available for all 82 patients.
Motor activity was scored according to the grading system pro-
posed by the American Spinal Injury Association.'® This scale
quantifies muscle strength from 0 (no strength) to 5 (normal)
for each one of the five muscle groups in the upper and lower
extremities individually. Documentation of upper and lower
extremity tendon reflexes, sensory chart diagrams, and assess-
ment of both bladder and bowel function were available for all
patients. Thus, improvement or deterioration in their postop-
erative neurologic picture could be determined. A minimum
2-year clinical follow-up (range 2—7.5 years) was available for
all patients who participated in the study.

Spinal Cord Monitoring

Eighty-three sets of complete SEP traces from 82 pa-
tients were available for analysis. Epidural measurement of the
SEPs was used to monitor the function of the spinal cord
throughout the operation. The consensus technique for moni-
toring was the unilateral stimulation of the posterior tibial, me-
dian, or ulnar nerves with supramaximal constant-current
single-pulse stimuli of 15- to 50-mA intensity, pulse duration
of 0.2 milliseconds, at a rate of 14—16 stimuli/s for the lower
limbs and 3—7 stimuli/s for the upper limbs applied alternately
to both upper or both lower limbs. The SEP was recorded with
a 4F bipolar electrode (Orthoexpress, Amersham, UK) in-
serted into the epidural space above the highest proposed level
of fusion in 69 patients. In the patients who underwent poste-
rior spinal procedures, the intervertebral space one to two lev-
els above the most cephalad proposed vertebra to be instru-
mented was exposed through a direct incision of the ligamen-
tum flavum, and the recording electrode was introduced in the
epidural space. In patients undergoing anterior surgery, the
epidural electrode was placed percutaneously through a guid-
ing needle. In 19 patients, scalp electrodes were used to mea-
sure cortical evoked potentials. In 6 of these 19 patients, re-
cordings were obtained from both scalp and epidural elec-

TABLE 1. Type of Operative Procedures Performed in the Patients Included in Our Series

Single Surgical Procedures Number of Neurological
(Posterior: 47 Patients, Anterior: 24 Patients) Procedures Complications
Posterior instrumented fusion 46 1 (radicular motor deficit)
Cervical laminectomy/posterior instrumented fusion 1 1 (spinal cord sensory deficit)
Anterior corpectomy/instrumented fusion 23 0
Cervical anterior instrumented fusion 1 0
Combined Surgical Procedures (11 Patients) Number of Neurological
Procedures Complications
Anterior corpectomy/posterior instrumented fusion 10 2 (spinal cord motor deficit/
(one stage) radicular sensory deficit)
Anterior/posterior instrumented fusion (two-stage) 2 0
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trodes. In the remaining 13 patients, good cortical baseline
signals could be monitored so the use of an epidural electrode
was not deemed to be necessary. In 4 patients of the total num-
ber of 11 patients who underwent combined anterior and pos-
terior procedures, scalp electrodes were used to measure SEPs
during the anterior and epidural recording electrodes during
the posterior stage of the operation. In most of the patients who
underwent anterior cervical surgery, SEP monitoring was per-
formed using cortical evoked potentials. In the cases when cor-
tical SEP traces were not satisfactory, recording was obtained
using epidural electrodes placed percutaneously at the C7-T1
level, and the correct position of the electrode in the spinal
canal was confirmed using fluoroscopic imaging.

The signals were amplified, conditioned, and displayed
on a Medelec MS91 electromyograph (Medelec, Old Woking,
UK) and a PA89 preamplifier. The amplifier filters were set to
BER (200 Hz to 2 kHz), and sweeps were averaged to obtain
clear recordings at intervals coinciding with steps in the opera-
tion or changes in the signal. Filter settings were kept constant
during the procedure, as changes would cause alteration of
SEP waveforms. After 1996 a Viking (Nicolet) display unit
and preamplifier were used with filter settings 200 Hz to 2
kHz. SEP trace was measured as the maximum peak-to-peak
value, and hard copies of the signals were obtained on cali-
brated heat-sensitive paper to document deviations at different
points of the surgery. The SEP wave at insertion of the elec-
trode was taken as the control value. The lowest intraoperative
SEP amplitude and trace amplitude at conclusion of operation
right before closure of the skin were recorded and expressed as
apercentage of the initial control measurement. Three levels of
SEP signal loss, namely, >25%, >50%, or >75% of the base-
line level, were used to determine significance of any alter-
ation in amplitude. The SEP traces were designated according
to the classification developed by Szalay et al* as false posi-
tive, false negative, true positive, or true negative (Table 2).

Statistical Methods

The Pearson x statistic (P < 0.05) was used to compare
loss of trace amplitude and neurologic outcome. Statistical sig-
nificance of the association between patients’ age, gender, and
change of SEP signal amplitude was determined with the ap-

plication of the Mann—Whitney U test. The positive and nega-
tive predictive values for SEP changes during surgery were
also calculated. Comparison of intraoperative systolic blood
pressure and core temperature at skin closure between pa-
tients’ subgroups was performed using the two-tailed Student ¢
test.

RESULTS

Twenty-eight (34%) of the patients in our series were
females and 54 (66%) males, with an average age at surgery of
33 years (range 8—87 years). The distribution of spinal trauma
included 20 cervical, 8§ thoracic, 6 thoracolumbar (T11-L1),
and 48 lumbar vertebral fractures or fractures—dislocations.
Surgery to address consequent spinal malalignment and re-
store function was performed at an average of 10 days after the
injury (range 1-133 days). This was the average time required
for the patients to be referred to our institution, which is a ter-
tiary referral center. Forty-two patients (51.2%) had normal
preoperative neurology. Forty of the 82 patients (48.8%) in this
study had neurologic deficit prior to operation, as the result of
incomplete spinal cord injuries in all cases. Thirty-six of these
40 patients (90%) were treated with either anterior decompres-
sion—fusion or combined anterior decompression and posterior
fusion.

Intraoperative Fall in SEP Trace Amplitude
Fifty-nine patients (71.9%) had an intraoperative fall in
trace amplitude of >25% compared with the baseline value at
insertion of the electrode; in 25 patients (30.5%), the SEP sig-
nal fell by >50%, and in 7 patients (8.5%), a diminution of
>75% was recorded during surgery (Table 3). When sensitivity
and specificity were calculated, a decrement of 25% in wave-
form amplitude was associated with 67% sensitivity, 29%
specificity, and one false-negative result in predicting neuro-
logic outcome. A loss of 50% showed 67% sensitivity, 71%
specificity, and one false-negative result. Seventy-five percent
depression of the signal had sensitivity of 33%, specificity of
91%, and two false-negative results in predicting postopera-
tive function. In most of these cases, the loss of trace resolved
rapidly, either when the recording electrode was repositioned
or spontaneously. The recording electrode in the epidural

TABLE 2. Classification of Somatosensory Evoked Potential Traces Introduced by Szalay et al*

Classification

Definition

True positive

Change in the signal that can be related to surgical or anesthetic events/does not

necessarily imply neurologic deficit

True negative

False positive
detected

False negative

No alteration in the signal/no neurologic complication
Change in the trace unrelated to surgical or anesthetic events/no neurologic

sequelae

No change in the trace/neurologic injury is produced

© 2004 Lippincott Williams & Wilkins
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TABLE 3. Decrement in SEP Wave Amplitude During the
Surgery and Incidence of Associated
Neurologic Compromise

Intraoperative Loss of No. of Neurologic
SEP Trace Amplitude Recordings Sequelae
58% 28 1 (1.7%)
58%, recovery at completion of surgery 19 0
58%, nonrecovery at completion of
surgery 6 2 (33%)

space had become dislodged or surrounded by hematoma, and
its adjustment or replacement caused the signal to return. Pa-
tients with a fall in SEP amplitude of >50% that did not recover
at completion of the surgical procedure demonstrated an in-
creased risk of neurologic compromise (P < 0.01). However,
there was no significant correlation between the incidence of
SEP waveform amplitude decrease of >50% and the age or
gender of the patients. Forbes et al® first postulated that a dimi-
nution of <50% in signal amplitude from the initial measure-
ment during the surgical correction of spinal deformity is not
accompanied by clinically detectable damage to the spinal
cord and runs an exceedingly low risk of considerable motor
tract complications. In this study, we found that increasing the
threshold for what is considered significant trace deterioration
from 50% to 60% reduced the rate of false-positive results,

80 _ Percentage of

SEP decrease

70 .

thus improving specificity from 71% to 81%, without compro-
mising sensitivity, which remained at 67% (Fig. 1). Positive
and negative predictive values for SEP signal changes are pre-
sented in Table 4. There was also 100% correlation between
the side of the amplitude drop and the side of neurologic loss in
the trunk or limb (P < 0.001).

A decrement in SEP recording amplitude of >50% oc-
curred more often during the anterior than the posterior proce-
dures (Fig. 2). Trace amplitude loss of >50% occurred in 16 of
36 patients who underwent anterior spine surgery (44%) com-
pared with 10 of 59 patients (17%) in whom posterior-only
procedures were performed. This difference was statistically
significant (P <0.001).

Increase in SEP Trace Amplitude at Completion
of Operation

Trace amplitude at completion of operation was com-
pared with neurologic outcome in the 40 patients with incom-
plete injuries and recorded preoperative neurologic deficits. A
total number of 22 patients had improved SEP recordings be-
fore skin closure; 19 of these patients demonstrated an im-
proved neurologic function after the operative procedure
(Table 5). In these 19 patients, a positive statistical association
could be documented between the signal changes and the neu-
rologic outcome (P < 0.05). In 12 patients, the trace amplitude
increased by >20% before the end of the surgery; none of these
patients showed evidence of an impaired spinal cord function,

False/Positive

False/Negative

True/Negative RESULTS

Truel/Positive

FIGURE 1. Distribution of results in relation to different percentages of SEP trace amplitude diminution during spinal surgery.
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TABLE 4. Positive and Negative Predictive Values for Intraoperative SEP Changes in

Regard to Neurologic Outcome

Positive Predictive Negative Predictive

Values (%) Values (%)
>50% intraoperative loss of SEP signal amplitude 6.9 98.1
>60% intraoperative loss of SEP signal amplitude 11.1 98.5
>20% recovery SEP at completion of surgery 91.7 14.3
>40% recovery SEP at completion of surgery 100 15.1

which was either better than or the same as compared with their
preoperative state. In seven patients, the trace amplitude at
completion of the spinal procedure had increased by >40% of
the baseline initial value. None of the patients in this group had
neurologic complications, and they all demonstrated improve-
ment in their neurologic status. Nevertheless, interestingly
enough, two of the patients with up to 20% improvement in the
trace amplitude compared with the original control measure-
ment presented deterioration in their neurologic picture in the
postoperative period.

In 17 patients, the SEP waveform amplitude was un-
changed at the conclusion of the operation; in those cases, the
neurologic functional level after surgery was equally unal-
tered. However, in one case, even though the end recording
was consistent in amplitude with the control value, aggrava-
tion in neurologic picture was recorded after spine surgery. No
significant difference was obtained when comparing systolic
blood pressures or core temperatures at skin closure between
the group of 18 patients with neurologic impairment and those
with a documented increase in signal amplitude at completion
of the surgery (P> 0.05). Equally, no statistical difference was
noted for the same parameters between the group of 19 patients
with an intraoperative rise in SEP trace amplitude and an im-
proved postsurgical level of function and the 3 patients whose
neurologic state remained the same or even worsened, al-

50 -
40 -

30 -

20 i

0 2N
Anterior-Posterior
operative procedures
FIGURE 2. Percentage of cases of >50% depression in SEP

signal amplitude during the isolated anterior versus the single
posterior surgical procedures.

Percentage of > 50% fall in
the SEP trace amplitude
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though the signal recovered to a certain extent before the end of
the operation (P > 0.05).

Neurologic Evaluation

Neurologic deterioration after surgery was detected in
four patients; one patient in this group had <50% and two pa-
tients >50% diminution in SEP signal amplitude that did not
recover at completion of the operation. Two of these patients
developed spinal cord compromise postoperatively, even
though they had a normal neurologic picture prior to surgery.
We believe these four cases are worthy of further description.

The first patient with normal function before the proce-
dure was a 31-year-old man who sustained a midcervical frac-
ture, developed in the postoperative period right upper extrem-
ity weakness, and was found to have penetration of both C3—
C4 and C4-CS5 intervertebral foramina by posterior fixation
screws in the right side, causing nerve root compression and
accounting for his symptoms. This could not have been dis-
covered with the epidural SEP monitoring method that we ap-
plied during the operation, where the highest recordable level
is C6 and C7 (median nerve innervation). Therefore, he was
excluded from the calculations of sensitivity and specificity of
SEP for detection of neurologic injury.

The second patient with no preoperative neurologic ab-
normality was a 25-year-old man who sustained an L4 burst
fracture and underwent posterior L3—L5 instrumented fusion,
followed by subsequent anterior corpectomy and titanium cage
insertion filled with bone autograft. Intraoperative spinal cord
monitoring indicated 85% reduction in signal amplitude on the
left side and 20.8% on the right, which did not recover before
completion of the procedure on the left side (Fig. 3). In the
immediate postoperative period, he developed transient numb-
ness in his left lower limb, which eventually resolved sponta-
neously.

A 70-year-old man sustained a hyperflexion injury to his
cervical spine following a fall. He presented to his local hos-
pital with bilateral hand weakness. Plain radiographs were nor-
mal, and magnetic resonance imaging scans showed increased
signal in the cord at the C7 level. He was initially treated con-
servatively with the application of a hard cervical collar. Four
weeks later, he developed further symptoms including left leg
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TABLE 5. Improvement of SEP Trace Amplitude at Skin Closure in Relation to Postoperative

neurologic Outcome

SEP Signal Amplitude Recovery Unchanged Improved Deterioration
at Conclusion of Operation Neurologic Neurologic of Neurologic
(% Above Initial Baseline Recording) Status Picture Function
<20% 0 8 (80%) 2 (20%)
20-40% 1 (20%) 4 (80%) 0
>40% 0 7 (100%) 0

clonus, bilateral lower limb hyperreflexia, and patchy sensory
loss around his left heel. Repeat cervical spine radiographs re-
vealed C6—C7 bilateral facet dislocation. Seven weeks after
injury, he underwent posterior C6 laminectomy followed by
C5—C7 posterior spinal fusion using lateral mass instrumenta-
tion and iliac crest bone autograft. Intraoperative SEP ampli-
tudes fell by <25% bilaterally. SEP monitoring was performed
by stimulation of the ulnar and median nerves. Cortical SEPs
were also measured using scalp electrodes. At conclusion of
operation, the trace amplitudes were 8% and 4% above the
initial control value on the left and right sides, respectively.
Postoperatively, he had persistent right-sided weakness of el-
bow flexion and associated weakness of elbow extension,
wrist flexion, finger abduction, and hip extension bilaterally.
Seven months after the injury, his symptoms had considerably
improved, but he still had residual bilateral hand weakness.

A 47-year-old woman sustained an L1 burst fracture and
presented on admission with numbness of S3, S4, and S5 dis-
tribution on the right side. Six days after the injury, she under-
went anterior L1 corpectomy, insertion of a titanium cage
filled with bone autograft, followed by posterior T12-L2 in-
strumented fusion. Intraoperative spinal cord monitoring
showed signal reduction of 61% on the right side and 63% on
the left. SEP trace amplitude at the end of the operation had a
persistent decrement of 55% on the left side and had com-
pletely recovered on the right. One week after surgery, she
complained of numbness in the right S1-S2 distribution,
which was confirmed by examination.

DISCUSSION

Electrophysiologic monitoring during spinal surgery
continues to be an important modality with the aim to identify
at an early stage potentially reversible sensory or motor injury.
An ideal neurologic function monitoring technique should
have high sensitivity and specificity, should produce real-time
feedback, should not interfere with anesthetic methods allow-
ing access to the patient for the anesthetist, should not impede
the operative field, should not prolong excessively the surgery,
and should have good reliability and reproducibility in patients
with or without pre-existing neurologic impairment. '’

Evoked potentials are essentially electrical fields that are
generated by a nervous structure in response to a stimulus. A
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basic principle applied in evoked potential recording is that the
area at risk for neurologic injury must lie in the pathway be-
tween the stimulus and the response. The tracts that can be
monitored using the current neurophysiologic methods are the
dorsal somatosensory columns and the lateral corticospinal
motor tracts. Somatosensory tracts carry information from
mostly large, myelinated fibers in the periphery that subserve
position sense, vibration, and fine touch discrimination.'?
SEPs have been used with great success in predicting sensory
abnormalities that may occur in patients who undergo correc-
tive surgery for spine deformity and have normal preoperative
neurologic findings.'* Nash et al'* pioneered the development
of scalp-recorded cortical SEPs for electrophysiologic moni-
toring. Worldwide, this is the most widely used spinal cord
recording technique. Shimoji et al'® introduced the epidural
recording of SEPs after the stimulation of peripheral nerves;
this technique has given very promising results in serial re-
ports.>*1>717 The epidural method of monitoring SEPs pro-
vides more accurate results, as it records responses directly
from the cord, and these responses are more resistant to anes-
thesia than cortical SEPs, which are amenable to signal ampli-
tude depression and peak latency increase, particularly as the
result of inhalation anesthetic agents, systemic hypotension, or
hypothermia.'®!'? An additional reason why we preferred us-
ing epidural as opposed to cortical SEP recordings in most of
the patients included in our study is their relative stability and
speed of acquisition.?’ 2% Epidural electrodes carry the poten-
tial risk of infection or cord trauma during placement; none of
these complications was encountered in any of our patients.
SEPs have been used extensively in the neurophysi-
ologic assessment of spinal cord integrity, reflecting mainly
the function of the dorsal column. In patients with spinal
trauma, however, the predictive value of SEPs in detecting po-
tential for neurologic recovery after the injury has been con-
troversial. York et al*® studied the prognostic significance of
cortical SEPs in patients with complete and incomplete spinal
injuries; while the absence of recordable SEP was associated
with no clinical recovery, the presence of an SEP was of lesser
value in predicting the neurologic state at the time of exami-
nation or the possibility for recovery. McGarry et al** investi-
gated scalp-recorded SEPs after peroneal stimulation in pa-
tients with long-standing incomplete spinal cord injuries; the
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results could not be accurately correlated with the clinical
functional outcome, and the authors concluded that this spinal
monitoring technique does not reliably predict function after
spinal cord trauma.

On the contrary, Rowed et al*> suggested that when the
spinal injury is incomplete, alterations in SEPs may be elicited
from stimulation of a nerve entering the cord distal to the level
of trauma; the recording of such potentials soon after injury or
their premature return and progressive normalization of the
waveform are sensitive early indications of favorable progno-
sis indicating recovery of posterior column function. Katz et
al*® examined the ability of SEPs and dermatomal-evoked po-
tentials to predict motor return after acute spinal cord injury;
they concluded that both the initial physical examination and
the evoked potentials were reasonable predictors of further
motor improvement. Curt and Dietz>” monitored median and
ulnar nerve SEPs in patients who sustained cervical spinal cord
injury; they showed that SEP recording was valuable to indi-
cate the level of injury, outline the degree of sensory impair-
ment, and predict the outcome of hand function even in uncon-
scious patients. Curt®® suggested that the clinical examination
of patients with spinal cord injury can be effectively supple-
mented by electrophysiologic techniques (SEPs, motor evoked
potentials, and electroneuromyographic recordings) to assess
the extent and severity of the injury, monitor the course of neu-
rologic deficits, and predict functional outcome. Fehlings et
al*” showed in an experimental rat model of spinal cord injury
that changes in axonal conduction in both motor and somato-
sensory tracts of the cord had a significant correlation to the
extent of cord injury and could be accurately monitored by
combined recording techniques of motor evoked potentials
and SEPs, with the aim to assess posttraumatic functional in-
tegrity of the spinal cord.

Picozzi et al*® recorded SEPs in patients with cervical
spinal cord trauma at admission, after surgical treatment, and
at follow-up; they suggested that the SEP monitoring method
is well suited to the noninvasive study of spinal cord condition
and the serial recording in patients with neural cord injury,
with the presence of well preserved SEP traces in the posttrau-
matic period indicating the best prognosis for motor and sen-
sory functions. Dorfman et al*' monitored cerebral SEPs in
patients with incomplete localized spinal cord lesions, includ-
ing traumatic injuries, and demonstrated that the latency and
amplitude characteristics of the signal recordings permitted
quantitative evaluation of the functional status of the spinal
somatosensory system. A study conducted by Pierlovisi-
Lavaivre et al*? evaluated cortical and cervical early SEP sig-
nals in patients with traumatic paraplegia or quadriplegia and
found a good correlation between the presence of SEP, even of
low amplitude or long latency, and a favorable prognosis. Con-
sequently, the authors recommended investigation of SEPs
soon after the injury and for a period of 6 months, with the aim
to clearly establish the irreversibility of the lesion and the clini-

© 2004 Lippincott Williams & Wilkins

cal recovery of posterior column function.>* Cheliout-Heraut
et al*® assessed patients with severe cervical trauma to deter-
mine the efficacy of motor and sensory evoked potentials be-
fore and after surgical management; a good correlation was
found between the severity of the spinal cord injury and SEP
grading, whereas the combined electrophysiologic exploration
of motor and sensory potentials proved to be the most useful
tool for monitoring patients with significant neural cord dam-
age. Delamarter et al** observed SEP trace amplitude improve-
ment following immediate decompression in an animal model
of experimentally induced spinal cord compression causing
paraplegia.

To the authors’ knowledge, the use of intraoperative spi-
nal cord monitoring with epidural recording of SEP traces in
cases of spinal trauma necessitating surgical intervention has
not been previously investigated. In the current study, we used
this different approach of intraoperative screening, compared
with the reports mentioned above in which SEP was examined
before and after the operative procedure, with the aim to de-
termine the efficacy of SEP recording in predicting neurologic
outcome after corrective surgery to address spinal injuries. The
ultimate functional result after these reconstructive procedures
is clearly correlated primarily to the extent of initial cord defi-
cit but also to the surgical maneuvers that could potentially
create further damage to an already compromised neural cord.

Recognizing the value of intraoperative SEP monitoring
in scoliosis and other spinal surgery, we applied prospectively
continuous SEP recording in 82 patients who sustained spinal
injuries requiring surgical stabilization. In our series, intraop-
erative loss of SEP trace amplitude of >50% occurred fre-
quently and was poorly predictive of postoperative neurologic
deterioration. These attenuations in SEP trace, interpreted as
false-positive results, are most likely the result of transient
cord compromise, representing mild, reversible neurologic im-
pairment during surgery with subclinical neurologic sequelae
but without detectable clinical consequences. Szalay et al* cor-
related intraoperative SEP fall with surgical events and re-
ported significant SEP waveform changes in 20% of patients,
which were associated with these events but did not result in
postsurgical neurologic deficits. We found that increasing the
threshold for loss of signal from 50% to 60% reduced signifi-
cantly the false-positive rate that reflects a tendency to false
alarms, therefore improving specificity from 71% to 81%
without compromising sensitivity. Moreover, the side of the
SEP trace amplitude fall during the procedure always corre-
sponded to the side in which a neurologic deficit was docu-
mented.

We presented the case of a patient with <50% decrement
in SEP wave amplitude, which recovered during surgery, and
who experienced postoperative neurologic complications; this
case represents a false-negative result. The occurrence of such
false-negative results is rare. Forbes et al® found no false-
negative results when they reviewed 1168 patients who under-
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went surgery for spinal deformity and were monitored with
SEPs; Nuwer at al® reported false-negative rates of <0.2% in a
large series of patients who underwent instrumented fusion for
scoliosis. Jones et al*® reported two cases of temporary quadri-
paresis following anterior cervical discectomy and instru-
mented fusion with normal perioperative SEP recordings,
which represent false-negative results and a failure of SEPs to
detect iatrogenic lesions during surgery. Our patient exhibited
deterioration only in his motor function and may therefore cor-
respond to a case where isolated injury to the motor tracts has
occurred with sparing of sensory pathways allowing mainte-
nance of normal SEPs. In this patient, SEP monitoring was
performed by stimulation of the median and ulnar nerves and
cervical cord injury was at the C6-C7 level, which could po-
tentially have compromised conduction of sensory stimuli, re-
ducing the sensitivity of SEP monitoring. Fisher et al*® postu-
lated that even though SEP recording may be effective in pre-
dicting and reducing the rate of complications, such neurologic
sequelae still occur and are not reflected by preoperative SEP
signal changes. These complications appear to be the product
of partial neural cord lesions impairing primarily motor func-
tion and sparing the sensory pathways.*® This is the reason
why previous authors have supported the use of intraoperative
monitoring by stimulating motor instead of sensory pathways,
with the aim to increase accuracy and reproducibility of the
method.?”*°

In this study, nonrecovery of trace amplitude at conclu-
sion of surgery was associated with significant risk of neuro-
logic compromise. Most (86.3%) of the patients who had in-
creased SEP trace amplitude before skin closure had an asso-
ciated improved functional outcome after the operation. Most
of the patients (91.6%) with >20% rise in signal amplitude be-
fore completion of the procedure demonstrated a better neuro-
logic picture compared with their preoperative status. An in-
traoperative recovery in SEP wave amplitude of >40% com-
pared with the initial control value was correlated with
postsurgical improvement in neurologic state in all patients.
However, in two cases, a <20% increase in trace amplitude was
associated with a less favorable outcome. Moreover, the 47-
year-old patient with the L1 burst fracture developed in the
postoperative period neurologic symptoms on the right side,
which was the side where the SEP trace amplitude had com-
pletely recovered in the end of surgery. We believe that these
three cases could represent a degree of disparity in the repro-
ducibility of the monitoring method.

A standardized anesthetic regimen was used in all cases
with the aim to minimize anesthetic effects on intraoperative
SEP signal changes, and no statistical difference could be de-
tected between the different groups of patients in regard to sys-
tolic blood pressure and core temperature at completion of the
operation.

Patients undergoing anterior procedures were particu-
larly prone to loss of SEP trace amplitude of >50%. However,
all the patients who required anterior procedures had impaired
preoperative neurologic pictures. Epstein et al,*! in a study of
100 patients undergoing cervical surgery for stenosis, spondy-
losis, and ossification of the posterior longitudinal ligament,
also observed that SEP attenuation was common during ante-
rior procedures but found little variation in frequency between
anterior and posterior procedures. The increased incidence of
SEP fall during anterior operations in our series may be related
to the original neurologic compromise caused by the injury but
may also reflect the surgical environment; therefore, it could
be attributed to transient cord compression while manipulating
vertebral fragments in close proximity to an edematous spinal
cord. Ligation of the segmental vertebral vessels to facilitate
the approach to the anterior surface of the vertebral body could
also account for this difference. Another potential reason that
could justify this discrepancy between the rate of SEP decre-
ment during the anterior compared with the posterior proce-
dures is displacement of the epidural electrode away from the
spinal cord when anterior surgery was performed. However, in
this patient group, when the epidural electrode was positioned
percutaneously, it was tightly secured to the skin to minimize
the risk of pulling off the neural cord.

CONCLUSIONS

Persistent intraoperative depression in SEP trace ampli-
tude of >60% occurring in patients with normal preoperative
neurology or incomplete injuries as well as limited (<20%) or
absent recovery of signal amplitude at completion of surgery in
patients with incomplete injuries were identified, in this study,
as factors that increased considerably the risk of postoperative
neurologic deficit. In patients with incomplete neurologic
damage, a >20% restitution in the SEP wave amplitude from
the initial baseline recording before conclusion of the proce-
dure was positively correlated with superior prognosis in re-
gard to spinal cord function. Patients with incomplete spinal
cord damage who underwent anterior surgical procedures had
greater incidence of significant somatosensory potential loss

FIGURE 3. The first SEP trace always indicates the baseline recording. A, The SEP traces during the posterior instrumented spinal
fusion have been stable throughout. B, The baseline traces have been reset before the anterior stage of the combined procedure.
The signals were stable during the first part of the anterior surgery. C, The SEP waveforms showed significant diminution on the
left side and slight decrement on the right side. D, Recovery of the signal amplitude occurred on the right but not on the left side
before conclusion of the anterior operative procedure, which was associated with the development of neurologic complications

on the left lower extremity.
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during the operation. In this series, continuous intraoperative
SEP recording appeared to be adequately reproducible, suffi-
ciently reliable, and therefore a practical tool in monitoring
operative procedures for spinal trauma. Even though, com-
pared with deformity surgery, the method is less sensitive and
specific, it may help reduce the incidence of devastating neu-
rologic injury during the operation on an already compromised
neural cord and can provide a good prediction in terms of post-
operative neurologic outcome. Thus, it could be considered a
useful surgical adjunct in the management of patients with spi-
nal trauma.
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Infections have been classified as ‘never events’ by the department of health (DoH)

and NHS to improve patient experiences and surgical outcomes. Me being an active member

of Scoliosis Research Society’s (SRS) Mortality and Morbidity (M&M) committee and as a

part of commitment to patient care took on the mammoth task of reporting the infection rates

of 108,419 spinal surgeries from the SRS M&M database. The infection rates for children

(younger than twenty one years) and adults (older than twenty one years) were analysed

separately. The incidence of superficial, deep, and total infection rates were evaluated for all

etiologies by logistic regression. The breakdown of infection rates for children is summarised

in the table below (Table 1):

rale ol fect

Superficial Infection (%)

DS

Deep Infection (%)

Primary Diagnosis No. Cases Total Infection (%)
Pediatric (<21 yr)

Degenerative disease 654 5(0.8) 10.2) 6009
Scoliosic 20,424 195 (1.0) 331 (1.7) 536 (2.6)
Spondylolisthesis 827 9(1.1) 12(1.5) 21(25)
Fracture 623 5(0.8 9(1.4) 14022
Kyphosis 1555 35(2.3) 493.2) 8454
Other 1273 11 (0.9 23(1.8 34(2.7)

Primary tumort 152 010.0) 5(3.3) 5(3.3)

Implant revizion/removalt 308 1(03) 619 7(23)
Not recorded 76 1(1.3) 1(1.3) 2026
Total 25,432 261 (1.0) 436(1.7) 697 2.7)

*Age not recorded for 903 patients. Thele patients are not included in this table

#Selected subgroup within the “other” category. Note that numbers of cases for these Subgroups are part of the total other cases indicated.

