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Abstract
OBJECTIVE

Early detection and subsequent treatment of developmental dysplasia of the hip (DDH) is 
thought to improve its prognosis. Frequently reported risk factors for DDH are a positive 
family history of DDH, female sex and breech presentation, but there is not a lot of systematic 
knowledge about DDH risk factors.

METHODS

We performed a systematic review and meta-analysis of the available evidence on DDH 
risk factors. We searched Medline, EMBASE and The Cochrane Library from conception up 
until October 2011 for primary articles on the subject. All studies reporting on potential risk 
factors for DDH that allowed construction of a two-by-two table were selected. Language 
restrictions were not applied. Two reviewers independently selected studies, extracted data 
and assessed study quality. The association between risk factors and DDH was expressed as 
a common odds ratio (OR) with a 95% confidence interval (CI).

RESULTS

We identified 30 relevant studies reporting on 1,494,387 children; 26 studies were cohort 
studies and four studies used a case–control design. The risk of DDH was strongly increased 
in case of breech delivery (OR 5.7, 95% CI 4.4–7.4), female sex (OR 3.8, 95% CI 3.0–4.6) a positive 
family history of DDH (OR 4.8, 95% CI 2.8–8.2) and clicking hips at clinical examination (OR 
8.6, 95% CI 4.5–16.6).

CONCLUSIONS

This meta-analysis shows that infants born in breech presentation, female infants, infants 
with a positive family history and clicking hips at clinical examination have an increased risk 
for DDH. This knowledge can be helpful in the development of screening programs for DDH.



Introduction
Developmental dysplasia of the hip (DDH) is a condition in which the femoral head has an 
abnormal relationship to the acetabulum. Developmental dysplasia of the hip includes frank 
dislocation (luxation), partial dislocation (subluxation), instability wherein the femoral head 
comes in and out of the socket, and an array of radiographic abnormalities that reflects 
inadequate formation of the acetabulum. DDH is the most common congenital defect in the 
newborn, with an estimated incidence ranging from 1.4 to 35 per 1000 live births.1-3 The earlier 
DDH is detected, the simpler and more effective the treatment is. The type of treatment is 
dependent upon the age of diagnosis. When detected early, non-surgical treatment with 
a harness or cast is possible. The primary aim of this treatment is to achieve a stable 
concentric reduction of the hip to enable normal joint development. A harness dynamically 
positions the hips in flexion and abduction while allowing motion. A complication of this 
non-surgical treatment is avascular necrosis of the hip (AVN).4 When DDH is detected late 
it can be necessary to cut the pelvis or the femur to better align the acetabulum and the 
femoral head so they can develop normally. If DDH is not treated it may lead to juvenile 
coxarthrosis and lifelong gait problems.2

The most frequently reported risk factors for DDH are a positive family history of DDH, female 
sex and breech presentation.5,6 Breech presentation is estimated to be the largest contributing 
risk factor: DDH may occur in up to 23% of the breech presentations.7 Screening for DDH can 
be performed by physical examination, plane radiography or ultrasonography. All tests are 
hampered by false-positive and false-negative results.8-11 A systematic review by Shorter et 
al. on screening strategies for DDH has pointed out that there is insufficient evidence to give 
clear recommendations for practice.12 Neither of the ultrasound strategies (screening of whole 
or selected population) has been demonstrated to improve clinical outcomes including late 
diagnosed DDH and surgery, as studies are substantially underpowered to detect significant 
differences in the uncommon event of late detected DDH or surgery. The current Dutch 
screening strategy on DDH includes physical examination for all infants at three months of 
age by a doctor at the child health centers and additional ultrasound screening in cases with 
abnormalities at physical examination and/or risk factors for DDH (positive family history 
for DDH, breech presentation and congenital postural or foot deformities). Because of the 
consequences of an untreated or late detected DDH, and cost of overtreatment in case of 
false positive screening results, it is important to optimize the sensitivity and specificity of 
screening programs. Therefore, the aim of this study was to systematically identify possible 
risk factors for DDH in the general population and to quantify their associations by means 
of meta-analysis.
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Materials and methods
SEARCH STRATEGY

We performed a computerized search in MEDLINE (1950–October 2011), EMBASE (1950–October 
2011) and the current Cochrane databases to identify articles reporting on risk factors for 
developmental dysplasia of the hip. No language restrictions were applied. References from 
identified publications were manually searched to identify additional relevant articles. 
Together with a clinical librarian we developed a search strategy including the keywords 
‘‘hip dislocation’’, ‘‘hip joint instability’’, ‘‘congenital hip dislocation’’, ‘‘hip dysplasia’’, 
‘‘developmental dysplasia of the hip’’, ‘‘hip or hips’’, ‘‘risk factor’’, ‘‘factor’’ and ‘‘cause’’. 
The complete electronic search is available from the first author. Reference manager 12.0 
(Thomson ISI ResearchSoft, Philadelphia, PA) was used to manage the results of all searches.

