Five-year Outcome of Proximal Femur Endo-Prosthetic
Replacement for Non-Tumour Indications



Abstract

Aims:

A possible solution for the management of proximal femoral bone loss is a
modular proximal femur endoprosthesis (EPR). Although the outcome of
EPRs in tumour surgery has been well described, the outcome of EPR use in
revision hip surgery has received less attention. The aim of this study was to

describe the outcome of EPR in the arthroplasty setting.
Materials and Methods:

We retrospectively reviewed 80 EPRs (79 patients) performed for non-
neoplastic indications, in our tertiary referral centre, and defined 5-year
outcome (complications, 5-year survival, Oxford-Hip-Score [OHS]). The mean
age at surgery was 69 years old (range: 28-93) and the mean number of
previous hip operations was 2.4 (range: 0—-17). The most common indications
for the use of EPRs included peri-prosthetic joint infection (PJIl) (n=40), peri-
prosthetic fracture (n=12) and failed osteosynthesis of proximal femoral

fractures/complex trauma (n=11).
Results:

Joint salvage was achieved in all cases. Twenty-five patients sustained a
complication (31%), the most common being infection (n=9) and dislocation
(n=3). By follow-up, further surgery was required in 18 (22%) hips, 9 of which
were EPR revisions. 5-yr implant survivorship was 87% (95%CI: 76—98%).
Mean OHS was 28 (with 48 as the maximum possible score). Inferior survival

and outcome were seen in EPRs performed for the treatment of infection.



However, Infection eradication was achieved in 33/40 with the index EPR

procedure and in 36/40 hips by follow-up.
Conclusion:

We recommend the continued use of proximal femur EPR in non-tumour
conditions, including PJI, and suggest that modular endoprosthesis should be

part of the armomatorium of revision hip arthroplasty surgeons.

Take home message:
Proximal femoral EPR can be a reliable joint-salvage procedure, with

acceptable complications even in PJI.



Introduction

Epidemiological studies show that the revision hip arthroplasty burden is rising
and will continue to do so in the foreseeable futurel2. A major challenge in
revision surgery continues to be the management of bone loss on the
acetabular and/or femoral side as a result of multiple previous surgeries and
the disease process associated with the failure of the implants3. Osteolysis
secondary to wear particles is the most commonly described cause of bone
loss, however significant bone loss can also occur as part of the disease-

process and management of peri-prosthetic joint infection (PJI).

Proximal femoral bone loss can be managed with either impaction allograft**,
allograft-prosthesis composite”8, endo-prosthetic replacement®!3 (EPR) or
excision arthroplasty'4. Limitations associated with allograft use have
increased utilisation of EPRs in tumour surgery over recent years'®. Increased
reports of successful outcome following EPR in tumour surgery'>1’ have
expanded the indications of EPR use for non-tumour cases associated with

extensive proximal bone loss'® (Paprosky defects = 3B).

The use of EPR has also been described in patients with failed
osteosynthesis of the proximal femur and associated osteopenia and/or bone
loss!®. Osteoporotic, complex extracapsular or sub-trochanteric proximal
femoral fractures are usually treated with osteosynthesis, which can have a

failure rate of up to 7%2%21. In such cases where joint salvage with a single



procedure and early mobilisation are desired, proximal femur EPR has been

described with good effect in small case series™®.

A recent systematic review?? on the use of EPR for non-tumour indications
identified 14 studies (n=356 EPRs) and reported an overall re-operation rate
of 24% with dislocation (16%) and infection (7.6%) being the most common
complications. However, the studies included had small numbers (<50 hips)

and/or no comprehensive clinical follow-up.

The revision hip surgeon is likely to encounter many cases with proximal
femoral bone loss, regardless of primary pathology, that require salvage with
an EPR. The primary aim of this study was to determine the mid-term
outcome (5-year survival and functional outcome) following proximal femur

EPR. The secondary aim was to identify factors that influence outcome.



Methods

This Institutional Review Board approved study is a retrospective, multi-
surgeon (n=6), consecutive case series of all proximal femoral EPRs
performed in our tertiary referral centre using the Stanmore modular,
cemented stemmed implants for non-tumour indications (Stanmore Implants
Worldwide, Elstree, UK). Cases performed between April 2005 and March
2014 were identified from the hospital’s joint replacement database, ensuring
a minimum follow-up of 2-years. Over the same period approximately 1,800

hip revisions have been performed in our institution.

