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Abstract

Background: Developmental dysplasia of the hip (DDH) is a spectrum of diseases involving the femoroacetabular 
joint. Due to the controversies over the value of different strategies used for DDH screening, this systematic review 
and meta-analysis aimed to assess the diagnostic performance of standard physical examination maneuvers on the 
diagnosis of DDH, compared to the Graf ultrasonography (US) method.

Methods: PubMed, Web of Science, and SCOPUS databases were searched until the end of October 2020. Studies 
that (i) used the Ortolani test, Barlow test, or limited hip abduction (LHA) test to assess the risk of DDH in physical 
examination, (ii)used the Graf US method to examine DDH in sonography, and (iii) provided adequate data to extract 
the diagnostic performance were included. Pooled sensitivity and specificity were calculated for clinical examinations. 

Results: A total of 25 studies (72,079 patients in total) were considered eligible to enter the present study. The pooled 
data of the Ortolani-Barlow test demonstrated a sensitivity of 36% (95% CI:0.25-0.48) and specificity of 98% (95% 
CI:0.93-0.99). Calculated pooled sensitivity and specificity for the limited hip abduction exam were obtained at 45% 
(95% CI:0.24-0.69) and 78% (95% CI:0.62-0.88) respectively. A separate analysis of the studies using both exams 
revealed a sensitivity of 57% (95% CI:0.30-0.82) and a specificity of 95% (95% CI:0.68-0.99).

Conclusion: Based on the results, the investigated clinical examinations have high specificity but low sensitivity to 
detect the DDH; therefore, they have limited application as a screening test. If obliged to rely on clinical examinations 
for screening, the combination of Ortolani-Barlow and LHA tests can provide more sensitivity than either of these tests 
performed independently. 

Level of evidence: III 
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Introduction

Developmental dysplasia of the hip (DDH) 
is a spectrum of diseases involving the 
femoroacetabular joint. The pathology can be in 

the acetabulum, proximal femur, or their relation to 
each other (1, 2). The term “developmental” focuses 
on the nature of the disease as a dynamic pathology 
since birth. Disease prevalence and incidence are quite 
variable based on the disease definition, screening, and 

diagnostic methods, as well as geographic factors(3). The 
DDH treatment and subsequent disabilities can impose 
direct and indirect health costs on families and lead to a 
persistently painful hip for the child. Furthermore, there 
is an ongoing debate over the value of disease screening 
and diagnostic methods. 

The DDH screening can be performed via a universal or 
a selective ultrasonographic (US) approach, in addition 
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information from the included studies. Discrepancies 
were first discussed between the reviewers, and if 
needed, were referred to a third reviewer for a final 
decision. There is controversy over which cutoff should 
be used to categorize pathologic hips according to the 
Graf method. Since most studies have considered type IIb 
as the threshold, we used this cut-off in analysis to reduce 
the threshold effect. However, in some studies, it was 
not possible to extract the data based on this threshold; 
therefore, we used their own assigned thresholds, which 
were IIa, IIc, and III.

To assess the quality of the studies, the Quality 
Assessment of Diagnostic Accuracy Studies-2 (QUA-
DAS-2) tool was utilized in Review Manager (version 5.2). 
For the performance of the meta-analysis, the studies 
were assigned to three distinct groups based on their 
reported method of physical examination: studies which 
used the Ortolani test, Barlow test, or both, studies 
which used LHA, and studies which used both tests (1-
3). Pooled performance measures were then reported for 
each of these groups independently.

Statistical analysis 
The hierarchical method was used to pool the diagnostic 

performance measures of the random-effect model, 
including sensitivity, specificity, and diagnostic odds 
ratio (DOR), for clinical examination and its subgroups. 
A bivariate model was then run to find the summary 
points for sensitivity and specificity, as well as their 
95% confidence intervals (CI), considering within and 
between-study heterogeneity. The hierarchical summary 
receiver-operating characteristic (HSROC) curve and the 
area under the curve (AUC) were plotted using the HSROC 
model. Furthermore, 95% confidence and prediction 
regions were calculated to show the uncertainty degree 
of summarized sensitivity and specificity (9, 10). The 
summary receiver operating characteristic (ROC) plot was 
visually evaluated to explore the heterogeneity of studies. 