SELECTION OF STUDIES AND DATA EXTRACTION

Two independent reviewers (MDH, FV) screened the electronic searches for eligible 
articles by title and abstract. All identified articles were retrieved in full and assessed 
by two reviewers for eligibility. Any disagreements were resolved by consensus and by a 
third reviewer (MK), if necessary. Cohort studies, case–control studies and cross-sectional 
studies were all eligible for inclusion if DDH was diagnosed by either ultrasound, X-ray, or a 
combination of both. In cases where the diagnosis was made on physical examination alone 
we included only studies with the endpoint ‘children treated for DDH’. Studies only reporting 
on a selected population, for instance only children with risk factors or abnormalities at 
clinical examination, were excluded. We undertook a quality assessment for all manuscripts 
that met the selection criteria for study quality. All studies were scored on methodological 
quality by a data extraction form based on the QUADAS tool.13 We scored each study on the 
following characteristics: study design (case–control or cohort), sampling (consecutive or 
other), data collection (prospective or retrospective), blinding of those performing screening 
tests for risk factors, verification bias, reported definition of DDH and missing results or 
withdrawals. A two-by-two table had to be available from the articles, either directly or 
extractable from the data supplied, in which risk factors were classified against the presence 
or absence of developmental dysplasia of the hip. We studied the following risk factors: 
breech presentation, a positive family history of DDH, female sex, mode of delivery, mode of 
delivery in breech birth, parity, foot deformities, birthweight, clicking hips, oligohydramnios, 
prematurity, multiple gestation and torticollis.
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STATISTICAL ANALYSIS

From the data of each study, two-by-two tables were constructed. Odds ratios (ORs) and their 
95% confidence intervals (CIs) were calculated from these tables. For each risk indicator, 
homogeneity was tested by means of the Breslow–Day test. The I2-test was used to assess 
homogeneity, using an I2-value of 50% as a threshold. If homogeneity could not be rejected, 
a common odds ratio with a 95% CI was calculated for each exposure by means of the 
Mantel–Haenszel method. If homogeneity was rejected, a random effect model was used to 
calculate the common odds ratio.14 Review Manager 5 software (Cochrane Collaboration) was 
used to construct forest plots and visualize the data.

Results
LITERATURE IDENTIFICATION AND STUDY QUALITY

Figure 1 summarizes the process of literature identification and selection. The search in 
MEDLINE and EMBASE detected 1,655 studies of which 102 articles were selected for further 
assessment based on screening of the titles and abstracts. Of these 102 articles, we excluded 
73 after reading the papers in full. Reasons for exclusion were insufficient data to construct 
a two-by-two table, the article was unobtainable or the article captured the wrong subject. 
Furthermore, we excluded five studies that reported on the same study population. One 
additional paper was identified in cross-references of the selected articles. Papers in 
languages other than English were translated. In total we selected 30 articles available for 
analysis.

Retrieved from searches PubMed and EMBASE
n=1655

Excluded after reading titles and abstracts
n=1553

Articles included from cross-references
n=1

Excluded after reading articles n=73
• Insufficient data to construct a 2x2 table n=55
• Wrong subject n=10
• Same population in different studie n=5
• Unobtainable n=3

Retrieved in full text
n=102

Primary articles included in systematic review
n=29

Total off articles included in systematic review
n=30

Figure 1 - Flow diagram of study selection
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CHARACTERISTICS OF THE INCLUDED STUDIES

Of the 30 included studies, 26 studies were cohort studies15-40 and four used a case–
control design.41-44 Of the cohort studies six were retrospective15,17,22,23,38,39 and 19 prospective 
cohorts,16,18-21,24,25,27-37,40 whereas in one this was not described.26 Ultrasound was the most 
common used diagnostic test for DDH (25 studies).15,16,18-34,36,40-44 The prevalence of DDH in the 
different studies varied between 0.03% and 21%. There was a wide variety in the moment 
children were first screened for DDH, ranging from the first days of life until six months after 
birth (Figure 2). The exact definition of DDH was not described in six studies.21,22,30,33,35,43 Eight 
studies reported on children treated for DDH.15,17,23,26,36,38,39,44 The other studies defined DDH by 
the Graf rating scale for ultrasound. The two studies with the highest prevalence of DDH, 17% 
and 21%, defined their cases by a Graf IIa or more.27,40 The study with the lowest prevalence of 
DDH, 0.03%, was a prospective cohort in which cases with DDH were not explicitly defined.21

None of the studies reported explicitly on blinding of the clinicians performing physical 
examination or ultrasound for risk factors. Characteristics of the included studies are 
outlined in Figure 2 and Appendix A.

Figure 2 - Newborn age at first examination
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Risk factors of DDH
BREECH PRESENTATION

We detected 22 studies reporting on breech presentation in relation to DDH: 20 
cohort15,19-21,23,25-39 and two case–control studies.42,44 A strong association was found between 
breech presentation and DDH, with a pooled OR of 5.7 (95% CI 4.4–7.4, Figure 3). Excluding 
the case–control studies and retrospective cohort studies did not significantly change the 
odds ratio. The prevalence of breech presentation in the cohort studies varied between 
1.1% and 6.5%, with a median of 4.0%. Five studies reported on mode of delivery in case of 
breech presentation and the risk of DDH: four cohort16,22,38,39 and one case–control study.43 A 
caesarean delivery did not seem to protect for the development of DDH with a pooled OR of 
1.1 (95% CI 0.97–1.3; Figure 4), the same OR applied when considering only the cohort studies.