Rates of infection after spine surgery based on 108,419 procedures: a report from the

Scoliosis Research Society Morbidity and Mortality Committee: Smith JS, Shaffrey CI,

Sansur CA, Berven SH, Fu KM, Broadstone PA, Choma TJ, Goytan MJ, Noordeen HH,

Knapp DR Jr, Hart RA, Donaldson WF 3rd, Polly DW Jr, Perra JH, Boachie-Adjei O;

Scoliosis Research Society Morbidity and Mortality Committee. Spine (Philadelphia, PA

1976). 2011 Apr 1; 36(7): 556-63. PMID: 20739916.
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Being an active member of SRS and part of its M&M committee, | retrospectively
reviewed the database of 605 consecutive paediatric isthmic (542) and dysplastic (62)
spondylolisthesis cases that were operated on between 2004 and 2007. The overall
complication rate was 10.4 percent (63 out of 605). The incidence of a neurodeficit was five
percent (31 out of 605). Deep wound infection was seen in twelve cases (2 percent), and a
dural tear in eight patients (1.3 percent). The overall complication was double in patients who
had attempted reduction, as compared to those who had fusion in-situ. This difference was
also statistically significant p=0.01 (8 out of 376 in unreduced vs. 23 out of 229 in reduced
groups). There was no statistically significant difference in instrumented vs. uninstrumented
group. Most of the neurodeficit was transient, and high grade spondylolisthesis (Myerding
grading 111 and above) was more commonly associated with a new onset of a neurodeficit.

This study is the largest to date published in spinal surgical literature, and it discusses,
very comprehensively, the role of reduction, instrumentation, and incidence of complications
or infections in paediatric patients undergoing spondylolisthesis surgeries. This will help
healthcare professionals to appropriately counsel parents and families in optimising

expectations and outcomes.

Morbidity and mortality in the surgical treatment of six hundred five pediatric patients with

isthmic or dysplastic spondylolisthesis: Fu KM, Smith JS, Polly DW Jr, Perra JH, Sansur CA,

Berven SH, Broadstone PA, Choma TJ, Goytan MJ, Noordeen HH, Knapp DR Jr, Hart RA,

Donaldson WF 3rd, Boachie-Adjei O, Shaffrey Cl. Spine (Philadelphia, PA 1976). 2011 Feb

15; 36(4): 308-12. PMID: 20739916
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Deep vein thrombosis (DVT) and Pulmonary embolism (PE) could be fatal following
spinal surgeries. Me being an active member of Scoliosis Research Society’s (SRS) Mortality
and Morbidity (M&M) committee and as a part of commitment to patient safety and minimize
complication, I along with colleagues of the M&M committee evaluated 108,419 spinal
surgeries from the SRS M&M database (2004-07) reporting the incidence of PE, deaths due to
PE and incidence of DVT following three commonly performed spinal surgeries i.e. lumbar
microdiscectomy (LMD), anterior cervical discectomy with fusion (ACDF) and
decompression for lumbar canal stenosis (DLCS). Adults (>21 years) and pediatric (<21
years) patients were analysed separately. There were 25,432 pediatric cases and the etiology-

wise break-up of the incidence of PE, deaths due to PE and DVT rate are in the table below:

Table 1. Thromboembolic Complications Reported for 25,432 Pediatric Spine Procedures From the Year 2004 to 2007*
PE Rate PE Deaths DVT Rate
n (per 1000 Cases) (per 1000 Cases) {per 1000 Cases)
Pediatric (<21 yr old)

Degenerative disease 20 0.00 0.00 0.00
Fracture 623 1.61 0.00 1.61
Kyphosis 1555 064 0.64 257
Spondylolisthesis 87 .21 0.00 242
Scoliosis 20,424 0.39 0.05 0.15
Other 1983 0.00 0.00 0.00
Total pediatric cases 25432 043 0.08 039

It is evident that the incidence of PE was highest in patients with fractures (1.61 per
1000). However the deaths due to PE was highest in the kyphosis group (0.64 deaths per 1000).
The DVT rate was highest in kyphosis group followed by those undergoing surgery for

spondylolisthesis correction.

Complication rates of three common spine procedures and rates of thromboembolism following

spine surgery based on 108,419 procedures: a report from the Scoliosis Research Society

Morbidity and Mortality Committee. Smith JS, Fu KM, Polly DW Jr, Sansur CA, Berven SH,

Broadstone PA, Choma TJ, Goytan MJ, Noordeen HH, Knapp DR Jr, Hart RA, Donaldson WF

3rd, Perra JH, Boachie-Adjei O, Shaffrey CI. Spine (P’hila Pa 1976). 2010, Nov 15; 35(24):

2140-9. PMID: 20581760.
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Unintended durotomy (UD) during spinal surgery is associated with adverse outcomes
viz. prolonged hospital stay, increased incidence of infection and onset of new neurological
deficit. I evaluated 108,478 cases from SRS M&M (2004-07) along with other colleagues of
M&M committee in an attempt to analyse factors associated with UD and report age and
etiology-wise reliable incidence of durotomy rates from a large pool of patients. There were
19,953 pediatric patients (aged <20 years). The age group-wise break-up in the incidence of

durotomy rates are summarised in Table 1 below.

Table 1: Incidence of Unintended Durotomy in Spine Surgery Based
on 19,953 Paediatric Cases, Stratified by Patient Age Groups

Incidence of

Patient Age. vy Cases. n Durotomies. n Durotomy. %
0-9 3791 43 1.1°
10-19 16162 282 | B 4

The overall incidence of UD ranged from 1.1 to 1.9 percent. 0-9 yrs. age group had
the lowest incidence of durotomy at 1.1 percent as compared to elderly patients who had
twice the increased risk (i.e. 2.2 percent in those aged >80 yrs.). Etiology-wise, kyphosis and
spondylolisthesis correction were associated with highest incidence of UD (1.9 percent).
Other characteristics that were associated with high incidence of UD were revision surgeries
and degenerative spinal deformities. There was a statistically significant association between

UD and new onset of neurological deficit (p<0.001).

Incidence of unintended durotomy in spine surgery based on 108.478 cases. Williams BJ.

Sansur CA, Smith JS. Berven SH, Broadstone PA., Choma TJ, Goytan MJ, Noordeen HH,

Knapp DR Jr, Hart RA. Zeller RD. Donaldson WF 3rd, Polly DW Jr, Perra JH, Boachie-Adjei

O, Shaffrey CI. Neurosurgery 2011, Jan; 68(1):117-23. PMID: 21150757
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Halo traction is commonly used in children with spinal deformity to make the rigid spine
more flexible, and eliminate the need for combined anterior and posterior surgery at times.
However, they are not without complications; the most common being pin track infections
with loosening. Cranial nerve paresis is very uncommon and is rarely observed. The cranial nerve
that is most vulnerable for paresis is the Abducens nerve (VI cranial nerve), owing to its longest
intra-cranial course. I observed and reported two such cases in children who were treated with
halo, and had both Trochlear (IV cranial nerve) and Abducens nerve (VI cranial nerve) palsies
that recovered to a varying extent following the cessation of halo treatment.

Patient 1: A nine year old female with traumatic atlanto-axial dislocation and
torticollis was noted to have diplopia with anisometropia. ~The halo was removed and

treated in a hard collar. The VI cranial nerve recovered completely and the IV cranial nerve

had only partial recovery.

Patient 2: A fifteen year old female with osteogeneis imperfecta (OI) with rigid scoliosis

underwent a staged anterior and posterior surgery. She had halo traction following anterior

release which resulted in IV and VI cranial nerve paresis. Complete resolution of IV and VI

cranial nerve paresis was seen at two months post halo traction removal.

This was the first ever report or Trochlear nerve (IV cranial nerve) involvement with a halo
traction. My team is credited for highlighting this rare complication. The mechanism of
Trochlear nerve (IV cranial nerve) involvement and reasons for poor recovery despite removal of

halo is unknown even to this day.

Fourth and sixth cranial nerve injury after halo traction in children: a report of two cases. Pinches

E. Thompson D, Noordeen H. Liasis A, Nischal KK. J AAPOS. 2004 Dec: 8(6): 580-5. PMID:

15616508.
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Rates of Infection After Spine Surgery Based on

108,419 Procedures

A Report from the Scoliosis Research Society Morbidity and Mortality Committee

Justin S. Smith, MD, PhD,* Christopher I. Shaffrey, MD,* Charles A. Sansur, MD,* Sigurd H. Berven, MD,#
Kai-Ming G. Fu, MD, PhD,* Paul A. Broadstone, MD,§ Theodore J. Choma, MD, § Michael J. Goytan, MD, ||
Hilali H. Noordeen, MD,** Dennis R. Knapp, Jr., MD,tt Robert A. Hart, MD,$# William F. Donaldson 111,
MD,§§ David W. Polly Jr, MD, || || Joseph H. Perra, MD,*** Oheneba Boachie-Adjei, MDttt

Study Design: Retrospective review of a prospectively collected
database.

Objective. Our objective was to assess the rates of postoperative
wound infection associated with spine surgery.

Summary of Background Data. Although wound infection after
spine surgery remains a common source of morbidity, estimates of its
rates of occurrence remain relatively limited. The Scoliosis Research
Society prospectively collects morbidity and mortality data from its
members, including the occurrence of wound infection.

Methods. The Scoliosis Research Society morbidity and mortality
database was queried for all reported spine surgery cases from 2004
to 2007. Cases were stratified based on factors including diagnosis,
adult (=21 years) versus pediatric (<21 years), primary versus revi-
sion, use of implants, and whether a minimally invasive approach
was used. Superficial, deep, and total infection rates were calcu-
lated.

Results. In total, 108,419 cases were identified, with an overall total
infection rate of 2.1% (superficial = 0.8%, deep = 1.3%). Based
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on primary diagnosis, total postoperative wound infection rate for
adults ranged from 1.4% for degenerative disease to 4.2% for kypho-
sis. Postoperative wound infection rates for pediatric patients ranged
from 0.9% for degenerative disease to 5.4% for kyphosis. Rate of
infection was further stratified based on subtype of degenerative
disease, type of scoliosis, and type of kyphosis for both adult and
pediatric patients. Factors associated with increased rate of infection
included revision surgery (P < 0.001), performance of spinal fusion
(P < 0.001), and use of implants (P < 0.001). Compared with a tradi-
tional open approach, use of a minimally invasive approach was as-
sociated with a lower rate of infection for lumbar discectomy (0.4%
vs. 1.1%; P < 0.001) and for transforaminal lumbar interbody fusion
(1.3% vs. 2.9%; P = 0.005).

Conclusion. Our data suggest that postsurgical infection, even
among skilled spine surgeons, is an inherent potential complication.
These data provide general benchmarks of infection rates as a basis
for ongoing efforts to improve safety of care.

Key words: spine surgery, complications, infection, instrumentation,
pediatric, minimally invasive, deformity. Spine 2011;36:556-563

espite substantial advancements in the surgical care

of spine disease, postoperative wound infections re-

main a relatively common source of morbidity and
increased costs."? Although several potential risk factors for
the development of postoperative spinal wound infections
have been suggested,>'” the etiology of the vast majority re-
mains unclear.

The rate of wound infection after spine surgery is dependent
on many factors, including the complexity of the procedure,
health status of the patient, and potentially the experience and
technique of the operating surgeon and facility related factors.
This multifactorial nature of spinal wound infection compli-
cates the ability to determine rates of wound infection that
have generalizable, clinically meaningful applicability.

Documentation of the rates at which postoperative spine
infections occur is important for several reasons, including
preoperative patient counseling, quality improvement, and po-
tentially medicolegal issues. The reported rate of postoperative
spine infection ranges from 0.3 % to 20%.+1%1%-22 However, the
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majority of these reports are based on relatively small patient
populations, single surgeon or single institution experiences, or
include a heterogeneous collection of spine procedures.

The Scoliosis Research Society (SRS) is a group of pre-
dominantly fellowship-trained spine surgeons and pediatric
orthopedists dedicated to the study of spinal deformity. As
part of its mission, the SRS collects surgical case data from
its members, including morbidity and mortality (M&M). The
resulting database consists of a consecutively collected series
of cases, representing a broad range of procedures, from sim-
ple lumbar discectomy to complex deformity correction. In
addition, these cases are submitted by spine surgeons with a
broad range of experience and were performed at multiple
institutions spanning the country and world. We have previ-
ously provided validation of this database for the assessment
of complications associated with spine surgery.??

Our objectives in the present study were twofold. First, we
sought to assess the rates of postoperative wound infection as-
sociated with spine surgery based on primary diagnosis, using
cases submitted to the SRS M&M database over four consec-
utive years. Second, we stratified cases based on multiple fac-
tors, including subdiagnosis, patient age, spinal level, primary
versus revision surgery, and surgical approaches, to determine
the corresponding rates of infection and to assess for potential
factors associated with the occurrence of infection.

MATERIALS AND METHODS

Patient Population

Before application for active membership in the SRS, surgeons
must complete 5 years of candidate membership. Internation-
al membership status is also available for surgeons outside of
the United States. Candidate members are required to collect
and submit data on all spine cases performed, including all
associated M&M. Reported complications do not influence

whether a candidate is offered membership, since the SRS
membership committee is only provided with indication as to
whether each candidate member has completed the required
case submission process, not the number or types of complica-
tions for each candidate. Active members are also encouraged
to submit their cases. Deidentified data are collected using a
questionnaire developed by the SRS M&M committee in the
1990s and updated to a secure Internet-based data entry form
in 2001. The SRS has invested substantial resources in this
database and emphasizes to its membership the importance of
accurate and consistent reporting. In addition, data submis-
sion includes a process in which members formally attest that
submitted data are true and complete.

The SRS M&M database was queried for all cases report-
ed from the years 2004 through 2007. Extracted data includ-
ed patient age, diagnosis, whether the surgery was primary
versus revision, whether a spinal fusion was performed and if
so the type of fusion, whether implants were used, whether a
minimally invasive approach was used, and whether a super-
ficial or deep infection occurred after surgery. Patients were
stratified based on age as either pediatric (younger than 21
years) or adult (aged 21 years or older).

This project was submitted to the Hospital for Special
Surgery (New York, NY) institutional review board and was
determined to be exempt from institutional review board ap-
proval based on use of deidentified data (institutional review
board #29045).

Statistical Analyses

Frequency distributions and summary statistics were calcu-
lated for all clinical and demographic data. For categorical
variables, cross-tabulations were generated and Fisher exact
tests were used to compare distributions. All statistical anal-
yses were two sided. P < 0.05 was considered significant.
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RESULTS

A total of 108,419 surgical cases were reported to the SRS
M&M database from 2004 to 2007. The mean patient age
was 47 years (median: 48, range: 1 month-97 years), with
76% of cases performed in adult and 24% in pediatric pa-
tients. The distribution of cases by primary diagnosis and the
percentage of revision cases within each diagnosis are shown
in Figure 1. Procedures using a minimally invasive approach
comprised 13% of cases. Of the total cases, spinal fusion was
performed in 67%. Active members contributed the majority
of cases (71%), followed by candidate members (23%) and
international members (6%).

The overall rates of superficial and deep infection were
0.8% and 1.3%, respectively. Superficial and deep infections
occurred in 0.8% and 1.2% of adult patients (n = 82,082),
respectively, and in 1.0% and 1.7% of pediatric patients
(n = 25,432), respectively (Table 1). Based on primary diag-

nosis, the rate of infection ranged from 1.4 % for degenerative
disease to 4.2% for kyphosis among adults and ranged from
0.9% for degenerative disease to 5.4% for kyphosis among
pediatric patients (Table 1). Cases reported as pediatric degen-
erative disease predominantly consisted of disc herniations,
stenosis, or degenerative disc disease, with the vast majority
involving the lumbar region. Notably, metastatic tumor and
acute osteodiscitis, two subgroups within the “other” categ-
ory for adults, each had infection rates of approximately 5%.

The overall rate of infection among adult patients with
a primary diagnosis of degenerative disease varied based on
spinal location, with the highest rate for thoracic procedures
(2.1%), followed by lumbar (1.6%) and cervical (0.8%) pro-
cedures (Table 2). Within each spinal location, the rate of in-
fection varied based on the diagnosis. For each spinal location,
the rate of infection was lowest for disc herniations, ranging
from 0.5% for cervical to 1.7% for thoracic herniations. The

Rate of Infection Based on Patient Age and Primary Diagnosis*

Primary Diagnosis No. Cases Superficial Infection (%) Deep Infection (%) Total Infection (%)
Adult (=21 yr)
Degenerative disease 46,434 308 (0.7) 342 (0.7) 650 (1.4)
Scoliosis 5801 66 (1.1) 146 (2.5) 212 (3.7)
Spondylolisthesis 10,529 93 (0.9) 130 (1.2) 223 (2.1)
Fracture 6025 31(0.5) 92 (1.5) 123 (2.0)
Kyphosis 2012 28 (1.4) 57 (2.8) 85 (4.2)
Other 11,089 113 (1.0) 237 (2.1) 350(3.2)
Primary Tumort 404 4(1.0) 7 (1.7) 11 (2.7)
Metastatic Tumort 726 9(1.2) 27 (3.7) 36 (5.0)
Acute osteo/discitist 866 12 (1.4) 32 (3.7) 44 (5.1)
Implant revision/removalt 1720 16 (0.9) 39(2.3) 553.2)
Not recorded 192 2 (1.0) 2(1.0) 4(2.1)
Total 82,082 641 (0.8) 1006 (1.2) 1647 (2.0)
Pediatric (<21 yr)
Degenerative disease 654 5(0.8) 1(0.2) 6 (0.9)
Scoliosis 20,424 195 (1.0) 341 (1.7) 536 (2.6)
Spondylolisthesis 827 9(1.1) 12 (1.5) 21 (2.5)
Fracture 623 5(0.8) 9(1.4) 14 (2.2)
Kyphosis 1555 35(2.3) 49 3.2) 84 (5.4)
Other 1273 11 (0.9) 23 (1.8) 34 (2.7)
Primary tumort 152 0(0.0) 5(3.3) 5(3.3)
Implant revision/removalt 308 1(0.3) 6(1.9) 72.3)
Not recorded 76 1(1.3) 1(1.3) 2 (2.6)
Total 25,432 261 (1.0) 436 (1.7) 697 (2.7)
*Age not recorded for 905 patients. These patients are not included in this table.
tSelected subgroup within the “other” category. Note that numbers of cases for these subgroups are part of the total other cases indicated.
558 www.spinejournal.com April 2011
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Rate of infection among adult patients with a primary diagnosis of degenerative disease,

stratified based on spinal location and subtype of disease

Spinal Region/Diagnosis No. Cases Superficial Infection (%) Deep Infection (%) Total Infection (%)
Cervical
Postlaminectomy syndrome 35 129 12.9) 2(5.7)
Spinal stenosis 3466 13 (0.4) 27 (0.8) 40 (1.2)
Spondylotic radiculopathy 1859 9(0.5) 5(0.3) 14 (0.8)
Degenerative disc disease 1769 5(0.3) 7 (0.4) 12 (0.7)
Disc herniation 4472 11(0.2) 12 (0.3) 23 (0.5)
Not recorded 73 0 (0.0 0(0.0) 0(0.0)
Total 11,674 39(0.3) 52 (0.4) 91 (0.8)
Thoracic
Degenerative disc disease 95 0 (0.0) 3(3.2) 33.2)
Spinal stenosis 161 2(1.2) 2(1.2) 4(2.5)
Disc herniation 235 3(1.3) 1(0.4) 4(1.7)
Spondylotic radiculopathy 17 0 (0.0 0(0.0) 0(0.0)
Not recorded 16 0 (0.0) 0(0.0) 0 (0.0)
Total 524 5(1.0) 6(1.1) 11 (2.1)
Lumbar
Spondylotic radiculopathy 949 22 (2.3) 14 (1.5) 36 (3.8)
Spinal stenosis 12,270 116 (0.9) 153 (1.2) 269 (2.2)
Postlaminectomy syndrome 573 6 (1.0) 4(0.7) 10 (1.7)
Degenerative disc disease 7213 55(0.8) 58 (0.8) 113 (1.6)
Disc herniation 12,694 62 (0.5) 51(0.4) 113 (0.9)
Not recorded 211 2(0.9) 2(0.9) 4(1.9
Total 33,910 263 (0.8) 282 (0.8) 545 (1.6)
Spinal location not recorded 326 1(0.3) 2 (0.6) 3(0.9)

highest rate of infection among cases performed for cervi-
cal degenerative disease was associated with a diagnosis of
postlaminectomy syndrome (5.7%). However, this estimate
should be interpreted with caution, since only 35 cases and
two infections were reported for this category (Table 2).
Scoliosis cases were further stratified by subtype and age
group (Table 3). The rate of infection was higher for scolio-
sis cases than degenerative disease cases, and the proportion
of deep wound infections was considerably greater. Among
adult patients, the rate of infection ranged from 2.8 % for idi-
opathic to 8.9% for neuromuscular scoliosis. The most com-
mon subgroup, degenerative scoliosis, had an intermediate
rate of infection of 4.1%. Among pediatric cases, the most
common subtype, idiopathic scoliosis, had the lowest rate of
infection (1.4%). Although cases of posttraumatic scoliosis
had relatively high rates of infection for both adult and pedi-
atric patients, the numbers of cases reported are limited.
Kyphosis cases were also stratified based on the etiology
of the deformity (Table 4). Postlaminectomy kyphosis was

Spine

associated with the highest rate of infection among adults
(5.1%). A wide range of infection rates was observed for
pediatric kyphosis, ranging from 1.5% for congenital to 14%
for neuromuscular kyphosis (Table 4).

Multiple surgical factors were assessed for an associa-
tion with the occurrence of infection (Table 5). Cases that
included spinal fusion had a 33% higher rate of infection
(2.4% vs. 1.8%, P < 0.001). Among cases with spinal fu-
sion, the rate of infection varied based on the type of fu-
sion. Compared with the overall rate of infection associated
with fusion cases, the rate of infection for anterior-only cases
(0.6%) was significantly lower (P < 0.001), and the rates
of infection for combined anterior-posterior fusions (3.2%),
posterolateral-only fusions (3.0%), and interlaminar/facet-
only fusions (2.8%) were significantly higher (P < 0.001, P
< 0.001, and P = 0.003, respectively) (Table 5). In addition,
the overall infection rate for cases with implants was 28%
higher than the rate for cases without implants (2.3% wvs.
1.8%, P < 0.001).
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Rate of Infection Among Patients with a Primary Diagnosis of Scoliosis, Stratified Based on

Patient Age and Subtype of Scoliosis

Age Group/Type of Scoliosis | No. of Cases | Superficial Infection (%) Deep Infection (%) Total Infection (%)

Adult (=21 yr)
Neuromuscular 292 8(2.7) 18 (6.2) 26 (8.9)
Posttraumatic 30 0 (0.0 2 (6.7) 2 (6.7)
Degenerative 2533 31(1.2) 73 (2.9) 104 (4.1)
Congenital 137 1(0.7) 4(2.9) 5 (3.6)
Idiopathic 2488 23 (0.9) 46 (1.8) 69 (2.8)
Other 139 3(2.2) 2 (1.4) 5(3.6)
Not recorded 182 0 (0.0) 1(0.5) 1(0.5)
Total 5801 66 (1.1) 146 (2.5) 212 (3.7)

Pediatric (<21 yr)
Posttraumatic 35 1(2.9) 1(2.9) 2(5.7)
Neuromuscular 4855 83 (1.7) 184 (3.8) 267 (5.5)
Congenital 2045 27 (1.3) 18 (0.9) 45 (2.2)
Idiopathic 11,741 65 (0.6) 100 (0.9) 165 (1.4)
Other 1464 16 (1.1) 31 (2.1) 47 (3.2)
Not recorded 284 3(1.1) 7 (2.5) 10 (3.5)
Total 20,424 195 (1.0) 341 (1.7) 536 (2.6)

Rate of Infection Among Patients with a Primary Diagnosis of Kyphosis, Stratified Based on

Patient Age and Subtype of Kyphosis

Age Group/Type of Kyphosis No. Cases | Superficial Infection (%) | Deep Infection (%) | Total Infection (%)

Adult (=21 yr)
Postlaminectomy 198 5(2.5) 5(2.5) 10 (5.1)
Osteoporosis 104 3(2.9) 2(1.9) 5 (4.8)
Scheuermann 227 2(0.9) 8 (3.5) 10 (4.4)
Posttraumatic 365 3(0.8) 12 (3.3) 15 (4.1)
Fixed sagittal plane deformity 553 6(1.1) 15 (2.7) 21 (3.8)
Neuromuscular 42 0 (0.0) 1(2.4) 1(2.4)
Congenital 48 0(0.0) 1(2.1) 1(2.1)
Other 396 9(2.3) 13 (3.3) 22 (5.6)
Not recorded 79 0 (0.0) 0 (0.0) 0 (0.0)
Total 2012 28 (1.4) 57 (2.8) 85 (4.2)

Pediatric (<21 yr)
Neuromuscular 264 10 (3.8) 27 (10.2) 37 (14.0)
Fixed sagittal plane deformity 18 1(5.6) 0 (0.0) 1(5.6)
Postlaminectomy 64 3 (4.7) 0 (0.0) 3 (4.7)
Scheuermann 634 12 (1.9) 15(2.4) 27 (4.3)
Posttraumatic 31 1(3.2) 0 (0.0) 1(3.2)
Congenital 329 3(0.9) 2 (0.6) 5(1.5)
Other 200 4 (2.0) 5(2.5) 9 (4.5)
Not recorded 15 1(6.7) 0 (0.0) 1(6.7)
Total 1555 35(2.3) 49 (3.2) 84 (5.4)
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Summary of Surgical Characteristics Assessed for Association with Infection

Parameter No. Cases | Superficial Infection (%) | Deep Infection (%) | Total Infection (%) P*
Spinal fusion performed
Yes 72,534 642 (0.9) 1072 (1.5) 1714 (2.4) <0.001
No 35,877 267 (0.7) 377 (1.1) 644 (1.8)
Not recorded 8 0 (0.0) 0 (0.0) 0(0.0)
Type of fusion
Post-ant-post 271 2(0.7) 7 (2.6) 9 (3.3)
Anterior-posterior 7887 91 (1.2) 161 (2.0) 252 (3.2) <0.001t
Posterolateral 19,710 221 (1.1) 379 (1.9) 600 (3.0) <0.001t
Interlaminar/facet 16,192 167 (1.0) 281 (1.7) 448 (2.8) 0.003t
All fusion cases 72,534 642 (0.9) 1072 (1.5) 1714 (2.4)
TLIF/PLIF 12,267 104 (0.8) 182 (1.5) 286 (2.3)
Anterior only 15,336 46 (0.3) 48 (0.3) 94 (0.6) <0.001t
Not recorded 871 10 (1.1) 14 (1.6) 24 (2.8)
Implants
Yes 74,114 647 (0.9) 1092 (1.5) 1739 (2.3) <0.001
No 34,305 262 (0.8) 357 (1.0) 619 (1.8)
Revision surgery
Yes 16,503 183 (1.1) 359 (2.2) 542 (3.3) <0.001
No 91,916 726 (0.8) 1090 (1.2) 1816 (2.0)
Minimally invasive ap-
proach
Yes 14,301 43 (0.3) 35(0.2) 78 (0.5) <0.001
No 94,115 866 (0.9) 1414 (1.5) 2280 (2.4)
Not recorded 3 0 (0.0) 0 (0.0) 0 (0.0)
*P-values are based on statistical comparisons of total infection rates.
tAnterior-posterior, posterolateral, and interlaminar/facet fusions had significantly higher and anterior only had significantly lower rates of infection compared
with the overall rate of infection for all fusion patients (2.4%).
TLIF indicates transforaminal lumbar interbody fusion; PLIE, posterior lumbar interbody fusion.

Revision cases had a 65% higher overall rate of infection
compared with primary cases (3.3% wvs. 2.0%, P < 0.001)
(Table 5). This difference was more evident for deep wound
infections (2.2% vs. 1.2%) compared with superficial wound
infections (1.1% vs. 0.8%).

The rate of wound infection, especially deep wound infec-
tion, was significantly lower for cases performed using a mini-
mally invasive approach compared with those using more tra-
ditional open approaches (0.5% vs. 2.4%, P < 0.001) (Table
5). Two specific procedures that are frequently performed
minimally invasively were further assessed. The overall rate of
infection associated with minimally invasive transforaminal
lumbar interbody fusion (TLIF) (n = 848) was significantly
less than that of the traditional open approach (n = 6,241;
1.3% vs. 2.9%; P = 0.0035; Figure 2). Notably, this difference
was almost entirely accounted for by the marked differences
in the rate of deep wound infection (0.4% wvs. 1.9%,

Spine
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(n=6,241) (n=848) (n=6,241) (n=848) (n=6,241) (n=2848)

Figure 2. Rates of infection for transformaminal lumbar interbody fu-
sions (TLIF) performed using a traditional open approach compared
with a minimally invasive approach. The minimally invasive approach
is associated with a significantly lower overall rate of infection and rate
of deep wound infection.
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P < 0.001; Figure 2). The overall rate of infection for lumbar
discectomy was also significantly lower for cases performed
minimally invasively compared with those performed using
traditional open techniques (0.4% vs. 1.1%). This difference
was also primarily due to the differences in the rate of deep
wound infection (0.08% wvs. 0.5%, P < 0.001).