The DOR, a routinely used single parameter of diagnostic 
accuracy in diagnostic test studies, was used to evaluate 
the heterogeneity of studies by calculating Higgins’ I2 
statistics and Cochran’s Q test. In addition, Cochran’s Q 
test was calculated for pooled sensitivity and specificity.  
The linear correlation between sensitivity and the false-
positive ratio was finally calculated to demonstrate 
the threshold effect, regarding r ≥ 0.6 as significant 
(11). Finally, the Deeks’ test was used to assess study 
publication bias, considering P<0.10 significant (12). All 
analyses were conducted by the “mada” package in R 
statistical analysis software (version 4.0.2, R Foundation 
for Statistical Computing, Vienna, Austria)(13).

Results   
Study characteristics

A total of 2,151 studies were retrieved by searching the 
databases, out of which 589 articles were duplicated. 
The titles and abstracts of 1,562 studies were reviewed, 
and 75 articles were selected for full-text review. From 
this pool, 25 studies (72,079 patients in total) were 
considered eligible to enter our study (6, 14-37). A 
bibliography search was conducted on these 25 articles; 

to standard physical examination. Despite disagreements 
over the cost and hazards of overdiagnosis with universal 
US screening, a recent interdisciplinary expert panel 
recommended universal US screening in the early weeks 
by the Graf method, with high sensitivity and specificity 
and no radiation hazards (4). A recent meta-analysis has 
reported that the sensitivity and specificity of the Graf US 
method were  93% and 97%, respectively (5).

The clinical examination of the newborns is considered a 
primary, low-cost, and readily available screening method 
for DDH in almost all areas. Although it is routinely 
performed, the accuracy of the physical examination has 
been questioned. Different clinical examinations have been 
proposed to diagnose DDH; nonetheless, the two most 
widely used methods are Ortolani-Barlow and limited 
hip abduction (LHA) tests (6, 7). The present systematic 
review and meta-analysis aimed to assess the performance 
of these clinical examinations in the diagnosis of DDH 
while considering the Graf Us method as the reference test. 

Materials and Methods
This study was conducted according to the Preferred 

Reporting Items for Systematic Reviews and Meta-
Analyses Protocols (PRISMA-P) checklist (8).

Search Strategy
A systematic search was carried out on PubMed, Web of 

Science (Science and Social Science Citation Index), and 
SCOPUS databases until the end of March 2021. English 
articles which matched the following query in their titles, 
abstracts, or keywords were considered for our study: 
(pediatric* OR child* OR neonate* OR newborn* OR 
infant*) AND (ultrasound* OR sonograph*) AND (“physical 
exam*” OR “clinical exam*” OR Ortolani OR Barlow). We 
also looked at the references of our included articles (both 
primary and secondary studies) to ensure the maximum 
sensitivity of our search. 

Study Selection
All original articles which met the following criteria were 

included in our final pool of studies
Use of Ortolani and Barlow or LHA test to assess the risk 

of DDH in physical examination.
Use of Graf method to examine DDH in sonography 
Provision of adequate data to extract sensitivity and 

specificity of physical examinations
On the other hand, the exclusion criteria were as follows:  

abstracts with no full-text article available, unpublished 
studies, notes, letters, conference articles, duplicated 
studies, studies which used physical examinations other 
than the aforementioned ones, and studies which used 
sonography methods other than Graf. The titles and 
abstracts were first reviewed by two authors to check the 
eligibility of the study (GS, SS), and if both agreed, the full 
text of the studies were reviewed by two (and in case of 
discrepancy, three) of the authors. Studies that obtained 
the agreement of at least two reviewers were considered 
eligible for the meta-analyses. 

Data Extraction
Two researchers independently extracted the required 
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nonetheless, no further study was added. The detailed 
process of the study selection is displayed in Figure 1. 
The reason for the exclusion of the removed studies is 
explained in Supplement 1.

Among the 25 included studies, 16 provided data for the 
Ortolani-Barlow maneuver, 5 evaluated the LHA test, and 
the remaining four reported statistics for both tests. The 
detailed characteristics of the included studies are described 
in Table 1. The crude data and the calculated performance 
for each study are also presented in Table 2. The forest plot 
of the included studies is depicted in Figure 2.

The quality assessment of the studies according to 
the QUADAS-2 checklist is reported in Supplement 2, 
and the description of the QUADAS-2 critical appraisal 
checklist is provided in Supplement 3. Referral bias is a 
major concern in retrospective diagnostic test studies. 
Although the reference standard test for this study (US) 
is an operator-dependent procedure that needs inter and 
intra-observer variability assessment, studies with only 
one operator were regarded as low risk. Furthermore, 
the optimal time interval between clinical examination 
and US test is not definitely known, given the point that 
the more important issue here is that patient did not 
receive any treatment between the two tests; therefore, 
we considered the intervals of less than 12 weeks as 

acceptable. 

