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� CHILDREN’S ORTHOPAEDICS

The impact of the introduction of 
selective screening in the UK on the 
epidemiology, presentation, and 
treatment outcomes of developmental 
dysplasia of the hip

Aims
Developmental dysplasia of the hip (DDH) can be managed effectively with non- surgical in-
terventions when diagnosed early. However, the likelihood of surgical intervention increases 
with a late presentation. Therefore, an effective screening programme is essential to prevent 
late diagnosis and reduce surgical morbidity in the population.

Methods
We conducted a systematic review and meta- analysis of the epidemiological literature from 
the last 25 years in the UK. Articles were selected from databases searches using MEDLINE, 
EMBASE, OVID, and Cochrane; 13 papers met the inclusion criteria.

Results
The incidence of DDH within the UK over the last 25 years is 7.3/1,000 live births with fe-
males making up 86% of the DDH population (odds ratio 6.14 (95% confidence interval 3.3 
to 11.5); p < 0.001). The incidence of DDH significantly increased following the change in 
the Newborn and Infant Physical Examination (NIPE) guidance from 6.5/1,000 to 9.4/1,000 
live births (p < 0.001). The rate of late presentation also increased following the changes 
to the NIPE guidance, rising from 0.7/1,000 to 1.2/1,000 live births (p < 0.001). However, 
despite this increase in late- presenting cases, there was no change in the rates of surgical 
intervention (0.8/1,000 live births; p = 0.940).

Conclusion
The literature demonstrates that the implementation of a selective screening programme in-
creased the incidence of DDH diagnosis in the UK while subsequently increasing the rates of 
late presentation and failing in its goal of reducing the rates of surgical intervention for DDH.

Cite this article: Bone Jt Open 2023;4-8:635–642.
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Introduction
Developmental dysplasia of the hip (DDH) 
encompasses a wide spectrum of conditions, 
from subtle acetabular dysplasia to irreduc-
ible dislocation of the hip.1 DDH is a common 
cause of childhood disability and is the 
primary cause of premature arthritis in the 
young and the leading cause of hip arthro-
plasty under the age of 60.2,3 Furthermore, 
early diagnosis of DDH is a crucial factor in 
reducing the need for surgical intervention 

and the incidence of disability in childhood 
and later life.4 Therefore, effective screening 
of DDH is essential in improving paediatric 
public health and reducing the burden on 
the health service.5

Various screening programmes have been 
established within countries with the appro-
priate infrastructure to try and ensure early 
diagnosis of DDH.6 Early diagnosis allows the 
compliant soft- tissues around the neonatal 
hip to be manipulated more effectively, and 

mailto:drarwelpoacher@gmail.com


BONE & JOINT OPEN 

A. T. POACHER, I. HATHAWAY, D. CROOK, ET AL636

the immature acetabulum physiologically remodelled 
without the need for surgical intervention.7,8 Early detec-
tion is most commonly defined as < 12 weeks of chrono-
logical age,9 and late detection is commonly described 
as > 12 weeks. Most institutions use conservative treat-
ment with an abduction brace such as the Pavlik harness, 
and achieve high rates of success in those who are 
detected early.10 However, the success of bracing therapy 
decreases with age,11 and therefore many late- presenting 
or missed cases will require surgical intervention in the 
form of closed or open reductions. Older children may 
also require bony acetabular and/or femoral osteoto-
mies to fully correct the hip deformity, and reduce the 
long- term disease- related morbidity.8 These invasive 
surgical procedures come with significant morbidity and 
mortality: for example, a positive correlation between 
age of DDH diagnosis and severity of avascular necrosis 
(AVN) has been well established.12,13

The poor outcomes of late- presenting DDH high-
light the importance of effective early detection of the 
disease.14- 17 However, clinical examination of DDH, 
including the Ortolani and Barlow manoeuvres and the 
‘clicky hip’, demonstrate notoriously poor specificity and 
sensitivity for detection of both dysplasia and dislocated 
hips.8 The 2008 change screening guidelines for DDH 
within the UK advise that the newborn and six- to eight- 
week clinical assessment should be used in combination 
with ‘selective’ risk factor screening for investigation of 
at- risk patients using ultrasound,18,19 where radiological 
measurements are used to denote disease severity.20,21 The 
Newborn and Infant Physical Examination (NIPE) guide-
lines determine that first- degree family history, breech 
presentation at or after 36 weeks of pregnancy, and all 
infants from multiple pregnancies, where one of these 
risk factors is present, warrant an invitation to ultrasound 
investigation (Table  I). However, since the introduction 
of the NIPE guidelines on DDH screening, there has been 
little evidence regarding the true impact of these changes 
on the rates of DDH diagnosis, late- presenting DDH, and 
the need for surgical intervention.