Figure 3 - Fetal presentation and developmental dysplasia of the hip
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Figure 4 - Mode of delivery in breech presentation and developmental dysplasia of the hip

FAMILY HISTORY OF DDH

Sixteen studies reported on a positive family history for DDH, all of which were cohort 
studies.19-21,23,25,27-36,40 With the exception of one study all were prospective cohorts.23 A positive 
family history for DDH strongly increased the risk for DDH with a pooled OR of 4.8 (95% 
CI 2.8–8.2; Figure 5). Different definitions are applied for a positive family history in these 
studies. In ten studies no description was given of the definition of a positive family history 
for DDH,20,23,25,27-29,32,33,36,40 in three studies they used any family member,19,34,35 in one study a first 
degree relative with DDH,21 in one study a first to fourth degree relative30 and in one study at 
least one first or two second degree relatives.31

Figure 5 - Positive family history and developmental dysplasia of the hip
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GENDER

Thirteen cohort studies15,16,19,24,25,27-29,31-33,40 and one case–control study42 reported on gender in 
relation to DDH. These studies reported uniformly an increased risk of DDH for girls (OR 3.8, 
95% CI 3.0–4.6; Figure 6): exclusion of retrospective and case–control studies did not change 
the odds ratio.

Figure 6 - Gender and developmental dysplasia of the hip

BIRTHWEIGHT

The association between children born with a birthweight less than 2500 g and DDH was 
examined in four studies,15,19,38,42 two retrospective cohorts, one prospective cohort and one 
case–control study. These studies reported a protective effect of a low birthweight with 
a pooled OR 0.28 (95% CI 0.24–0.33). This protective effect still holds after excluding the 
case–control study (OR 0.40,95% CI 0.30–0.52).42 The association between children with a 
birthweight above 4000 g and DDH was examined in two studies.15,25 Only one study provided 
the information to formulate a two-by-two table.15 In this retrospective cohort no significant 
association was found, with an OR of 1.1 (95% CI 0.97–1.27).

CLICKING HIPS

Clicking of the hips at clinical examination was found to be strongly associated with DDH in 
four prospective cohort studies (OR of 8.6 95% CI 4.5–16.6).21,34-36
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OLIGOHYDRAMNIOS

There were three prospective cohort studies reporting on oligohydramnios in relation to 
DDH.19,27,31 None of these studies gave an exact definition on oligohydramnios and none 
reported at what gestational age it was diagnosed. Oligohydramnios was found more 
frequently in children with DDH although this association was not statistically significant 
(OR 2.5, 95% CI 0.75–8.2).

OTHER RISK FACTORS

The relation between mode of delivery, caesarean section versus vaginal delivery, and DDH 
was studied in four cohort and two case–control studies.15,19,35,38,42,44 We found no significant 
association, with a pooled OR of 1.02 (95% CI 0.35–3.0) (Figure 7). No distinction was made 
between children born in vertex or in breech position in these studies.
Parity was not associated with DDH (OR 1.55, 95% CI 0.96–2.5) in five studies.15,19,33,42,44 In the 
cohort studies no significant association was found (OR 1.2, 95% CI 0.61–2.4).15,19,33 The two 
case–control studies found a significant association (OR 2.4, 95% CI 1.6–3.6), with a higher 
prevalence of DDH in children born from nulliparous women.42,44

No significant association was found for prematurity, defined as a gestational age less than 
37 weeks, in five studies (two case–control and three cohort studies) (OR 0.53, 95% CI 0.23–
1.2).15,19,28,42 No statistically significant association was found between children of a multiple 
gestation pregnancy compared to a singleton pregnancy in three studies (a case–control,41 a 
prospective28 and a retrospective23 cohort study) (OR 0.54, 95% CI 0.02–13.62). The association 
between children born with a torticollis and DDH was examined in two cohort studies, which 
showed no significant association (OR 1.15, 95% CI 0.14–9.24).23,27

A non-significant association was found between foot deformities and DDH, in five cohort 
studies, with a pooled OR of 3.24 (95% CI 0.88–11.97; Fig. 8).20,23,27,33,36 Only one study gave 
an exact definition of foot deformities27 but in the other four studies no definition was 
given.20,23,33,36 One study found a positive association between first trimester hyperthyroidism 
and DDH in a small retrospective cohort.17

Figure 7 - Mode of delivery and developmental dysplasia of the hip
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Figure 8 - Foot deformities and developmental dysplasia of the hip

Discussion
This meta-analysis summarizes the available evidence on potential risk factors for DDH. We 
found that a positive family history of DDH, breech presentation and female sex are important 
risk factors for DDH. A clicking hip at clinical examination also is a strong prognostic factor 
for DDH. For oligohydramnios and foot deformities only non-significant associations were 
found. We found no association between premature birth, torticollis and multiple gestation 
and DDH. Children born with a birthweight below 2500 g seem to have a lower risk for DDH. 
We could include one study that examined the association between a birthweight above 
4000 g and DDH, in which no significant association was found. A significant association 
between primiparity and DDH was found in the case-control studies. Mode of delivery does 
not influence the risk for DDH in breech presentation. In our meta-analysis we were not able 
to make a distinction between elective or emergency caesarean section. Some studies have 
reported a higher incidence of DDH in children born in breech presentation after trial of 
labor (vaginal delivery or emergency caesarean section) in comparison to elective caesarean 
section,16,22,45 while others did not find such an association.39,46

