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Abstract

Importance: Delayed diagnosis a dislocated hip in newborns can lead to complex childhood

surgery, interruption to family life and premature osteoarthritis.

Objective: To evaluate the diagnostic accuracy of clinical examination in identifying

dislocated hips in newborns.

Data Sources: Systematic search of CINAHL, Embase, Medline and Cochrane from the

inception of each database until October 31% 2023.

Study Selection: Included studies reported the diagnostic accuracy of the clinical
examination in newborns up to three months, compared to diagnostic ultrasound scanning.
The target condition was defined by the ultrasound Graf classification based on whether the

hip was dislocated.

Data Extraction and Synthesis: The Rational Clinical Examination scale assigned levels of
evidence and the Quality Assessment of Diagnostic Accuracy Studies tool assessed bias.
Data were extracted using the individual hip as the unit of analysis and pooled when the

clinical examinations were evaluated by 3 or more studies.

Main Outcomes and Measures: Sensitivity, specificity and likelihood ratios of identifying a
dislocated hip.

Results: Among newborns screened with clinical examination and an ultrasound scan the
prevalence of a dislocated hip (n= 37,859 hips) was 0.94% (95% CI 0.28-2.0%) of all hips.
Eight studies (n= 44,827) evaluated the Barlow and Ortolani maneuvre which dislocates and
relocates an unstable hip; the maneuver had a sensitivity of 46% (95% CIl 26-67%),
specificity 99.1% (95% CI 97.9-99.6%), positive likelihood ratio (LR+) 52 (95% CIl 21-127)
and negative likelihood ratio (LR-) 0.55 (95% CI 0.37-0.82). Three studies (n= 22,472)
evaluated limited hip abduction (LHA) which had a sensitivity of 13% (95% CI 3.3-37%),
specificity of 97% (95% CI 87-99%), LR+ of 3.6 (95% CI 0.72-18) and LR- of 0.91 (95% ClI
0.76-1.1). One study (n=13,096) evaluated a clicking sound which had a sensitivity of 13%
(95% CI 6.4-21%), specificity of 92% (95% CI 92-93%), LR+ of 1.6 (95% CI 0.91-2.8) and
LR- of 0.95 (95% CI 0.88-1.0).

Conclusions and Relevance: In studies where all newborn hips were screened for DDH,
the prevalence of a dislocated hip is 0.94% (95% CI 0.28-2.0%). A positive Barlow/Ortolani
maneuver (LR 52) was the finding most associated with an increased likelihood of a

dislocated hip. Limited hip abduction or a clicking sound has no clear diagnostic utility.
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Clinical Scenario

In the following cases, the clinician wants to determine whether the child has a dislocated
hip.

Case l

A 4-week-old baby girl presents to her primary care clinician for a routine history and
physical examination. She does not have any relevant family history. On examination, the

Barlow and Ortolani maneuvres are abnormal in the right hip.

Case 2

An 11-week-old baby boy was brought to his primary care clinician with stiffness in his left
hip and clicking of the right hip, which has been noted during diaper changes. He did not
appear to be in pain and was systemically well. He was born by planned caesarean section
at term and no prior hip examination has been performed. On examination, there was limited

hip abduction on the left and an audible click on the right without restricted movement.

Background

Developmental dysplasia of the hip (DDH) is one of the most common musculoskeletal
conditions in newborns, present in 4-23 per 1000 live births.>* DDH encompasses a
spectrum of abnormalities from instability of the hip joint to complete dislocation. Risk factors
include female sex, first-degree family history and breech presentation, with other risk

factors postulated such as foot deformity and oligohydramnios.*>

If DDH is diagnosed before 3 months old, a removable hip brace is an effective treatment in
90% of cases.®® However, delayed diagnosis (e.g. after 4 months of age) frequently requires
treatment surgery to restore the position of the hip, along with immobilization of the hip and
thigh for up to 6 months in a spica cast. The recovery period after surgery requires medical
appointments for cast changes, mobility limitations affecting play, monitoring for ongoing
dysplasia and a considerable risk of early degenerative joint disease, which may ultimately
necessitate total hip replacement in adolescence or young adulthood.**™* In Norway, DDH
accounts for nearly 10% of all total hip replacements performed and a third of those