Therefore, this paper presents the only meta- analysis- 
derived estimates of the effect of changes to the NIPE 

guidelines on the incidence of DDH diagnosis, late 
presentations, and rates of surgical treatment.

Methods
We performed a comprehensive literature search to iden-
tify studies that involved screening for patients with DDH, 
with a particular interest in late diagnoses. MEDLINE, 
Embase, OVID, and Cochrane were searched, in addition 
to a manual search of study citations. Our search terms 
for both engines were as follows: (((DDH) OR (Develop-
mental Dysplasia of the Hip)) OR (Developmental Disloca-
tion of the Hip)) AND ((Late) OR (Delayed) OR (Missed)), 
including MeSH terms. Our manual search covered the 
reference lists of several relevant papers and Cochrane 
reviews, and involved a separate search on the search 
engines mentioned above. We considered all papers 
that involved studies describing diagnostic processes for 
DDH. We specifically chose to review papers, in lieu of 
administrative health data, as this would have required 
ethical approval and may have resulted in less general-
izability given limitations related to access. The use of 
studies was deemed sufficient to highlight any significant 
results that warrant any future investigation; an empirical 
or prospective cohort study may be conducted later. No 
studies were deemed to be overlapping.

Our exclusion criteria were studies that had no refer-
ence to DDH, were not written in English, not based in 
Ireland or the UK, or did not include the basic informa-
tion (outlined in Table  II) needed for the meta- analysis. 
Our authors reviewed all abstracts independently before 
jointly deciding which papers matched the relevant inclu-
sion criteria. We included a specific timeframe to ensure 
we gained a similar number of papers for before and 
after the introduction of the NIPE guidelines. We sourced 
papers from 1994 to 2008 (pre- NIPE) and 2008 to 2021 
(post- NIPE). Papers were categorized depending on the 
date at which their protocol was written.

Papers were screened by ATP, IH, and DLC for their 
suitability for inclusion and any disagreements were 
settled by a majority decision. Data extracted were 
name, year, and author(s) of the paper, methods, results, 
strengths, and weaknesses, in addition to the screening 

Table I. A table demonstrating the breakdown of different classification of UK screening programmes for developmental dysplasia of the hip.

Type of screening 
programme

Criteria for invitation to USS 
investigation Breakdown of risk factors included NIPE guidance16

Traditional
Abnormal Ortolani or Barlow examination; 
clicky hips; limited abduction etc. Positive examination finding

No longer accepted as good practice 
due to poor sensitivity and specificity 
of examination

Selective
Abnormal exam and/or presence of a 
primary RF

Breech birth; family history; multiple births 
(if the sibling has one or more of the above 
primary risk factors)

Endorsed by NIPE and undertaken 
routinely across in NHS England

Universal All new- borns receive USS investigation
Not endorsed in the UK but used in 
mainland Europe

CTEV, congenital talipes calcaneovalgus; FCEV, fixed congenital talipes equinovarus; NIPE, New- born and Infant Physical Examination; PTEV, postural talipes 
equinovarus deformity; RF, risk factor; USS, ultrasound.
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criteria, which is the focus of this review. The numbers of 
live births, cases of DDH, late presentations, and surgical 
treatment (all as classified by the authors of the original 
studies) were the data extracted for use in the meta- 
analysis. Late presentation was taken as those presenting 
over 12 weeks as this was the majority criterion among 
the publications. DDH was classified by each study and 
in those included, it was defined as Graf classification II 
to IV. Surgical intervention was defined as any closed or 
open intervention of the DDH- affected hip. Meta- analysis 
was performed in R v. 4.0.5 “Shake and Throw” (R Foun-
dation for Statistical Computing, Austria), using stan-
dard DerSimonian and Laird meta- analysis models with 
conventional measures of heterogeneity and levels of 
significance chosen. Data and the code for the models 
used are available upon request.

Results
For the 1994 to 2008 search, PubMed yielded a total of 
76 citations, of which 68 were excluded, while MEDLINE 
yielded seven citations, of which six were excluded. For 
the 2008 to 2021 search, PubMed yielded a total of 158 
citations, of which 155 were excluded, while MEDLINE 
yielded 30 citations, of which 29 were excluded (Figure 1). 
Automation tools were not used during the data search 
and extraction.