There is a recently conducted meta-analysis by Ortiz-Neira et al. which reports on six 
predefined risk factors in relation to DDH; breech presentation, sex, family history, first-born, 
side of hip and mode of delivery.47 In that study slightly different inclusion and exclusion 
criteria were used, therefore the studies they included do not fully overlap with the studies 
we have included in our meta-analysis. Their results show that the most significant risk 
factors associated with DDH are breech presentation, female sex and a positive family 
history of DDH, which are similar to our findings. However, they found relative risks (RRs) 
which were much lower than the odds ratios we have found; a RR for breech presentation of 
3.75, for female sex a RR of 2.54 and for a positive family history of DDH a RR of 1.39. We think 
this can be explained by the fact that they included studies in which the control group was 
a selected population (children with known risk factors for DDH or abnormalities at clinical 
examination). Therefore the point estimate of the risk factors will be lower.48,49 We also have 
some concerns about the study selection of their meta-analysis. For instance, they included 

65

Chapter

5



multiple studies reporting results on similar risk factors in the same study population.43,45,50,51 
In our meta-analysis we also included two studies with an overlap in study population,15,43 

but we only included the results which did not concern the same risk factors: from the 
article by Yiv et al.43 we only used data on the mode of delivery in breech presentation, which 
was not reported in the article by Azzopardi et al.15

In this meta-analysis, we used odds ratios to quantify factors that indicate a risk for DDH. 
Although likelihood ratios are considered an important tool in the interpretation of diagnostic 
tests in clinical practice, they are not suitable for reporting pooled estimates of test accuracy 
in meta-analysis. Strong arguments against the pooling of likelihood ratios have been raised, 
which are valid in our opinion.52 Moreover, we believe that odds ratios are useful in clinical 
practice because the odds ratio is a good estimate of risk ratio when the disease is rare.53 
Although the present study was performed according to established methodology, there are 
limitations. First, we were only able to perform univariable analyses, as we were dependent 
on the information provided in the articles. The relevant studies did not provide the data 
for the analysis on the combined effect of multiple risk factors. Multivariable analyses or 
analysis of individual patient data (IPD) may well find less strong associations than we 
found.54 Second, a clear description of the risk factors examined was given in only a small 
amount of articles. This was particularly the case in oligohydramnios, a positive family history 
for DDH and foot deformities. None of the studies reporting on oligohydramnios quantified 
the amount of amniotic fluid they considered as oligohydramnios, neither did they report at 
what gestational age this was diagnosed. This could have led to an over- or underestimation 
of this risk factor. Therefore, these results should be interpreted with caution. For family 
history the definition was only described in six out of 16 studies.19,21,30,31,34,35 In three studies 
they used the definition any family member.19,34,35 If all studies used a more strict definition, 
such as only a first degree relative, the association between a positive family history of 
DDH and DDH might be different. This might also explain the heterogeneity of these results. 
A third limitation is that none of the studies reported blinding of the clinicians for the 
risk factors, when performing the diagnostic tests. This can lead to an overestimation of 
associations as clinicians may be more careful or thorough in their examinations in children
with known risk factors. In many studies, the screening path also differed for children 
with known risk factors as they were all screened by US or X-ray in addition to physical 
examination. Children without risk factors were initially screened by physical examination 
alone, a test with a lower sensitivity and specificity.
This review shows that there is a large variety in the time and method of screening for DDH, 
which influences the number of false positive and negative diagnosis of DDH. Early screening 
may over-diagnose DDH due to physiological incomplete development of the hips. To correct 
for this, we included the late presenters in the analysis of risk factors for DDH, but not all 
studies reported late presenters. As over-diagnosis occurs in both groups (with and without 
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risk factors) the effect on the odds ratios might not be significant. We found a large variety 
in the prevalence of DDH, ranging from 0.03% to 21%. Regarding the timing of screening 
we could not explain this variety. The variety in definition of DDH in the different studies 
did partly explain the difference in prevalence of DDH. The studies which used the criteria 
Graf IIa or more were the studies with the highest prevalence of DDH, varying from 1.9% to 
21%.27-29,40 In the studies that used the criteria Graf III or more the prevalence of DDH varied 
between 0.31% and 2.1%.16,20,25,34 In the studies that reported on children treated for DDH the 
prevalence ranged from 0.17% to 1.03%.15,17,23,26,36,38,39 Although studies which examined similar 
risk factors, showed similar effects (all outcomes indicate an increased risk of DDH with 
the risk factors breech, family history, female sex and clicking hips at clinical examination) 
there was still a significant heterogeneity among the studies. In different subgroup analysis 
we could not explain this heterogeneity. For instance, in the case of breech presentation, 
study design could not explain this heterogeneity, neither did we find any race difference. 
Subgroup analysis on the screening method or the age at which the children were first 
screened also failed to explain the heterogeneity found among different risk factors. We 
found a non-significant relationship between foot deformities and DDH. There are many 
studies concerning foot deformities in relationship to DDH, but most of these studies only 
describe the incidence of DDH in children with foot deformities. They make no comparison 
to a general cohort, which meant that we were not able to construct a two-by-two table from 
these data.
This meta-analysis provides a clear overview of all the evidence on risk factors in DDH. 
These results can be used in improving existing and developing new screening programs for 
DDH, although we do acknowledge that diagnostic tests and screening strategies should be 
analyzed first before proper guidelines could be developed.