Diagnostic performance
The pooled sensitivity and specificity of the studies 

for clinical examination were obtained at 40% (95% CI: 
0.31-0.51) and 96% (95% CI:0.90-0.98), respectively. 
The hierarchical summary ROC curve for the clinical 
examination demonstrates an AUC of 0.71 (95% CI: 0.92-
0.96). The pooled DOR was 16.45 (95% CI: 9.7-28.9) 
[Figure 3].  

The pooled data of the Ortolani-Barlow test was 
calculated from 16 studies, demonstrating a sensitivity 
of 36% (95% CI:0.25-0.48) and specificity of 98% (95% 
CI:0.93-0.99). The LHA was analyzed in five studies, 
demonstrating a sensitivity and specificity of 45% (95% 
CI:0.24-0.69) and 78% (95% CI:0.62-0.88), respectively. 
The results of these two exams are compared in Figure 
4. A separate analysis of the studies using both exams 
disclosed a sensitivity of 57% (95% CI:0.30-0.82) and 
specificity of 95% (95% CI:0.68-0.99). Nevertheless, 
since the number of studies in this group was low (n=4), 
a wide confidence interval was obtained. 

Heterogeneity assessment
In general, the Cochrane’s Q test and Higgins’ I2 

Figure 1. Flowchart of the study selection process for the systematic review.
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Table 1. Characteristics of the included studies
Author, year Patients Population US Age Exam Age  Clinical

Exam Cut-off US by:  Clinical
Exam by:

Rosendahl, 1992 1503
 All girls, only boys
 with identifiable

risk factors

 24-48
hours

 24-48
hours

Ortolani-
Barlow  2b Radiologist Pediatrician

 Finnbogason,
1997 21  Abnormal clinical

screen ± risk factors
 Mean:
54 days

 Mean: 30
days

Ortolani-
 Barlow 2c Radiologist  Orthopedic

Surgeon
 Baronciani,
1997 7,082 All infants 4-6 w  1 week Ortolani-

Barlow 2b
 27 months

 Experienced
Doctor

 Trained
Doctors

Rosenberg, 1998 9199  All infants weighing
above 1000g

 24
hours 24 hours Ortolani-

Barlow. 2c
 Pediatric

 Orthopedic
Surgeon

 Neonatologist/
 Orthopedic

Surgeon
Falliner, 1999 13096 All infants  1-4

days 1-4 days Ortolani-
Barlow 2c Senior Orthopedist  Senior

Orthopedist

Zenios, 2000 177
 Suspicious

 instability + Risk
factor

 Within
6 weeks

 within 6
weeks

Ortolani-
Barlow,LHA III Radiologist  Orthopedic

Surgeon

Castelein, 2001 683
 Referred to the

 Orthopedic
Department

 mean:
 173
days

 90-310
days LHA 2 Orthopedist Orthopedist

Omeroglu, 2001 188 Young infants  3.7
months

   3.7
months

 LHA and
Ortolani-
Barlow

2a  Pediatric
Radiologist

 Pediatric
Orthopedist

Jari, 2002 1107  Clinically unstable +
Risk factors

 1-9
weeks N. A LHA 2 Orthopedist Orthopedist

Riboni, 2003 231 All infants  6-8
weeks 6-8 weeks Ortolani-

Barlow 2b Radiologist  Orthopedist/
Pediatrician

Şenaran, 2004 464 Referred with LHA  within 4
months

 within 4
months LHA 2a  Orthopedic

surgeon
 Orthopedic

surgeon

 Finnbogason,
2008 1072

 Risk factors +
Clinically unstable/

suspicious

 mean:
 12.2
days

 mean:
12.2 days

 Ortolani,
Barlow 2b

 Pediatric
 Radiologist/

 Trained
Sonographer

 Pediatric
Orthopedist

Dogruel, 2008 7082 All infants  4-6
weeks 4-6 weeks  Ortolani,

Barlow 2b NA  Orthopedic
Surgeon

Akgün, 2008 443 All infants  < 6
months

 < 6
months

 Ortolani,
Barlow 2a  Orthopedic

Surgeon Pediatrician

Chen, 2010 2666 All infants 1 week 1 week  Ortolani,
Barlow 2c Pediatrician  Pediatrician/