The Stanmore modular proximal femoral replacement (METS) system
provides a choice of different femoral head sizes, trochanteric re-attachments,
femoral component shaft size, collar size, and stem length. The stem is
cemented into the femoral diaphysis and is attached to the shaft with a
hydroxyapatite-coated collar. Trial components allow the surgeon to template
and resect the appropriate portion of the proximal femur and judge component

rotation in order to restore leg-length, offset, anteversion and stability.

During the study period, 80 proximal femur EPRs in 79 patients EPRs were
identified and formed the study’s cohort. The majority of patients were female
(n=52, 65%) and the mean age at the time of the index procedure was 69
(range: 28 — 93) years old. The EPR procedure was on average the third hip

operation (range: 0 — 17) patients had undergone. Half of the EPRs (n=40)
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were performed for the treatment of PJI; other indications included: peri-
prosthetic fracture, aseptic loosening of femoral prosthesis with associated
bone loss, failed osteosynthesis, complex proximal femoral fracture and bone
loss secondary to pseudotumour around metal-on-metal hip replacements.
Detailed cohort demographics are provided in Table 1 and radiographic

appearances of 3 typical cases provided in Figures 1 — 3.

Surgical Details

Forty-five (56%) of patients had an intact greater trochanter and a trochanteric
slide osteotomy was performed in order to keep the abductors and vastus
lateralis in continuity. Re-attachment of the trochanter varied by surgeon but
included sutures only (n=31), wires only (n=11) or the use of a trochanteric
reattachment plate and screws/wires (n=3). The remaining patients,
depending on surgeon’s preference, had either a postero-lateral approach to
the hip/femur (n=64) or direct lateral approach (n=16). In these cases without
a trochanter, the abductor mechanism was sutured directly to the vastus

lateralis.

In 7 hips the EPR was performed as a hemiarthroplasty with a bipolar head.
Insertion of a primary acetabular component was performed in 5, whilst
revision cup arthroplasty was required in 52 (65%) hips (Table 2). The
remaining 16 hips did not require change of the acetabular component. The

median femoral head size was 36mm (range: 28 — 48 mm); Modular-Dual-



Mobility (MDM; (Stryker, Mahwah, NJ) heads were used in 14 hips (17%) and

constrained liners were used in 3 hips.

PJI Cases

For each of the 40 PJI cases, individual treatment algorithms were defined by
our institution’s multi-disciplinary that includes bone infection microbiologists,
bone pathologists and plastics surgeons in addition to the orthopaedic team.
Most of the cases were tertiary referrals (37/40) and had on average had 4
previous procedures (range: 2 — 10) prior to referral. In the majority of cases
(24/40), the EPR was implanted as a 2-stage procedure, which is considered
the ‘gold-standard’ in our unit (Table 3). In these cases, a trial EPR implant
coated with antibiotic-loaded cement was used as a spacer between stages.
The remaining sixteen hips underwent a single stage revision; this was either
because the amount of bone and soft tissue loss was too extensive_to secure

the spacer (n=9) (i.e. no acetabular support or it was felt that the spacer

would be very unstable due to combination of lack soft tissue and bony

support) or because patients were not systemically well enough to undergo a

2-stage procedure (n=6). Only 9 EPRs for the treatment of infection had silver

coated implants (Agluna,_Stanmore Implants Worldwide, Elstree, UK), 6 of
which were implanted in single-stage cases. Six cases required plastic
surgery input; 3 had a local flap and 3 required a free flap. All, but one of the
free flaps, were performed in cases that underwent 2-stage procedures during

the 15 stage procedure.



QOutcome measures

Complication and re-operation rates were determined from patient notes,
questionnaires and family practitioner (GP) records. The Oxford Hip Score??
(OHS) questionnaire (0-48; worse - best) was sent to all patients. For patients
that did not return the questionnaires, implant survival and functional outcome
were established from GP records and telephone interviews by a co-author
that had not previously been involved in patient care. Similarly, the EPR
survival in patients who had died (from unrelated causes) was established by
contacting their GPs to establish whether the hip had been revised prior to

death. Patients with OHS <20 were considered as poorly functioning.

Implant survivorship for the whole cohort was established with revision as the
endpoint?*. Survival was also calculated, with those lost to follow-up and
those that were deemed to have poorly functioning EPRs being treated as

failures, giving the worst-case scenario.