67

Chapter

5



1. Aronsson DD, Goldberg MJ, Kling TF, Roy DR. 
Developmental dysplasia of the hip. Pediatrics 
1994;94:201–8.

2. Patel H, Canedian Task Force on Preventive Health 
Care. Preventive health care, 2001 update: screening 
and management of developmental dyplasia of the 
hip in newborns. CMAJ 2001;164:1669–77.

3. Furnes O, Lie SA, Espehaug B, Vollset SE, Engesaeter 
LB, Havelin LI. Hip disease and the prognosis of 
total hip replacements. A review of 53,698 primary 
total hip replacements reported to the Norwegian 
Arthroplasty Register 1987–99. Journal of Bone and 
Joint Surgery British Volume 2000;83:579–86.

4. Viere RG, Birch JG, Herring JA, Roach JW, Johnston CE. 
Use of the Pavlik Harness in congenital dislocation 
of the hip. An analysis of failures in treatment. 
Journal of Bone and Joint Surgery American Volume 
1990;72:238–44.

5. Lehmann HP, Hinton R, Morello P, Santoli J. 
Developmental dysplasia of the hip practice 
guideline: technical mreport. Committee on Quality 
Improvement, and Subcommittee on Developmental 
Dysplasia of the Hip Pediatrics 2000;105:E57.

6. Shipman SA, Helfand M, Moyer VA, Yawn BP. Screening 
for developmental dysplasia of the hip: a systematic 
literature review for the US Preventive Services Task 
Force. Pediatrics 2006;117:e557–76.

7. Clinical practice guideline: early detection of 
developmental dysplasia of the hip. Committee 
on Quality Improvement, Subcommittee on 
Developmental Dysplasia of the Hip. American 
Academy of Pediatrics. Pediatrics 2000;105:896–905.

8. Barlow TG. Congenital dislocation of the hip. Early 
diagnosis and treatment. London Clinic Medical 
Journal 1964;13:47–58.

9. Jones D. Neonatal detection of developmental 
dysplasia of the hip (DDH). Journal of Bone and Joint 
Surgery British Volume 1998;80:943–5.

10. Graf R. Classification of hip joint dysplasia by means 
of sonography. Archives of Orthopaedic and Trauma 
Surgery 1984;102:248–55.

11. Graf R. The diagnosis of congenital hip-joint 
dislocation by the ultrasonic combound treatment. 
Archives of Orthopaedic and Trauma Surgery 
1980;97:117–33.

12. 12. Shorter D, Hong T, Osborn DA. Screening 
programmes for developmental dysplasia of the 
hip in newborn infants. Cochrane Database of 
Systematic Reviews 2011;9:CD004595.

13. Whiting P, Rutjes AWS, Reitsma JB, Bossuyt PMM, 
Kleijen J. The development of QUADAS: a tool for the 
quality assessment of studies of diagnostic accuracy 
included in systematic reviews. BMC Medical 
Research Methodology 2003;3:25.

14. DerSimonian R, Laird N. Meta-analysis in clinical 
trials. Controlled Clinical Trials 1986;7:177–88.

15. Azzopardi T, Van Essen P, Cundy PJ, Tucker G, Chan 
A. Late diagnosis of developmental dysplasia of the 
hip: an analysis of risk factors. Journal of Pediatric 
Orthopaedics Part B 2011;20:1–7.

16. Fox AE, Paton RW. The relationship between mode of 
delivery and developmental dysplasia of the hip in 
breech infants: a four year prospective cohort study. 
Journal of Bone and Joint Surgery British Volume 
2010;92:1695–9.

17. Ishikawa N. The relationship between neonatal 
developmental dysplasia of the hip and maternal 
hyperthyroidism. Journal of Pediatric Orthopedics 
2008;28:432–4.

18. Akman A, Korkmaz A, Aksoy MC, Yazici M, Yurdakök 
M, Tekinalp G. Evaluation of risk factors in 
developmental dysplasia of the hip: results of 
infantile hip ultrasonography. Turkish Journal of 
Pediatrics 2007;49:290–4.

19. Dogruel H, Atalar H, Yavuz OY, Sayli U. Clinical 
examination versus ultrasonography in detecting 
developmental dysplasia of the hip. International 
Orthopaedics 2008;32:415–9.

20. Paton RW, Hinduja K, Thomas CD. The significance 
of at risk factors in ultrasound surveillance of 
developmental dysplasia of the hip. A ten-year 
prospective study. Journal of Bone and Joint Surgery 
British Volume 2005;87:1264–6.

References

68

Chapter

5



21. Lowry CA, Donoghue VB, Murphy JF. Auditing hip 
ultrasound screening of infants at increased risk 
of developmental dysplasia of the hip. Archives of 
Disease in Childhood 2005;90:579–81.