DISCUSSION

This study provides the rates of postoperative wound in-
fection after a broad range of spinal procedures, based on
cases performed predominantly by fellowship-trained spine
surgeons. The large number of cases enabled assessment of
infection rates for relatively uncommon procedures, includ-
ing those performed on pediatric patients. The SRS M&M
database also enabled stratification of cases and assessment
of corresponding infection rates based on operative factors,
including primary versus revision status, use of implants, fu-
sion approach, and whether minimally invasive techniques
were used. In addition, the database distinguished between
superficial and deep infections, allowing separate reporting of
these complications.

The overall superficial and deep wound infection rates for
the present series of 108,419 patients were 0.8% and 1.2%,
respectively. The 2% total rate of infection in this series is com-
parable to previously reported series that include a diverse rep-
resentation of spine procedures, in which the rate of infection
ranges from 0.9% to 4.4%.%'52*26 Prior reports have docu-
mented the rates of infection for select spinal procedures, and
the rates in the present study are generally comparable to these
prior reports. For example, the rate of postoperative infection
for lumbar discectomy is 0.9% in the present series, which is
comparable to recent prior reports in which the rate ranges
from 0% to 1.6%.>"-! As another example, the rate of wound
infection after surgery for adolescent idiopathic scoliosis has
been previously reported to range from 0.7% to 3%,** which
is comparable to the present series in which the rate is 1.4%. As
a third example, the rate of wound infection after surgery for
degenerative scoliosis has been reported to be 4.3%,° which is
comparable to the 4.1% rate in the present series.

Although for some of the more common procedures, the
infection rates reported herein are comparable to those previ-
ously reported, for the vast majority of the other diagnoses and
subdiagnoses presented, the literature provides very limited or
no comparison. That some of the common procedures in the
present series have comparable infection rates as in the literature,
in our view, adds to the credibility of the rates of infection that
are reported herein for many of the other diagnoses and subdiag-
noses for which the literature fails to provide comparison.

Based on the SRS M&M database, the rates of postoperative
wound infections are significantly higher for cases that included
fusion or implants than those that did not. It is important to
recognize that these data do not necessarily suggest a causation
link between infection and performance of fusion or inclusion
of implants, but rather likely reflect greater complexity and as-
sociated risk for cases that require fusion or the use of implants.

The overall infection rate for procedures performed using a
minimally invasive approach was significantly less compared
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with those not doing so. Importantly, many of the procedures
that are commonly performed using a minimally invasive ap-
proach, such as lumbar discectomy or TLIE, generally have
relatively low infection rates, while more complex procedures
that were typically only performed using a traditional open
approach, such as degenerative scoliosis or neuromuscular
kyphosis, generally have substantially higher infection rates.
Specific assessment of the infection rates for lumbar discecto-
my and TLIF was possible however, and did demonstrate that
these minimally invasive approaches were associated with sig-
nificantly lower rates of postoperative wound infection, espe-
cially deep wound infection, compared with traditional open
approaches. This putative benefit of the minimally invasive
approach, although often suggested, has not been previously
well demonstrated.

The present study has several strengths, most notably the
large number of cases that includes representation of both
low- and high-complexity procedures. The contributors, al-
though predominantly fellowship-trained spine surgeons,
represent a broad range of experience levels, which enhances
the generalizability of the data. Cases were submitted from
multiple institutions, which helps to mitigate the effects that
specific institutional factors and patient populations may
have on the occurrence of infection. In addition, the database
enables separate assessment of superficial and deep infection
rates and stratifies cases based on patient age and primary ver-
sus revision status, allowing separate assessment of infection
rates based on these parameters.

The present study also has limitations. Although the data
were collected prospectively, the study design and analysis were
performed retrospectively. There are no methods to determine
completeness of data submission, nor the accuracy of the re-
porting. It is dependent upon the efforts of the participants.
The database does not provide documentation of several fac-
tors that may be related to the occurrence of wound infection,
including whether prophylactic antibiotics were administered,
length of operative time, estimated blood loss, number of sur-
geons involved in the procedure, length of hospitalization, or
patient comorbidities. In addition, there is no documentation
of causative organisms, how the infection was managed, or
outcomes. It is also not possible to assess for the association of
infection occurrence based on the specific surgeon or institution.

CONCLUSIONS

Based on 108,419 spine surgery cases from the SRS M&M
database, the overall rates of postoperative superficial and
deep wound infections are 0.8% and 1.3%, respectively. For
both adult and pediatric patients, the rates of postoperative
wound infection were lowest for procedures performed for
degenerative spine disease and highest for procedures per-
formed for spine deformity. Procedures with spinal fusion
or implants had a significantly higher rate of postoperative
wound infection, likely reflective of the greater complexity
and associated risk of cases that require fusion or the use of
implants. Compared with a traditional open approach, use of
a minimally invasive approach was associated with a lower
rate of infection for lumbar discectomy and for TLIE
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> Key Points

U Based on 108,419 spine surgery cases from the Scoliosis
Research Society Morbidity and Mortality database,
the overall rates of postoperative superficial and deep
wound infections are 0.8% and 1.3%, respectively.

U For both adult and pediatric patients, the rates of post-
operative wound infection were lowest for procedures
performed for degenerative spine disease and highest
for procedures performed for spinal deformity.

U Revision cases had a significantly higher rate of infection
compared with primary cases (3.3% vs. 2.0%; P <.001).

U Procedures with spinal fusion or implants had a signifi-
cantly higher rate of postoperative wound infection,
likely reflective of the greater complexity and associated
risk of cases that require fusion or the use of implants.

O Compared with a traditional open approach, use of
a minimally invasive approach was associated with a
lower rate of infection for lumbar discectomy (0.4% vs.
1.1%; P < 0.001) and for transforaminal lumbar inter-
body fusion (1.3% vs. 2.9%; P = 0.005).
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CuLiNIcaL CASE SERIES

Morbidity and Mortality in the Surgical Treatment
of Six Hundred Five Pediatric Patients With Isthmic
or Dysplastic Spondylolisthesis
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Study Design. Retrospective analysis of prospectively collected
database.

Objective. To analyze the rate of complications, including
neurologic deficits, associated with operative treatment of pediatric
isthmic and dysplastic spondylolisthesis.

Summary of Background Data. Pediatric isthmic and
dysplastic spondylolisthesis are relatively uncommon disorders.
Several prior studies have suggested a high rate of complication
associated with operative intervention. However, most of these
studies were performed with sufficiently small sample sizes such
that the presence of one complication could significantly affect
the overall rate. The Scoliosis Research Society (SRS) prospectively
collects morbidity and mortality (M&M) data from its members. This
multicentered, multisurgeon database permits analysis of the surgi-
cal treatment of this relatively rare condition on an aggregate scale
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and provides surgeons with useful information for preoperative
counseling.

Methods. Patients who underwent surgical treatment for isthmic
or dysplastic spondylolisthesis from 2004 to 2007 were identified
from the SRS M&M database. Inclusion criteria for analysis
included age =21 and a primary diagnosis of isthmic or dysplastic
spondylolisthesis.

Results. Of 25,432 pediatric cases reported, there were a total of
605 (2.4%) cases of pediatric dysplastic (n = 62, 10%) and isthmic
(n = 543, 90%) spondylolisthesis, with a mean age of 15 years
(range, 4-21). Approximately 50% presented with neural element
compression, and less than 1% of cases were revisions. Surgical
procedures included fusions in 92%, osteotomies in 39%, and
reductions in 38%. The overall complication rate was 10.4%. The
most common complications included postoperative neurologic
deficit (n = 31, 5%), dural tear (n = 8, 1.3%), and wound infection
(n =12, 2%). Perioperative deep venous thrombosis and pulmonary
embolus were reported in 2 (0.3%) and 1 (0.2%) patients,
respectively. There were no deaths in this series.

Conclusion. Pediatric isthmic and dysplastic spondylolisthesis are
relatively uncommon disorders, representing only 2.4% of pediatric
spine procedures in the present study. Even among experienced
spine surgeons, surgical treatment of these spinal conditions is
associated with a relatively high morbidity.

Key words: pediatric, isthmic, dysplastic, spondylolisthesis, reduction,
morbidity. Spine 2011;36:308-312

sthmic and dysplastic spondylolisthesis are the result of

pars defects and dysplastic facets, respectively. Pars ab-

normalities are present in a sizable proportion of the pe-
diatric population, with reports suggesting that 4.4% of chil-
dren at age 6 have either unilateral or bilateral pars defects.!
The natural history of most low grade cases is benign, with
long-term observation reporting little radiographic or symp-
tomatic progression.'” Given this natural history, operative
intervention for this condition remains a small proportion of
most spinal surgeons’ practice. However, when such opera-
tions need to be performed, i.e., for high grade symptomatic
patients, they can result in significant morbidity. Complications
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ranging from wound infections to neurologic deficits have
been reported to occur frequently in both historic and mod-
ern series.>'* Reduction procedures appear to have a higher
complication rate, with some reports indicating a higher inci-
dence of neurologic complications with reduction in the pedi-
atric population.®”*!27 However, the case numbers reported
in these series are small, usually less than 50, and most often
only 10 to 135, likely due to the infrequency of surgical treat-
ment of this condition. To obtain a larger population from
which to ascertain benchmark complication rates, we que-
ried the multisurgeon, multicenter Scoliosis Research Society
(SRS) Morbidity and Mortality (M&M) database.

MATERIALS AND METHODS

Before application for active membership in the SRS, sur-
geons must complete a 5-year period of candidate member-
ship. International membership status is also available for
surgeons outside of the United States. Candidate members
are required to prospectively collect and submit data on all
spine cases performed, including all associated morbidity and
mortality. Active and international members are also encour-
aged to submit their cases.!® Data are gathered using a ques-
tionnaire that was developed by the SRS M&M Committee
in the early 1990s and updated to a secure internet-based
data entry form in 2001. The SRS has invested substantial
resources in this database and emphasizes to its membership
the importance of accurate and consistent reporting. All data
are deidentified on entry into the database. This project was
submitted to the Hospital for Special Surgery (New York,
NY) Institutional Review Board (IRB) and was determined
to be exempt from IRB approval based on the use of deidenti-
fied data (IRB number 29045).

In order to assess the incidence of complications associ-
ated with the surgical treatment of pediatric isthmic and dys-
plastic spondylolisthesis, all reported surgical cases with these
diagnoses from 2004 through 2007 were extracted from the
SRS database. Inclusion criteria for this study were age =21
and a primary diagnosis of isthmic or dysplastic spondylolis-
thesis. Excluded were patients who received operations for
other indications, such as concomitant burst fracture.

For each case included in the present study, the follow-
ing data were extracted: patient age, diagnosis, presence of
preoperative neural compression, procedure type (reduction,
osteotomy, instrumentation), electrophysiological monitor-
ing parameters, and presence or absence of complications
and/or mortality. Complications were additionally subclas-
sified (e.g., pulmonary embolus, deep venous thrombosis,
etc.). Occurrence of, extent of (spinal cord, cauda equina, or
nerve root), and recovery from (none, partial, or complete)
new neurologic deficits were also available and extracted.
Not consistently included in the database were information
on spondylolisthesis grade, ASA grade, success of reduc-
tion, long-term follow-up, and objective outcome measures.
Therefore, with the exception of Meyerding Grade for pa-
tients from 2007, analyses related to these parameters were
not performed in the present study. Although presence of
preoperative neural element compression was not specifi-
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cally collected as part of the SRS M&M database reporting
process, surgeons did report whether a direct decompression
of the neural elements was performed as part of the surgical
procedure. In the present study, the reported performance of
a direct decompression was used as a surrogate for the pres-
ence of preoperative neural element compression.

Statistical analysis was performed using SPSS software (SPSS
Inc., Chicago, IL). Statistical comparisons between subgroups
were performed using Fisher exact test. A P < 0.05 was
considered statistically significant. Comparisons of complica-
tion occurrence, neurologic deficit occurrence, preoperative
neurologic element compression, and specific complications
were made between those who underwent reduction proce-
dures versus those who underwent i situ fusion procedures.
Comparison of the presence of preoperative neurologic element
compression with the occurrence of new neurologic deficits
was also performed. In addition, comparisons of age and elec-
trophysiological monitoring status with complications or new
neurologic deficits were also performed.

RESULTS

Of the 25,432 pediatric spine cases reported during the 4 years
from 2004 to 2007, 605 cases of isthmic or dysplastic spon-
dylolisthesis were identified, representing 2.4% of the total.
Of the 605 cases reported in the database, 63 were reported
to have complications, resulting in a 10.4% overall complica-
tion rate. No deaths were reported. The most common com-
plications are listed in Table 1 in both the aggregate and by
the presence or absence of a reduction procedure. By far, the
most common complication was a new postoperative neuro-
logic deficit, occurring in 31 cases and accounting for approxi-
mately 50% of the complications. Of the 31 new neurologic
deficits, 30 were nerve root injuries, and 1 was a cauda equina
syndrome. Four (13%) were reported to have occurred intra-
operatively, presumably determined from electromonitoring.
Nineteen (61%) occurred acutely within 24 hours of surgery,
and 8 (26 %) were reported to have occurred in a delayed fash-
ion of greater than 24 hours after surgery. Of the 31 patients
with new neurologic deficit, 29 (94 %) had recovery from these
deficits, with 15 making complete and 14 making partial re-
coveries. One patient had no recovery, and 1 patient’s recovery
was not specified. Two revisions were performed to remove
implants after deficits occurred, and both of these patients
were reported to have made complete recoveries.

The majority of patients undergoing fusion procedures
were instrumented (n = 518). There was no statistically sig-
nificant difference in terms of complication rate (11% wvs.
7.5%, P = 0.3) or rate of new neurologic deficit (5.8% wvs.
1.2%, P = 0.1) between those instrumented and those not
instrumented. In addition, there were no differences between
the complication (10.6% vs. 9.1%, P = 0.7) and new neu-
rologic deficit (5.3% vs. 4%, P = 0.8) rates in those patients
over age 12 (n = 506) versus those under age 12 (n = 99).

A striking difference illustrated in Table 1 is the difference
in complication rates between those patients undergoing
a reduction procedure and those that did not. The overall
complication rate is almost double in patients undergoing
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Complications in 605 Cases of Surgically Treated Pediatric Isthmic/Dysplastic

Spondylolisthesis
No Reduction

Complication, No. (%) All (n = 605) | Reduction (n = 229, 38%) n =376, 62%) P
Wound infection

Superficial 7(1.2) 2 (0.9) 5(1.3) 0.72

Deep 5(0.8) 1(0.4) 4(1.1) 0.66
Neurological injury 31 (5.1) 23 (10.0) 8(2.1) 0.001
Implant related 2(0.3) 1(0.4) 1(0.3) 0.9
Dural tear 8(1.3) 5(2.2) 3(0.8) 0.16
Death 0 (0) 0(0) 0 (0) NA
Pulmonary embolus 1(0.2) 0(0) 1(0.3) 1
DVT 2 (0.3) 0(0) 2 (0.5) 0.53
Other 7 (1.2) 1(0.4) 6 (1.6) 0.07
Visual acuity change 0(0) 0(0) 0(0) NA
Total complications (%) 63 (10.4) 33 (14.4) 30(7.9 0.01

reduction (P = 0.01). Most of this difference can be attributed
to the difference in the rate of new neurologic deficits.
Neurologic deficits developed in 10% (23/229) of reduced
patients versus only 2% (8/376) of patients without reduction
(P = 0.001). Electrophysiological monitoring did not necessarily
mitigate the rate of new neurologic deficits, as significantly
more patients who had electromonitoring (29/422 or 6.9%)
developed deficits than those who were not monitored (2/183
or 1%) (P = 0.02), although this is likely related to the use
of such monitoring with more complex cases. In patients un-
dergoing reduction, there was no significant difference in the
development of neurologic deficit between those who were
monitored (22/189) and those who were not (1/40) (P = 0.09).

Specific electromonitoring methods were recorded in the
database. Most procedures that were monitored employed
multiple methods. Of those patients monitored with EMG,
73% were also monitored with SSEP and 50% were also
monitored with MEP. Of those who had SSEP monitoring,
63% also underwent MEP monitoring. Determining the
neurologic deficit rate for a specific modality is therefore not
readily possible from the database. In 8 of the monitored cas-
es, abnormalities were detected, of which 7 employed EMG.
Of these 8 cases, 5 resulted in new neurologic deficit, whereas
the remaining 3 did not have a new deficit. Whether or not
the lack of deficits in these 3 cases was due to a change in the
procedure secondary to monitoring findings can not be as-
certained from the information in the database.

Presence of preoperative neurologic element compression
that warranted direct decompression was present in 49%
(296) of the patients. Patients undergoing reduction proce-
dures were significantly more likely to have had compres-
sion compared with those undergoing in situ fusion proce-
dures (75% vs. 33%; P = 0.001). Also, of note, patients with
preoperative compression were more likely to develop new
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neurologic deficits (9.5% wvs. 1%; P = 0.001). Beginning in
2007 Meyerding grades were recorded and an analysis could
be performed based on grade for 127 of the patients. Patients
with high grade spondylolisthesis (Grades 3-5) were more
likely than patients with low grade spondylolisthesis (grades
1-2) to require decompression (66% vs. 40%, P = 0.004),
undergo reduction (76% wvs. 32%, P = 0.001), and suffer
new postoperative neurologic deficit (11.3% vs. 1.4%, P =
0.021). Few of the patients were treated with minimally inva-
sive procedures (43/605). While none of these patients were
reported to have developed new neurologic deficits, the differ-
ence did not reach statistical significance (P = 0.16).

DISCUSSION
The surgical treatment of pediatric isthmic and dysplastic
spondylolisthesis has been associated with a high rate of surgi-
cal complications (Table 2) .#7%1%17:1° This study, which reports
the data from the SRS M&M database, provides morbidity
data on 605 pediatric isthmic/dysplastic spondylolisthesis cases.
The overall rate of major complications of 10.4% is compa-
rable to previous studies. These prior studies report variable
rates ranging from 5% to 40 % >*7-10:12.14-16,19.20 However, most
of these studies are sufficiently small that the presence of a
single complication can greatly affect the overall complication
rate. The SRS M&M database provides for a larger popula-
tion as it is a multicenter and multisurgeon self reported pro-
spective database. A recent report has supported its utility for
conditions such as adolescent idiopathic scoliosis.'®

Another variable found in most of the previous studies was
the reporting of pseudarthrosis as a complication. These rates
ranged from 0% to 19%.%375101% The SRS M&M database
does not specifically report pseudarthrosis as a complication
as it is not designed for reporting long-term outcomes. There-
fore this report does not provide data on this complication,
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Summary of Prior Reports on the Incidence of Complications With Surgical Treatment

of Pediatric Isthmic and Dysplastic Spondylolisthesis

Comp Rate Neuro

Excluding Deficit
Study No. Patients Age Group Procedure Pseudoarthrosis Rate
Boxall et al’ 39 Children and adolescents Reduction or in situ fusion 10% 5.1%
Stanton et al*' 20 Children and adolescents In situ fusion 5% 5%
Dick and Schnebel™ 15 Adolescents and young adults | Reduction 40% 27%
Lindholm et aP 57 Children and adolescents Reduction 7% 1.7%
Schoenecker et al'® 189 Children and adolescents In situ fusion NA 6.3%
Poussa et al* 22 Adolescents Reduction or in situ fusion 18% 4.5%
Hu et al"® 16 Adolescents and young adults | Reduction 25% 25%
Muschik et al' 59 Children and adolescents Reduction and in situ fusion 12% 3.4%
Molinari et al” 32 Children and adolescents Reduction or in situ fusion 22% 1%
Roca et al° 14 Adolescents and young adults | In situ fusion 14% 14%
Shufflebarger et al'® 18 Adolescents Reduction 27% 0%
Ruf et af'* 27 Adolescents and young adults | Reduction 26% 22%
Helenius et al® 70 Children and adolescents In situ fusion 10% 5.7%

and the overall complication rate should be viewed accordingly.
Specifically, as previous studies suggest a lower pseudarthrosis
rate for reduction procedures,® the overall difference in com-
plications between i situ fusion and reduction may decrease
if pseudarthrosis could be included.

Past studies have suggested that pediatric patients under-
going reduction are more likely to suffer neurologic deficits.*”
The data from the SRS M&M database supports this, as pa-
tients undergoing reduction had a 5 times higher rate of de-
veloping new neurologic deficits. However, it should be noted
that patients undergoing reduction were more likely to have
had preoperative neurologic compression. One of the short-
comings of this database is its lack of data on specific preop-
erative parameters, including degree of slip. If one takes the
reporting of preoperative neurologic element compression
as a proxy for increased degree of spondylolisthesis, then it
suggests that those patients undergoing reduction were more
likely to have a higher grade of spondylolisthesis. It should
also be noted that patients with preoperative neurologic ele-
ment compression were more likely to develop new neurologic
deficits after surgery. This begs the question of whether or not
patients undergoing reduction were more prone to deficit due
to the nature of their deformities and not necessarily because
of the procedure performed. Recent studies with advanced re-
duction techniques have suggested that reduction can be per-
formed safely with no or only minor transient neurologic defi-
cits.'*1® However, our analysis of complication rates based on
the subset in 2007 in which Meyerding grades were reported
suggests that many patients with high grade slips, underwent
reduction, and suffered a significant rate of new neurologic
deficit after surgery.

Spine

The present study has several strengths. This is the largest
study to date to evaluate the incidences of complications in the
surgical treatment of isthmic/dysplastic pediatric spondylolisthe-
sis by a large group of spinal deformity surgeons. Furthermore,
since all of these cases were submitted during a recent 4-year
period, they likely reflect a relatively current standard of care.

There are several limitations of this study. The SRS database
relies on the accurate submission of data by members. Thus, it
is possible that not all complications have been thoroughly doc-
umented, which could result in underestimation of complica-
tion rates. No method currently exists to evaluate the complete-
ness and accuracy of the data, instead relying on good faith of
those surgeons reporting. It is likely that major complications
and neurologic complications are more accurately reported,
however, this cannot be verified.'® In addition, although data
are reported prospectively, this is a retrospective study and as
such is subject to the weaknesses inherent to such investigations
including confounding variables and reporting bias.

> Key Points

O The surgical treatment of pediatric isthmic and dysplas-
tic spondylolisthesis is associated with a relatively high
rate of morbidity.

U Patients undergoing reduction were more likely to
suffer a new neurologic deficit, although most were
transient.

Q Patients with higher grades of spondylolisthesis were
more likely to suffer a new neurologic deficit with surgi-
cal treatment.
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™ Complication Rates of Three Common Spine
Procedures and Rates of Thromboembolism Following
Spine Surgery Based on 108,419 Procedures

A Report From the Scoliosis Research Society Morbidity and

Mortality Committee

Justin S. Smith, MD, PhD,* Kai-Ming G. Fu, MD, PhD,* David W. Polly, Jr., MD,t

Charles A. Sansur, MD, MHSc,# Sigurd H. Berven, MD,§ Paul A. Broadstone, MD,
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Joseph H. Perra, MD,

Study Design. Retrospective review of a prospectively
collected database.

Objective. The Scoliosis Research Society (SRS) col-
lects morbidity and mortality (M and M) data from its
members. Our objectives were to assess complication
rates for 3 common spine procedures, compare these
results with prior literature as a means of validating the
database, and to assess rates of pulmonary embolism
(PE) and deep venous thrombosis (DVT) in all cases re-
ported to the SRS over 4 years.

Summary of Background Data. Few modern series
document complication rates of spinal surgery as rou-
tinely practiced across academic and community settings.
Those available are typically based on relatively low num-
bers of procedures or confined to single-surgeon experi-
ences.

Methods. The SRS M and M database was queried
for lumbar microdiscectomy (LD), anterior cervical

From the *Department of Neurosurgery, University of Virginia Medi-
cal Center, Charlottesville, VA; tDepartment of Orthopedic Surgery,
University of Minnesota, Minneapolis, MN; $Department of Neuro-
surgery, University of Maryland, Baltimore, MD; §Department of Or-
thopedic Surgery, University of California-San Francisco, San Fran-
cisco, CA; {Spine Surgery Associates, Chattanooga, TN; [Department
of Orthopedic Surgery, University of Missouri, Columbia, MO;
**Health Sciences Centre, Winnipeg, MB, Canada; +1The Royal Na-
tional Orthopedic Hospital, the Great Ormond Street Children’s Hos-
pital, London, United Kingdom; t$Orlando Health, Orlando, FL;
§§Department of Orthopedic Surgery, Oregon Health & Science Uni-
versity, Portland, OR; {{Department of Orthopedic Surgery, Univer-
sity of Pittsburgh Physicians, Pittsburgh, PA; ||| Twin Cities Spine Cen-
ter, Minneapolis, MN; and ***Hospital for Special Surgery, New
York, NY.

Acknowledgment date: September 17, 2009. Revision date: October
19, 2009. Acceptance date: October 20, 2009.

The manuscript submitted does not contain information about medical
device(s)/drug(s).

No funds were received in support of this work. One or more of the
author (s) has/have received or will receive benefits for personal or
professional use from a commercial party related directly or indirectly
to the subject of this manuscript: e.g., honoraria, gifts, consultancies,
royalties, stocks, stock options, decision making position.

This project was submitted to the Hospital for Special Surgery (New
York, NY) Institutional Review Board (IRB) and was determined to be
exempt from IRB approval based on the use of de-identified data (IRB
number 29045).

Address correspondence and reprint requests to Christopher 1. Shaf-
frey, MD, Department of Neurosurgery, University of Virginia, PO
Box 800212, Charlottesville, VA 22908; E-mail: CIS8§Z@hscmail.
mcc.virginia.edu

CHight © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Oheneba Boachie-Adjei, MD,*** and Christopher I. Shaffrey, MD*

discectomy and fusion (ACDF), and lumbar stenosis de-
compression (LSD) cases from 2004 to 2007. Revisions
were excluded. The database was also queried for occur-
rence of clinically evident PE and DVT in all cases from
2004 to 2007.

Results. A total of 9692 LDs, 6735 ACDFs, and 10,329
LSDs were identified, with overall complication rates of
3.6%, 2.4%, and 7.0%, respectively. These rates are com-
parable to previously published smaller series. For as-
sessment of PE and DVT, 108,419 cases were identified
and rates were calculated per 1000 cases based on diag-
nosis, age group, and implant use. Overall rates of PE,
death due to PE, and DVT were 1.38, 0.34, and 1.18, re-
spectively. Among 82,082 adults, the rate of PE ranged
from 0.47 for LD to 12.4 for metastatic tumor. Similar
variations were noted for DVT and deaths due to PE.

Conclusion. Overall major complication rates for LD,
ACDF, and LSD based on the SRS M and M database are
comparable to those in previously reported smaller se-
ries, supporting the validity of this database for study of
other less common spinal disorders. In addition, our data
provide general benchmarks of clinically evident PE and
DVT rates as a basis for ongoing efforts to improve care.

Key words: spine surgery, complications, lumbar disc-
ectomy, lumbar stenosis, cervical fusion, pulmonary em-
bolism, thromboembolism. Spine 2010;35:2140-2149

All surgical procedures have inherent risks of complica-
tions. One of the most effective mechanisms by which the
safety of patient care is improved is through assessing
these complications. The Scoliosis Research Society
(SRS) is a group of predominantly fellowship-trained
spine surgeons dedicated to the study of spinal defor-
mity. As part of its mission, the SRS collects surgical case
data from its members, including morbidity and mortal-
ity (M and M). Three reports have documented compli-
cations associated with spine procedures based on the
SRS M and M database.'™

Lumbar microdiscectomy (LD), anterior cervical disc-
ectomy and fusion (ACDF), and lumbar stenosis decom-
pression (LSD) are among the most common spine sur-
gical procedures performed.* Several reports have
documented the rates of complications associated with
LD,*'7 ACDF,'®32 and LSD.'?333% Advances in tech-
niques have substantially decreased the rates of compli-
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cations associated with these procedures.” However,
there are few modern series that document complication
rates of spinal surgery as routinely practiced across aca-
demic and community settings, and those that are avail-
able are typically based on relatively low numbers of
procedures or confined to single-surgeon experiences.

Deep venous thrombosis (DVT) and pulmonary em-
bolism (PE) are significant potential complications of spi-
nal surgery. A limited number of reports have docu-
mented rates of these events in relatively small
populations of patients.**=>* A majority of these prior
reports have focused on high-risk populations, including
patients with trauma** or patients undergoing major re-
constructive spinal surgery,*1>43-47:49,51.53

Our objectives in the present study were 3-fold. First,
we sought to assess the rates of complications associated
with the surgical treatment of 3 common spine proce-
dures in a large population of patients. Our second ob-
jective was to compare these rates with prior reports as a
means of validating the SRS M and M database for the
study of less common spine procedures and complica-
tions. Our third objective was to use all cases reported to
the database over 4 consecutive years to assess rates of
clinically evident PE and DVT following spinal surgery.

B Materials and Methods

Patient Population
Before application for active membership in the SRS, surgeons
must complete 5 years of candidate membership. International
membership status is also available for surgeons outside of the
United States. Candidate members are required to collect and
submit data on all spine cases performed, including all associ-
ated M and M. Active members are also encouraged to submit
their cases. Deidentified data are collected using a secure inter-
net-based data entry form. The SRS has invested substantial
resources in this database and emphasizes to its membership
the importance of accurate and consistent reporting. In addi-
tion, data submission includes a process in which members
formally attest that submitted data are true and complete.