Orthopedist

Sulaiman, 2011 30
 Full term babies

 with breech
presentation

 one
week at birth  Ortolani,

Barlow NA Radiologist  Trained
Examiner

Choudry, 2013 5752
 Abnormal clinical

screen 
risk factors

 1-2
weeks 
  6-9
weeks

1-2 weeks LHA 3 Orthopedist  Orthopedic
 surgeon

Arti, 2013 11402 With risk factors 6 weeks 1,6 weeks  Ortolani,
Barlow 2b  Experienced

Sonographer
 Orthopedic

surgeon
Kumar, 2016 736 Term newborns  < 6

weeks
 36 - 48

hours
Ortolani-
Barlow  2b Radiologist NA

Anderton, 2018 105

 Referred with
 asymmetrical skin

 creases of either the
 inguinal, adductor

or gluteal folds

NA 3 months
 Ortolani,
 Barlow,

 LHA,
3 NA  Orthopedic

surgeon

Č�ustović, 2018 450
 Neonates born at
 37 to 42 weeks of

gestation

 24
hours 24 hours LHA 2a  Orthopedic

surgeon
 Orthopedic

surgeon

 Gyurkovits,
2019 3272

 Neonates born at
 gestational age

⩾37weeks
3 days 24 hours  Ortolani,

Barlow 2c  Orthopedic
surgeon

 Orthopedic
surgeon

 D’Alessandr,
2019 318 Breech-born infants NA at birth  Ortolani,

Barlow 2a NA

 Medical
 students,

 residents and
 attending
physicians

 Buonsenso,
2020 4000 All infants 6 weeks 1-3 days  Ortolani,

Barlow 2a (-) Pediatrician NA

Omeroglu, 2020 1000

 Infants with
 bilateral or
 unilateral 

dysplastic hips

 Mean:
 96.5
days

   Mean:
96.5 days

 Ortolani,
 Barlow,

LHA
2a (-)  Senior Orthopedic

surgeon
 Orthopedics

resident
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statistics are used for heterogeneity assessment in meta-
analyses; however, their implication in diagnostic test 
meta-analysis is uncertain. The threshold effect is not 
accounted for in these tests; moreover, the calculation of 
heterogeneity is based on the single outcome variables 
(like odds ratio)(38, 39). An alternative way to assess 
heterogeneity is to watch for the degree of closeness 
of observed study results to the SROC (38). There is 
no consensus on a specific method for heterogeneity 
assessments in diagnostic test accuracy studies, 
therefore, a combination of all available methods should 
be used (40, 10). 

According to the Cochran’s Q test, both sensitivity and 
specificity demonstrated considerable heterogeneity 

between the studies (Cochrane Q test = 437.6644, df = 24; 
P<2e-16 for sensitivity, and Cochrane Q test = 8431.217, 
df = 24;P<2e-16 for specificity). Furthermore,  to calculate 
the Higgin’s I2 and Cochran’s Q test by a single outcome 
variable, the DOR was used and the results showed 
high heterogeneity (Cochrane Q test = 46.026, df = 24, 
P=0.004, I2 = 47.86%, tau2: 1.51 CI (95%):0.3-4.82). The 
threshold effect analysis revealed that the proportion of 
the heterogeneity due to this factor was considerable 
(r=0.6). In addition,  the scattered pattern of each study 
concerning the SROC illustrated a high heterogeneity 
between the studies. 

The multi-metaregression analysis was also conducted 
on the subgroups to find other possible sources of 

Table 2. Reported performance for clinical examinations of developmental dysplasia of the hip in each of the included studies

Author, year FN TN FP TP Sensitivity Specificity  Positive
Likelihood ratio

 Negative
Likelihood ratio

Rosendahl, 1992 47 2882 44 33 0.414
(0.313-0.522)

 0.985 
(0.980 -0.989)

  27.203 
(18.415-40.187)

 0.595 
(0.496- 0.715)

Finnbogason, 1997 1 28 10 3  0.700 
(0.299-0.927)

 0.731 
(0.576-0.845)

   2.600 
(1.201-5.629)

 0.411 
(0.106- 1.587)

Baronciani, 1997 228 7514 3 12  0.052 
(0.030- 0.088)

 1.000 
(0.999- 1.000)

 111.811 
 (34.415-
363.262)

 0.949 
(0.921- 0.977)

Rosenberg, 1998 69 18250 3 76  0.524 
(0.443 -0.603)

 1.000 
(0.999- 1.000)

 2732.742 
(947.8240-
7878.974)

 0.476 
(0.402_ 0.564)