22. Lowry CA, Donoghue VB, O’Herlihy C, Murphy JF. 
Elective Caesarean section is associated with a 
reduction in developmental dysplasia of the hip 
in term breech infants. Journal of Bone and Joint 
Surgery British Volume 2005;87:984–5.

23. Sahin F, Aktürk A, Beyazova U, et al. Screening for 
developmental dysplasia of the hip: results of a 
7-year follow-up study. Pediatrics International 
2004;46:162–6.

24. Giannakopoulou C, Aligizakis A, Korakaki E, et al. 
Neonatal screening for developmental dysplasia 
of the hip on maternity wards in Crete, Greece. 
Correlation to risk factors. Clinical and Experimental 
Obstetrics and Gynecology 2002;29:148–52.

25. Bache CE, Clegg J, Herron M. Risk factors for 
developmental dysplasia of the hip: ultrasonographic 
findings in the neonatal period. Journal of Pediatric 
Orthopaedics Part B 2002;11:212–8.

26. Andersson JE, Odén A. The breech presentation 
and the vertex presentation following an external 
version represent risk factors for neonatal hip 
instability. Acta Paediatrica 2001;90:895–8.

27. Omeroğlu H, Koparal S. The role of clinical 
examination and risk factors in the diagnosis of 
developmental dysplasia of the hip: a prospective 
study in 188 referred young infants. Archives of 
Orthopaedic and Trauma Surgery 2001;121:7–11.

28. Ruhmann O, LazoviĆ D, Bouklas P, Schmolke S, 
Flamme CH. Ultrasound examination of neonatal 
hip: correlation of twin pregnancy and congenital 
dysplasia. Twin Research 2000;3:7–11.

29. Falliner A, Hahne HJ, Hassenpflug J. Sonographic hip 
screening and early management of developmental 
dysplasia of the hip. Journal of Pediatric 
Orthopaedics Part B 1999;8:112–7.

30. Boere-Boonekamp MM, Kerkhoff TH, Schuil PB, 
Zielhuis GA. Early detection of developmental 
dysplasia of the hip in the Netherlands: the validity 
of a standardized assessment protocol in infants. 
American Journal of Public Health 1998;88:285–8.

31. Rosendahl K, Markestad T, Lie RT. Developmental 
dysplasia of the hip: prevalence based on ultrasound 
diagnosis. Acta Paediatrica 1996;85:64–9.

32. Pellegrini G, Porzia RM, Preziosa M, Masarone 
M. Evaluation of 3-year ultrasound screening in 
congenital hip dysplasia. Comparison of clinical 
evaluation, risk factors and ultrasonography. 
Interpretation of Graf type IIA grading and the 
most suitable age for 1st ultrasonography. Pediatria 
Medica e Chirurgica 1995;17:341–4 [Italian].

33. Holen KJ, Terjesen T, Tegnander A, Bredland T, 
Saether OD, Eik-Nes SH. Ultrasound screening for 
hip dysplasia in newborns. Journal of Pediatric 
Orthopedics 1994;14:667–73.

34. Jones DA, Powell N. Ultrasound and neonatal hip 
screening. A prospective study of ‘high risk’ babies. 
Journal of Bone and Joint Surgery British Volume 
1990;72:457–9.

35. Jones DA. Importance of the clicking hip in screening 
for congenital dislocation of the hip. Lancet 
1989;1:599–601.

36. Clarke NM, Clegg J, al-Chalabi AN. Ultrasound 
screening of hips at risk for CDH. Failure to reduce 
the incidence of late cases. Journal of Bone and Joint 
Surgery British Volume 1989;71:9–12.

37. Boo NY, Rajaram T. Congenital dislocation of hips 
in Malaysian neonates. Singapore Medical Journal 
1989;30:368–71.

38. Hinderaker T, Daltveit AK, Irgens LM, Uden A, 
Reikeras O. The impact of intrauterine factors on 
neonatal hip instability. An analysis of 1,059,479 
children in Norway. Acta Orthopaedica Scandinavica 
1994;65:239–42.

39. Clausen I, Nielsen KT. Breech position, delivery route 
and congenital hip dislocation. Acta Obstetricia et 
Gynecologica Scandinavica 1988;67:595–7.

40. Akgun S, Bakar C, Budakoglu II, Cengiz T, Cemil T. 
Is clinical examination reliable in diagnosis of 
developmental dysplasia of the hip? Gazi Medical 
Journal 2008;19:56–9.

41. De Pellegrin M, Moharamzadeh D. Developmental 
dysplasia of the hip in twins: the importance of 
mechanical factors in the etiology of DDH. Journal of 
Pediatric Orthopedics 2010;30:774–8.

42. Stein-Zamir C, Volovik I, Rishpon S, Sabi R. 
Developmental dysplasia of the hip: risk markers, 
clinical screening and outcome. Pediatrics 
International 2008;50:341–5.

69

Chapter

5



43. Yiv BC, Saidin R, Cundy PJ, et al. Developmental 
dysplasia of the hip in South Australia in 1991: 
prevalence and risk factors. Journal of Paediatrics 
and Child Health 1997;33:151–6.

44. Gunther A, Smith SJ, Maynard PV, Beaver MW, 
Chilvers CE. A case–control study of congenital hip 
dislocation. Public Health 1993;107:9–18.