performed before 60 years old.*
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There are different approaches to population screening for DDH, with some countries (such
as Austria®™) conducting repeat hip ultrasound on all babies at 3-5 days and 6-8 weeks after
birth, whilst others (such as the United Kingdom*® and the United States'’) selectively
performing ultrasound scans following an abnormal clinical examination or in the presence of
risk factors; such as female sex or a positive family history of DDH.*® Primary screening by
clinical examination is based on limited hip abduction (LHA), a femoral length difference and

tests of hip stability, termed the Barlow and Ortolani maneuvers.

Although clinical examination of the hip is the foundation of many screening programs, the
reliability and reproducibility of the examination is uncertain.'*?* Population data from
England suggests that the incidence of late-diagnosed DDH did not change after the
introduction of systematic screening of all newborns in 1986.* This consisted of the
identification of risk factors at birth and serial clinical examinations for instability (Barlow and
Ortolani) and dislocation (leg length difference, thigh asymmetry, limited hip abduction) at
birth and at 6-8 weeks.?®> Given the uncertain utility of clinical examination,?®-?® this review
sought to evaluate the diagnostic accuracy of clinical examination in determining a

dislocated hip in newborns.

How to elicit the signs of a hip instability or dislocation in nhewborns

Evaluation of the hip begins with the observation of both lower limbs in a relaxed newborn

without a diaper.

The examiner should begin with observation, to prevent upsetiing the child. First, the baby is
supine, their feet are brought together and knees flexed to 90 degrees. The length of the
femurs can then be compared to identify asymmetry (Galeazzi test). The hips can then be
gently abducted, with a restriction of more than 20 degrees in one hip compared to the other
considered abnormal.?® These tests largely rely on identifying asymmetry, however
dislocations occur bilaterally in around a third of cases, which may result in symmetrical

findings.*

To perform the Barlow/Ortolani test, the baby is supine and hips flexed to 90 degrees (see
Figure xxx). Each hip should be examined separately while stabilizing the contralateral side.
The examiners should place their 2" and 3" fingers laterally over the baby’s greater
trochanter and their thumb medially along the inner edge of the groin crease.® For the
Barlow test to be positive, a downward force applied to an adducted flexed hip dislocates it
posteriorly. The Ortolani test is positive if the hip relocates when gently abducting the hip

and applying an upward force to the greater trochanter. The Barlow and Ortolani tests are
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paired in routine clinical practice and considered positive when a dislocatable hip can be
dislocated (Barlow maneuvre) and then reduced inside the acetabulum (Ortolani maneuvre).
The Barlow/Ortolani test will miss a dislocated hip that cannot be reduced within the
acetabulum, which may occur with increased tone (i.e. spacticity) or through syndromic
manesestation such as arthrogryposis.* Whilst performing this test, it is common to hear a

click or feel soft tissues ‘snapping’ over bony prominences during normal hip examination.*

[JAMA to create original images - These are placeholders to help with the concept. See for

example https://images.app.goo.gl/6eAlfir7mvdyNGy99 or
https://images.app.goo.gl/h9wQdWjucnkbAg6P7).]

Methods

This systematic review was reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses of Diagnostic Test Accuracy (PRISMA-DTA)
Statement.* The protocol was prospectively registered on the PROSPERO database with
reference CRD42023422122.

Search Strategy

A medical librarian (KS) searched the CINAHL, Embase, Medline and Cochrane databases
from the inception of each database until October 31% 2023, using a combination of MeSH
(Medical Subject Headings) terms and keywords (eTable 1). Further items were obtained by
searching for articles that referenced known relevant articles, and retrieving relevant articles
from included studies.? Titles and abstracts and later, full texts of potentially relevant articles

were independently screened by two authors (AS and RGW).