Subgroup analyses

Implant survival and patient reported functional outcome were established for
different subgroups. Sub-analyses were performed according to indication for
surgery and whether a trochanter was present or not. Due to the
heterogeneity of the cohort; indications were broadly divided into 3 groups;
PJI, Traumatic (peri-prosthetic fracture, complex fracture and failed
osteosynthesis) and Arthroplasty Other (loosening, pseudotumour, instability,

complex primary).



Statistics

Statistical analysis was performed using SPSS v22 (IBM). Intergroup
comparisons of non-normally distributed data were made using non-
parametric tests (Mann-Whitney U, Kruskal Wallis, log-rank). Cross-
tabulation, the chi-squared and the Fisher's exact tests were used for
categorical data. Survival analysis taking into account time to revision was
performed using Kaplan-Meier survival analysis with 95% confidence intervals

(CI). A p-value =0.05 was considered significant.
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Results

A total of 6 patients (hips) were lost at follow-up (7%). The mean follow-up
was 5 years [range: 0.1 (early post-op death) — 11.5] during which time 14
patients had deceased, one of which had undergone a revision prior to death.
The questionnaires were returned from 51 of the 57 surviving patients (hips)
with non-revised EPRs (89%). However the OHS could be obtained in 49
(86%) as two patients returned their questionnaires incompletely filled. The
mean OHS was 28 (range: 4 — 48); eleven hips were considered poorly

functioning.

Twenty-five patients (31%) sustained at least one complication associated
with surgery (Table 4). Further procedures were required in 18 hips (22%)
(Table 4). To date, EPR revision surgery has been performed in 8 hips (10%).
The overall survival at 5 years was 87% (95%CI: 76 — 98%) (Figure 4). In the
‘worst-case scenario’ analysis, the 5-year survival was 74% (95%Cl: 62 —

86%).

PJl cases

Infection eradication was achieved in 33 of cases (83%) that underwent EPR
as part of the treatment algorithm for infection. All of the 7 cases with
persistence/recurrence of infection had been treated for polymicrobial PJI.
Subsequent treatment included revision EPR surgery (n=4), Debridement,

Antibiotics and Implant Retention (DAIR) (n=3). By mean follow-up of 4 years

11



[range: 0.1 (early post-op death) — 10.0], 4 patients are on long-term

antibiotics (3 that had revision EPR and 1 that had a DAIR). Whether PJI
treatment was performed as part of a single- or two-stage procedure bared no
influence on chances of infection eradication (p=0.4), re-operation (p=0.5) or

functional outcome (p=0.6).

Subgroup Analysis

There was no difference in incidence of complications for the different
indications (p=0.4) (Table 5). Survival of EPR was similar for the different sub-
groups (Figure 5). Outcome depended on indication for EPR; OHS was
significantly inferior for PJI cases (23, SD: 11) compared to Trauma (33, SD:
9) and Arthroplasty-Other (35, SD: 8) as detailed in Table 5 and Figure 6
(p=0.002). Outcome was similar whether a trochanter was present, aiding

abductor repair, or not (Table 5). All of the 11 poorly functioning hips (OHS

<20) had EPR for the treatment of PJl and had greater number of previous

operations (mean: 3.2, range: 1 — 17) compared to the rest (mean: 1.9, range:

0 —5) (p=0.04).
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Discussion

The revision arthroplasty surgeon is likely to be consulted for the
management of extensive proximal femoral bone loss, regardless its cause.
This large study highlights the effectiveness of a modular endoprosthetic
implant, in the hands of experienced arthroplasty surgeons, for the treatment
of such challenging hip pathology. Limb salvage was achieved in all cases,

with a 5-year implant survivorship of 83% and complication- and re-operation

rates in line with previous reports on these prostheses. These results

compare favourably with previous reports on outcome following EPR®
11,1319.22.2526 and allograft-prosthesis composite’827, considering that half of
the cohort was treated for PJI, which are by definition cases with increased
complexity having had multiple procedures in the past. Hence, these findings
support the continuous use of EPRs for non-tumour indications and

particularly in PJI.