45. Chan A, McCaul KA, Cundy PJ, Haan EA, Byron-Scott R. 
Perinatal risk factors for developmental dysplasia of 
the hip. Archives of Disease in Childhood Fetal and 
Neonatal Edition 1997;76:94–100.

46. Hseih YY, Tsai FJ, Lin CC, Chang FC, Tsai CH. Breech 
deformation complex in neonates. Journal of 
Reproductive Medicine 2000;45:933–5.

47. Ortiz-Neira CL, Paolucci EO, Donnon T. A meta-
analysis of common risk factors associated with 
the diagnosis of developmental dysplasia of the 
hip in newborns. European Journal of Radiology 
2012;81:e344–51.

48. Castelein RM, Korte J. Limited hip abduction in the 
infant. Journal of Pediatric Orthopedics 2001;21:668–
70.

49. Stevenson DA, Mineau G, Kerber RA, Viskochil DH, 
Schaefer C, Roach JW. Familial predisposition to 
developmental dysplasia of the hip. Journal of 
Pediatric Orthopedics 2009;29:463–6.

50. Bialik V, Bialik GM, Blazer S, Sujov P, Weiner F, 
Brenant M. Developmental dysplasia of the hip: a 
new approach to incidence. Pediatrics 1999;103:93–9.

51. Eidelman M, Chezar A, Bialik V. Developmental 
dysplasia of the hip. Incidence in Ethiopian Jews 
revisited: 7 year prospective study. Journal of 
Pediatric Orthopedics 2002;11(PtB):290–2.

52. Zwinderman AH, Bossuyt PM. We should not pool 
diagnostic likelihood ratios in systematic reviews. 
Statistics in Medicine 2008;27:687–97.

53. Szklo M, Nieto FJ. Epidemiology: beyond the basics. 
Sudbury, MA: John and Bartlett Publishers; 2004.

54. Moons KG, Grobbee DE. Diagnostic studies as 
multivariable, prediction research. Journal of 
Epidemiology and Community Health 2002;56:337

70

Chapter

5



Appendix
Study Country Study design n Prevalence 

of DDH
Time of 
screening

Reference test Definition 
Cases

Risk factors

Azzopardi 2011 Australia Retrospective 
cohort

288550 0.68% <3 months Physical 
examination 
Ortolani/Barlow 
US

Treated for 
DDH

Breech presentation 
(not specified)
Gender
Sc
Low birth weight <2500g
High birth weight 
>4000g
Parity
Prematurity <37 wks

Fox 2010 UK Prospective 
cohort

571 2.1% < 8 weeks Physical 
examination 
by orhopedist 
Ortolani/ Barlow
US Graf / Harcke

Graf ≥ III Breech vag/sc
Gender

De Pellegrin 2010 Italy Case control 1064 2.1% < 68 days US Graf Graf ≥ IIC Multiple gestation

Stein-Zamir 2008 Israel Case control 231 Birth, 3 
months 
and 9 
months

Physical 
examination by 
paediatrician 
Ortolani/Barlow 
US Graf or X-ray

Graf ≥ IIA Breech delivery
Gender
Sc
Low birth weight <2500 g
Parity
Prematurity <37 weeks

Ishikawa 2008 New 
Zealand

Retrospective 
cohort

2137 0.98% PE 1 day, 1 
week, 1 and 
4 months
X-ray 4 
months

Physical 
examination by 
paediatrician 
and orthopaedist 
Ortolani/Barlow
X-ray

Treated with 
pavlik harness

First trimester
Maternal 
hyperthyroidism

Akgun 2008 Turkey Prospective 
cohort

443 21% <6 months US Graf Graf ≥ IIA Family history (not 
specified)
Gender

Akman 2007 Turkey Prospective 
cohort

403 3.4% PE < 1 week Physical 
examination by 
paediatrician 
and orthopaedist 
Ortolani/Barlow 
US Graf

Graf ≥ IIB Gender

Dogruel 2008 Turkey Prospective 
cohort

3541 4.71% PE < 1 week
US 4-6 
weeks

Physical 
examination by 
orthopaedist 
Ortolani/Barlow 
US Graf

Graf ≥ IIB Breech delivery
Family history (any 
familiy member)
Gender
Oligohydramnios (not 
specified)
Sc
Parity
Prematurity
<37 Weeks
Low birth weight <2500 g

Paton 2005 UK Prospective 
cohort

34723 0.48% 2-9 weeks Physical 
examination by 
orthopaedist US 
Graf/Harcke

Graf ≥ III Breech delivery
Familiy history (not 
specified)
Foot deformities (not 
specified)
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Study Country Study design n Prevalence 
of DDH

Time of 
screening

Reference test Definition 
Cases

Risk factors

Lowry 2005 Ireland Prospective 
cohort

52893 0.03% 3 days and 
8 weeks

Physical 
examination 
Ortolani/Barlow
US Graf

not specified Breech delivery
Family history (first 
degree relative with 
DDH)
Clicky hips

Lowry 2005 Ireland Retrospective 
cohort

941 5.3% <8 weeks Physical 
examination US 
Graf

not specified Breech vag/sc

Sahin 2004 Turkey Retrospective 
cohort

5798 0.17% <6 months Physical 
examination
US Graf

Treated for 
DDH

Breech presentation 
(not specified)
Family history (not 
specified)
Foot deformities (not 
specified)
Torticollis
Multiple gestation