The SRS M and M database was queried for all reported
LD, ACDF, and LSD cases from 2004 to 2007. Revision cases
were excluded. LD cases including fusion and ACDF cases in-
cluding corpectomy or posterior fusion were excluded. Only
adult patients (=21-years old) were included for the assessment
of LSD. For neurologic complications, degree of recovery
(complete, partial, or none) was recorded. New acute neuro-
logic deficits were defined as those that developed intraopera-
tively or within 24 hours of surgery. Delayed new neurologic
deficits were defined as those that developed after 24 hours
following surgery.

The SRS M and M database was also queried for reports of
DVT and PE in all cases from 2004 to 2007, including both
primary and revision cases. Rates of DVT and PE, as well as
deaths due to PE, were calculated per 1000 cases.

Rates of complications derived from the present study were
compared with previously published reports. These reports
were identified through a structured literature review. The En-
glish literature available through PubMed was searched using
the terms “spine surgery” and “complications.” The 12 reports
from no earlier than 1970 that included at least 100 cases of

LD, ACDF, and/or LSD and had specific documentation of
complication rates were selected for comparison with the cor-
responding cases in the present series. Additional search strat-
egies included “pulmonary embolism” and “spine surgery,” as
well as “deep venous thrombosis” and “spine surgery.” The 15
reports from no earlier than 1990 that included specific docu-
mentation of DVT and/or PE rates associated with spinal sur-
gery were selected for comparison with the present series.

This project was submitted to the Hospital for Special Sur-
gery (New York, NY) Institutional Review Board (IRB) and
was determined to be exempt from IRB approval based on use
of deidentified data (IRB 29045).

Statistical Analyses
Frequency distributions and summary statistics were calculated
for all clinical and demographic data. For categorical variables,
cross-tabulations were generated and Fisher exact tests were
used to compare distributions. All statistical analyses were
2-sided. P < 0.05 was considered significant.

H Results

Patient Population
A total of 108,419 surgical cases were reported to the
SRS M and M database from 2004 to 2007, including
9692 LD, 6735 ACDF, and 10,329 LSD procedures that
met inclusion criteria. Patient age, whether a minimal
access approach was used, and membership status of the
submitting surgeon are summarized in Table 1.

Rates of Complications

Lumbar Discectomy. Among 9692 cases of LD, there
were 346 complications reported, resulting in an overall
complication rate of 3.6% (Table 2). There was a non-
significant trend toward increased complications in pa-
tients >50 years old compared with patients =50 years
old (P = 0.06). The rate of dural tear was significantly
higher among patients >50-years old (2.1%), versus
those =50-years old (1.4%) (P = 0.02).

New neurologic deficits were reported in 28 patients.
One was related to spinal cord injury, and this patient
had partial recovery. One case of cauda equina syn-
drome was reported, and this patient also had partial
recovery. The remaining 26 were nerve root injuries,
with 5 (19%) having complete, 19 (73 %) having partial,
and 2 (8%) having no recovery. Five delayed new neu-
rologic deficits were reported. All of these occurred at the
level of the nerve root, and 2 (40%) had complete and 3
(60%) had partial recovery.

Neuromonitoring was used for 895 (9%) of the LD
procedures, including EMG monitoring in 577 (6%),
SSEP monitoring in 765 (8%), and MEP monitoring in
83 (<1%). Of the 28 cases complicated by a new neuro-
logic deficit, none used neuromonitoring.

The overall rates of complications among candidate,
active, and international members were 4.1%, 3.4%,
and 3.7%, respectively. Although the overall rate of
complications was greater among candidate members
compared with active members, this difference did not
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Table 1. Summary Characteristics of 108,419 Cases of Spinal Surgery Submitted to the Scoliosis Research Society

Morbidity and Mortality Database From 2004 Through 2007

Lumbar Lumbar Stenosis

Total Micodiscectomy ACDF Decompression

No. cases (%) 108,419 (100) 9692 (8.9) 6735 (6.2) 10,329 (9.5)
Patient age

Mean 47 yr 43 yr 49 yr 63 yr

Range 1 mo-97 yr 10-92 yr 15-89 yr 21-96 yr
Minimal access approach, n (%)

Yes 14,301 (13) 3619 (37) — 1260 (12)

No 94,115 (87) 6073 (63) — 9069 (88)

Not recorded 3(<1) 0 — 0
Membership status, n (%)

Active 76,798 (71) 6956 (72) 5115 (76) 7755 (75)

Candidate 25,004 (23) 2042 (21) 1512 (22) 1777 (17)

International 6533 (6) 694 (7) 108 (2) 797 (8)

Not specified 143 (<0.1) 0 0 0

ACDF indicates anterior cervical discectomy and fusion.

reach statistical significance (P = 0.07). Candidate and
active members did not significantly differ with regard to
rates of dural tear (1.8% and 1.5%, respectively, P =
0.2), wound infection (0.8 % for each group, P = 0.6), or
new neurologic deficit (0.4% and 0.3%, respectively,
P=0.2)

The rate of complications for procedures performed
using an open approach was modestly higher than for

Table 2. Complications in Cases of First-Time Lumbar
Microdiscectomy, Anterior Cervical Discectomy and
Fusion, and Lumbar Stenosis Decompression Procedures
From the Year 2004 to 2007

Procedure
Lumbar Lumbar Stenosis

Complication, Micodiscectomy ACDF Decompression
Number (%) (n = 9692) (n =6735)  (n = 10,329)
Dural tear 156 (1.6) 11(0.2) 321(3.1)
Wound infection

Superficial 45 (0.5) 13(0.2) 93(1.0)

Deep 34(0.4) 9(0.1) 11(1.1)
Other 57 (0.6) 24 (0.4) 9(0.01)
Acute neurologic 28(0.3) 19(0.3) 62 (0.6)
Wound hematoma 11(0.1) 19(0.3) 51(0.5)
Delayed neurologic 5(0.05) 3(0.04) 0
Cardiorespiratory 3(0.03) 3(0.04) 7(0.01)
Pulmonary (not PE) 2(0.02) 6(0.09) 13(0.01)
Pulmonary embolus 2(0.02) 3(0.04) 9(0.01)
Nonfatal hematologic 2(0.02) 2(0.03) 0
DVT 1(0.01) 1(0.01) 8(0.01)
Death 0 4(0.06) 13(0.01)
Brachial plexus injury 0 2(0.03) 0
Sepsis 0 1(0.01) 1(0.001)
Visual acuity change 0 0 0
Implant related NA 17 (0.3) 21(0.2)
Dysphagia NA 14(0.2) NA
Recurrent laryngeal NA 8(0.1) NA

nerve injury

Total complications 346 159 79
Percent complications® 3.6% 2.4% 7.0%

*Percent complications = 100 X (total no. complications)/(no. patients).
ACDF indicates anterior cervical discectomy and fusion; PE, pulmonary em-
bolism; DVT, deep venous thrombosis.

procedures performed using a minimal access approach
(3.9% vs. 3.1%, P = 0.05). Further assessment demon-
strated no significant differences in the rates of dural tear
or new neurologic deficit between open and minimal ac-
cess cases (P = 0.3 and P = 0.2, respectively). Procedures
performed through a minimal access approach had a
significantly lower rate of wound infection compared
with procedures performed through a traditional open
approach (0.4% vs. 1.1%, P < 0.001) (Figure 1). This
difference was most pronounced for deep wound in-
fections, for which the rate was 0.5% for open ap-

proaches and 0.08% for minimal access approaches
(P < 0.001).

Anterior Cervical Discectomy and Fusion. Among 6735
cases of ACDF, there were 159 complications reported,
resulting in an overall complication rate of 2.4% (Table
2). There were 4 deaths (approximately 1:1500), 3 due to
PE and 1 due to “cardiopulmonary collapse.” The over-
all complication rate was significantly higher for patients
>50-years old (3.1%) compared with patients =50-
years old (1.9%, P = 0.03).

The overall rates of complications among candidate,
active, and international members were 2.5%, 2.3%,
and 3.7%, respectively. The overall rate of complications
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Figure 1. Rates of wound infection associated with primary lum-
bar discectomy, comparison of open approach with a minimal
access approach.
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Table 3. Thromboembolic Complications Reported for 108,419 Spine Procedures From the Year 2004 to 2007*
PE Rate PE Deaths DVT Rate

(per 1000 Cases)

(per 1000 Cases) (per 1000 Cases)

Adult (=21 yr old)

Degenerative disease 47,389
Cervical 11,763
Thoracic 552
Lumbar 34,731

Lumbar discectomy 12,694
Lumbar stenosis 12,270

Fracture 6025

Kyphosis 2012

Spondylolisthesis 10,529

Scoliosis 5801

Other 10,326
Metastatic tumor 726

Total adult cases 82,082

Pediatric (<21 yr old)

Degenerative disease 20

Fracture 623

Kyphosis 1555

Spondylolisthesis 827

Scoliosis 20,424

Other 1983

Total pediatric cases 25,432

Implants
Yes 74114
No 34,305
Primary vs. revision
Adult primary 67,967

Adult revision 14,114

Pediatric primary 23,116

Pediatric revision 2316

All cases 108,419

1.69
1.91
0.48
0.00
1.38

0.19 0.80
0.34 0.34
1.81 5.43
0.12 0.89
0.08 0.39
0.24 0.90
1.66 1.83
1.49 5.96
0.19 1.52
0.86 4.31
0.58 1.55
4.13 8.26
0.43 1.44
0.00 0.00
0.00 1.61
0.64 2.57
0.00 242
0.05 0.15
0.00 0.00
0.08 0.39
0.42 1.59
0.17 0.29
0.41 1.22
0.50 2.48
0.09 0.39
0.00 0.43
0.34 1.18

*Patient age and/or diagnostic category not available for 905 cases.

between candidate and active members did not differ
significantly (P = 0.6).

A total of 22 new neurologic deficits were reported,
including 19 acute and 3 delayed. Acute injuries included
13 nerve root injuries, 3 incomplete spinal cord injuries,
1 Horner’s syndrome, and 1 cerebellar stroke. Of the
nerve root injuries, 4 had partial and 9 had complete
recovery. All 3 of the incomplete spinal cord injuries had
complete recovery. The median nerve injury was re-
ported to have partial recovery. The outcomes of the
cerebellar stroke and the Horner syndrome were not re-
ported. The 3 delayed neurologic injuries included 2
nerve root injuries, 1 with partial and 1 with complete
recovery, and an incomplete spinal cord injury that had
partial recovery.

Neuromonitoring was used for 3110 (46%) of the
ACDF procedures, including EMG monitoring in 1856
(28%), SSEP monitoring in 2606 (39%), and MEP mon-
itoring in 956 (14%). Of the 4 cases complicated by
spinal cord injury, only one used neuromonitoring (SSEP
monitoring) and no intraoperative abnormalities were
reported based on this monitoring. Of the 15 cases com-
plicated by nerve root injuries, neuromonitoring was
used for 6 cases, including combined EMG, SSEP, and
MEP monitoring in 4 cases, combined EMG and SSEP

monitoring in 1 case, and unspecified neuromonitoring

methods in 1 case. No intraoperative abnormalities were
reported based on these monitoring methods in cases
complicated by nerve root injuries.

Lumbar Stenosis Decompression. Among 10,329 cases of
LSD, there were 719 complications reported, resulting in
an overall complication rate of 7.0% (Table 2). Further
analyses of the complications associated with this series
of LSD have been reported previously.’®

Thromboembolic Events. Of the total 108,419 cases re-
ported from 2004 to 2007, rates of PE, death due to
PE, and DVT were 1.38, 0.34, and 1.18 per 1000
cases, respectively (Table 3). Among the 82,082 adult
patients, the rate of PE varied based on diagnosis,
ranging from 0.47 per 1000 cases for LD to 12.4 per
1000 cases for metastatic tumor. Similar variations
were noted for the rate of deaths due to PE and the rate
of DVT (Table 3). Among pediatric patients, the rates
of thromboembolic events were substantially less than
for adults (Table 3).

The rates of PE and DVT were significantly greater for
cases that included implants (1.75 and 1.59 per 1000
cases, respectively), compared with cases not including
implants (0.58 and 0.29 per 1000 cases, respectively; P <
0.001 for each comparison) (Table 3). There was a trend
toward a higher rate of death due to PE in cases including
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implants (0.42 per 1000 cases) compared with cases not
including implants (0.17 per 1000 cases; P = 0.05). Im-
portantly, these data do not necessarily suggest a causa-
tion link between thromboembolic events and implants,
but rather likely reflect a greater complexity and associ-
ated risk of cases that require implants.

Among adult cases, the rates of PE and death due to
PE did not differ significantly between primary cases
(1.69 and 0.41 per 1000 cases, respectively) compared
with revision cases (1.91 and 0.50 per 1000 cases, re-
spectively; P = 0.6 and P = 0.7, respectively) (Table 3).
The rate of DVT for revision cases (2.48 per 1000 cases)
was significantly greater than that of primary cases (1.22
per 1000 cases; P = 0.001). Among pediatric cases, the
rates of PE, death due to PE, and DVT did not differ
significantly between primary cases compared with revi-
sion cases (Table 3).

Comparison of Complication Rates With Prior Studies

Lumbar Discectomy. In an effort to assess the validity of
the SRS M and M database as a resource to study less
common spine procedures and complications, we com-
pared the rates of the most common complications and
the rate of mortality from the present series with those
reported for similar series. For LD, the rate of dural tear
ranged from 0.6% to 5.5% in previously reported se-
ries*~&8-101215717 (Figyre 2). The majority of studies,
especially those with greater numbers of patients, fa-

Present Series (0.8%)
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vored a rate of dural tear <2%. Each of these studies
predominantly consisted of patients who underwent pri-
mary LD, except for the report by Best and Sasso,” in
which 18% of the patients underwent LD for recurrent
herniation. Despite the substantial inclusion of revision
cases, the rate of durotomy was only 0.6%. The 1.6%
rate of dural tear in the present series is consistent with
these prior reports (Figure 2).

A majority of previous LD series report a rate of
wound infection =1.6% (Figure 3).56%10:13:15-17 Tywo
series, published in 1986 and 1972,%'” report substan-
tially higher infection rates (3.5% and 3.8%, respec-
tively), however, these appear to be outliers relative to
more recent studies. The report by Ramirez and
Thisted'® including 28,395 patients, was based on a
national health care database and reports a rate of
wound infection of 0.3%. The 0.8% rate of wound
infection in the present series is comparable to recent
reports (Figure 3).

New neurologic deficit is an uncommon event in
LD, with recent series reporting rates of 0% to 0.6%
(Figure 4),5-6:8710:13.15-17 The [argest of these series,
reported a rate of 0.4%. Notably, the series of 1377
procedures from Best and Sasso, in which 18% of case
were performed for recurrent herniation, reported a 0%
rate of new neurologic deficit.” The 0.3% rate of new
neurologic deficit in the present series is comparable to
prior reports (Figure 4).
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Death associated with LD is a rare event in modern
series, with reported rates ranging from 0% to 0.2%
(Figure §).*71%14=17 A substantial number of series lack
any cases of mortality. The 0% rate of mortality in the
present series is consistent with prior recent reports.

Anterior Cervical Discectomy and Fusion. Previous reports
of overall complication rates for ACDF vary broadly:
0% (n=42andn =251),>**1.8% (n =109),>' 10.8%
(n=156),>°11% (n = 90),>” 11.7% (n = 103),>° 14.2%
(n = 450)," 19.3% (n = 1015),%° 19.9% (n = 348),>"
31.2%,'® and 36.6% (n = 46).%® Many factors may ac-
count for this wide variation, including how carefully
one assesses for postoperative dysphagia and hoarseness,
and the threshold at which one considers these to be
complications. Dysphagia and hoarseness typically ac-
count for the majority,"®2¢>% or in some cases nearly
all,?1??-3% of the complications in the series with the
greatest overall complication rates. In addition, earlier
reports were typically performed on small populations of
patients in which the complication rate can be signifi-
cantly affected by a single incident. Furthermore, some

Present Series (0%)

series focus on more complex patient groups, for exam-
ple, 3-level ACDFs,*® which can substantially effect the
complication rates. The overall rate of complications in
the present series, 2.4%, is within the range of prior
reports, but on the lesser end of this range, likely due to
the considerably lower rates of dysphagia and hoarse-
ness/recurrent laryngeal nerve palsy reported in the
present series.

Dysphagia was reported in 0.2% of patients in the
present series. Prior series have reported this rate to
vary broadly: 0%,%* 0.9%,>' 5.4%,°° 5.6%,'®
5.8%,%° 6.7%,% 9.5%,%° 16.1%,>' and 24%.%® The
reported rate of hoarseness/recurrent laryngeal nerve
palsy also varies widely: 0%,232728 0.9%,31 2.3%,%!
3.1%,%° 3.9%,%° 5.4%,°° and 7.9%.'® Recurrent la-
ryngeal nerve palsy was reported in 0.1% of cases in
the present series.

The rate of wound infection in the present series,
0.3%, is comparable to prior series, in which it ranges
from 0%%>27*°731 t0 1.6%."” The rate of new neuro-
logic deficit in the present series, 0.3%, is also compara-
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ble to previous reports, in which it ranges from
0%2123:2729731 t6.0.9%.'® Wound hematoma was re-
ported in 0.3% of cases in the present series and has been
previously reported in 0%2%%3:272*731 to 5.6%%¢ of
cases. Death occurred in 0.06% (approximately 1 per
1500 cases) in the present series and has been previously
reported to occur in 0% 87212327731 t5 0.1%2° of cases.

Lumbar Stenosis Decompression. Few prior reports detail
the M and M encountered with LSD.3%35737:3% The over-
all complication rate in the present series, 7.0%, is com-
parable to those of prior reports: 6% (n = 50),*” 9.8%
(n = 133),3 14.2% (n = 127),6 22% (n = 124),%” and
12.2% (n = 471,215).>3 Durotomy was reported in
3.1% of the cases in the present series, which is compa-
rable to prior reports: 2%,>*3% 2.4%,37 2.6%,'?
3.1%,°® 6.8%,%° and 11.8%.3° The occurrence of
wound infection in the present series, 2.1%, was also
within the range of prior reports: 0%,>” 0.3%,%3
0.8%,°%%” and 2.3%.%° Three prior reports lacked any
cases complicated by new neurologic deficit,>s>3”-*% and
2 reports included neurologic complications with rates
0.7%>3 and 1.6 %.%° The neurologic complication rate in
the present series, 0.6%, is comparable to these prior
reports. Wound hematoma complicated 0.5% of the
cases in the present series, which is comparable to the
rates previously reported: 0%,*>” 2%, 3.1%,® and
5.2%.33 Most prior series lack any cases complicated by
death.?*=37-3% The series from Li et al®® reported a rate of
death of 0.17% (approximately 2.5:1500), which is
comparable to the present series (approximately
1:1500).

Thromboembolic Events. The reported rates of PE with
spinal surgery range from 0% to 7.6%, and the reported
rates of DVT range from 0.27% to 31% (Table 4). A
majority of prior reports have focused on major spinal
procedures**=>153 or specific high-risk patients.*>**
In general, the reported rates of thromboembolic events
are higher in studies that included routine screening
methods (Table 4). For example, Piasecki et al reported
66 patients who underwent major spinal reconstructive
surgery for adult deformity and identified DVTs in 9.1%
and PEs in 7.6% of patients based on routine use of
screening methods for both DVT and PE.*” In contrast,
Platzer et al reported 978 trauma patients who under-
went spinal surgery and identified, in this high-risk pop-
ulation, symptomatic DVTs in 1.7% and PEs in 0.9%
without routine use of screening methods.** It is un-
likely, although there is no way of knowing for certain,
that routine screening methods were used for the major-
ity of cases in the present series, resulting in rates of DVT
and PE that reflect clinically symptomatic events. In ad-
dition, in the present series, utilization of prophylaxis
likely varied, not only among the surgeons who contrib-
uted cases but also based on patient age, diagnosis, and
complexity of procedure.

H Discussion

This study provides the rate of complications in the op-
erative treatment of 3 common spine procedures based
on a large number of cases performed predominantly by
fellowship-trained spine surgeons. We have demon-
strated that the rates of specific complications in the
present series, especially major complications, are com-
parable to those in recent reports of smaller series. Col-
lectively, these findings support the validity of the SRS M
and M database as a resource to study other less common
spinal disorders. Furthermore, we have used all of the
cases submitted over a recent 4-year period to assess
rates of PE, death due to PE, and DVT, and stratified
these results based on diagnosis, patient age, whether
implants were used, and whether the surgery was pri-
mary or revision.

The SRS M and M database is the compilation of
submissions of SRS members around the world. The ma-
jority currently reside within North America. For the
years that the data were collected and reviewed for this
report, candidate members had a mandatory require-
ment to report their M and M. Active members were
strongly encouraged to report their results. There is no
currently existent method to determine the completeness
of data submission, nor the accuracy of the reporting. It
is dependent on the efforts of the participants. As such
there are limitations to the data integrity, as there is with
any large dataset.

It is the authors’ opinion that major complications,
such as new neurologic deficit, are probably most reli-
ably reported within the database. These typically occur
acutely and have the full attention of the treating sur-
geon. So, we suspect that recall bias in the reporting of
major complications is limited but cannot prove or dis-
prove this opinion. Importantly, the rates of DVT and PE
reported herein likely reflect only those cases in which
these events were symptomatically evident.

While it is possible that this dataset may have the bias
of selective reporting, we believe that it does represent a
cross section of practicing clinicians. Although there is
the possibility that it may have the bias of reporting from
younger surgeons in their candidate period and could
represent somewhat of a worst case analysis, there are
very senior surgeons reporting as well.

What is this database useful for? Rare conditions that
have relatively uncommon events can only be examined
in large datasets. While we wish we had a mechanism to
achieve higher quality datasets, these have proven to be
quite expensive ($13 Million NIH funding for the Spine
Patient Outcomes Research Trial study, which enrolled
perhaps 2000 patients with common conditions).*'° Tt
would also be preferable to have outcomes data, but this
carries additional expense and response burden. So, the
question becomes what incremental value is gained from
the incremental investment. No funding agency has paid
for the SRS M and M dataset to date. It has been a
goodwill volitional contribution from the members of
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Table 4. Summary of Prior Reports of the Rates of Pulmonary Embolism (PE) and Deep Venous Thrombosis (DVT) in

Spinal Surgery*

Author Patient Population No. Cases Rates of PE/DVT Prophylaxis Comments
West and Anderson®® Major adult spinal surgery 41 DVT 14% PE 0% Compression stockings All patients screened with LE
Doppler
Ferree® Lumbar laminectomy/ 60 DVT 5% PE 0% Compression stockings All patients screened with LE
laminotomy Doppler
Smith, et aF' Major reconstructive spinal 317 DVT 0.6% PE0.3%  Compression stockings and Prospective; 126 of the patients
surgery PE death 0.3% pneumatic compression screened with LE Doppler
Rokito et al*' Major reconstructive spinal 329 DVT 0.3% PE 0% Compression stockings alone, Prospective; 110 of the patients
surgery with pneumatic screened with LE Doppler
compression, or with
warfarin
Wood et al*® Major spinal surgery 136 DVT0.7% PE0.7%  Randomized to pneumatic Prospective, randomized; all
PE death 0% thigh-high or foot wraps patients screened with LE
Doppler
Dearborn et af® Major thoracolumbar spinal 116  DVT 0.9% PE 26%  Compression stockings and Prospective; all patients
surgery PE death 0% pneumatic compression screened with LE Doppler
and 73 screened for PE with
lung perfusion scan
Oda et al'® Posterior spinal surgery 110  DVT 15.5% PE 0% None All patients screened with LE
Doppler
Epstein® Anterior cervical spinal 200 DVT 4% PE 1.5% PE Compression stockings and Prospective; all patients
surgery with or without death 0% pneumatic compression screened with LE Doppler
posterior cervical fusion
Leon et al? High-risk spinal surgery 74 DVT 31% PE 1.4% Preoperative IVC filters Prospective; all patients
patients PE death 0% placed in all patients screened with LE Doppler
and one-third underwent
chest/pelvis CT
Platzer et af* Trauma patients undergoing 978 DVT 1.7% PE0.9% 792 LMWH; 153 compression  No routine LE Doppler or CT
spinal surgery PE death 0.6% stockings; 21 pneumatic imaging; rates reflect
compression; 12 no clinically symptomatic events
prophylaxis
Cho et af® Posterior fusion and 47  DVT 0% PE 2.1% PE Not specified Whether routine screening
instrumentation for death 2.1% performed not indicated
degenerative scoliosis
Piasecki et al"’ Combined anterior/posterior 66 DVT 9.1% PE 7.6%  Mechanical prophylaxis with  Prospective; all patients
reconstruction for adult PE death 0% foot pumps screened with LE Doppler,
spinal deformity MRV, and chest CT
Pateder et af® Adult spinal deformity 361 PE 2.4% PE death Compression stockings and No routine LE Doppler or CT
surgery 0% pneumatic compression; imaging; rates reflect
either warfarin or LMWH clinically symptomatic events
starting on postoperative
day 1
Schizas et al® Vast majority were spinal 270 PE 2.2% PE death Compression stockings and Prospective; no routine LE
fusion cases 0% LMWH Doppler or CT imaging; rates
reflect clinically symptomatic
events
Nicol et aP* Lumbar spine surgery 1111 DVT 0.27% PE 0% No prophylaxis, aspirin, or No routine LE Doppler or CT
LMWH imaging; rates reflect
clinically symptomatic events
Present study All spine surgery 108,419  DVT 0.1% PE 0.14% Mixed Mixed

PE death 0.03%

LE indicates lower extremity; DVT, deep venous thrombosis; PE, pulmonary embolus; LMWH, low-molecular-weight heparin; CT, computed tomography; MRV,

magnetic resonance venogram; IVC, inferior vena cava.

the SRS. The total dataset has >108,000 cases enrolled
for the 4-year period assessed in the present study. Pre-
suming that each case required a 10-minute effort by the
surgeon, this dataset represents a contribution of 18,000
man-hours. If a conservative estimate of the time value of
the surgeons is made at $250 per hour, this dataset rep-
resents a $4.5 million dollar investment. To gain higher
quality data of this scale would cost substantially more.
So, while there are limitations in the dataset, the authors
feel that it is a useful estimate of general information
about current practice and complication rates for acute
complications. At a minimum it is useful in discerning

new trends, and for informing clinicians and patients
about these particular risks.

H Conclusion

The overall major complication rates for first-time LD,
ACDF, and LSD based on the SRS M and M database are
similar to those in previously reported smaller series.
These data not only provide surgeons with potentially
useful information for preoperative patient counseling
but also serve to validate the SRS M and M database as a
resource to study other less common spinal procedures
and rare complications. Our data also provide general

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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benchmarks of clinically evident PE and DVT rates as a
basis for ongoing efforts to improve safety of care.

B Key Points

e The overall complication rates of 9692 lumbar
discectomies, 6735 anterior cervical discecto-
mies and fusions, and 10,329 LSDs reported to
the Scoliosis Research Society M and M database
were 3.6%, 2.4%, and 7.0%, respectively.

e The overall major complication rates for first-
time LD, ACDF, and LSD based on the SRS M
and M database are similar to those in previously
reported smaller series, supporting the validity of
this database as a resource to study other less
common spinal disorders and complications.

e Based on 108,419 spinal surgery cases reported
to the SRS M and M database, overall rates of
clinically evident PE, death due to PE, and clini-
cally evident DVT were 1.38, 0.34, and 1.18 per
1000 cases, respectively. Among 82,082 adults,
the rate of PE ranged from 0.47 for LD to 12.4
for metastatic tumor.
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NEUROSURGERY

Incidence of Unintended Durotomy in Spine
Surgery Based on 108 478 Cases

BACKGROUND: Unintended durotomy is a common complication of spinal surgery.
However, the incidences reported in the literature vary widely and are based primarily on
relatively small case numbers from a single surgeon or institution.

OBJECTIVE: To provide spine surgeons with a reliable incidence of unintended dur-
otomy in spinal surgery and to assess various factors that may influence the risk of
durotomy.

METHODS: We assessed 108 478 surgical cases prospectively submitted by members of
the Scoliosis Research Society to a deidentified database from 2004 to 2007.

RESULTS: Unintended durotomy occurred in 1.6% (1745 of 108 478) of all cases. The
incidence of unintended durotomy ranged from 1.1% to 1.9% on the basis of pre-
operative diagnosis, with the highest incidence among patients treated for kyphosis
(1.9%) or spondylolisthesis (1.9%) and the lowest incidence among patients treated for
scoliosis (1.1%). The most common indication for spine surgery was degenerative spinal
disorder, and among these patients, there was a lower incidence of durotomy for cervical
(1.0%) vs thoracic (2.2%; P = .01) or lumbar (2.1%, P < .001) cases. Scoliosis procedures
were further characterized by etiology, with the highest incidence of durotomy in the
degenerative subgroup (2.2% vs 1.1%; P < .001). Durotomy was more common in
revision compared with primary surgery (2.2% vs 1.5%; P < .001) and was significantly
more common among elderly (> 80 years of age) patients (2.2% vs 1.6%; P = .006). There
was a significant association between unintended durotomy and development of a new
neurological deficit (P < .001).

CONCLUSION: Unintended durotomy occurred in at least 1.6% of spinal surgeries, even
among experienced surgeons. Our data provide general benchmarks of durotomy rates
and serve as a basis for ongoing efforts to improve safety of care.