Study Selection

We included studies of newborns (up to three months of age) that reported the findings of
clinical examination (index test) and hip ultrasound (reference test). Screening populations
were broadly divided into universal (all babies had a clinical examination and ultrasound),
selective (only babies with a positive risk factor had the clinical examination and ultrasound,
or only those with a positive clinical examination finding underwent the reference tests) and
mixed (a universal programme for all infants born at the particular institution but referrals
from outside institutions accepted with positive risk factors). Studies were excluded if clinical

examination maneuvers and/or severity of ultrasound findings could not be disaggregated to
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determine the sensitivity and specificity of clinical findings. Where appropriate, the flow of

patients through the study was clarified by contacting the corresponding author.

Target condition

We used the Graf method of ultrasound assessment to define a dislocated hip* The Graf
method is the most commonly used ultrasound technique used worldwide to classify
abnormalities. Broadly hips are ‘centered’ or ‘decentered’, with decentred hips representing
those with clinical instability for which the prognosis is worse** [JAMA ILLUSTRATORS wiill
work with authors to create an illustration. As a placeholder, see this

| Acetabular
carlilage and
pin? gpaca

| Gapsula ="

%\

Type | Type I Type 11 Type IV

In centered hips, the socket (acetabulum) is well developed and covers the femoral head.
Types 1 and 2 differ based on how well the acetabulum is developed, with Type | considered
normal, and Type Il showing mild dysplasia. In decentered hips, the bony socket is poorly
developed, and the cartilage roof is displaced allowing the femoral head to dislocate. Type 3
and 4 are dislocated joints, distinguished by the morphological features of the acetabulum ,
with a separate group, Type D, representing the first sign of dislocation. Types D, 3 and 4
are therefore grouped as ‘dislocation’ because they represent instability and have the worst

prognosis.

Data Extraction

Two authors (AS and RGW) independently extracted demographic and clinical examination
finding results to construct 2 x 2 tables from included studies. When authors presented
diagnostic ultrasound data by severity, hips classified as Graf 1 or 2 were grouped as
‘centered’ (i.e. stable), and Graf D, 3 or 4 as ‘decentered’ (i.e. unstable).* The minimum
standard for the reference test was for the ultrasound to be performed by a trained clinician

using a linear probe. This could include sonographers, attending radiologists/paediatricians
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and orthopedic surgeons. The Graf method includes an explicit threshold for judging the

quality of the obtained image before using it in diagnosis.

Quality Assessment

Study quality was evaluated using a checklist designed for the Rational Clinical Examination
series.® Level 1 studies required clinical findings to be assessed and categorized
independently of the reference test in consecutive patients suspected of having DDH
whereas Level 2 had the same requirement in fewer patients (<200). Level 3 studies
included non-consecutive patients. We did not retain Levels 4 and 5 studies that had
verification bias that could not be adjusted for and undertook non-independent assessment
of predictors and outcomes with a reference standard of uncertain validity. The risk of bias
and applicability of included studies was assessed by two authors (AS and RGW) using a
tailored version of the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2)

criteria® with disagreements resolved by discussion among all four authors.

Statistical Methods

A random effects pooled prevalence rate of affected hips was estimated using the meta suite
in Statal8 (StataCorp, Texas, USA).*® Heterogeneity by year of publication was explored
using meta-regression. One study** was excluded from the prevalence meta-analysis
because verification bias resulted in an overestimated prevalence. Verification bias occurred
when only a sample of children with particulalr at-risk characteristics, among all children at-

risk children of disease, had an ultrasound to verify their hip status.

The unit of analysis was the individual hip. Where data were reported in only 1 or 2 studies,
findings are summarised as individual data points or ranges, respectively. For findings
reported in 3 or more studies we used MetaDTA to calculate summary sensitivity, specificity
and likelihood ratios (LRs).* To confirm the integrity of the findings, the primary analysis was
repeated in Statal8 via metandi by fitting a bivariate model with the gllamm option (eTable
2).”* We did a sensitivity analysis on diagnostic accuracy outcomes when studies with
verification bias enrolled a random sample of infants with normal clinical findings as opposed
to all infants with normal findings. Summary test performance of the clinical screening tests
were visually assessed using forest and summary receiver operating characteristic plots
(eFigures l1a/b and 2a/b).** Zero cells occurring in the 2 x 2 tables were corrected with the

addition of 0.5 to all cells.*
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We planned a priori to highlight clinical examination maneuvers with a positive LR >3.0 or a
negative LR <0.5 and a confidence interval that excludes 1.0 as being most useful in clinical

practice.