Giannakopoulou 
2002

Greece Prospective 
cohort

6140 1.06% 2 weeks Physical 
examination 
Ortolani/Barlow 
by paediatrician 
and orhopedist 
US Graf

Graf ≥ IIB Gender

Bache 2002 UK Prospective 
cohort

29323 0.31% <6 weeks Physical 
examination
US Harcke

Grade ≥ III Breech presentation 
(not specified)
Family history (not 
specified)
Gender
High birth weight 
>4000g

Andersson 2001 Sweden Cohort not 
specified

6571 0.20% First week Physical 
examination by 
paediatrician 
Ortolani/Barlow 
US anterior 
dynamic method

Treated with 
von Rosen 
splint

Breech presentation 
during pregnancy 
(36wks)

Omeroglu 2001 Turkey Prospective 
cohort

188 17% 4 days – 8 
months

Physical 
examination by 
orthopaedist US 
Graf

Graf ≥ IIA Breech presentation 
(not specified)
Family history (not 
specified)
Gender
Oligohydramnios (not 
specified)
Foot deformities
- Talipes equinovares
- Talipes calcaneovalgus
- Metatarsus varus 
Torticollis

Ruhmann 2000 Germany Prospective 
cohort

4476 6.1% < 5 days US Graf Graf ≥ IIA Breech delivery
Family history (not 
specified)
Gender
Multiple gestation 
Prematurity <37 weeks

Falliner 1999 Germany Prospective 
cohort

6548 1.89% 1-4 days Physical 
examination 
by orthopedist 
Ortolani/Barlow 
US Graf

Graf > IIA Breech presentation 
(not specified)
Gender
Family history (not 
specified)
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Study Country Study design n Prevalence 
of DDH

Time of 
screening

Reference test Definition 
Cases

Risk factors

Boere- 
Boonekamp 
1998

Nether-
lands

Prospective 
cohort

1968 3.66% 1,3,4, and 5 
months

Physical 
examination by 
general health 
care provider 
abduction test, 
Galeazzi test
Second 
screening by 
orthopedist US 
Graf

Not specified Breech delivery or 
breech position in the 
last trimester
Family history (first to 
fourth degree relatives)

Yiv 1997 Australia Case control 1236 < 4 weeks Physical 
examination 
X-ray and US

Not specified Breech vag/sc

Rosendahl 1996 Norway Prospective 
cohort

3613 3.4% US<2 days Physical 
examination 
Barlow
US Graf

Graf ≥ IIB Breech delivery
Family history (at least 
one first degree relative 
or two second degree 
relatives treated for 
DDH)

Pellegrini 1995 Italy Prospective 
cohort

2237 0.93% 2 days 
childeren 
with risk 
factors
2 months 
children 
without risk 
factors

Physical 
examination 
orthopedist 
Ortolani
US Graf

Graf ≥ IIB Breech presentation 
(not specified)
Family history (not 
specified)
Gender
Oligohydramnios (not 
specified)

Holen 1994 Norway Prospective 
cohort

4459 1.2% PE 1 day
US 2-4 days

Physical 
examination 
paediatrician 
Ortolani/Barlow
US (FHC)

Children with 
unstable hips 
by ultrasound 
and clinical 
examination

Breech delivery
Family history (not 
specified)
Gender
Foot deformities (not 
specified)
Parity

Gunther 1993 UK Case control 404 <1 week Physical 
examination by 
paediatrician 
US Graf

Treatmed with 
splintage

Breech delivery
Cs
Parity

Jones 1990 USA Prospective 
cohort

3879 1.08% Not 
mentioned

Physical 
examination
by orthopaedist 
US Graf

Graf ≥ III Breech delivery
Family history (any 
family member)
Foot deformities
Clicky hip

Jones 1989 USA Prospective 
cohort

3289 1.55% <1 week
X-ray 6 
months

Physical 
examination by 
paediatrician 
and orthopaedist
X-ray

Not specified Breech delivery
Family history (any 
family member)
Cs
Postural or foot 
deformities
Clicky hip

Clarke 1989 UK Prospective 
cohort

4617 0.43% <6 weeks Physical 
examination 
paediatrician 
and orthopaedist
US Clarke

Treated with 
Pavlik harness

Breech delivery
Family history (not 
specified)
Foot deformities (not 
specified)
Clicky hip
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Study Country Study design n Prevalence 
of DDH

Time of 
screening

Reference test Definition 
Cases

Risk factors

Boo 1989 Malaysia Prospective 
cohort

52379 0.07% PE<1day Physical 
examination 
Ortolani/Barlow 
X-ray

Classification 
of Finlay 
unstable or 
pathological 
hips

Breech delivery (vaginal)

Hinderaker 1994 Norway Retrospective 
cohort

959412 1.03% First days 
of live

Physical 
examination by 
general physician

Treated for 
DDH

Breech delivery
Breech vag/sc
Sc
Low birth weight <2500g

Clausen 1988 Denmark Retrospective 
cohort

13589 0.61% Not 
mentioned

Physical 
examination 
Orolani/Barlow

Treated for 
DDH

Breech delivery
Breech vag/sc
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