KEY WORDS: Complications, Durotomy, Scoliosis, Spine surgery, Spondylolisthesis
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nintended durotomy is a common
complication of spinal surgery. The in-

cidences reported in the literature vary
widely and are based primarily on relatively small
case numbers from a single surgeon or
institution.'® Reported incidences of durotomy
vary, depending on the type and complexity
of procedure: lumbar decompression, 8.5%
o 14%71%%3, diskectomy,  0.2%  to

ABBREVIATION: SRS, Scoliosis Research Society

to 35%."%2%21?8 Several factors have been as-
sociated with durotomy, including surgeon ex-

- 27 ; 2.4,5.7.13,19.23
perience,”’ revision spinal surgery,

. 30 2,14 .
previous irradiation,” and age. Typically,
durotomy is treated primarily during surgery or
managed postoperatively with flat bed rest that
may include subarachnoid drain placement
however, despite these measures, some patients

. . 3_1 .. 3,7,31-37 l. .
require surgical revision. Complications
resulting from dural tears include cerebrospinal
fluid leak or fistula®>>3%37; meningitis,”’40
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arachnoiditis, or spinal epidural abscess®®**; psuedomeningo-

38,45-48 . . . 49-51
cele®”38:45-48, intracranial or intraspinal hemorrhage 951, and
headache.**#54752

The Scoliosis Research Society (SRS) routinely collects mor-
bidity and mortality data from its members, which provide
a wealth of data from experienced spine surgeons. The purpose of
this study is to provide spine surgeons with a reliable incidence of
unintended durotomy in spinal surgery and to assess various
factors that may influence the risk of durotomy.

MATERIALS AND METHODS

The SRS morbidity and mortality database is the compilation of
submissions of SRS members around the world, the majority of whom
reside in North America. For the years the data were collected and
reviewed for this report, candidate members had a mandatory re-
quirement to report their morbidity and mortality results. Full active
members were strongly encouraged to report their results.

To assess the incidence of unintended durotomy, all reported surgical
cases from 2004 through 2007 were extracted from the SRS database. All
data had previously been deidentified of any information regarding the
patient, surgeon, or institution. This project was submitted to the Hospital
for Special Surgery (New York, New York) Institutional Review Board and
was deemed to be exempt from Institutional Review Board approval on the
basis of the use of deidentified data (Institutional Review Board No. 29045).

In addition to evaluating whether an unintended durotomy occurred,
other parameters analyzed included patient age, diagnosis, whether the
surgery was primary or revision, presence or absence of preoperative
neural compression, whether and how fusion was performed, whether
instrumentation was used, whether surgery was performed using
a minimally invasive approach, membership status of the surgeon (active,
candidate, international), and whether an associated neurological com-
plication occurred.

The overall incidence of unintended durotomy was tabulated and
stratified further on the basis of clinical and surgical factors. Statistical
analysis of these data was performed with SPSS for Windows version
15.0 (SPSS Inc, Chicago, Illinois). The 2-proportion Z test (2 tailed with
unequal variances) was used when a Clopper Pearson distribution was
approximated by a normal distribution. If a normal distribution did not
approximate the data accurately, then the Fisher exact test was used. For
analysis of 2 means, the 2-sample unpooled 7 test was used. Unless
otherwise specified, a 2-proportion Z test was used. Statistical signifi-
cance was based on a value of P < .05.

RESULTS

A total of 108 478 surgical cases were reported to the SRS
database from 2004 through 2008, including 76 798 (71%) from
active members, 25 004 (23%) from candidate members, 6533
(6%) from international members, and 143 (0.1%) lacking
designation of membership status. The overall mean patient age
was 47 years (median, 48 years; range, 1 month-97 years), and the
most common preoperative diagnoses included degenerative
spinal disorder (44% of cases), scoliosis (24% of cases), and
spondylolisthesis (11% of cases; Table 1).

The overall incidence of unintended durotomy was 1.6%
(1745 of 108 478). Based on primary diagnosis, the incidence of
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TABLE 1. Incidence of Unintended Durotomy Based on Primary
Diagnosis”

Incidence of
Primary Diagnosis Cases, n  Durotomies, n  Durotomy, %
Kyphosis 3599 68 1.9
Spondylolisthesis 11 421 214 1.9°
Degenerative 47 399 852 1.8°

spinal disorder

Other 12 456 216 1.7
Not recorded 475 7 15
Fracture 6704 92 14
Scoliosis 26 424 296 1.19
Total 108 478 1745 1.6

“Spondylolisthesis and degenerative spinal disorder had significantly higher rates
of durotomy compared with the overall rate (P = .026 and P < .001, respectively),
and scoliosis had a significantly lower rate (P < .001).

unintended durotomy ranged from 1.1% among patients treated
for scoliosis to 1.9% among patients treated for kyphosis or
spondylolisthesis (Table 1).

Degenerative spinal disorders were further characterized by
subtype and spinal level (Table 2). The incidence of durotomy
based on degenerative disease subtype ranged from 1.0% among

TABLE 2. Incidence of Unintended Durotomy Among Patients
With a Primary Diagnosis of Degenerative Spinal Disease,
Stratified Based on Subtype of Degenerative Disease and Spinal
Location
Durotomies, Cases, Incidence of
n n Durotomy, %
Subtype of degenerative disease
Not recorded 17 614 2.8
Degenerative disk disease 234 9256 2.59
Spondylotic radiculopathy 58 2861 2.0
Spinal stenosis 273 16 036 1.7
Disk herniation 264 18 008 1.57
Lumbar postlaminectomy 6 624 1.0
syndrome
Total 852 47 399 1.8
Degenerative spinal disorder level
Thoracic 12 552 2.2°
Lumbar 721 34 731 2.1°
Not recorded 7 334 2.1
Cervical 112 11782 1.0
Total 852 47 399 1.8

“Degenerative disk disease had a significantly higher rate of durotomy compared
with the degenerative disease group (P < .001), and disk herniation had a signif-
icantly lower rate (P < .001).

bCervical vs thoracic location had a significantly lower rate of durotomy (P = .01,
Fisher exact test), as well as cervical vs lumbar (P < .001).

www.neurosurgery-online.com



patients treated for lumbar postlaminectomy syndrome to 2.5%
among patients treated for degenerative disk disease. The most
common subgroups of degenerative spinal disease were disk
herniation (n = 18 008) and spinal stenosis (n = 16 036), which
had durotomy incidences of 1.5% and 1.7%, respectively.
Among procedures performed for degenerative disease, cervical
procedures were found to have a less frequent association with
durotomy (1.0%) compared with thoracic (2.2%; P = .01) and
lumbar (2.1%; P < .001) procedures (Table 2).

Scoliosis cases were also characterized by etiology of the de-
formity. The most frequent type of scoliosis in this series was
idiopathic (n = 14 296), followed by neuromuscular (n = 5191)
and degenerative (n = 2577; Table 3). The incidence of un-
intended durotomy ranged from 0.9% to 2.2% among patients
treated for idiopathic and degenerative scoliosis, respectively. The
incidence of durotomy was significantly higher for degenerative
scoliosis cases compared with scoliosis cases that were not
degenerative (2 = .001).

The mean age of patients with durotomy was 56 years (me-
dian, 55; range, 1 month to 95 years), which was significantly
older than patients who did not have durotomy (P < .001,
Student £ test). When stratified by patient age, the incidence of
durotomy varied from a minimum of 1.1% (43 of 3791) among
patients 0 to 9 years of age to a maximum of 2.2% (81 of 3602)
in those > 80 years of age (Table 4).

Multiple surgical and radiographic parameters were assessed for
association with unintended durotomy occurrence (Table 5). The
incidence of durotomy did not differ significantly based on whether
the procedure did or did not include spinal fusion (1.6% and 1.7%,
respectively; P = .3). Among the 72 691 cases that included fusion,
the incidence of unintended durotomy was significantly higher for
posterior lumbar interbody fusions (2.2% vs 1.6%; P < .001) and
for posterolateral fusions (2.0% vs 1.6%; P = .001). Anterior-only
fusions had a significantly lower incidence of durotomy (1.0%; P <
.001). Furthermore, the use of instrumentation did not result in
more durotomies; there were more durotomies in the group without

TABLE 3. Incidence of Unintended Durotomy Based on Scoliosis
Subtype
Scoliosis Incidence of
Subtype Cases, n Durotomies, n Durotomy, %
Degenerative 2577 57 2.27
Congenital 2198 31 1.4
Other 1959 21 1.1
Neuromuscular 5191 53 1.0
Not recorded 203 2 1.0
Idiopathic 14 296 132 0.99
Total 26 424 296 1.1

“Incidence of durotomy for degenerative scoliosis cases was significantly greater
compared with all scoliosis cases (P < .001) and significantly lower for idiopathic
scoliosis cases (P = .001).
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TABLE 4. Incidence of Unintended Durotomy in Spine Surgery
Based on 108 478 Cases, Stratified by Patient Age
Patient Incidence of
Age, y Cases, n Durotomies, n Durotomy, %
0-9 3791 43 1.19
10-19 16 162 282 1.7
20-39 17 209 265 1.5
40-59 38 769 560 14
60-79 28 029 503 1.8
>80 3602 81 2.2
Age not recorded 916 11 1.2
Total 108 478 1745 1.6

“The 0- to 9-year-old group had a significantly lower incidence of durotomy
compared with the overall rate (P = .005), and the > 80-year-old group had
a significantly higher rate (P = .006).

instrumentation (1.5% with vs 1.8% without instrumentation;
P =.002; Table 5).

Revision surgery was associated with a significantly greater
(almost 1.5 times) incidence of unintended durotomy (2.2%)
compared with primary surgery (1.5%; P < .001; Table 5).
There was no difference in the incidence of durotomy between
open (1.6%) and minimally invasive (1.6%; P = .9) techniques.
In addition, the incidence of durotomy did not differ significantly
between cases with or without preoperative neural compression
(1.6% and 1.7%, respectively; P = .06; Table 5). Furthermore,
the incidence of durotomy did not differ depending on physician
experience, with active members presumably having more and
candidate members presumably having less experience (1.6% and
1.5% incidence, respectively; P = .9; Table 5).

Of the 1745 patients with an unintended durotomy, 78
(4.5%) had a postoperative neurological deficit compared with
a postoperative neurological deficit rate of 1.6% for patients who
did not have an unintended durotomy (? < .001). Of the 78
neurological deficits in patients with incidental durotomies, 37
(47%) occurred within 24 hours of surgery, 22 (28%) occurred
> 24 hours after surgery, 18 (23%) occurred intraoperatively,
and the development of 1 (1%) was not recorded. There were 55
nerve root injuries. Of these, 17 patients (31%) had complete
resolution of their symptoms, 35 (64%) had partial resolution, 1
(2%) experienced no recovery, and 2 (4%) were not recorded.
There were 7 cauda equina injuries; subsequently, 4 patients
(57%) had complete resolution of their symptoms, 2 (29%) had
partial resolution, and 1 (14%) was not documented. There were
13 incomplete spinal cord injuries, of which 5 (38%) had
complete and 8 (62%) had partial resolution of symptoms. There
was 1 complete cord injury that did not improve.

DISCUSSION

Unintended durotomy is one of the most common complications
of spinal surgery, with an incidence ranging from 0.2% to 17%
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TABLE 5. Summary of Surgical and Radiographic Characteristics
Assessed for Association With Durotomy?

Incidence of
Cases, n Durotomies, n Durotomy, % P

Spinal fusion performed

Yes 72 691 1147 1.6 3
No 35782 598 1.7
Not recorded 5 0 0
Type of fusion®
PLIF 14 896 332 2.2 <.001
Posterolateral 9991 200 2.0 <.001
TLIF 7089 128 1.8 0.1
Anterior-posterior 8156 125 1.5 0.7
Interlaminer/facet 16 192 213 1.3 <.001
Anterior only 15346 146 1.0 <.001
Not recorded 1021 3 0.3
Total 72 691 1147 1.6
Instrumentation
Yes 74 121 1130 1.5 .002
No 34 313 615 1.8
Not recorded 44 0 0
Revision surgery
Yes 16 502 355 2.2 <.001
No 91 918 1390 1.5
Minimally invasive approach®
Yes 14 301 227 1.6 8
No 94177 1518 1.6
Preoperative neural compression
Yes 66 457 1032 1.6 .06
No 41 936 713 1.7
Member status
Active member 76 798 1224 1.6 4
Candidate member 25 004 378 1.5

“PLIF, posterior lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion.
®Note that posterior lumbar interbody fusion and posterolateral fusion are associated
with significantly greater incidences of durotomy, whereas anterior-only and inter-
laminer surgery is associated with a significantly lower incidence of durotomy.

“The 227 durotomies encountered with minimally invasive procedures were with the
following procedures: kyphoplasty/vertebroplasty (n = 8), mini-open (n = 139), other
minimally incisional (n = 78), and thoracoscopic (n = 2).

(Table 6)."?® The overall incidence of durotomy in our series,
1.6%, is consistent with previously published literature. The rate of
durotomy for diskectomy including all levels, cervical, thoracic, and
lumbar, was 1.5%. This is consistent with previous literature for
diskectomy, which is composed primarily of lumbar diskectomy
with rates ranging from 0.2% to 5.9%.>>7%! 116222325

We confirm that revision cases have a significantly higher
incidence of durotomy, which has been reported pre-
viously.>*”'" We also show that older patients have a higher
incidence of durotomy.? However, in this study, the relationship
does not appear to be linear and may represent an effect caused
by confounding variables such as the indication for surgery and
the type of procedure performed. Certainly, in an older cohort
of patients, degenerative spinal disease predominates, whereas in
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a younger sample, scoliosis and trauma are more common. These
variations in pathology alter the goal of surgery and the type of
procedure performed. All these variables could affect the in-
cidence of durotomy in our study. Furthermore, we demonstrate
that durotomy in this series has a statistically significant associ-
ation with the development of new postoperative neurological
deficit, which usually occurred within the first 24 hours after
surgery. Recovery from these injuries was either partial or
complete in the vast majority of cases. The relationship may seem
intuitive in that one primary mode of neural injury is direct
trauma, which may involve penetration of the dura to reach the
neural elements. However, we must iterate that this study cannot
demonstrate a causative relationship between these 2 events but
merely an association. It is equally likely that the association is
due to other factors not evaluated. Other sequelae related to dural
tears, not assessed in the present series, are rare but may be severe,
including meningitis or pseudomeningocele.?”~4*4>4/

The overall incidence of durotomy with scoliosis surgery in the
present series was 1.1%, with a range of incidences depending on
the etiology of scoliosis. In a prior report of the SRS regarding
adolescent idiopathic scoliosis, the overall incidence of durotomy
was 0.18% (12 of 6339), whereas our incidence in a similar group
of idiopathic scoliosis was 0.9%. The higher incidence may be
due to variations in patient population or procedure character-
istics'* or may simply reflect greater diligence in reporting.

Surprisingly, in the present series, surgery without in-
strumentation had a higher incidence of durotomy than did
surgery with instrumentation. Although instrumentation may
be more technically demanding, the higher rate of durotomy in
uninstrumented patients could be attributed to a greater focus on
decompression, which could impose a greater risk of durotomy.

Among the instrumented cases, the rate of durotomy was
significantly greater with posterior lumbar interbody fusion
compared with transforaminal lumbar interbody fusion. This
may be due to the more aggressive retraction of the thecal sac
required to access the disk space in a posterior lumbar interbody
fusion compared with the transforaminal lumbar interbody fu-
sion approach, which is based on a more lateral approach with less
thecal sac retraction.'®%*2?

In the present study, the experience of the surgeon as indicated
by member status did not result in a higher incidence of dur-
otomy for the less experienced surgeons. Wiese et al*” compared
the incidence of durotomy between surgeons who had performed
50 to 100 and those who performed > 500 microdisketomies and
demonstrated a higher incidence of durotomy in the former
group (Table 6). Although not specifically assessed, the vast
majority of candidate members of the SRS are fellowship-trained
spine surgeons dedicated to the treatment of complex spinal
conditions. This may contrast with the less experienced group
described in the study of Wiese et al.

The present study has several strengths. This is the largest
study to date to evaluate unintended durotomy in a broad range
of spine surgeries in a group of dedicated spine surgeons.
Furthermore, because all of these cases were submitted during
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TABLE 6. Summary of Prior Reports of the Incidence of Durotomy in Spine Surgery”

Davne et al, 1992

Wang et al ,19987

Cammisa et al, 2000""

Rosenberg and
Mummaneni, 2001%'
Wiese et al, 20042’

Saxler et al, 200522

Tafazal and Sell, 200523

Khan et al, 2006

Epstein, 2007™

Fountas et al, 2007'®

Than et al, 2007

screw plate fixation
Lumbar transpedicular

instrumentation
Lumbar spine surgery

All spine surgery

TLIF at L4-5 and L5-S1

Primary lumbar microscopic
disk surgery

Lumbar disk surgery

Lumbar spine surgery

Degenerative lumbar
spine surgery

Lumbar multilevel
laminectomy with
noninstrumented fusion
in geriatric patients

Primary ACDF for
degenerative disk
disease or cervical
spondylosis

1-Level PLIF

486 Patients,
553 procedures
641

2144

22

Retrospective, 1872;

prospective, 90

1280

1549

3183

110

1015

61

Author Patient Population Cases, n Durotomy, % (n/N) Comments
Mayfield et al, 1975°*  Laminectomy 1408 03 This is the CSF fistula
incidence requiring
reoperation
Oppel et al, 1977%° Lumbar disk herniation 3038 5.9 (179/3038)
Jones et al, 1989* Lumbar spine surgery 450 3.7 (17/450) 4 Dural tears were in
revision cases
Bertalanffy et al, 1989°  Anterior cervical diskectomy 450 0.2 (1/450)
Stolke et al ,1989° Lumbar disk surgery 481 Microdiskectomy,
1.8 (222);
macrodiskectomy,
5.3 (190);
revision, 17.4 (69)
Waisman and Lumbar spine surgery 151 5.3 (8/151) Only CSF leaks reported,
Schweppe, 1991° not durotomy
West et al ,19918 Transpedicular variable 124 5.4 (7/124)

Not reported

14 (88/641)

Overall, 3.1 (66/2144):
cervical (2 of 422),
thoracic (0/7), and
lumbosacral (64/1715)

4.5 (1/22)

Experienced (> 500 cases):
retrospective, 0.8 (932);
prospective, 0 (45);
not experienced
(50-100 cases): retrospective,
7.3 (930); prospective, 4 (45)

3 (41/1280)

Primary disk, 3.5 (31/872);
revision, 13.2 (14/106); spinal
stenosis, 8.5 (48/571)

Primary, 7.6 (153/2024);
revision, 15.9 (185/1159)

9 (10/110)

0.5 (5/1015)

Minimally invasive, 0 (0/32);
open, 0 (0/29)

Occurred “occasionally”;
all were repaired primarily.
2 Persistent CSF leaks with
1 requiring revision; 45
durotomies were in
revision cases

Retrospective arm of study
with 1872 patients and 90
prospective controlled patients

Durotomy patients were
more likely to have surgery
again, increased back pain,
and longer time to
return to work

6 Required reoperation

Predictive factors included
age (74 vs 69 y), ossification
of ligamentum flavum, and
presence of synovial cyst
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TABLE 6. Continued
Author Patient Population Cases, n Durotomy, % (n/N) Comments
Wang et al, 2007% Cervical spine surgery for 932 009 0.13 Incidence of durotomy was
degenerative disease not reported; this is the CSF
leak or fistula rate
Rodriguez-Olaverri Lumbosacral spondylolisthesis 40 TLIF, 35 (7/20); pedicular
et al, 2008%° transvertebral screw
fixation, 5 (1/20)
Yan et al, 2008® Comparison of PLIF and TLIF 187 PLIF, 0 (0/91); TLIF, O (0/96)
This study, 2009 All spine surgery 108 478 1.6

“ACDF, anterior cervical diskectomy and fusion; CSF, cerebrospinal fluid; PLIF, posterior lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion.

a recent 4-year period, they likely reflect a relatively current
standard of care.

Nevertheless, several limitations of this study remain. There
currently is no method to determine the completeness of data
submission and the accuracy of reporting; they are dependent on
the efforts of the participants. Thus, there are limitations to the
data integrity, as there is with any large data set. All members of
the SRS are concerned about morbidity and mortality and look to
the SRS to discern new trends and to identify risks and risk factors
for significant complications. There have been 2 previously
published articles using the SRS morbidity and mortality data-
base. Because complications like new neurological deficits from
surgery for adolescent idiopathic scoliosis are rare, it takes large
data sets to capture these events. A similarly rare complication,
the occurrence of acute ischemic optic neuropathy associated with
prone spine procedures, was also evaluated through the SRS.'*>*

Although the reported incidence of durotomy likely represents
a lower estimate than what would be shown in a prospective
clinical trial, it is our opinion that durotomy is probably reliably
reported within the database. It typically occurs acutely and has
the full attention of the treating surgeon when it occurs. So we
suspect that recall bias in the reporting is limited, but we cannot
prove or disprove this opinion.

Although it is possible that this data set may have the bias of
selective reporting, we believe that it represents a cross section of
practicing clinicians. Although there is the possibility that it may
have the bias of having greater reporting from younger surgeons
in their candidate period and could represent somewhat of
a worst-case analysis, there are very senior surgeons reporting as
well. In addition, although data are reported prospectively, this is
a retrospective study and thus is subject to the weaknesses in-
herent to such investigations, including confounding variables
and reporting bias.

CONCLUSION

Durotomy occurs in at least 1.6% of spinal surgeries, even
among experienced spine surgeons. The incidence varies with age,
pathology, surgical approach, and operative variables. Although
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new neurological deficit associated with durotomy occurred in
the minority of cases, the present series demonstrates a statistically
significant association between these 2 complications. Our data
provide general benchmarks of durotomy rates based on pre-
operative diagnosis and surgical and clinical parameters and serve
as a basis for ongoing efforts to improve safety of care.

Disclosure

The authors have no personal financial or institutional interest in any of the
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revision

COMMENT

his group of authors has mined the incredibly large database of spine

surgeries compiled by the Scoliosis Research Society. The authors
correctly point out that the major weakness of this study, despite its
impressively large numbers, is that data reporting was largely voluntary
and there was no way to independently validate the completeness or
accuracy of data submitted. It would have been interesting to know the
number of surgeons whose data were included and the range of dur-
otomy incidence reported by individual surgeons. The database did not
specify how many of these durotomies were detected at the time of
surgery or whether some became evident later as low-pressure headaches,
cerebrospinal fluid leaks, pseudomeningocele, etc.

Most experienced spine surgeons will not be surprised that they report
higher frequencies of durotomy in degenerative spine disease, lumbar
surgery, revision surgery, and interbody vs lateral spine fusions or that the
greater frequency of durotomy in very elderly patients likely was due to
the greater frequency of degenerative disease. I was personally somewhat
surprised that the incidence was not higher in patients with lumbar spinal
stenosis. Interestingly, although a total of 16 502 cases were performed
for “revision surgery,” only 624 of these cases were performed for lumbar
postlaminectomy syndrome (< 4% of the revisions).

This study reports that 4.5% of patients with unintended durotomy
developed a postoperative neurological deficit, 3 times greater than the
frequency in patients without durotomy. Only 2 of the 75 durotomy
patients with deficits available for follow-up failed to improve, but 61%
of those with deficits recovered only partially, and the patient with
“complete cord injury” did not recover. Unfortunately, their database
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did not include whether there were cases with meningitis or pseudo-
meningocele, both of which are definitely potential complications of
durotomy and by themselves may cause new postoperative deficits, or
whether the extent or severity of the durotomy influenced the frequency
of associated neurological deficits. The incidence of aggravated pain, with
or without deficit, was not stated. Likewise, the mechanism of injury that
caused the durotomy was not stated but undoubtedly influenced these
bad results.

If we can accept the accuracy of the data presented, the incidence of
unintended durotomy is commendably low in this series. Granted that
most of these surgeons are experienced spine surgeons, most having

265

undergone spine fellowships, these data should serve as a benchmark for
surgeons less experienced and less dedicated to spine surgery. I would
add, however, a comment that I have frequently made to my residents,
“Creating an unintended durotomy without injuring neurological tis-
sue—especially in an elderly patient with adherent lumbar dura thinned
by spinal stenosis—is not really a complication, but failing to recognize
that you have created a durotomy and not repairing it is much more
problematic.”

Harold Wilkinson
Boston, Massachusetts
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Fourth and Sixth Cranial Nerve Injury After
Halo Traction in Children: A Report of
Two Cases

Emma Pinches, BSc (Hons),*® Dominic Thompson, FRCS,¢ Hilali Noordeen, FRCS,4¢
Alki Liasis, PhD,*? and Ken K. Nischal, FRCOphth*"

Background: Spinal traction is the application of a longitudinal force to the spinal column as a means of stabilizing
a damaged or abnormal spine. Although not well documented in the ophthalmic literature, complications include
cranial nerve palsies, with the sixth nerve being most commonly affected. Fourth nerve palsies have not previously
been reported to our knowledge. We present 2 cases of combined fourth and sixth palsies after cervical traction.
Methods: Retrospectively, we reviewed the ophthalmic findings in 2 children with diplopia after spinal traction.
Results: Case 1 suffered a traumatic rotatory atlantoaxial subluxation and underwent halo traction. Case 2 required
traction to correct a scoliosis secondary to osteogenesis imperfecta. In both cases, sixth nerve palsies were
apparent soon after traction. Careful orthoptic examination revealed additional fourth nerve involvement. After 3
months, both cases showed partial resolution of the cranial nerve injuries. Conclusions: Cranial nerve injury may
occur with spinal traction. Fourth nerve palsy may be underreported because of masking by a coinciding sixth

nerve palsy. (J AAPOS 2004;8:580-585)

pinal traction is the application of a longitudinal
S force to the axis of the spinal column as a means of

stabilizing or altering the relative positions of dam-
aged parts of the spine. Such spinal damage may be the
result of a developmental defect or may result from
trauma. A distractive (upward) force is applied to the skull
while the rest of the body is held in place. To ensure
success, it is important that the device is firmly attached to
the skull. Historically, this was achieved using a variety of
straps, hooks, pins and tongs, each with its own particular
complications, ranging from pressure sores to penetration
of the skull.

In halo traction, a ring is attached directly to the skull
via four pins and weights are gradually added until the
desired distractive force is achieved.! The main complica-
tions of halo traction relate primarily to the skull pins and
include superior migration of the halo to an inappropriate
position, skin necrosis, and infection of the pin sites. How-
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ever, more serious neurological injury, such as cranial
nerve palsy, also may occur.”™®

We report 2 cases of combined fourth and sixth nerve
palsies that follow a period of cervical spinal halo traction
in children. To the best of our knowledge, fourth nerve
palsy has not previously been reported as a complication of
spinal traction.

CASE REPORTS
Case 1

A 9-year-old girl was struck from behind while playing on
a slide and sustained a traumatic rotatory atlantoaxial sub-
luxation (Figure 1). Consequently, she developed a fixed
abnormal head posture of face turn to the left and head tilt
to the right. Her parents did not notice any abnormality in
the position or movement of the eyes at this time, and she
did not complain of diplopia. A 6-month period of con-
servative management in her native country yielded no
improvement. She was transferred to our center, where
manipulation under anesthetic was performed, and she was
placed in halo traction with a body jacket. This reduced
the subluxation satisfactorily (Figure 2).

Immediately after surgery, the child reported diplopia and
was referred for an ophthalmic opinion. On examination,
vision was found to be 6/6 in either eye, color vision was full,
pupils were normal, and visual fields were full to confronta-
tion. A small amount of anisometropia was found on cyclo-
plegic refraction (RE +0.25 LE +0.75), but the fundi and
media were unremarkable. Examination of ocular motility
revealed bilateral sixth nerve paresis and marked bilateral
fourth nerve palsies, left greater than right. The Bielchowsky
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FIG 1. Inferior view of CT 3-dimensional reconstruction of the traumatic rotatory atlantoaxial subluxation in Case 1. The separation of the inferior
articular facet of the atlas from the superior articular facet of the axis can clearly be seen (arrow).

head tilt test was performed despite the halo body jacket and
found to be positive on head tilt left. To exclude brainstem
pathology, a magnetic resonance imaging scan was per-
formed and was found to be normal. Figure 3 shows the eye
movements 1 week later, when the child was well enough to
attend the audiovisual department. Partial resolution of the
fourth nerve palsies had already occurred, but underactions
of the superior oblique muscles (greater in the left eye) were
still evident.

The halo body jacket was removed 3 months later and
replaced with a cervical collar. The child’s head posture
was now normal. The bilateral sixth nerve palsies had
almost resolved, and the patient was binocular in the
primary position. However, partial bilateral fourth nerve
palsies were still present.

Case 2

A 15-year-old girl with osteogenesis imperfecta developed
a secondary scoliosis. Her orthopedic surgeon felt that her

condition was likely to progress and therefore surgical
intervention was recommended. An anterior discectomy
was performed, followed by application of a Stryker trac-
tion frame. A week later, posterior spinal fusion of T6-
T12 was conducted.

Two weeks after the traction was commenced, the pa-
tient complained of horizontal, vertical, and torsional dip-
lopia. On direct questioning, she clearly recalled the onset
of the diplopia upon regaining consciousness after appli-
cation of the traction but failed to mention it until 2 weeks
later. The neurology team noted a complete right sixth
nerve palsy and, to exclude brainstem pathology, a com-
puted tomography (CT) scan of the brain was performed.
This revealed basilar invagination (documented on a pre-
vious magnetic resonance imaging scan) but no neural
compression or hydrocephalus.