Results

We identified 378 unigue articles of which nine studies satisfied the pre-specified inclusion
criteria (Figure 1).**%* The included studies (Table 1) were conducted between 1992 and
2016 and reported data on 50,579 hips in 27,175 newborns. Information was available for
both hips in 85.9% of infants, with one paper only reporting the left hip>®. Amongst three

studies, the clinical examination and sonographic assessment was done in the immediate

postnatal period by day four®>3, with the remainder performed between 4-9 weeks old.

Prevalence of Dislocated Hips

Five studies (n= 37,859 hips) reported data on an undifferentiated universal screening
population where all eligible newborns underwent screening.*®*%%** The summary
prevalence in this cohort was 0.94% (CI 0.28-2.0%) (eFigure 1) and provides the best
possible estimate of the pre-test probability of a dislocated hip for any newborn drawn from
the general population. A subgroup analysis for the selective or mixed cohorts was not
conducted as prevalence in these studies would be determined by the threshold for referral,
which would vary between clinicians and health systems. The observed heterogeneity of

prevalence was not explained by the year of publication (eFigure 2).

Quality Assessment and Risk of Bias

The levels of evidence are shown in Table 1 and risk of bias assessments in eFigure 3. Five
studies were judged to be level 1 and four level 3 on the Rational Clinical Examination
scale®. All studies had low applicability concerns across all domains. Six studies had an
unclear risk of bias in the reference standard domain as the results may have been

interpreted with knowledge of the examination findings.***"->*

Diagnostic Accuracy of Clinical Tests

All studies evaluated physical examination findings that are used in routine clinical practice

and reported findings that were most likely associated with a dislocated hip (Graf D/3/4)
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(Table 2). Eight studies (n= 44,827) evaluated a positive Barlow and Ortolani maneuver
which had a sensitivity of 58% (95% CI 22-87%), specificity 99% (95% CIl 94-99.7%), LR+
43 (95% CI 14-130) and LR- 0.43 (95% CI 0.17-1.1).4146-4850-33 A sensitivity analysis on the
summary estimates after adjusting for verification bias in Chang et al (eTable 2) had a
sensitivity of 46% (95% CI 26-67%), specificity 99.1% (95% CI 97.9-99.6%), LR+ 52 (95% ClI
21-127) and LR- 0.55 (95% CI 0.37-0.82) (Figures 4a/b).

Three studies (n= 22,472) evaluated limited hip abduction (LHA) which had a sensitivity of
13% (95% CI 3.3-37%), specificity of 97% (95% CI 87-99%), LR+ of 3.6 (95% CI 0.72-18)
and LR- of 0.91 (95% CI 0.76-1.1) (Figures 5a/b).*"**** One study (n= 13,096) evaluated a
clicking sound which had a sensitivity of 13% (95% CI 6.4-21%), specificity of 92% (95% ClI
92-93%), LR+ of 1.6 (95% CI 0.91-2.8) and LR- of 0.95 (95% CI 0.88-1.0).>*

Discussion

This review found that a positive Barlow and Ortolani test or the presence of limited hip
abduction were both associated with a much higher likelihood of a dislocated hip compared
to infants with normal findings. For every 1000 newborn hips screened with the clinical
examination, relying on the Barlow and Ortolani maneuvers will identify 4 dislocations (95%
Cl 2-6), result in 9 “unnecessary” ultrasound scans (95% CI 1-30) and 5 missed diagnoses
(95% CI 3-8). For every 1000 newborn hips screened with limited hip abduction, the system
would identify 1 dislocation, result in 33 “unnecessary” ultrasound scans and 8 missed

diagnoses per 1000 newborn hips.