Falliner, 1999 88 11688 1268 52  0.372 
(0.297- 0.455)

 0.902 
(0.897- 0.907)

   3.803 
(3.050-4.742)

 0.696 
(0.613- 0.790)

Zenios, 2000 19 106 14 38  0.664 
(0.535- 0.772)

 0.880 
(0.810- 0.927)

   5.539 
(3.305-9.284)

 0.382 
(0.264- 0.552)

Castelein, 2001 70 247 210 156  0.689 
(0.626 -0.746)

 0.540 
(0.495- 0.586)

   1.500 
(1.314-1.712)

 0.575 
(0.465- 0.710)

Omeroglu, 2001 11 296 37 32  0.739 
(0.594- 0.845)

 0.888 
(0.849 -0.917)

  6.579 
 (4.640-9.327)

 0.294 
(0.179- 0.485)

Jari, 2002 88 816 118 85  0.491 
(0.418- 0.565)

 0.873 
(0.850- 0.893)

   3.877 
(3.092-4.861)

 0.582 
(0.502- 0.675)

Riboni, 2003 48 8829 11 8  0.149 
(0.079- 0.263)

 0.999 
(0.998- 0.999)

  114.643 
(49.126-267.537)

 0.852 
(0.764- 0.950)

Şenaran, 2004 12 266 155 31  0.716 
(0.570- 0.828)

0.632 
 (0.584- 0.676)

  1.943 
 (1.553-2.431)

 0.450 
(0.280- 0.723)

Finnbogason, 2008 10 866 175 21  0.672 
(0.499- 0.808)

 0.832 
(0.808- 0.853)

   3.989 
(3.023-5.263)

 0.395 
(0.240- 0.648)

Dogruel, 2008 149 6502 372 59  0.285 
(0.228- 0.349)

 0.946 
(0.940- 0.951)

   5.254 
(4.148-6.656)

 0.756 
(0.694- 0.824)

Akgün, 2008 56 299 53 35  0.386 
(0.293- 0.488)

0.848 
 (0.807- 0.882)

   2.546 
(1.782-3.638)

 0.724 
(0.612- 0.856)

Chen, 2010 3 2643 14 6  0.650 
(0.354- 0.863)

 0.995 (0.991-
0.997)   119.152 

(60.015-236.561)
 0.352 

(0.151- 0.819)

Sulaiman, 2011 2 23 1 4  0.643 
(0.303- 0.882)

 0.940 
(0.777- 0.986)

   10.714 
(2.064-55.615)

 0.380 
(0.140- 1.032)

Choudry, 2013 130 4638 958 26  0.169 
(0.118- 0.235)

 0.829 
(0.819- 0.838)

  0.986 
 (0.693-1.401)

 1.003 
(0.934- 1.077)

Arti, 2013 240 10468 600 94  0.282 
(0.237- 0.333)

 0.946 
(0.941- 0.950)

   5.200 
(4.310- 6.273)

 0.759 
(0.710- 0.812)

Kumar, 2016 0 546 188 2  0.833 
(0.310- 0.982)

 0.744 
(0.711- 0.774)

   3.249 
(1.930- 5.470)

 0.224 
(0.018- 2.816)

Anderton, 2018 0 84 19 2  0.833 
(0.310- 0.982)

 0.812 
(0.727-0.876)

   4.444 
(2.332-8.472)

 0.205 
(0.016- 2.580)

Č�ustović, 2018 75 308 40 27  0.267 
(0.191- 0.360)

 0.884 
(0.846-0.913)

   2.301 
(1.494-3.542)

 0.829 
(0.734- 0.937)

Gyurkovits, 2019 56 3149 53 14  0.204 
(0.127- 0.312)

 0.983 
(0.978- 0.987)

  12.227 
 (7.193-20.783)

 0.809 
(0.719- 0.911)

D’Alessandr, 2019 27 281 4 6  0.191 
(0.093- 0.352)

 0.984 
(0.962- 0.994)

   12.150 
(3.854-38.302)

 0.822 
(0.697- 0.968)

Buonsenso, 2020 32 3856 96 16  0.337 
(0.221- 0.477)

 0.976 
(0.970- 0.980)

   13.794 
(8.887-21.409)

 0.680 
(0.557- 0.830)

Omeroglu, 2020 197 999 1 49  0.200 
(0.155- 0.255)

 0.999 
(0.994- 1.000)

  133.737 
(26.509-674.698)

 0.801 
(0.752- 0.852)
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heterogeneities. Since the minimum number of studies 
in each subgroup is recommended to be 10, only four 
factors could be analyzed: the operator of the US exam 
(radiologist vs. non-radiologist), the clinical examiner 
(orthopedic surgeons vs. others), examination week (1st 
week vs. after 1st week), and the population of the study 
(universal vs. selective screening) (1-4). The analysis 
demonstrated that only the clinical examiner was 

responsible for heterogeneity in specificity (P=0.000). 
Mild heterogeneity was also observed in specificity due 
to the population (P=0.05). None of the factors were 
responsible for heterogeneity in sensitivity (P > 0.05).  