The surgical treatment of proximal femur bone loss is associated with high
complication and re-operation rates. Complication rates up to 43% have been
reported for allograft-prosthesis composite procedures”®2’. A recent
systematic review??> on outcome following EPR for non-neoplastic cases
reported a complication rate of 30%; the most common being dislocation
(16%) and infection (8%). Parvizi et al'3 reported a dislocation rate of 19%
and highlighted a number of factors that could potential improve stability.
These included restoration of length with the use of modular components, use
porous coated proximal surface for soft-tissue re-attachment, and
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consideration of constrained liner implantation. We report a very low
dislocation rate (n=3/80) in this series with the EPRs. We did not use many
constrained liners (n=3) as we feel that the shearing forces may weaken the

acetabular component/bone interface and lead to early failure. It is our routine

practice to primarily use MDM heads in cases where stability is of concern as

it significantly increases jump distance. If the size of the MDM head is not

large enough to add this benefit (i.e. cup size £54mm), a 36mm head is used.

If intra-operatively the hip is felt very unstable, usually due to extensive soft

tissue/abductor loss and leg length is appropriate restored, we consider the

option of constrained liners in_order to address instability. This study

demonstrates that it is possible to limit dislocation risk to acceptable rates by
using this modern and versatile implant technology. Post-EPR infection
occurred in 9 hips (11%). Such infection rate is similar to the reported
infection rate post-revision hip arthroplasty (5 — 10%)2833:34 and comparable to
other EPR reports (2 — 20%)%1316.17.26 even with routine use of silver-coated

implants (e.g. Agluna, Stanmore Implants Worldwide, Elstree, UK)3132, To-

date, 4 of these hips with infection post-EPR remain on long-term suppressive

antibiotics.

Five-year implant survivorship of modular proximal femoral EPRs has been
reported to be between 78 — 90% for neoplastic cases in large series from
specialist centres'>1’. However, neoplastic cohorts have different
characteristics and increased patient mortality with an associated positive
effect on implant survivorship. Most case series of proximal femoral EPRs for

non-neoplastic cases are either small case series or have a large number of
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patients lost to follow-up. Parvizi et al reported a 5-yr survivorship of 73% for
non-neoplastic cases in 48 hips'3. Our study reports a 5-yr survival of 87%,
which compares well with all the aforementioned studies, especially if one
considers the large number of previous operations and the large number of
EPRs performed for the treatment of infection. The importance of this is
highlighted by previous studies, which indicate that 5-year survival of revision
hip prostheses following 2-stage procedure is approximately 84 — 87% and

inferior to most other modes of failure28-2°,

Functional outcome was dependent on indication for surgery. Patients that
had an EPR for fracture treatment (i.e. complex proximal femoral fracture,
failed osteosynthesis or periprosthetic Vancouver B3 fracture) had very good
functional outcome. EPR is a favourable option in such patients as it allows
for early, full-weight bearing mobilisation aiming to reduce length of stay and
speed up rehabilitation. Patients having EPR for the treatment of an infection,
had more operations pre-EPR compared to the other cases (3.2 Vs. 1.8,
p<0.001) and significantly inferior OHS (23 Vs 33, p=0.002). Similar inferior
functional results of revision hip arthroplasty for infection (OHS: 32) compared

to revisions for other causes (OHS: 35) have been previously reported?®.

Contrary to all other studies on proximal femur EPR, the most common
indication for EPR implantation was treatment of an infected hip arthroplasty
referred to our specialist unit. As part of the treatment algorithm we only used
Agluna (silver) coated implants in 9 cases (all since 2013); routine Agluna use

was not part of the treatment algorithm at the time of implantation although it
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now is following published favourable reports3132, Successful eradication of
PJI was achieved in all but four cases by follow-up. There was no difference
in complication, re-operation, nor revision rates between single and 2-stage
procedures. The high success rate in the treatment of infection is likely a
reflection of the Multidisciplinary Team approach in a specialist unit and the
radical debridement of infective tissues, which was performed by surgeons
with tumour surgery background (AT, DW, MG) and appropriate plastic

surgery input when necessary.

This study has certain limitations. Firstly, it is a retrospective study and hence
suffers from limitations and biases associated with studies of this nature.
However, only 6 patients were lost to follow-up, allowing us to establish
outcome accurately; loss of follow-up has been shown to be up to 33% in
such cohort. Secondly, it lacks pre-operative functional outcome scores,
which would have allowed us to make more in-depth evaluations of the overall
functional improvement with surgery. Thirdly, similar to previous reports,
heterogeneity in the indications for EPR was identified. However, a report
including all hips would be of benefit, as it is the high volume, revision hip
surgeon who will encounter and have to manage all such cases. Fourthly,
there was no radiological evaluation; however there has been no description
of validated radiographic assessment tools that relate to outcome following
EPR. Lastly, there is potential for assessment bias as the surgical team made
the evaluations; in order to reduce these biases, assessments were made by

a member of the team that had not previously met or looked after the patients.
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Lastly, six patients were lost to follow-up and we were hence unable to

determine outcome.