These physical examination tests are currently used as the population screening modality in
some health systems (such as the United States and the United Kingdom). Whilst other
health systems (such as Austria and Germany) have adopted a universal ultrasound strategy
in which every child receives an ultrasound scan. Whilst universal ultrasound screening may
have appeal as a screening tool, it is expensive and children with minor ultrasound-detected
abnormalities, in the absence of abnormal clinical findings, appear unlikely to benefit from
treatment.® In this study, we considered all centered hips (i.e. Graf 2) as ‘normal’ because
the natural history shows a benign course, with 80-97% of Graf 2 hips developing normally
without treatment.> Universal ultrasound screening is therefore likely to drive overtreatment
of children with minor dysplasia.>® Overtreatment using a brace may lead to complications,
such as avascular necrosis and femoral nerve palsy, and may have a negative psychological

effect on new parents and inhibit breastfeeding.*"*®
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Screening programs must consider the serious long-term consequences of missing
dislocated hips and also consider the infant period, up to 4 months of age, where treatments
are most effective. The negative effects of early detection must be balanced against
overtreatment. If clinical examination is to be the basis for a screening program, it is
important to minimize inter-rater variability.?> Improved reliability among senior doctors and
trainees can be achieved through periodic re-training of skills, with double examinations

demonstrating inter-rater Kappa of 0.90.%

Limitations

This review has several limitations. First, the review analysed each clinical feature using the
individual hip as the unit of analysis. The studies reported data as if each hip was
independent but hip pathology can be associated with contralateral abnormalities, which
would lead to more uncertainty than is suggested by the confidence intervals presented in
this review. Second, the reported examinations were undertaken by clinicians with a
specialist interest, so the findings may differ among non-specialists. Third, the reference
standard was based on ultrasound scanning, which is an operator-dependent imaging
modality with evidence suggesting moderate interrater reliability (0.59 (95% CI 0.32-0.85))
following structured training.>® Third, sensitivity estimates for clinical examination have been
artificially inflated by verification bias, which might have arisen in populations in which
ultrasound was reserved for babies with risk factors (Kea 2019). However, this risk was
mitigated by performing a sensitivity analysis of the summary estimates after adjusting using
the verified fraction. Fourth, whilst the point estimate for the limited hip abduction suggest
that that the test may be useful, the confidence interval was wide creating uncertainty and
further study to evaluate whether the variance is affected by interobserver variability could
be useful. Finally, no study evaluated the combination of Barlow/Ortolani with hip abduction

assessment, to see if the combination of findings improved diagnostic accuracy.

Scenario Resolution

Before considering the individual characteristics of the presented cases, there is a pre-test
probability of 0.94% that any given newborn hip is dislocated, which is the prevalence of the
condition in a non-selected population presenting for initial assessment. This pre-test

probability will increase or decrease based on the features of the clinical examination.
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Case 1l

A 4-week-old girl with a positive Barlow/Ortolani test (sensitivity 46%, specificity 99.1%, LR
52 (95% CI 21-127)) would convert the pre-test probability of a dislocated right hip from
0.94% to 33%, diagnostic ultrasound of the hip should be ordered to determine if the hip is
dislocated.

Case 2

An 11-week-old boy with limited hip abduction (sensitivity 13%, specificity 97%, LR 3.6 (95%
Cl1 0.72-18)) in his left hip and clicking (sensitivity 13%, specificity 92%, LR 1.6 (95% CI 0.91-
2.8)) of the right hip. The finding of limited hip abduction suggests that the pre-test
probability of a dislocated left hip goes from 0.94% to 3.3%, but the confidence interval for
the LR is broad. The click adds no further diagnostic information. A diagnostic ultrasound of

both hips would resolve uncertainty about the significance of the limited hip abduction.

Clinical Bottom Line

In studies where all newborn hips are screened for DDH, the prevalence of a dislocated hip
is 0.94% (95% CI 0.28-2.0%). A positive Barlow/Ortolani maneuver (LR 52) was the finding
most associated with an increased likelihood of a dislocated hip. The limited hip abduction or

the presence of a clicking sound has no clear diagnostic utility.
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538 Table 2- Hip examination findings and likelihood of a dislocated hip, with
539 positive and negative likelihood ratios (see eTable 2 for results from individual
540 studies)
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541  Abbrivviations: LR+, positive likelihood ratio; LR-, negative likelihood ratio

542 2 Summary estimates after adjusting Chang et al** for verification bias