Publication bias
Deeks’ funnels plot indicated a low publication bias 

with a P-value of 0.96 [Supplement 4].

Figure 2. Forest plots of sensitivity and specificity of the studies. Horizontal lines represent 95% CIs of the individual studies.

Figure 3. Hierarchical summary receiver-operating characteristic (HSROC) curve. The “data” points show performance for each study and 
the “summary estimate” points represent the pooled performance.
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Discussion
As evidenced by the results of this meta-analysis, clinical 

examination demonstrated high specificity but low 
sensitivity to detect the DDH; therefore, it has a limited 
application as a screening test. Indeed, this is the opposite 
of desired performance for ideal screening tests which 
should have high sensitivity, even if this compromises 
specificity. More advanced testing with high specificity 
can subsequently be relied upon for confirmatory testing. 
Our analysis showed that the combination of Ortolani-
Barlow and LHA tests has the highest sensitivity, while 
the highest specificity pertains to the Ortolani-Barlow 
test. Moreover, it was found that the specialty of the 
examiner could influence the results of specificity.

Bilateral LHA could be a normal finding, especially in the 
first few weeks after birth; therefore, it is recommended 
to be performed after eight weeks (29). This could 
be the reason behind the lower specificity of the LHA 
test, in comparison with the Ortolani-Barlow test. 
However, a combination of both exams could increase 
the overall sensitivity. The screening method of  DDH is 
a controversial issue in the countries. Various methods 
have been proposed, including clinical examination 
with or without ultrasonography (either universal or 
selective) and ultrasound exam alone(41). In addition, 
there are multiple methods for clinical examination and 
ultrasound (Graf, Terjesen, Harke). There is no consistent 
data about the value and effectiveness of each method 
in DDH patients. However, there is a strong agreement 
that clinical examination alone is suboptimal in DDH 
screening(4). 

The DDH screening is of utmost importance since the 
disease could be treated less invasively and with better 
outcomes if diagnosed early. Although the Graph US 
method has gained a prominent place in DDH diagnosis, 
physical examination is still considered routine(42). 

In a decision-analytic model conducted by Mahan et al, 
screening all neonates for hip dysplasia with a physical 
examination followed by the selective US in high-risk 
patients (positive clinical exam, breech delivery, and 
positive family history) yielded the best strategy to 
prevent degenerative hips by the age of 60(43). However, 
the sole reliance on the clinical examination to identify 
high-risk patients results in missing cases given poor 
test sensitivity. Low sensitivity could be related to the 
inability of clinical exams in diagnosing the acetabular 
pathologies, while instability or dislocation of the femoral 
head is correctly diagnosed (4). Another reason could 
be the evolving nature of the disease. A normal physical 
exam early after birth does not exclude the possibility of 
DDH in older ages(44). Engesæter et al. reported that only 
8% of patients who underwent total hip replacement had 
a history of hip instability at birth(45). 

What is agreed upon is that the missed cases of DDH 
that go on to become hip dysplasia after the closure of 
the triradiate cartilage portend the worst prognosis for 
the hip along the spectrum of hip morphologies, which 
may require a periacetabular osteotomy to avoid total 
hip arthroplasty at a young age(46, 47). It should also be 
recognized that some clinicians exercise great caution in 
the serial performance of Ortolani-Barlow tests or their 
execution by multiple examiners. A great concern arises 
from the fact that these maneuvers place high stress on 
the acetabular cartilage when it is in its most plastic 
state, resulting in the risk of exacerbating borderline or 
true dysplasia or even developing it in a normal hip. 

The present study has some limitations which must 
be addressed. Firstly, regarding the heterogeneity of 
the pooled studies, there was a considerable threshold 
effect due to the variation of defined cut-offs for labeling 
hips as pathologic in the Graf method. Some studies use 
type IIa as the cut-off for DDH, while others have used 

Figure 4. The comparison of the pooled data for Ortolani/Barlow and LHA.
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