Our search yielded 271 studies, of which 13 were 
selected for full assessment based on our inclusion criteria. 
The incidence of late- presenting DDH was recorded in 
12 studies and surgical management was recorded by 
nine studies (Supplementary Table i).22 Of the studies, 
13 contained the required data for inclusion in the meta- 
analyses. The summary characteristics of these studies 
are in (Supplementary Table i). The rate of non- surgical 
treatment was not addressed in this review due to lack of 
useable data within the literature.
Meta-analysis. The incidence of DDH is poorly defined 
within a UK population, and incidence is often referenced 
from decades- old studies,23,24 or literature that have pop-
ulations not specific to the UK. Therefore, we have sum-
marized all studies completed within the UK and Ireland 

(Table  III, Supplementary Material) that contained the 
data required for an analysis of the incidence of DDH. 
A fixed- effects meta- analysis (FEM) (Table  III) gave the 
pooled estimate for incidence of DDH of 7.3 cases of DDH 
per thousand live births (95% confidence interval (CI) 7.1 
to 7.6); prior to the implementation of this NIPE guidance 
(pre- 2008), the rate of DDH in the UK population was 
6.5 per thousand live births (95%  CI 6.2 to 6.8). After 
the 2008 change to the NIPE guidance, the incidence was 
estimated as 9.4 per thousand live births (95%  CI 8.9 
to 10), a significant increase from pre- change levels (p 
< 0.001). Examination of the sex ratio in our population 
demonstrated that females are affected by DDH at much 
higher rates than males. Within our model, females made 
up 86% of all DDH cases in the UK with an odds ratio of 
6.14 (95% CI 3.3 to 11.5; p < 0.001).

The pooled rate of late- presenting cases (defined as > 
12 weeks of age) in the UK over the last 25 years was 0.8 
(95% CI 0.7 to 0.9) per thousand live births. The model 
demonstrated a significant increase in the numbers of 
those presenting late following the implementation of 
the 2008 NIPE guidance change, rising from 0.7 (95% CI 
0.6 to 0.8) per thousand live births to 1.2 (95% CI 1.0 to 
1.4) per thousand live births (p < 0.001). However, there 
was no significant change in the rates of surgical inter-
vention, with our data demonstrating an unchanged 
rate of 0.8 (95% CI 0.8 to 0.9) per thousand live births 
pre- change and 0.8 (95% CI 0.7 to 1.1) per thousand 
live births post- change (p = 0.980), and a pooled rate 
of 0.8 (95% CI 0.8 to 0.9) per thousand live births. The 
significant increase in the rates of late presentations 
without the subsequent expected increase in the rates 
of surgical intervention suggests that the relationship of 
surgical intervention with late- presenting cases is not as 
strong as traditionally thought.

There was a large degree of heterogeneity in all the 
models. However, as the characteristics estimated are 
those for which there is one natural value, rather than 
a range of effect sizes, the fixed- effect method of esti-
mation is likely the most appropriate measure. Hetero-
geneity was thought to result mainly from the variation 

Table II. Inclusion/exclusion criteria of the review.

Criteria Inclusion Exclusion

Research participant
Research relating to and/or reporting on the epidemiology, presentation, and 
outcomes of DDH in the UK

Research relating to and/or reporting on the 
epidemiology, presentation and outcomes of DDH 
in the UK

Location Studies performed or reporting on population inside of the UK and Ireland Studies performed on populations outside the UK

Type of study

Primary research included but not limited to cohort studies, case- control 
studies, prospective registry studies, epidemiological evaluations, and service 
evaluations that report findings relevant to the research question whether or 
not they included an intervention or change

Studies that did not report on the epidemiology 
of DDH

Methodology Research involving quantitative, qualitative, or mixed methodology Commentaries, editorial comments

Timescale Research published between 1994 and 2021 Research not published between 1994 and 2021

DDH, developmental dysplasia of the hip.
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in the populations in whom the original studies were 
conducted, and from some differences in the classifica-
tions of DDH — notably, how late presentations were 
classified varied between papers. We evaluated the 

overall risk of bias in the studies collected as moderate. 
Bias was further investigated with standard funnel plots 
and deemed acceptable. We felt that our search strategy 
was suitable and returned – as far as we can determine 

Fig. 1

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only. *Consider, if feasible to do so, reporting the 
number of records identified from each database or register searched (rather than the total number across all databases/registers).**If automation tools were 
used, indicate how many records were excluded by a human and how many were excluded by automation tools. DDH, developmental dysplasia of the hip.
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– all the relevant studies in the main medical journal 
databases. Further, we felt that the large size of the 
studies included was itself protective from publication 
bias. Forest plot representation of this study’s meta- 
analysis can be viewed in Supplementary Figures a to e.