In conclusion this study supports the continued use of proximal femoral EPRs
in both revision arthroplasty and arthroplasty for failed osteosynthesis. It
should form part of the armamentarium of the revision hip surgeon and further
research should focus on how to improve soft tissue attachment/integration to

the metalwork in an effort to improve outcome.
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Number (range or %)

Age (yrs) 69 (28 — 93)
Male 28 (35%)
Gender Female 52 (65%)
ASA grade 26 (1-4)
No. of previous operations 24 (0-17)
Infection 40
Loosening 6
Peri-prosthetic fracture 12
. Failed osteosynthesis 7
Indication
Complex fracture 5
Complex primary 4
Other (revision for 4

instability/pseudotumour)

Table 1: Cohort demographics and indications for surgery

Number (range or %)

Median Stem size (mm)

150 (60 — 150)

Median Shaft size (mm) 75 (15 -195)
Median Head size (mm) 36 (28 — 62)
MDM use 14 (17%)
Articulation with 7
Type of Cup nqtive acetabulum
Surgery at _Prlmary c_omponent 5
. implantation
time of EPR —
No cup revision 16
Revision of Cup 52
Constrained liner 3
Trochanteric attachment 45 (56%)
Type of Wire 11
trochanteric | Plate & screws 3
attachment | Sutures 31

Table 2: Surgical details of cohort.
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Number of

cases

Tertiary referrals 37
Mean Number of previous 3(2-10)
procedures
Stages Single 16

2-stage 24
Plastic Surgery | None 34
performed Local flap 3

Free flap 3
Organism CoNS 7

Staphylococcus 5

Aureus

Other 5

Polymicrobial 14

No growth 9
Agluna coated implants 9

Table 3: Patient and organism details of cases that underwent EPR for
infection. Other organisms included: Pseudomonas (n=1), Proteus (n=2),
Propionibacterium (n=1) and Steptococcus milleri (n=1). Patients with
persistence of PJI after EPR had the following polymicrobial combinations:

E.coli & CoNS, SA & Klebsiella, Pseudomonas & Coliforms, CoNS &

Diphtheroids, SA & CoNS, SA & Streptococcus & Pseudomonas &

Clostridium, Enterococcus (Vancomycin Resistant) & Citrobacter.

E.Coli: Enterococcus coli, SA: Staphylococcus Aureus, CoNS: Coagulase

Negative Staphylococcus Aureus.
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Complication No. (%) | Management

Infection 9(11%) | DAIR (n=4)
Revision EPR (4)

Suppression with antibiotics (=1)

Dislocation 3 (4%) Closed reduction (n=2)

Open reduction (n=1)

Peri-prosthetic acetabular fracture | 2 (2%) Cup-only revision (n=2)

Peri-prosthetic femoral fracture 3 (4%) EPR revisions (n=2)

Osteosynthesis (n=1)

Cup loosening 1(1%) Cup-only revision
EPR loosening 2 (2%) EPR revision (n=2)
Peroneal nerve injury 1(1%) Medical input
Significant medical complication | 4 (5%) Medical input
(PE, MI)

Table 4: Complications associated with the cohort and management required.
DAIR: Debridement, Antibiotics & Implant Retention, PE: Pulmonary Embolus,
MI: Myocardial Infarct.
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Group Complication | p- Re-operation | p- Revision p- OHS p-
(%) value (%) value (%) value (SD, range) value
Indication | PJI (n=40) 23 (SD: 11,
16 (40) 12 (30) 6 (15)
4-41)
Trauma (n=24) 33(SD: 9,
6 (25) 0.4 3(12) 0.2 1(4) 0.3 0.003
20-44
Arthroplasty-Other (n=16) 35 (SD: 8,
4 (25) 3 (19) 1(e)
24 - 48)
State of Present (n=49) 28 (SD: 12,
15 (31) 10 (20) 6(12)
Trochanter 4 - 44)
0.7 0.6 0.4 0.9
Absent (n=31) 29 (SD: 10,
11 (35) 8 (26) 2(6)
15 —48)

Table 5: Sub-group analysis detailing complication, re-operation (Re-op.), revision rates and functional outcome with the Oxford Hip Score

(OHS) for the different subgroups.
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