Examination by an ophthalmologist revealed vision of
6/6 in either eye, full color vision and normal fundi.
Examination of ocular motility confirmed the complete
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FIG 2. Case 1 wearing a halo body jacket to stabilize the head
posture achieved by manipulation of the vertebrae and a period of
halo traction. Note the left esotropia and hypertropia caused by
bilateral sixth nerve paresis with fourth nerve involvement.

right sixth nerve palsy but also revealed an upshoot of the
right eye on left gaze, with an underaction of the right eye
on depression in left gaze, consistent with right fourth
nerve paresis (Figure 4). Excyclotorsion of the fundus of
the right eye was also noted. The Bielchowsky head tilt
test was not possible due to the severe scoliosis. In addi-
tion, the assessment was limited due to pain and, conse-
quently, torsion was not measured formally. Nevertheless,
there was no elevation deficit or ptosis to suggest a supe-
rior rectus paresis to account for the torsion, and the CT
scan revealed normal positioning of the extraocular mus-
cles. Therefore, we conclude this was indeed a right fourth
nerve paresis.

A month later, the palsies had partially resolved, and a
Fresnel prism was fitted to relieve residual diplopia. By
2-month follow-up, there had been further resolution and
the patient was free of symptoms.

DISCUSSION

Cranial nerve lesions are well-recognized complications of
spinal traction, with a reported incidence of 0.07%.’ Pal-
sies of the abducens, glossopharyngeal, vagus, and hypo-

glossal nerves have all been reported after traction in the
neurosurgical and orthopedic literature.”® However, to
the best of our knowledge, trochlear nerve palsy of this
etiology has not previously been reported.

Although not well documented in the ophthalmic liter-
ature, the most commonly affected cranial nerve is the
sixth nerve.® Despite the undoubtedly important concerns
over the general condition of the patient, which required
traction in the first place, the esotropia resulting from the
VI nerve dysfunction may cause troublesome diplopia.

The pathophysiological mechanism behind cranial
nerve injury during spinal traction is not well under-
stood.>®® Possibilities include neuropraxia injury, isch-
emia secondary to edema, direct bony compression, or a
combination of these factors.

Neuropraxia is characterized by a focal conduction
block at the site of the lesion, with normal neuronal con-
duction distally.” This may occur during halo traction due
to stretching or kinking of the nerve, or a change in its
position”®”!* and generally resolves rapidly once the dis-
traction force is removed. Wilkins and MacEwan® report
that the sixth nerve is most vulnerable to kinking as it
passes over the bony ridge of the petrosphenoidal junction,
in the cavernous sinus.

An alternative explanation is that the traction may cause
edema, which compromises the nutrient blood vessel sup-
ply of either the nerve itself or its nucleus. This may lead
to localized ischemia and reduced nerve function.®”-'!
Again, when the causative force is removed and the isch-
emia subsides, there may be resolution of the neurological
deficit. Ginsberg and Bassett’ described a case of hypo-
glossal nerve palsy after halo traction that they treated
with corticosteroids to reduce the possibility of nerve com-
pression due to edema. However, they concede that the
significance of this treatment in the resolution of the palsy
is unclear.

Cases of atlantoaxial and atlanto-occipital rotatory sub-
luxation are unusual'? but are well documented in the
pediatric neurosurgical literature. Traumatic atlanto-
occipital dislocation is a similar but often fatal injury,
which also is rare.'”* In a previously documented case of
traumatic atlanto-occipital dislocation, the most probable
mechanism of cranial nerve injury was reported to be
neuropraxia caused by traction of the midbrain."" There-
fore, this may be the most plausible explanation for the
injury sustained by Case 1.

Osteogenesis imperfecta is an inherited condition char-
acterized by bone fragility attributed to low bone mass,
abnormal organization of bone tissue, and anomalous bone
size and shape.'* The condition is classified into 4 types on
the basis of clinical and genetic features. Case 2 had the
most severe form of osteogenesis imperfecta (type III), and
the abnormal spine may have mechanically compromised
the blood supply to the midbrain during the traction. In
addition to any edema, this may have caused localized
ischemia and, consequently, reduced nerve function.
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FIG 3. Ocular movements of Case 1 at 1 week after traction showing bilateral sixth and fourth nerve palsies.

Many authors state that nerve palsies that occur after
traction are transient in nature and usually resolve fully
within 6-10 weeks.”®® Other authors have reported that
these lesions may be permanent.'™"* In studies of isolated
traumatic sixth nerve palsies, recovery rates vary from 27 %
to 84% in unilateral cases, and from 12% to 38% in
bilateral cases.'®'” This variance, especially in unilateral
cases, may reflect heterogeneity in the pathomechanism of
injury. Non-recovery of acute traumatic sixth nerve palsy
has been shown to be associated independently with com-
plete sixth nerve palsy (inability to abduct past the midline
at presentation) and with bilaterality."®

The nerve palsies of the children described in this
report have improved but have not fully resolved after 12
months of follow-up. This may be attributed to the bilat-
eral nature of the first case and the complete sixth nerve
palsy of the second case. Alternatively, the theory of cra-
nial nerve compromise at the level of the nerve nucleus
may account for the incomplete resolution of these palsies.

Traumatic atlantoaxial dislocation results in spasm of
the neck muscles, which acts as a protective mechanism by
immobilizing the neck.'" This often leads to a rigid ab-
normal head posture, as seen in Case 1. It has been doc-
umented that under a paralytic anesthetic this spasm of the
neck muscles is lost."" Consequently, traction at this time
may induce neuropraxia injury. In Case 1, during the
initial 6 months of conservative management for the neck
injury, the child’s parents are certain that her eyes were

straight and she was visually asymptomatic. Immediately
after application of the traction device, she developed an
obvious esotropia and complained of diplopia. This
strongly indicates that the cranial nerve palsies occurred as
a result of the traction and not the initial trauma. We are
confident, therefore, that the abnormal head posture seen
in this case was a consequence of the traumatic rotatory
atlantoaxial subluxation, and was not caused by a pre-
existing fourth nerve palsy acquired at the time of the
initial injury.

An extensive search of the literature has revealed no
previous reports of fourth nerve palsy after traction. This
may be the result of masking of fourth nerve involvement
in many instances by coinciding sixth nerve palsy. It is
often difficult to detect fourth nerve paresis in the pres-
ence of esotropia by examining ocular movements alone.
Diagnosis may be hampered further in children when a
Hess chart is not possible, either because of age or general
health after surgery. Recent traction and residual scoliosis
may also make the Bielchowsky head tilt test difficult to
perform. Additionally, in young children, questions re-
garding subjective torsion may be inconclusive.

In the presence of a large angle esotropia, the superior
oblique acts primarily as a depressor and the secondary
action of intorsion may not be seen. However, in smaller
angles of esotropia, as in the 2 cases reported here, the
affected eye should be observed closely for signs of intor-
sion as the eye moves into the field of action of the
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FIG 4. Ocular movements of Case 2 at 3 weeks after traction showing right sixth and right fourth nerve palsies.

superior oblique. The relative positions of conjunctival
vessels often make useful landmarks when looking for
torsion. Absence of intorsion of the globe in this position
of gaze suggests fourth nerve involvement. Detection of a
fourth nerve palsy may also be aided by viewing the fundus
of the suspected eye for signs of excyclotorsion, as de-
scribed in Case 2.

Although techniques are available to monitor extraoc-
ular muscle function using intraoperative electromyogra-
phy,'*?? the incidence of cranial nerve injury after spinal
traction is so low (0.7 cases per 1,000°) that the expense of
electromyogram monitoring of nerve function during ap-
plication of halo traction cannot be justified.

In conclusion, cranial nerve palsies may occur as com-
plications of spinal traction. The most frequently reported
nerve palsy involving ocular motility is that of the sixth
nerve. We describe 2 cases of combined sixth and fourth
nerve palsies after traction in children. This may be the
first report of fourth nerve dysfunction after halo traction.
Careful assessment of ocular motility for absence of incy-
clotorsion in contralateral depression and examination of
the fundus for signs of excyclotorsion may reveal fourth
nerve palsies which are commonly masked by the large
angle esotropia caused by an concurrent sixth nerve palsy.

This may explain why fourth nerve palsies of this etiology
have not, to the best of our knowledge, previously been
reported in the literature.
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An Eye on the Arts — The Arts on the Eye

“Please, don’t talk,” said the man. “I can see your light now.”

“Your personal light,” he said, realizing that she didn’t know what he was
talking about.

Her personal light. Well, how wrong could he be, that innocent painter, who
obviously hadn’t learned much about life in his thirty-odd years. But then, as
everyone knows, women mature more quickly than men, and although Maria
might not spend sleepless nights pondering her particular philosophical prob-
lems, she knew one thing: she did not have what that painter called “light” and
which she took to mean “a special glow.” She was just like everyone else, she
endured her loneliness in silence, tried to justify everything she did, pretended
to be strong when she was feeling weak or weak when she was feeling strong,
she had renounced love and taken up a dangerous profession, but now, as that
work was coming to an end, she had plans for the future and regrets about the
past, and someone like that doesn’t have a “special glow.” That must just be his
way of keeping her quiet and still and happy to be there, playing the fool.

Personal light, indeed. He could have said something else, like “you’ve got
a lovely profile.”

How does light enter a house? Through the open windows. How does light
enter a person? Through the open door of love. And her door was definitely
shut. He must be a terrible painter; he didn’t understand anything.

“I’ve finished,” he said and started collecting up his things.

Maria didn’t move. She felt like asking if she could see the painting, but that
might seem rude, as if she didn’t trust what he had done. Curiosity, however,
got the better of her; she asked and he concurred. He had painted only her face;
it looked like her, but if, one day, she had seen that painting, not knowing who
the model was, she would have said that it was someone much stronger,
someone full of a “light” she didn’t see reflected in the mirror.

—Paulo Coelho (from Eleven Minutes)




272

Advances in Surgical Techniques for EOSD

Chapter 10

CONCLUSION



Advances in Surgical Techniques for EOSD

Early-onset spinal deformity (EOSD) continues to be an enigma to healthcare
professionals. The pathophysiology of thoracic insufficiency syndrome (TIS) and the
importance of pulmonary function and maturation are only recently being understood
comprehensively. Genetic studies are underway to alter or regulate the gene expression
responsible for causing scoliosis. These studies are still in their infancy, and they are
currently restricted to animal experiments. A better understanding of the natural history in
early-onset scoliosis secondary to neuromuscular disorders (EOS-NMD) will influence and
guide treatment options. The advent of magnet driven growing rods (MdGR) has been a boon,
especially to growing children, and | was the first in the world to report an improvement in
pulmonary function with a marked reduction in chest infections in six children, which was
presented at the Scoliosis Research Society (SRS) 2013 annual meeting as a podium
presentation and published in Spine (P'hila 1976) this year.

MdGRs appear to be a promising option for EOSD, as an early definitive spinal
fusion is unacceptable with a disproportionate upper segment: lower segment ratio and a
premature arrest of pulmonary maturation. However, the current first generation MdGRs
corrects only the spinal deformity, and do not address any chest cage deformation (for
example, the ‘parasol’ deformity of spinal muscular atrophy [SMA]). | am currently
working on innovative surgical construct options, and exploring avenues to address both
chest cage and spinal deformity correction with the newer second generation MdGRs.

In summary, the treatment of EOSD has evolved by leaps and bounds over the past
decade, from mere observation and bracing, to complex surgeries to prolong life, enhance
caregiver satisfaction, and optimise outcomes. My surgical practice has also evolved from
conventional growing rods (CGRs) to MdGRs. Highly satisfied parents and caregivers
continue to inspire me to pursue excellence in research, and test newer and more

innovative surgical options to improve quality of life.
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The magnet driven growing rods (MdGRs) have recently been approved for early-onset
spinal deformities (EOSD) in North America by the United States Food and Drug
Administration (USFDA). It is considered to be a game changer amongst distraction based
devices in surgical management of EOSD. My published papers (nos. 6 and 7) cited earlier in
chapter no. 5 (Innovations and Recent Advances in Early-onset Scoliosis) was a part of
meta-analysis undertaken by the National Institute of Clinical Excellence (NICE) which
concluded that MdGRs were:-

e Associated with a statistically significant (p=0.03-.004) lower incidence of infection

rate than conventional growing rods (CGRs)

e More cost-effective in children who had three or more years of remaining growth

potential in comparison to CGRs.

e The improvement in Cobb angle and height gain (T:1-S1 length) were similar between

the two devices (i.e. MAGRs vs. CGRs).

Despite tremendous advances in technology and understanding about EOSD over the past
five years, adequate scope exists for further improvement. Better understanding of the natural
history of various sub-etiologies of EOSD and its effect on pulmonary function is desired. The
acceptable standard of care for EOSD is not an early spinal fusion but growth guided surgeries
either by rib or spine based distraction devices. Despite NICE’s recommendation of advocating
the use of MdGRs for children with more than three years of remaining growth potential, many
syndromic and congenital spinal deformities have bone age that lags behind chronological age.
Comprehensive evaluation and individualised decision-making practicing fiduciary
relationship with parents and care-givers is desired to optimise outcomes in such vulnerable
children. More good quality multi-centric studies with high level of evidence (LoE) are desired
to draft grades of recommendations (GoR) to guide the surgical community in our commitment

to evidence-based practice of paediatric spinal deformity surgery.
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My vision in pursuit of excellence would be to undertake:

A long-term (i.e. until skeletal maturity or definitive spinal fusion whichever is later)
Level of Evidence (LoE) II therapeutic study (prospective comparative clinical study)
between MdGRs and CGRs to establish if either of them is superior over the other.

A long-term LoE I prognostic study evaluating the pulmonary function before and
after MdGR insertion esp. in neuromuscular, syndromic and congenital sub-etiologies
of EOSD.

A LoE I prognostic study comparing IQ, cognitive performance, scholastic grades and
aptitude before and after growing rods insertion (i.e. MdGRs and CGRs) in early-onset
idiopathic scoliosis.

A LoE I economic / decision-making modeling analysis study to establish the cost-

utility of CGRs vs. MdGRs.
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RNOH, Stanmore - Current Research Update

Magnet Driven Growing Rods (MdGRs)
as on April 2014
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I have now operated and inserted magnet driven growing rods (MdGRs) on at least one
hundred children with early-onset spinal deformity (EOSD) of all etiologies (i.e. idiopathic,
congenital, neuromuscular and syndromic). My pioneering work has been extensively cited in
literature by other investigators. Twenty five patients operated at Royal National Orthopaedic
Hospital, Stanmore had completed minimum follow-up of one year by March 2014. The
summary file of their clinico-radiological results depicting improvement in Cobb angle and
height gain (T-S1 length) is illustrated in next page. The same study has been accepted as a
podium presentation at Société Internationale de Chirurgie Orthopédique et de Traumatologie
(SICOT) Triennial Orthopaedic world congress later this year (Nov 2014) in Rio de Janeiro,
Brazil. Seventeen patients in this study group had completed a minimum follow-up of 2 years
and an abstract reporting their clinic-radiological results with complications has been submitted

for the American Academy of Orthopaedic Surgeons (AAOS) annual congress 2015.

My research on MdGRs was also instrumental for the National Institute of Clinical
Excellence (NICE) to produce the position statement and medical technology guidance
document (no.18) on The MAGEC system for spinal lengthening in children with Scoliosis.
The relevant NICE documents are incorporated as appendix III. The United States Food and
Drug Administration, (USFDA - i.e. NICE equivalent of UK) has also approved MdGRs for
EOSD. My collaborative work with other multi-centric international group of surgeons from

USA, Europe and Hong Kong was contributory in getting the FDA approval.

I have trained other spinal surgeons nationally (in the UK) and internationally (Europe,
North America, Middle-east, Far-east and Indian sub-continent) by teaching them how to insert
MdGRs, imparting practical tips and sharing my knowledge. I am an invited speaker at the
Scoliosis Research Society (SRS) annual meeting 2014 at Alaska, USA wherein 1 will be
delivering a master class lecture on MAGEC rods for early-onset scoliosis to global audience.

I also regularly lecture on MdGRs for EOSD as an invited speaker at global scientific meetings.
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Surgical Distraction Device Patent



280

'@XS'DE@,Q PCTfGB ﬂl/ﬂl £8

P 6
‘R’ O

[75]
=2
I
,3‘}‘ INVESTOR IN PEOPLE

The Patent Office
Concept l%ouse

Cardiff ROAECD 1 1 MAY 2ppy

Newport o
South Wald¢/IPO POT

NP10 8QQ

I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4)
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as
originally filed in connection with the patent application identified therein.

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named
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SURGICAL DISTRACTION DEVICE

This invention relates to surgical distraction devices and in one form provides a
surgical distraction device for exerting an extending or tensioning force to bones
and/or implants within a patient’s skeleton.

In the treatment of malignant bone cancer it is often necessary to surgically
resect part of a bone and to replace it with a prosthesis. Where the patient is a child
or adolescent, the skeleton continues to grow and in order to accommodate this the
prosthesis requires replacement at intervals. In an effort to reduce the number of
revision operations, procedures have been developed for extending the prosthesis in
situ. Methods of achieving this include the provision of telescopic parts in the
prosthesis which are extended by introducing spacers of approximate size between the
parts. Devices which have been used for this purpose are described in the paper by
Schindler et al, the Journal of Bone and Joint Surgery, Volume 79b, No. 6, November
1997, pages 927 to 937.

While the system described in the above paper is preferable to repetitive
revision operations, it still requires surgical access to a part of the prosthesis at
intervals which can be frequent, depending on the growth rate of the patient. Since all
operations carry finite risks, including the risk of introducing an infection, it is one
object of this invention to provide a device which can be used to extend a prosthesis
non-invasively.

According to one aspect of the present invention there is provided a surgical

distraction device for applying an extending or tensioning force non-invasively to a
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patient’s skeleton which comprises anchoring means for attaching first and second
components of the device to a bone or to adjoining bones, said components being
connected by a linkage of variable length, a magnet connected to the linkage via a
reduction gearbox and means located externally of the patient for generating a moving
or varying electro-magnetic field, thereby causing the magnet to rotate and the linkage
to be varied in length.

In practice, the first and second components and its associated linkage,
together with the magnet, are surgically introduced and anchored to the bone or
bones, for-example when fitting a prosthesis or implant.

At intervals when the device requires extension or tensioning, a moving electric
field is established around the patient’s body in the region of the prosthesis or implant,
thereby causing the two components to be pressed apart. Normally, the magnetic field
is arranged to rotate in the direction of desired movement of the magnet connected to
the linkage.

According to a second aspect of the invention there is provided an extendable
endoprosthetic replacement device which comprises first and second components
which are connected by a linkage of extendable length, the first component comprising
a component of a limb joint and the second component having means for attachment to
a resected long bone, a magnet connected to the linkage and means adapted for
location externally of the patient for generating a moving electromagnetic field,

thereby causing the magnet to rotate and the linkage to be extended.
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The distraction device in accordance with the invention has substantial
advantages over existing practices such as described in the paper cited above, since it
avoids the trauma of further surgical operations, reducing the risk of infection and the
introduction of further scar tissue as a result of the operations. Moreover, the device
can be extended or tensioned over a longer period than might be practical in the course
of a surgical operation. The device can also be extended more gradually and more
frequently, which induces an expansion or tensile force, which keeps pace with growth
and stimulates biological growth of tissues.

The provision of a reduction gearbox between the magnet and the relatively
movable components of the distraction device carries with it important advantages.
First it enables a uniform extension force to be applied to the extensible components.
Secondly it enables sufficient force to be applied to overcome resistance to extension
and to resist any tendency for the device to contract in length when the bone is loaded.

Although a major use of the device in accordance with the invention is the
periodic extension of prostheses for the reasons described in the paper cited above,
there are a number of other surgical purposes for which the device is of value. One of
these is in distraction osteo-genesis. This treatment involves tensioning of bone in
order to stimulate its growth. The conventional procedure involves provision of an
external frame, e.g. around a limb and pins are anchored to the bone at a spaced
distance. Tensioning rods are then fitted between the pins in order to apply a constant
tensioning force to the bone. These devices are extremely cumbersome and awkward

for the patient, often making it difficult or impossible for the patient to walk. In
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addition, there is a considerable risk of infection caused by the use of transcutaneous
pins. With the device of the present invention, it can be surgically introduced and the
components anchored to the bone and tensioning can be applied either continuously or
at intervals by placing the means for generating the rotating electro-magnetic field
around the implanted device.

The device also has application for curing curvature of the spine (scoliosis).
In this procedure, the components of the device will be anchored to appropriate
vertebrae or to a rib and selected vertebrae. The distraction force is applied using an
externally generated electro-magnetic field to overcome the resistance of the tissue of
the limb, together with the friction of the linkage. Use of the device is not limited to
applying distraction forces to bone but could, in a modified form, be used for
attachment to tendons and thereby used, e.g. for treating cerebral palsy.

According to a further aspect, therefore, there is provided a surgical distraction
device for correcting curvature of the spine which comprises first and second
extension rods, each having attachment means at one end for fixing to a respective
vertebra, a linkage for linking the rods so that the ends carrying attachment means are
relatively moveable, said linkage being connected to a drive mechanism comprising a
rotatable magnet and a reduction gearbox and actuating means for location externally
of the patient for generating a moving or varying electric/magnetic field, thereby
causing the magnet to rotate and the attachment means on one rod to move relatively

to the attachment means on the other rod.
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One embodiment of the present invention will now be described with reference
to the accompanying drawings, in which:-

Figure 1 is a perspective view of the distraction device fitted to a femur and
forming part of a femoral prosthesis;

Figure 2 is an enlarged, diagrammatic view showing the linkage between the
two relatively extendible parts of the prosthesis;

Figure 2a is a view similar to Figure 2 but showing the linkage in more detail;

Figure 3 is an exploded view of the gearbox;

Figure 4 illustrates an alternative method of fixing the prosthesis to a bone; and

Figure 5 is a perspective view of another embodiment of a distraction device
for correcting curvature of the spine.

Referring to the drawings, the distraction device comprises two components, 2
first component (1) forming part of a femoral hip prosthesis including a ball joint (3),
forming an artificial hip joint and a relatively moveable component (2) carrying a
spigot (4) for anchorage to the re-sected femur (5). The components (1) and (2) are
linked together by a linkage comprising an elongated screw (6) and a nut (7).
Relative movement of the linkage axially in the direction of the arrow X is achieved by
a rotatable magnet (8) connected to a gearbox (9). Magnet (8) is connected through
the gearbox (9) to the spindle screw (6) and rotation of the magnet (8) causes rotation
of the screw and hence elongation of the device.

Rotation of the magnet is achieved by placing an electro-magnetic coil (10)

around the limb and generating a moving electrical field. The magnet is designed so
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that the moving electric field causes the magnet to rotate in the desired direction, to
cause extension of the device, the magnet and the electro-magnetic coil together
constituting an electrical motor. In general the electromagnetic coil takes the form of
a ring of coils which may be incorporated or embedded in a magnetically susceptible
material, e.g. soft iron, the ring being dimensioned to fit around the limb which
contains the extendable distraction device.

The gearbox is a high reduction ratio gearbox which may have a reduction
ratio in the order of several hundred, e.g. about 500. This ratio, the speed of rotation
of the magnet and the pitch of the screw is selected so that, preferably, one turn of the
rotor will advance the screw by a fraction of a millimetre, e.g. 0.001 to 0.01 mm,
typically about 0.005 mm. The patient can remain within the electro-magnetic coil for
an extended period, e.g. one to two hours, depending upon the amount of extension or
length of distracting force required.

In a procedure for lengthening a prosthesis, one would typically wish to extend
the prosthesis by 5 to 6 mm at each stage. The distraction force should be such that it
is capable of overcoming friction within the linkage and the resistance provided by soft
tissue around the prosthesis.

Figure 3 shows details of the gearbox. The gearbox incorporates two
planetary gears and is sealed within a casing to exclude body fluids. The parts shown
are all manufactured from stainless steel with the exception of the part (12) which is
manufactured from titanium alloy and the part (26) which is manufactured from a

cobalt chrome alloy.
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The gearbox and magnet assembly are designed to be housed within a chamber
(201) at the lower end of the linkage assembly (see Figure 2a).

Reference numeral (11) shows an axial spindle on which the driving magnet
rotates. The lower end of the spindle (11) is formed with a pointed portion so that the
spindle is guided in a recess in the end cap (202 - see Figure 2a). Part (12) is a
housing for containing the permanent magnet (8). The permanent magnet is preferably
manufactured by a sintering process, has an annular shape and is fitted into an
interlocking annular capsule (12) to ensure that the magnet will not rotate within the
capsule.

After welding into the capsule (12) the magnet is magnetized with a field
direction parallel to the diameter of the capsule (12). Part (13) is the input pinion to
the first stage of the gearbox. The pinion is bored to be a free running fit on the
spindle (1) and has a plane boss that is interlocked into the capsule (12). The
components (14) and (17) are fitted together as a spigot and socket to form a
planetary carrier assembly and planet gears (16) are fitted into the carrier assembly.
Each gear stage has three identical planet gears which are fitted into the carrier
assembly and each planetary gear is machined with a small integral stub shaft at each
end. These stub shafis locate in holes in each half of the carrier assembly.

Components (15) and (22) are fixed internal gears for the first and second
reduction stages respectively. These gears each mesh with approximately half of the
face width of a set of planetary gears and are fixed into the body of a gearbox. The

remaining half of the planetary gears is meshed with rotating internal gear (18). A
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reduction of the number of teeth in the rotating internal gear (18) compared with the
number of teeth in the fixed internal gear (15) provides speed reduction for the stage.
Higher number of reductions in the number of teeth provide a greater reduction using
the minimum number of gears and space. Components (18), (19) and (20) comprise
an assembly which transfers the output from the first stage of the gearing to the input
- of the second. The assembly comprises a gear web part (19) which is welded to both
the rotating internal gear of the first stage of gearing and the input pinion of the
second stage.

Parts (21), (22), (23), (24) and (25) comprise the fixed internal gear and
planetary gear and carrier assembly for the second stage. These parts are the same as
parts (14), (15), (16), (17) and (18) of the first stage of gearing.

Part (25) is the rotating internal gear of the second stage of the gearing and
this is welded to part (26) which is the output shaft from the gearbox. This passes
through O-ring seals (203) to drive the screw (6) shown in Figures 1, 2 and 2a.

Part (26) is a spigot fit into a socket machined into part (25) so that this
assembly is self-jigging when set up for welding. This is the same arrangement as in
the case of parts (18) and (19).

Part (26) is shown with a short spigot that locates in a bore in one side of the
carrier (24). The purpose of this spigot is to ensure that the planet carrier is accurately
centred in the mechanism and a similar spigot is provided on part (19) to centre the

first stage planet carrier.
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The upper face of part (26) carries an output shaft (27) which terminates ina
suitably shaped drive projection engaging in a lead screw (6). Screw (6) is threadably
received within an inner shaft (7). Outer shaft (2) surrounds inner shaft (7) so that
inner shaft is extended out of shaft (2) when lead screw (6) is rotated by the magnet
(8) driving through the reduction gearbox. Inner shaft (7) is prevented from rotating
by means of a key (204) which is fixed into a corresponding aperture in the outer shaft
(7). Key (204) has a projecting portion which extends into a longitudinal slot (205)
formed in the inner shaft (7).

The device may include an integral or separate sensor which counts the number
of revolutions of the magnet (8) so that the degree of extension of the device can be
monitored and/or recorded.

Figure 4 illustrates an alternative method of anchoring one component of the
device to a long bone, which has been found to result in improved stability and bone
integration. As can be seen, the tubular body (2) of the prosthesis is fixed to a
resected bone (5) by means of two or more plate-like strips (401) extending from the
tubular body. The plate-like strips are apertured to receive unicortical screws (402)
for fixing the plate-like strips to the outer surface of the bone. The strips were formed
with elongated holes (403) to encourage bone ingrowth and coated with a highly
crystalline hydroxyapatite coating to stimulate integration with the bone.

Figure 5 shows a distraction device suitable for treatment of curvature of the
spine. In this embodiment, threaded rods (501) and (502) are provided with

attachment means (503), such as plates or blocks carrying screws or hooks.
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Depending on the curvature of the spine, the threaded rods (501) may be straight or
curved. The attachment means may include a universal bearing or joint connection to
the threaded rods so that the attachment means can be rotated or swivelled to take
account of the curvature or deformation of the spine, and to enable firm attachments
to be made to appropriate vertebrae.

The two threaded rods are joined by a central spacer or block (504). The
block (504) may be stabilised by attachment to the spine, e.g. using screws or hooks.
Block (504) includes a drive mechanism comprising a rotatable magnet and reduction
gearbox as described in Figures 1 to 3. However, the final drive component comprises
a cog carried by the output shaft. The cog is linked to two worm drives which are
turned by the cog. In one arrangement, the worms are arranged in series such that
they are driven in opposite directions. In another arrangement, the worms may be
arranged to be driven in the same direction. Single worm or multiple worm drives of
two or more worms may also be used to link the cog to the threaded rods. Each
worm is cylindrical and has a central tapping. A corresponding threaded rod (502) is
received within the worm and the threads on the rod match the tapping on the inside of
the worm. As the worm is turned by the cog, the threaded rod is also turned and is
moved in a direction lengthwise of the rod. The direction of movement of the rod
depends on the sense of the cooperating threads and on the arrangement of the worms
and gears which transmit the rotation of the magnet. In a similar way to the
arrangement described in connection with Figures 1 to 4, a rotating electrical field is

generated by means of an external annular coil around the patients’ spinal region.
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CLAIMS:-
Iz A surgical distraction device for applying an extending or tensioning

force non-invasively to a patient’s skeleton or to an implant which comprises
anchoring means for attaching first and second components of the device to a bone or
to adjoining bones, said components being connected by a linkage of an extendible
length, a magnet connected to the linkage via a reduction gearbox and actuating means
located externally of the patient for generating a moving or varying electro-magnetic
field, thereby causing the magnet to rotate and the linkage to be extended.

2. A device according to claim 1 wherein the actuating means is adapted
to generate a rotating magnetic field which rotates in the desired direction of rotation
of the magnet.

3 A device according to claim 1 or 2 wherein the linkage comprises a
screw and nut and the magnet is connected to the screw or nut via the gearbox to
cause relative rotation, thereby extending the device.

4. A device according to any one of the preceding claims wherein there is
a difference in the number of teeth between gears, thereby providing a reduction in the
number of gears and space.

3. A device according to any one of the preceding claims wherein the
gearbox has a gear ratio of 100:1 to 1000:1.

6. A device according to any one of the preceding claims wherein the two
components are components of a prosthesis for fixing to a long bone.

7 A device according to claim 6 wherein the long bone is a femur.
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8. An extendable endoprosthetic replacement device which comprises first
and second components which are connected by a linkage of extendable length, the
first component comprising a component of a limb joint and the second component
having means for attachment to a resected long bone, a magnet connected to the
linkage and means adapted for location externally of the patient for generating a
moving electromagnetic field, thereby causing the magnet to rotate and the linkage to
be extended.

9. A device according to claim 8 wherein the magnet is connected to the
linkage via a reduction gearbox.

10. A device according to claim 8 or 9 wherein the first component
comprises a component of a hip or knee joint.

11. A device according to any one of claims 8 to 10 wherein the second
component comprises a spigot adapted for fixing into the intermediary canal of a long
bone.

12. A surgical distraction device for correcting curvature of the spine
which comprises first and second extension rods, each having attachment means at one
end for fixing to a respective vertebra, a linkage for linking the rods so that the ends
carrying attachment means are relatively moveable, said linkage being connected to a
drive mechanism comprising a rotatable magnet and a reduction gearbox and actuating
means for location externally of the patient for generating a moving or varying
electric/magnetic field, thereby causing the magnet to rotate and the attachment means

on one rod to move relatively to the attachment means on the other rod.
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13. A device according to any one of the preceding claims wherein the
actuating means is arranged to generate a rotating field which rotates in the desired
direction of rotation of the magnet.

14. A device according to claim 12 or 13 wherein the linkage comprises a
drive cog which engages with a worm encircling a rod so that movement of the worm

causes the rod to extend lengthwise thereof.
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NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Medical technology guidance
SCOPE

MAGEC system for spinal lengthening in children with
early onset scoliosis

1 Technology

1.1 Description of the technology

MAGEC system (Ellipse Technologies, Inc.) is used to treat early onset
scoliosis (a side-to-side curve diagnosed before the age of 10 years) in
children aged between 2 and 11 years. The technology is intended to be used
in place of current growth rod systems that require repeated invasive surgical
procedures. MAGEC system comprises a sterile implant (this can be one or
two rods, the size of which depends on body weight - 4.5mm for children
weighing £27kg, 5.5mm for children weighting <36kg and 6.35mm for larger
children) and an external remote controller together with a manual distractor
(to check the implant is functional prior to implantation) and wand locator (to
locate the internal magnet). MAGEC system is inserted surgically in the
same way as conventional growth rod systems. A portion of the MAGEC
implant contains a distraction element — the ‘actuator’, which includes an
internal cylindrical rare earth magnet, 9-10.5 mm in diameter and 90mm long.
The magnet is rotated non-invasively by an external remote controller which,
in turn, causes the rod to lengthen and increase distraction of the spine (on
average every 3 months, depending on surgeon preference). This external
remote control is portable and uses permanent magnets to modify the length
of the implant. An indication of the amount of distraction/retraction is
immediately visible on the controller’s display module. Repeated lengthening
of the rod is intended to be carried out in an outpatient setting without the use

of sedation or pain relief
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1.2 Regulatory status
MAGEC system received a CE mark in October 2009 to be used as a Spinal

Bracing and Distraction System Implant. The CE mark also includes the

External Adjustment Device (remote control).

1.3 Claimed benefits

The benefits to patients claimed by the sponsor relate to the avoidance of

repeated surgical procedures which lead to:

¢ Reduced incidence of surgical complications including anaesthetic risk,
infections and delayed recovery

¢ Reduced psychological trauma to the child and family

e Improved quality of life due to reduced time away from school (patient) and

work (parent)
The benefits to the healthcare system claimed by the sponsor are:

e The avoidance of costs associated with repeated surgical interventions
including theatre time, consumables, in-hospital stay and treatment of
complications

¢ Reduced costs to society from parents taking time off work and the child

taking time away from school

1.4 Relevant diseases and conditions

Scoliosis is a lateral, side-to-side deformity of the spine. MAGEC system is
intended for use in early onset scoliosis specifically in patients in whom a

distraction procedure is indicated.

In the UK, scoliosis affects 3 to 4 children out of every 1,000 and can develop
at any time during childhood and adolescence (NHS Choices 2011). At the
younger end of the spectrum, boys are affected slightly more than girls
(Scoliosis Association, UK). Early onset scoliosis may be associated with
congenital vertebral anomalies, bone dysplasia, connective tissue disorders,
neuromuscular disorders or idiopathic spinal deformities. Lung development,

pulmonary function, spine length and spinal mobility are at risk. In young

Page 2 of 8
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children, growth and lung function are affected. Scoliosis also impacts on the
appearance of a patient’s back. Treatment of early onset scoliosis must focus
on both the spine and the development of the chest to improve the child’s

long-term quality of life.

15 Current management

In 90 percent of cases of childhood scoliosis, treatment is not required since
the condition corrects itself with age (NHS Choices, 2011). Most of the
remaining 10 percent of children with scoliosis can be successfully treated
using a back brace to prevent the spinal deformity progressing. Approximately
1 in 350 children with scoliosis require surgery to correct the curvature of their

spine.

There are four main types of treatment for early onset scoliosis, namely
casting, bracing, insertion of growth rods and spinal fusion. Treatment
selection depends on the age and development of the child as well as the type
of curvature of the spine. Casting can be used to guide a child’s spine into a
normal position during growth. This can be done by applying an external
brace, made from a combination of plaster-of-Paris and modern casting
material, which is worn permanently by the child. Alternatively the patient may
be put in a brace. This system rarely corrects scoliosis but allows growth

before a more permanent treatment is offered.

Surgery, using distraction-based procedures, can be performed if the
curvature continues despite bracing and casting. This involves surgically
inserting growth rods (single or dual), which are attached to the spine or ribs
above and below the curve. The rods can be placed from the level of the
shoulder blade on the spine and extend down to the ribs, spine or pelvis. If a
conventional growth rod is used the child returns about every six months to
undergo a surgical procedure for rod lengthening. Once the spine has
finishing growing a final spinal fusion operation is undertaken and the rods are

removed.

Page 3 of 8
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2 Reasons for developing guidance on MAGEC
system for Early-onset Scoliosis

The Committee considered that MAGEC system may provide significant
benefit for children with early onset scoliosis in whom surgical intervention is

indicated for spinal distraction.

The Committee considered that the main potential benefit of MAGEC system
was the avoidance of repeat surgical procedures to lengthen the rods, thereby

reducing anaesthetic, operative and post-operative risk (including infection).

The Committee was advised that lengthening of MAGEC system could take

place in an outpatient setting with no sedation or pain relief. They considered
that in conjunction with the avoidance of surgical procedures, use of MAGEC
system could have a positive psychosocial impact on both the young children

and their families.

The Committee was advised that MAGEC system has the potential to result in
comparable lengthening to that achieved with conventional spinal rods and
that more frequent lengthenings could be undertaken approximately every 3
months, as opposed to every 6 months with conventional rods. The potential
impact of increasing the regularity of lengthening on the outcome of the
distraction procedure should be evaluated and the number of imaging
procedures associated with the increased number of distraction procedures

should also be considered.
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3 Statement of the decision problem

Scope issued by NICE

Population Children with early onset scoliosis in whom a surgical distraction
procedure is indicated.
Intervention MAGEC system
Comparator(s) | e Spine-based surgical distraction procedure with conventional
growth rods
Outcomes The outcome measures to consider include:

e Total number of surgical procedures and anaesthetics

e Total number of outpatient attendances and procedures
e Recovery time

e Total length of stay

e Rate of distraction procedure success

¢ Infection rates and other surgical complication rates

e Total number of imaging procedures

e Quality of life

e Device failure

e Device and radiation exposure-related adverse events

Cost analysis

Comparator(s):
e Spine-based surgical distraction procedure with conventional
growth rods

Costs will be considered from an NHS and personal social services
perspective.

The time horizon for the cost analysis will be sufficiently long to
reflect any differences in costs and consequences between the
technologies being compared.

The costs associated with failure of MAGEC system leading to
replacement with conventional growth rods should be included.

Sensitivity analysis will be undertaken to address uncertainties in the
model parameters, which will include the scenario in which single
and dual growth rods are needed. This analysis should include
analysis of differing regularity of MAGEC distraction procedures,
every 6 weeks and every 3 months.

Subgroups to
be considered

None identified

Special
considerations,
including
issues related
to equality

Although MAGEC system is described for treatment of children with
early onset scoliosis, who are between the ages of 2 and 11, the
system could be used in children outside this age range providing
they weigh more than 11.4kg and have a BMI <25.

Patients with contraindications could include patients with
pacemakers or who require an MRI scan during the period of
implantation.
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4 Related NICE guidance

4.1 Published

The EOS 2D/3D imaging system. NICE Diagnostics Guidance DG1 (2011).
Available from http://guidance.nice.org.uk/DG1.

4.2 Under development

None identified.

4.3 Suspended or terminated

None identified.

5 External organisations
5.1 Professional organisations
511 Professional organisations contacted for expert advice

At the selection stage, the following societies were contacted for expert

clinical and technical advice:

British Association of Spine Surgeons

British Orthopaedic Association

British Scoliosis Society

British Society for Children's Orthopaedic Surgery

5102 Professional organisations invited to comment on the
scope

The following societies have been alerted to the availability of the scope for

comment:

British Association of Spine Surgeons

British Orthopaedic Association

British Scoliosis Society

British Society for Children's Orthopaedic Surgery
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¢ Royal College of Paediatrics and Child Health

5.2 Patient organisations

At the selection stage, NICE’s Patient and Public Involvement Programme

contacted the following organisations for patient commentary and alerted

them to the availability of the scope for comment:

Action for Kids

Action for Sick Children

Action Medical Research

Arthritis and Musculoskeletal Alliance (ARMA)
Back Care

Brainwave

e Breakthrough UK
« British Syringomyelia Chiari Society

Child Growth Foundation (CGF)
Disability Rights UK

Fighting Back UK

Muscular Dystrophy Campaign

National Childbirth Trust (NCT)

National Children's Bureau (NCB)
Neurofibromatosis Association

Newlife Foundation for Disabled Children
Rare Disease UK

Restricted Growth Association (RGA)
Royal College of Paediatrics and Child Health (RCPCH)
Scoliosis Association (UK)

Scope

Specialised Healthcare Alliance

Spinal Injuries Association

WellChild
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N I C National Institute for
Health and Care Excellence

Costing statement - The MAGEC system for spinal
lengthening in children with scoliosis
Implementing the NICE guidance (MTG18)

Published: June 2014

NHS England commissions complex spinal surgery services for children from

specialist paediatric spinal surgery centres.

The Committee for the topic was advised that the population of children for whom
the MAGEC system would be considered is small, with an estimated 120 children
per year in England who may be treated using growth rods. Because of this, it is
unlikely that the guidance will result in a significant change in resource use in the
NHS.

The External Assessment Centre estimated the insertion costs of MAGEC rods to
be £27,400, with an annual lengthening cost of £900. In contrast, conventional
growth rods are estimated to cost £15,300 for insertion and £5400 for annual

lengthening.

The additional insertion cost of £12,100 for the MAGEC system has a payback
period of less than 3 years. Anticipated savings per child after 6 years are
estimated to be around £12,000.

Page 8 of 8
NICE medical technology scope: MAGEC system for spinal lengthening in children with
early onset scoliosis



319

N I c National Institute for
Health and Care Excellence

The MAGEC system for spinal
lengthening in children with scoliosis

Issued: June 2014

NICE medical technology guidance 18

guidance.nice.org.uk/mtg18

NICE has accredited the process used by the Centre for Health Technology Evaluation at NICE to

produce medical technologies guidance. Accreditation is valid for 5 years from November 2011 and N Ic E accredited
applies to guidance produced since March 2011 using the processes described in NICE's 'Medical
Technologies Evaluation Programme: methods guide' (2011) and 'Medical Technologies Evaluation
Programme: process guide' (2011). More information on accreditation can be viewed at
www.nice.org.uk/accreditation

www.nice.org.uk/accreditation

© NICE 2014
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The MAGEC system for spinal lengthening in children with

scoliosis

1 Recommendations

321

NICE medical technology

guidance 18

NICE medical technologies guidance addresses specific technologies notified to NICE by
sponsors. The 'case for adoption' is based on the claimed advantages of introducing the
specific technology compared with current management of the condition. This case is
reviewed against the evidence submitted and expert advice. If the case for adopting the
technology is supported, then the technology has been found to offer advantages to patients
and the NHS. The specific recommendations on individual technologies are not intended to
limit use of other relevant technologies which may offer similar advantages.

1.1

1.2

1.3

The case for adopting the MAGEC system for spinal lengthening in children
with scoliosis is supported by the evidence. Using the MAGEC system would
avoid repeated surgical procedures for growth rod lengthening. This could
reduce complications and have other physical and psychological benefits for
affected children and their families.

The MAGEC system should be considered for use in children with scoliosis
aged 2 years and over who need surgery to correct their spinal curvature, for
example when conservative methods such as bracing or casting have failed.

Findings from cost modelling estimate that using the MAGEC system is cost
saving compared with conventional growth rods from about 3 years after first
insertion. The estimated cost saving per child after 6 years is around £12,077.
The cost savings remained robust in sensitivity analyses. Further savings
could be made by avoiding the need for spinal cord monitoring, which is
sometimes used during conventional growth rod lengthening but is not needed
when lengthening the MAGEC growth rods.

© NICE 2014. All rights reserved. Last modified June 2014
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2 The technology

Description of the technology

2.1

2.2

2.3

24

The MAGEC spinal bracing and distraction system (Ellipse Technologies Inc.)
is used in children aged 2 years or over to brace the spine during growth and
minimise the progression of scoliosis. The technology is intended to be used in
place of current growth rod systems that need repeated invasive surgical
procedures. The MAGEC growth rods are usually removed and replaced by a
spinal fixation system to fuse the spine when skeletal maturity is reached.

The MAGEC system comprises 1 or 2 sterile titanium implantable growth rods
and an external remote control for non-invasive lengthening. The diameter of
the rods used depends on the child's body weight (4.5 mm for children
weighing up to 27 kg, 5.5 mm for children weighing up to 36 kg). The choice of
whether to insert 1 or 2 rods is made by the surgeon and depends mainly on
the child's size. A portion of each MAGEC rod contains a proprietary distraction
element, the 'actuator’, which includes an internal cylindrical rare earth magnet.
The system also includes a manual distractor (to check the implant is
functional before implantation) and a wand locator (to locate the internal
magnet).

The MAGEC system received a CE mark in 2009 for the growth rods and
external remote control. A keeper plate was added to the actuator in 2010 to
prevent the internal magnet rotating. If this happened when the rod was placed
under large amounts of stress, it could cause the rod to slip with some loss of
distraction. Following the examination of rod breakages, the design was further
revised in 2012 to strengthen the titanium rods by using continuous wave,
rather than pulse, laser welding.

The MAGEC rods are inserted surgically in the same way as conventional
growth rods. Distractions (lengthenings) are carried out typically every

3 months, depending on clinical assessment and the surgeon's judgement as
to the optimal length of time between distractions for the individual child. The
distractions are performed in an outpatient setting without the need for
anaesthesia, sedation or pain relief. The magnet within the actuator is
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connected to a lead screw and is rotated non-invasively by the external remote
control, causing the rod to lengthen and increase the distraction of the spine.
The external remote control is portable and uses permanent magnets to rotate
the magnet within the rod. The control's display module gives a real-time
indication of the amount of distraction or retraction gained. Verification of the
new rod length can be done using X-ray or ultrasound if needed.

25 The cost of the MAGEC system stated in the sponsor's submission is £13,500
to £14,000 for a set of dual rods, with an additional £450 to £500 for the hooks
and screws (supplied by another company) to attach the rods to the spine.
These costs are exclusive of VAT. The external remote control is loaned by the
sponsor at no cost, other than that of sending it to the treatment centre.

2.6 The claimed benefits of the MAGEC system in the case for adoption presented
by the sponsor are:

= The avoidance of repeated surgical procedures, leading to:

- A reduction in the incidence of surgical complications, including anaesthetic
risk, infections and delayed recovery.

- A reduction in psychological trauma to the child and family.

- Improved quality of life because of reduced time away from school (child) and
work (parent).

= The avoidance of costs associated with repeated surgical interventions, including
theatre time, consumables, in-hospital stay and treatment of complications.

= A reduction in costs to society associated with the parent or carer taking time off
work and the child being away from school.

Current management

2.7 In many cases of childhood scoliosis, interventional treatment is not needed
because the condition corrects itself as the child grows. For those children
needing treatment, there are 4 main types, namely casting, bracing, insertion
of growth rods and spinal fusion. The type of treatment chosen depends on
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the age and development of the child as well as the type of curvature of the
spine. Casting involves use of an external cast, made from a combination of
plaster-of-Paris and modern casting material, which is applied to help guide a
child's spine into a normal position during growth. The cast is worn
permanently by the child and is replaced frequently as the child grows. Bracing
involves use of a rigid or flexible brace. Bracing rarely corrects scoliosis, but
can prevent curve progression and allow the spine to grow before a more
permanent treatment is offered.

2.8 Around 120 children with scoliosis per year in England need surgical
intervention to implant growth rods to correct the curvature of their spine. This
type of surgery is performed if the spinal curvature progresses despite bracing
and casting. It involves inserting growth rods (single or dual), which are
attached to the spine or ribs above and below the curve using hooks and
pedicle screws. The rods can be placed around the cervical or thoracic part of
the spine, extending down to the ribs, lumbar spine or pelvis. The initial
insertion procedure for the MAGEC system is similar to that for conventional
growth rods and usually involves staying in hospital for 5-14 days and several
weeks away from school and usual daily activities. If a conventional growth rod
is used, the child returns about every 6 months to have a surgical procedure
for rod lengthening. The procedure involves manually lengthening the growth
rods via small incisions in the back under general anaesthesia. This can be
done as a day case procedure but may often involve an overnight stay in
hospital.
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3 Clinical evidence

Summary of clinical evidence

3.1 Full details of all clinical outcomes considered by the Committee are available
in the assessment report overview.

3.2 The key clinical outcomes for the MAGEC system presented in the decision
problem were:

= the total number of surgical procedures and anaesthetics
= the total number of outpatient attendances and procedures
= recovery time

= total length of stay

= rate of distraction procedure success

= infection rates and other surgical complication rates

= total number of imaging procedures

= quality of life

= device failure

= device and radiation exposure-related adverse events.

3.3 The sponsor addressed 5 of the outcome measures defined in the decision
problem, and added additional outcomes including Cobb angle (a measure of
spinal curvature based on a spinal radiograph), thoracic and total spine height.
Outcomes relating to pulmonary function were also reported. The sponsor
stated that these outcomes were reported in clinical studies, whereas several
outcomes in the scope, such as quality of life, recovery time and total length of
stay were not and could, therefore, not be addressed.
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3.4

3.5

The sponsor identified 4 published and 6 unpublished studies relevant to the
MAGEC system. The sponsor excluded 2 of the unpublished studies because
they were records of ongoing clinical trials and had not reported any findings.
The remaining 8 papers were included in the sponsor's summary of clinical
evidence (Akbarnia et al. 2012, 2013a, 2013b; Cheung et al. 2012; Dannawi
et al. 2013; Ellipse Technologies Inc. 2013; Richards and Nnadi 2013; Yoon
et al. 2013). The study by Akbarnia et al. (2012) was excluded from further
consideration because it was an animal study. The unpublished study by
Richards and Nnadi (2013) was excluded because it was a cost analysis, but
this report was included as economic evidence elsewhere in the submission.
The studies by Akbarnia et al. (2013b) and Yoon et al. (2013) were excluded
from the sponsor's evidence synthesis because they described patients
already included in the studies by Ellipse (2013) and Dannawi et al. (2013)
respectively. In summary, 6 studies formed the basis of the sponsor's clinical
evidence presentation, of which 4 were included in the evidence synthesis.
The External Assessment Centre considered that the studies presented by the
sponsor were in keeping with the scope and were appropriate for inclusion.

Akbarnia et al. (2013a) reported preliminary findings from a prospective,
observational multicentre study involving 14 children with early-onset scoliosis
who received the MAGEC system rods. The mean age of the participating
children was 8 years 10 months, with a range of 3—12 years. Single-rod
surgery was carried out in 5 children and dual-rod surgery in 9 children. All
children were given a brace for 3—6 months after surgery. The mean follow-up
time was 10 months and the mean number of distractions per child was 4.9.
The mean pre-operative Cobb angle was 60°. Post-operatively, the mean Cobb
angle was 34° initially and 31° at the latest follow-up. Mean pre-operative
thoracic spine height was 178 mm, increasing to 198 mm after surgery and
208 mm at the latest follow-up. Mean pre-operative total spine height
increased from 292 mm pre-operatively to 322 mm post-operatively and

338 mm at final follow-up. The changes in total spine height were all reported
to be statistically significant (p<0.05). No significant differences in the Cobb
angle correction were found between children receiving single or dual rods.
Complications included superficial infection in 1 child with a single rod, a
prominent implant in 1 child with dual rods, and partial loss of initial spine
height in 3 children with single rods immediately after surgery. Partial loss of
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3.7

distraction (a reduction in rod length) was observed after 11 out of
68 distractions but was subsequently regained.

Cheung et al. (2012) reported a prospective case series, reviewing

outcomes for 2 children with scoliosis receiving MAGEC system rods,
followed up for 24 months. A single rod was used for a 5-year-old child

and dual rods for a 12-year-old child. Both children wore a brace for 3 months
post-operatively. Distractions were carried out monthly in an outpatient setting,
with an average lengthening of 1.5-2 mm. X-rays were used to measure the
Cobb angle, spine height and amount of distraction. Pain was assessed using
a visual analogue scale to produce a pain score and the children also
completed a quality-of-life questionnaire for scoliosis (SRS-30). The child with
a single rod had a change in Cobb angle from 74° pre-operatively to 19°
immediately post-surgery and 26° after 24 months. In the child with dual rods,
the Cobb angle changed from 60° pre-operatively to 31° after surgery and
remained at 31° after 24 months. The authors reported the mean change in
length of the instrumented segment of the spine after each distraction to be
1.9 mmz0.4 mm. Mean thoracic spine height increased from 199 mm at
baseline to 203 mm post-operatively and subsequently to 229 mm after

24 months. Mean total spine height increased from 314 mm at baseline to

331 mm after surgery and 360 mm after 24 months. The authors reported that
the mean monthly increases in spine height were greater than those predicted
by standard growth charts. The pain score was 0 (no pain) pre-operatively and
at each stage of follow-up. Superficial infection occurred in 1 child. Loss of
distraction occurred after 1 of 43 procedures. This related to an excess
bending moment in the rod causing slippage in the magnetic section, which
led the sponsor to make an improvement in the rod's design (described in
section 2.3).

Dannawi et al. (2013) reported a prospective case series involving 34 children
with early-onset scoliosis receiving the MAGEC system rods in a UK hospital.
Children were included if they had progression of curvature greater than 10°
over 6 months and a Cobb angle greater than 40°. The mean age of the
children was 8 years, ranging from 5 to 12 years. Mean follow-up time was

15 months, with a minimum of 12 months. Single rods were used for

12 children and dual rods for 22 children. Each child received at
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least 3 distractions and the mean number of distractions per child was 4.8
(range 3-6). Surgery with conventional growth rods had already been carried
out in 2 children before conversion to the MAGEC system rods at their parents'
request (to potentially reduce the number of surgical procedures for their
children). These children had Cobb angles of 75° and 80° at the time of
conversion. Distractions were carried out approximately every 3 months (mean
87 days) in an outpatient setting with the aim of achieving 4.5 mm growth
following each distraction. Cobb angle and total spine height were measured
pre- and post-operatively. The mean pre-operative Cobb angle was 69°. This
decreased to a mean of 47° post-operatively and to 41° at final reported follow-
up. The mean pre-operative total spine height was 304 mm: this increased to
335 mm immediately after surgery and to 348 mm at final review. The
differences between Cobb angle measurements pre- and post-operatively and
after follow-up in the single (n=12) and dual rod (n=22) groups were found to
be statistically significant within each group (p<0.001). Similarly, the
differences in the mean total spine height pre- and post-operatively and after
follow-up in each group were statistically significant (p<0.001). Superficial
infection occurred in 2 children, and there were 2 rod breakages needing
revision. Loss of distraction occurred in 2 children, which was later rectified.
This contributed to the subsequent revision of the rod design, as did the study
by Cheung et al. (2012).

The unpublished study by Ellipse (2013) was a retrospective review including
54 children with early-onset spinal deformity associated with thoracic
insufficiency (inability of the thorax to support normal respiration or lung
growth) receiving MAGEC system rods. Children were included from 15
centres in 8 countries. Of these, 30 children had MAGEC rods inserted as their
first (de novo) surgery and 24 had had previous spinal surgery to insert
conventional growth rods. The sponsor's submission included a study report
describing outcomes for 14 of these children. The sponsor supplied further
data on all 54 children but the External Assessment Centre only included data
on the 30 de novo patients from the original submission because it considered
that revision surgery outcomes may not be directly comparable with those for
initial surgery. The mean age of the 30 included children was 7 years, ranging
from 2 to 10 years. Out of the 30 children having de novo surgery, 9 received a
single rod and 21 received dual rods. Mean follow-up time for the children
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having de novo surgery was 21 months. At baseline the Cobb angle was
measured in 28 children and total spine height was measured in 27 children.
Thoracic spine height and space available for lungs (SAL) were also measured
and each measurement was repeated post-operatively and at follow-up. The
mean Cobb angle changed from 64° at baseline to 35° post-operatively

and then to 43° at final follow-up. The mean total spine height was 264 mm
pre-operatively, increasing to 308 mm post-operatively and 312 mm at final
follow-up. The mean thoracic spine height increased from 164 mm pre-
operatively to 192 mm post-operatively and 194 mm at final follow-up. These
differences were found to be statistically significant (p<0.001). The change in
SAL was reported for 5 children who had a baseline SAL of less than or equal
to 90%. For these 5 children, mean SAL increased by 27% after 24 months.

Akbarnia et al. (2013b) reported on a retrospective matched case series
involving children with early-onset scoliosis: 12 treated with the MAGEC
system rods and 12 treated with conventional growth rods, in 5 centres
worldwide. The 12 children in the MAGEC system group were included in the
Ellipse (2013) study and were therefore not included in the sponsor's evidence
synthesis. This study is summarised here because it is the only study that
compared the MAGEC system against conventional growth rods. The children
were matched by disease type, sex (when possible), age, degree of curvature
and receipt of single or dual rods. Their mean age was 6.8 years in the
MAGEC group and 6.6 years in the conventional growth rod group. The mean
follow-up time differed between the 2 groups, being 2.5 years in the MAGEC
group and 4.1 years in the conventional growth rod group. In the MAGEC
group, the Cobb angle changed from a pre-operative (baseline) mean of 59° to
32° immediately post-operatively and 38° at the latest follow-up. In the
conventional growth rod group, the mean Cobb angle changed from 60° at
baseline to 31° post-operatively and 41° at the latest follow-up. The mean
increase in spine height post-operatively was statistically significantly smaller
in the MAGEC group compared with the conventional growth rod group

(18 mm compared with 41 mm; p=0.04). The mean change in spine height
from baseline to final follow-up between the 2 groups was also statistically
significantly smaller in the MAGEC group compared with the conventional
growth rod group (38 mm compared with 77 mm respectively; p=0.01). Mean
annual total spine growth was less in the MAGEC group (7 mm per year)
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compared with the conventional growth rod group (11 mm per year), but this
difference was not statistically significant. The authors suggested that the initial
surgery could have contributed to the difference in increase in total spine
height from baseline to final follow-up, which could be a result of differences in
surgical technique across the participating sites. Children in the MAGEC group
needed 4 revision operations compared with 17 for those in the conventional
growth rod group. In the MAGEC group, 14 complications occurred, of which
10 were implant-related; in the conventional growth rod group, 23
complications occurred, of which 15 were implant-related. Children in the
MAGEC system group had fewer surgical site infections (1 compared with 3).

3.10  Yoon et al. (2013) reported on a retrospective case series evaluating
pulmonary function in 6 children with early-onset scoliosis secondary to
neuromuscular disease treated with the MAGEC system in a UK hospital. The
mean age at the time of surgery was 7.5 years and mean follow-up was
2.5 years. Pulmonary function tests were carried out before and after the
insertion of the MAGEC rods and at each distraction. The authors reported that
the severity of lung function deficit for 2 of the children treated meant that they
would not have been able to receive conventional growth rods, but no further
details of the children's condition were provided. Other outcomes measured
were Cobb angle, amount of rod lengthening and total spine height, but these
results were included in the study by Dannawi et al. (2013). Dual rods were
implanted in 5 of the 6 children. An average of 7 distractions per child was
carried out during the study period. Forced vital capacity (FVC) increased from
27% to 41% of predicted value!! (p=0.028) and forced expiratory volume in
1 second (FEV1) increased from 27% to 45% of predicted value (p=0.027).
Coronal and sagittal Cobb angle, thoracic kyphosis and spine height all
showed improvement and the authors reported a moderate positive trend
between the amount of distraction and the observed improvement in FVC.

3.1 The sponsor carried out meta- and qualitative analyses of the clinical evidence,
including 4 studies of the MAGEC system (Akbarnia et al. 2013a; Cheung et al.
2012; Dannawi et al. 2013 and Ellipse 2013) and 1 study (Bess et al. 2010)
which evaluated complication rates for 140 children treated with conventional
growth rods. The conventional growth rod arm of the study by Akbarnia et al.
(2013b) was also included. The outcomes considered in the meta-analysis
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were Cobb angle, and thoracic and total spine heights. Qualitative analysis
was carried out on infection rates, number of operations, distraction rates and
device failure.

In addition to the adverse events reported in the clinical evidence, the sponsor
described 12 adverse events in its submission that had been reported to
regulatory agencies. These 12 events related to broken or malfunctioning rods
and resulted in 4 revision operations. The External Assessment Centre sought
clinical expert opinion on the relative safety of the MAGEC system compared
with conventional growth rods; the experts did not describe any significant
safety concerns.

The External Assessment Centre carried out revised meta- and quantitative
analyses, in order to consider a broader range of evidence on conventional
growth rods. The External Assessment Centre carried out a systematic
literature review including data from 15 studies on conventional growth rods,
along with the conventional growth rod arm of the Akbarnia et al. (2013b)
study. The analyses included the same 4 MAGEC system studies used by the
sponsor.

The External Assessment Centre noted several differences between the
populations in the MAGEC system studies and the conventional growth rod
studies at baseline, including a lower mean Cobb angle (65.7° and 72.4°
respectively), a greater mean total spine height (288 mm and 258 mm
respectively) and a difference in mean age at the time of rod insertion

(8.0 years and 6.4 years respectively). The External Assessment Centre
considered that these differences were likely to have influenced the potential
change in each outcome over time. For example, greater height at baseline
may limit the potential for growth during follow-up. Similarly, a less severe
Cobb angle may limit the potential for improvement in Cobb angle
measurement. Inclusion criteria in the conventional growth rod studies varied,
with some using Cobb angle and others using age or progression of disease.
Dual rods were used in approximately 64% of children involved in the study.
Mean duration of follow-up was 4.3 years, which is longer than that of any of
the MAGEC system studies (mean 2.5 years). However, the External
Assessment Centre considered the studies to be sufficiently homogenous in
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3.16

terms of population, intervention, setting, study design and outcomes to be
included in a meta-analysis.

The conventional growth rod studies were considered in 2 groups, depending
on the duration of follow-up: less than 38 months or 38 months and over. The
period of 38 months was selected after considering the mean and range of
follow-up times. The aim was to allow a more direct comparison with the
shorter follow-up in the MAGEC system studies. The outcomes considered
were Cobb angle, total spine height and infection rate. Heterogeneity was
measured for each outcome and results from fixed and random effects models
were presented. All 4 MAGEC system studies were included in the meta-
analysis for each outcome, but conventional growth rod studies were only
included if they provided usable data for the particular outcome. Quantitative
analysis was conducted for the number of surgical procedures (per child and
per year), rate of distraction and rate of device failure.

Findings from the External Assessment Centre's revised meta-analysis and
quantitative analysis are presented in tables 1 and 2. The mean change in
Cobb angle from baseline was 27° for the MAGEC system studies and 32° for
the conventional growth rod longer follow-up studies, with low heterogeneity
between studies. The External Assessment Centre considered that the figures
for these 2 groups were unlikely to be comparable because of the difference in
follow-up time. The shorter follow-up study reported a mean change in Cobb
angle of 37°, but this showed variation from the other conventional growth rod
studies. The MAGEC studies showed a mean change in total spine height of
4.55 cm with very low heterogeneity. Heterogeneity was very high between the
conventional growth rod studies, indicating clinical or methodological diversity
across the studies and so limiting the usefulness of the results. There were
also differences in age range between the studies. The mean change in total
spine height was 6.43 cm for the longer follow-up group and 10.76 cm for the
shorter follow-up group. The MAGEC studies showed moderate heterogeneity
and a mean infection rate per patient of 3—-4%. The infection rates in the
conventional rod groups varied from 3—-17%, but these rates were complicated
by limited reporting in the included studies, with uncertainty around the type of
infection included.
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Results of the External Assessment Centre's revised quantitative analysis
showed that the number of surgical procedures per child was less in the
MAGEC system group (1.2) than in both the shorter and longer follow-up
conventional growth rod groups (4.3 and 5.8 respectively). Calculated annual
procedure rates per child (including initial surgery) were 0.9 for the MAGEC
system group and 1.5 and 1.1 for the shorter and longer follow-up conventional
growth rod groups respectively. The mean number of distractions per child was
higher in the MAGEC system group than in the conventional growth rod
groups, at 6.2 compared with 4.2 (shorter follow-up) and 4.6 (longer follow-up).
The only type of device failure reported was rod breakage. The mean rates of
device failure per child were lower in the MAGEC system group than in either
conventional growth rod group (MAGEC 6%, shorter follow-up conventional
growth rods 13%, longer follow-up conventional growth rods 31%). The
annualised rates were around 4.5% in the MAGEC system and shorter follow-
up conventional growth rod groups and 7.2% in the longer follow-up
conventional growth rod group. The External Assessment Centre noted that
these results may reflect the more frequent use of single rods rather than dual
rods in the past, which are known to have a higher risk of failure. It noted that
results may also have been influenced by advances in rod design, mainly
relating to the use of stainless steel rods in the past compared with the
stronger titanium rods currently used.

Table 1 Results of the External Assessment Centre's revised meta-analysis

Number of . | Fixed effects model | Random
. Heterogeneity .
studies |2 or single study effects model
included (mean, Icl-ucl) (mean, Icl-ucl)
Cobb angle (°)
27.16 2717
MAGEC system 4 44.89
(24.41-29.92) (23.12-31.22)
CGR shorter follow- ’ N/A (1 study) 37.03
up )| (27.26-46.80)
32.14 32.90
CGR longer follow-up |4 34.83
(28.91-35.36 (28.61-37.18)
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Change in total spine height (cm)
MAGEC system 4 0 4.55 4.55
y (3.98-5.11) (3.98-5.11)
CGR shorter follow- 12.29 10.76
shorter follow 5 92.33
up (11.16-13.43) (5.53-15.98)
4.25 6.43
CGR longer follow-up | 3 96.5
(3.77-4.72) (2.70-10.15)
Infection rates (% per patient)
MAGEC system 4 61.68 0.03 0.04
y ' (0.00-0.08) (0.00-0.15)
CGR shorter follow- 0.03 0.03
2 83.75
up (0.00-0.08) (0.00-0.25)
CGR shorter follow- 0.12
up (Zhao et al. [2012] | 1 N/A (1 stud ' -
P [2012] (Tstudy) 1 5.03-0.31)
study only)
0.14 0.15
CGR longer follow-up | 8 57.33
(0.11-0.16) (0.11-0.20)
CGRI follow-
. onger.c? owHp 0.16 0.17
(without Kabirian 7 38.74
(0.13-0.20) (0.13-0.21)
[2012a] study)
‘Values for measuring heterogeneity between studies: <50% is low, 50-70% is moderate
and >70% is high
CGR, conventional growth rods; Icl, lower confidence interval; ucl, upper confidence interval

Table 2 Results of the External Assessment Centre's revised quantitative
analysis

Number of | Total number of | Mean per | Mean per Average
patients outcomes patient patient per year | interval

Surgical procedures
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MAGEC 80 95 1.2 - -
CGR shorter
78 336 4.3 - -
follow-up
CGRI
ONger 1 564 1523 5.8 - -
follow-up
Distractions
MAGEC 80 496 6.2 4.5 2.3
CGR shorter
30 125 4.2 14 8.6
follow-up
CGR longer
555 2557 4.6 1.1 9.2
follow-up
Device % per
failure patient
MAGEC 80 5 6.3% - -
CGR shorter
103 13 12.6% - -
follow-up
CGR longer
9" 1808 254 31.4% |- -
follow-up

CGR, conventional growth rods

Committee considerations

3.18 The Committee considered that the clinical evidence was limited because it
was restricted to small observational studies, and so was insufficient in quantity
or quality to establish clinical superiority of the MAGEC system compared with
conventional growth rod systems for lengthening the spine and reducing spinal
curvature in children with scoliosis. However, it judged that the evidence
provided by the various studies, taken together with clinical expert advice, was
sufficient to demonstrate the clinical non-inferiority of the MAGEC system with
the conventional growth rod systems.
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3.19 The Committee was advised that the population of children with scoliosis is
heterogeneous, because scoliosis has multiple causes and children may have
different comorbidities and magnitudes of curvature. The Committee
considered that this was an important confounding factor in the clinical studies.
The Committee also noted that the differences in baseline characteristics such
as age, Cobb angle and spine height between the children treated with the
MAGEC system and conventional growth rods in the available clinical studies
could have affected the results. The Committee was advised that the age at
which growth rods are first inserted will affect the growth potential of the child's
spine, with younger children having more growth potential than older children.

3.20 The Committee was advised that the MAGEC growth rods are functionally
similar to conventional rods and are attached to the spine in the same way. It
was also advised by experts that the initial reduction in Cobb angle at the time
of insertion of growth rods should be similar for the 2 systems. The Committee
noted that the External Assessment Centre's review of the clinical evidence
indicated that the device failure rate of the MAGEC system rods was at least
equivalent to that of conventional growth rods.

3.21 The Committee was advised that Cobb angle and spine height are often
difficult to measure and are subject to variation in interpretation when viewing
images of the spine. Nevertheless, experts stated that these measures are
currently the most reliable indicators of changes in spinal curvature and growth
of the spine for children with scoliosis.

3.22  The Committee judged that, because of the uncertainty around the clinical
evidence and the available measures, a system for capturing data on individual
cases — such as a register — would be useful to expand the evidence base for
the use of growth rods, including the MAGEC system. Experts stated that a
British Spine Regqistry was set up by the British Association of Spinal Surgeons
in 2012, and it is hoped that this will include data on children with scoliosis.

The Committee thought that this would be very valuable in view of the clinical
data uncertainties.

3.23  The Committee considered that the MAGEC system had significant potential to
improve quality of life for children needing surgical treatment for scoliosis and
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for their families or carers. In particular, it noted the benefits associated with
avoiding the repeated surgical procedures for lengthening conventional growth
rods. These included outcomes such as less pain, less time in hospital and
less time away from usual activities, as well as a reduced risk of infection and
less scarring. In addition, the Committee noted the potential for less
psychological distress, mainly fear and anxiety about the lengthening
procedures. The Committee heard patient expert contributions describing the
positive attitude of children going to hospital for distraction procedures with the
MAGEC system, compared with the distress they experienced when attending
for surgical lengthening of conventional growth rods. The Committee was told
that grouping outpatient appointments together for children with the MAGEC
system rods can not only enhance efficiency (because the external remote
control can be used for a number of children in a single clinic), but has the
additional benefit of allowing the children to interact, reducing their sense of
isolation.

The Committee recognised that the MAGEC system offers the possibility of
more frequent and gradual distraction of the spine than conventional growth
rods. The Committee heard clinical expert advice that the optimal frequency of
distractions and the amount of lengthening done at each appointment remains
uncertain and that practice is evolving: specifically, the frequency of
distractions may increase in future. The Committee was clear that any increase
in the frequency of distractions would need to take into account the increased
radiation exposure from multiple imaging procedures (see section 3.27).

The Committee noted that the MAGEC system may offer particular advantages
for some children who are at high risk from repeated surgical procedures, by
removing the need for those procedures and the associated risk of
complications. The Committee was also advised that the MAGEC system may
provide an option for children for whom treatment with growth rods would
otherwise be considered unsuitable because of the risks from repeated
surgical lengthening procedures. This may offer benefits to those children (in
terms of their quality of life) and to the healthcare system (in terms of less need
for treatment of associated conditions, such as chest infections). However, this
group was outside the scope of this evaluation.
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3.26  The Committee heard clinical expert advice that the MAGEC system may be
unsuitable for use in children with severe kyphotic curves, because a flat
section of spine is needed for distraction with the MAGEC system. The
Committee considered that the decision to use the MAGEC system or
conventional rods would depend on the individual child's condition and the
wishes of the child and their family, after careful discussion of the available
options.

3.27 The Committee considered the potential impact of additional
imaging associated with more frequent distractions. The Committee was
advised that X-rays were not always used after each distraction and that
ultrasound may be an option for more frequent distractions. The Committee
was also advised that the use of magnetic resonance imaging (MRI) is
currently contraindicated for children with MAGEC system rods in place, but
that research is in progress to determine whether any level of MRI can be
carried out safely and effectively in these children. The Committee considered
that further evidence should be developed about the relative merits of X-rays,
MRI and other imaging techniques such as ultrasound in children being treated
with the MAGEC system.

[IThe test result is often shown as a percentage of the 'predicted values' for patients of similar
characteristics. A result close to 100% is considered to be normal, although results over 80% are
often also considered normal.
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4 NHS considerations

System impact

4.1 The sponsor claimed that the MAGEC system reduces the number of surgical
procedures needed to treat children with scoliosis compared with conventional
growth rods, because rod lengthenings and distractions are carried out non-
invasively in an outpatient setting. This reduces resource use such as
operating theatre and clinical time, as well as reducing the risk of complications
needing hospital treatment, such as side effects from anaesthesia or infection.

Committee considerations

4.2 Having reviewed the clinical evidence and expert advice, the Committee was
satisfied that using the MAGEC system could reduce the number of surgical
procedures for each child by avoiding the need for operations to lengthen
conventional growth rods. This would also reduce associated NHS resource
use.

4.3 The Committee was advised that the population of children for whom the
MAGEC system would be considered is small, but that the potential for
releasing operating theatre and clinical time and shortening hospital stays by
avoiding repeated surgical procedures could be substantial. The Committee
also noted that resource use for treating complications associated with surgery,
such as infection, could be reduced.

4.4 The Committee was advised that MAGEC growth rod lengthenings are often
carried out in a single clinic, specially arranged so that a number of children
can be treated. This allows more effective use of resources through reduced
courier costs for the external remote control.

4.5 The Committee was advised that the MAGEC system may reduce the need for
spinal cord monitoring and its associated costs. Spinal cord monitoring is used
to assess neurological function during insertion of MAGEC or conventional
growth rods, and in some children during conventional growth rod lengthening.
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However, it is not needed during lengthening of the MAGEC system rods
because the child is awake and any changes in function can be observed.
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5 Cost considerations

Cost evidence

5.1 The sponsor presented 1 unpublished economic study set in an English
hospital as evidence for the evaluation (Richards and Nnadi 2013), which was
submitted to the Committee as academic-in-confidence. The External
Assessment Centre judged that the study was relevant to the scope of the
evaluation and found no additional relevant studies.

52 The sponsor submitted a de novo cost analysis comparing the cost
consequences of using the MAGEC system with 1 type of conventional growth
rod (Expedium 4.5 Spine System, Depuy Synthes). Costs were modelled from
an NHS and personal social services perspective. The population included in
the model was children aged 2 to 11 years with severe early-onset scoliosis.
The model adopted a cost-minimisation approach based on an assumption of
equivalent clinical efficacy between the MAGEC system and conventional
growth rods. The model included the cumulative costs associated with initial
surgery, device failure and rod lengthenings over a 6-year time horizon.

5.3 The model included 2 clinical parameters: device failure rate and frequency of
lengthening. The sponsor used a device failure rate of 0% for both the MAGEC
and conventional growth rods in its base-case analysis, based on clinical
evidence. Frequency of lengthening was assumed in the model to be
3-monthly for the MAGEC system. Conventional growth rods were assumed to
be lengthened every 6 months.

5.4 The sponsor took most of the resource use figures for its model from the study
by Richards and Nnadi (2013). The cost of device failure in the sponsor's
model was estimated to be around £11,000 less than the cost of initial insertion
for both the MAGEC system and conventional growth rods, based on complete
replacement of the rods. This cost included device costs and surgical time only
and did not take into account other costs incurred such as pre- or post-
operative care. A cost per lengthening was also included, based on an average
of 2 figures taken from an NHS trust and from Richards and Nnadi (2013) for
the MAGEC system and from Richards and Nnadi (2013) only for conventional
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growth rods. These costs are currently academic-in-confidence and cannot be
reported here.

55 The sponsor carried out sensitivity analyses by varying the device failure rate.
The device failure rate was 0% in the base-case analysis and 8.8% and 17.2%
in 2 scenario analyses. All device failures were assumed to occur in the first
month only. A third sensitivity analysis was included, using a device failure rate
of 8.8% with an additional failure rate for conventional growth rods of 176% per
child at month 13, based on a study by Yang et al. (2011). The External
Assessment Centre noted that this figure was calculated based on the total
number of rod fractures in children experiencing any rod fractures (86 fractures
in 49 children), and not the study population as a whole (327 children), which
would give an overall rod fracture rate of 15%.

5.6 The results of the sponsor's base case suggested that the MAGEC system
was cost saving at 6 years, with a break-even point 39 months after initial
insertion. From the sponsor's model, the cost saving for the MAGEC system
compared with conventional growth rods at 6 years was £9946. Results of the
sensitivity analysis indicated that the model was robust and the MAGEC
system remained cost saving over the 6-year time horizon. The month of
break-even varied from 28 to 45 and the cost savings ranged from £8109 to
£12,984.

5.7 The External Assessment Centre considered that the sponsor's model used an
appropriate treatment pathway and captured key aspects of treatment.
However, it noted a weakness of the model was the assumption of clinical
equivalence between the MAGEC system and conventional growth rods. The
External Assessment Centre considered that the available evidence did not
support this assumption.

5.8 The External Assessment Centre also considered that many of the inputs to
the sponsor's model were incorrect. In some instances it judged that the
sponsor had taken the wrong cost from Richards and Nnadi (2013), and in
others that the Personal Social Services Research Unit (2012) unit costs of
health and social care would have been more accurate. Sensitivity analyses
were only carried out on 1 parameter in the sponsor's model and no adverse
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5.9

5.10

5.11

events other than complete device failure in the first month were considered.
The External Assessment Centre considered that the costs for insertion should
also be used when device failure occurred. The External Assessment Centre
also noted that no discounting was applied in the sponsor's model.

The External Assessment Centre revised the sponsor's model to address
some of the limitations identified:

= A monthly device failure rate was applied throughout the 6-year time horizon, taken
from clinical evidence.

= Surgical site infections were also included in the model. The infection rate was
taken from clinical evidence and included at month 0 for the MAGEC system and as
a monthly rate for conventional growth rods to account for lengthening procedures.

= The difference in the proportion of dual and single rods was introduced into the
model for both systems, based on the proportions used in the clinical evidence.
Dual rods were assumed to be used in 65% of children with scoliosis and costs
were weighted accordingly.

= A proportional cost for distraction was included at each month to allow for wider
sensitivity analysis. Distraction was assumed to take place every 3 months for
MAGEC and every 6 months for conventional growth rods.

= The costs for initial rod insertion and for complete device failure were assumed to
be the same. This was calculated as £27,431 for the MAGEC system and £15,270
for conventional growth rods.

= Costs were discounted by 3.5% in line with the NICE medical technologies
evaluation methods guide.

Results of the base case in the revised model showed that the MAGEC system
generated cost savings of £12,077 after 6 years compared with conventional
growth rods. The findings showed that the MAGEC system would become cost
saving at month 35 after insertion.

The External Assessment Centre carried out extensive 1- and 2-way sensitivity
analyses on most of the model inputs. This included varying: the costs and
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months between distractions, cost and rate of device failure, costs of insertion
and device failure for each system, and costs and rates of infection.

5.12  The results of the 1-way sensitivity analysis showed that the cost difference
was most sensitive to the cost of and interval between distractions for
conventional growth rods. Varying the cost of conventional growth rod
distraction to its lowest value, £1133, led to the MAGEC system incurring costs
after 6 years. Varying the months between distractions indicated that the
MAGEC system would incur costs if the interval between conventional growth
rod distractions was 10.2 months or more. Expert advice obtained by the
External Assessment Centre was that conventional growth rod lengthening
generally occurs at 6-monthly intervals in the NHS and so this would make the
MAGEC system likely to be cost saving. In all other scenarios examined, the
MAGEC system remained cost saving.

5.13 In the 2-way sensitivity analyses, varying the cost of conventional growth rod
lengthening to the lower range of values and increasing the months between
distractions caused the MAGEC system to become cost-incurring. This is
consistent with results from the 1-way sensitivity analysis. According to the
model, if conventional growth rod distractions were carried out every 6 months,
the cost of distraction surgery would have to be below £1579 per episode
before the MAGEC system incurred costs. Based on clinical advice and cost
data, the External Assessment Centre judged that the average cost of
distraction surgery was unlikely to be this low in practice.

5.14 Lowering the insertion cost of conventional growth rods and raising it for the
MAGEC system caused the MAGEC system to become cost-incurring.
However, the External Assessment Centre obtained expert advice which
indicated that, in practice, the resource use for initial insertion of MAGEC
system rods was likely to be equivalent to that of conventional growth rods.
Therefore, it was unlikely that the cost of inserting the MAGEC system would
be so much more than the cost of inserting conventional growth rods that it
would become cost-incurring. The External Assessment Centre judged it
unlikely that the cheapest available conventional growth rods would be used in
all instances, also based on clinical expert advice.
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5.15 The External Assessment Centre also varied the time horizon for the model in
light of advice from 2 clinical experts who stated that the overall treatment time
would vary depending on the child's age at the start of treatment and the time
to achieve spinal maturity. Furthermore, rods may need replacement if the
child's spinal growth exceeds the maximum lengthening capacity of the rods.
The External Assessment Centre carried out analysis to explore the impact of
replacing rods at different time periods between 3.5 and 5 years after initial
insertion. Both systems were assumed to be replaced in the same month. Rod
replacement meant that the MAGEC system would become cost saving at
around 68 months (5.5—6 years) after initial insertion. If the duration of
treatment was longer, the cumulative cost savings would increase over time.
The findings also suggested that the MAGEC system would generate cost
savings if used to replace conventional growth rods in children with more than
35 months of growth potential remaining. The External Assessment Centre
judged that based on clinical and economic evidence and clinical expert
advice, the typical length of treatment using growth rods is likely to be
35 months or longer. This indicates that the MAGEC system would be cost
saving when compared with conventional growth rods, as in the base case.

5.16  The External Assessment Centre concluded that many of the uncertainties
around the model inputs had been addressed in the sensitivity analysis and
that the results of the base case were robust. The External Assessment Centre
also noted that the results from the revised model were similar to the sponsor's
base case despite revisions to many of the inputs. However, the External
Assessment Centre acknowledged that the model assumed clinical
equivalence between the MAGEC system and conventional growth rods when
the available clinical evidence could not inform this assumption. It also noted
that many of the model costs were taken from 1 unpublished study (Richards
and Nnadi 2013), which may not be generalisable because this study was set
in a single centre.

Committee considerations

517 The Committee noted that the revisions to the model prepared by the External
Assessment Centre relied on costs from 1 unpublished study. However, the
Committee considered that the extensive sensitivity analyses conducted by the
External Assessment Centre and the expert advice it sought, addressed many
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5.18

5.19

5.20

of the uncertainties in the economic evidence. The Committee judged the
findings from these revisions to be sufficiently robust to allow a decision to be
made and concluded that cost savings were likely to be realised in practice.

The Committee heard expert advice that the frequency of distractions using the
MAGEC system may increase in future as clinical use of the product develops.
The External Assessment Centre therefore recalculated the findings from the
revised model using a 6-week distraction interval and concluded that even with
more frequent distractions, the MAGEC system would still generate cost
savings of more than £7000 over the 6-year time horizon.

The Committee considered the impact of the potential reduction in spinal cord
monitoring during rod lengthening procedures (see section 4.5), which had not
been considered in the sponsor's model. The External Assessment Centre
investigated the use of spinal cord monitoring in conventional rod lengthenings
and found variation in practice, with some centres using it routinely and others
not using it at all. It also found that the modality of spinal cord monitoring
varied. Through a review of the available literature, the External Assessment
Centre identified a range of spinal cord monitoring costs. It subsequently
incorporated these costs in the revised model for all conventional growth rod
lengthenings. It found that not using spinal cord monitoring for MAGEC system
rod lengthenings would generate cost savings of £13,170 per child over the
6-year time horizon if spinal cord monitoring cost £120 per lengthening
procedure (the lowest cost identified), or £15,327 per child if it cost £343 per
lengthening procedure (the highest cost identified). The Committee concluded
that the base-case saving of around £12,077 per child after 6 years was likely
to be conservative because it did not include the impact of these costs.

The Committee noted that it may not be cost saving to use the MAGEC system
in older children with less than 35 months' growth potential, because the
system is estimated to become cost saving only after about 35 months. The
Committee judged that use of the system in older children would need careful
patient selection, with consideration of individual circumstances and benefits.
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6 Conclusions

6.1 The Committee concluded that the available clinical evidence, together with
expert clinical advice and technical information, showed that the MAGEC
system is an effective treatment for children with scoliosis for whom surgery is
considered necessary. The Committee also concluded that the MAGEC system
is likely to provide benefits compared with the use of conventional growth rods.
These benefits would arise from avoiding repeated surgical procedures for
growth rod lengthening, which would reduce pain and psychological distress,
shorten hospital stays, and result in less time away from usual activities for
children with scoliosis and their families or carers. In addition, the risk of
complications such as infection would be reduced.

6.2 The Committee accepted the revised model and sensitivity analyses and
concluded that the MAGEC system could generate substantial cost savings
after about 3 years when compared with conventional growth rod treatment.

Sir Andrew Dillon

Chief Executive

June 2014
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8 Sources of evidence considered by the Committee

The External Assessment Centre report for this assessment was prepared by Newcastle upon
Tyne Hospitals and York Health Economics Consortium:

+ Craig J, Jenks M, Willits | et al. MAGEC system for spinal lengthening in children with early
onset scoliosis, November 2013

Submissions from the following sponsor:

= Ellipse Technologies Inc.

The following individuals gave their expert personal view on the MAGEC system by providing
their expert comments on the draft scope and assessment report.

e Mr Sashin Ahuja, ratified by the British Scoliosis Society — clinical expert

= Mr Colin Bruce, nominated by the British Society for Children's Orthopaedic Surgery - clinical
expert

= Jane Clarke, nominated by the Scoliosis Association UK — patient expert
* Mr Neil Davidson, ratified by the British Scoliosis Society — clinical expert

e Professor Jeremy Fairbank, ratified by the Royal College of Surgeons of England - clinical
expert

= Mr John Hutchinson, ratified by the British Scoliosis Society — clinical expert

e Mr Peter Milner, ratified by the British Orthopaedic Association — clinical expert

= Mr Colin Nnadi, ratified by the British Scoliosis Society — clinical expert (draft scope only)
e Mr Hilali Nordeen, ratified by the British Scoliosis Society — clinical expert

The following individuals gave their expert personal view on the MAGEC system in writing by
completing a patient questionnaire or expert adviser questionnaire provided to the Committee.

e Mr Sashin Ahuja, ratified by the British Scoliosis Society — clinical expert
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= Mr Colin Bruce, nominated by the British Society for Children's Orthopaedic Surgery - clinical
expert

= Jane Clarke, nominated by the Scoliosis Association UK — patient expert
= Mr Neil Davidson, ratified by the British Scoliosis Society — clinical expert

= Professor Jeremy Fairbank, ratified by the Royal College of Surgeons of England - clinical
expert

= Mr John Hutchinson, ratified by the British Scoliosis Society — clinical expert
= Mr Peter Milner, ratified by the British Orthopaedic Association — clinical expert
= Mr Colin Nnadi, ratified by the British Scoliosis Society — clinical expert

= Mr Hilali Nordeen, ratified by the British Scoliosis Society — clinical expert
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About this guidance

This guidance was developed using the NICE medical technologies guidance process.

It has been incorporated into the NICE pathway on musculoskeletal conditions, along with other
related guidance and products.

We have produced a summary of this guidance for the public. Tools to help you put the guidance

into practice and information about the evidence it is based on are also available.

Related NICE guidance

For related NICE guidance, please see the NICE website.

Your responsibility

This guidance represents the views of NICE and was arrived at after careful consideration of the
evidence available. Healthcare professionals are expected to take it fully into account when
exercising their clinical judgement. However, the guidance does not override the individual
responsibility of healthcare professionals to make decisions appropriate to the circumstances of
the individual patient, in consultation with the patient and/or guardian or carer.

Implementation of this guidance is the responsibility of local commissioners and/or providers.
Commissioners and providers are reminded that it is their responsibility to implement the
guidance, in their local context, in light of their duties to have due regard to the need to eliminate
unlawful discrimination, advance equality of opportunity, and foster good relations. Nothing in this
guidance should be interpreted in a way which would be inconsistent with compliance with those
duties.

Copyright

© National Institute for Health and Care Excellence, 2014. All rights reserved. NICE copyright
material can be downloaded for private research and study, and may be reproduced for
educational and not-for-profit purposes. No reproduction by or for commercial organisations, or
for commercial purposes, is allowed without the written permission of NICE.
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