Discussion
The findings of this study provide a novel overview of 
the epidemiology and management of DDH in the UK. 
The best- pooled estimate of the rate of DDH was 7.3 
per thousand live births, which is concordant with the 
range of five to 30 per thousand live births referenced by 
most studies in the recent literature,25,26 and our results 
also reflected and narrowed down this wide range in 
a selectively screened population. The model estimates 
indicate there is a significantly higher incidence of DDH 
following the 2008 change to the NIPE guidance, and 
this agrees with the results from a 2016 study of inci-
dence of DDH in a selective screening population of 5.0 
per thousand live births.27

The mean late diagnosis rate from the results of 
our meta- analysis, before the introduction of NIPE 
guidelines, was 0.7 per thousand live births. However, 
following the introduction of selective screening, the 
late diagnosis rate increased significantly to 1.2 per 
thousand live births. However, despite an increase in 
the rate of late diagnoses, there was no significant effect 
on the rates of surgical intervention after the intro-
duction of a national selective screening programme. 
The lack of clarity of the definition of a ‘late’ presenta-
tion for diagnostic purposes may have influenced this. 
System pressures inevitably cause many children to 
present for initial screening over the age of 12 weeks, 
however not by a significant amount of time. It is not 
unreasonable to assume the difference success rates of 
conservative interventions between those presenting 
at 12 and 14 weeks are not significant and therefore it 
may skew our understanding of the severity of ‘late’ 
presenting cases including these cases in an analysis 
of late presenters. However, once children reach six 
months of age their likelihood of conservative manage-
ment failure is dramatically increased.28 Including these 
in the same group of ‘late’ presenters may be hindering 
our understanding of DDH and its management. There-
fore, we suggest that definitive terminology relating to 
the age of presentation is adhered to in future literature, 
for example, the clarification and stratification of a late 
case of DDH (> 12  weeks) and a missed case of DDH 
(> 24 weeks). The most effective definition of a missed 
case is yet to be correlated clinically — for instance, the 
seminal paper by Broadhurst et al23 describes the limita-
tions of clinical coding categories whereby codes only 
exist in categories of year groups. Therefore, the imple-
mentation of a national coding of late and missed cases 

of DDH would be of significant value when evaluating 
the impact of these clinical presentations.

Both prior to and following the introduction of NIPE 
guidelines, most centres used the Graf20 grading system 
of DDH, screening with an examination at the neonatal 
stage and an examination between six and ten weeks 
of age. Several centres reported satisfaction with the 
guidelines and Humphry et al reported improvements 
in guideline adherence following the introduction of 
NIPE 2008. However, Reidy et al29 expressed concern 
over the reliability of the presumed safety net of the 
clinical examination not being reliable, and Phelan et 
al16 went on to emphasize the need for a more robust 
and regimented screening programme. Whether it is 
the terms of the guidelines themselves or clinical adher-
ence to them which is preventing a reduction in the 
number of late diagnoses, there is a pressing need for 
the literature to examine the true clinical impact of Graf 
type 2 disease, and to define the progression to patho-
logical disease so that we can effectively evaluate DDH 
screening.

The current guidance in the UK as advised by NIPE 
invites those with a breech presentation and first- degree 
family history to ultrasound screening, alongside those 
with an abnormal examination. This is based on current 
evidence, much of which is presented in this review, that 
demonstrates the efficacy of these ‘primary’ risk factors 
as predictors of DDH. However, while the relationship of 
secondary risk factors with DDH has been explored by 
several studies in this review, due to variation in the defi-
nitions of DDH it is difficult to conclude whether these 
secondary risk factors reduced the rates of late/missed 
presenting DDH and the need for surgical intervention 
in a UK population. We should consider evaluating 
these secondary risk factors within a UK population to 
assess their efficacy in reducing DDH- related morbidity 

Table III. Tabulated results of the meta- analyses, data given as the point 
estimate with 95% confidence intervals. Fixed- effects models analysis 
results before and after the inclusion of the change in guidance have been 
included, presenting the ‘pooled’ (1994 to 2021), pre- change (1994 to 
2008), and post- change (2009 to 2021), incidence of the late- presenting 
and surgically treated developmental dysplasia of the hip.

Variable
Rate per 1,000 live births 
(95% CI) p- value

Pooled incidence 7.3 (7.1 to 7.6)

Pre- change 6.5 (6.2 to 6.8)

Post- change 9.4 (8.9 to 10) < 0.001

Pooled late presentations 0.8 (0.7 to 0.9)

Pre- change 0.7 (0.6 to 0.8)

Post- change 1.2 (1.0 to 1.4) < 0.001

Pooled surgically treated 0.8 (0.8 to 0.9)

Pre- change 0.8 (0.8 to 0.9)

Post- change 0.8 (0.7 to 1.1) 0.980

CI, confidence interval.
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within our population, in the absence of a universal 
screening programme.30 Studies from mainland Europe 
have established a significant relationship between 
DDH and foot deformities,31- 33 however other studies 
have not identified a significant association.34 Oligo-
hydramnios has been well associated with DDH,35- 37 
but debate continues as to its efficacy as a predictor 
of DDH.38,39 Furthermore, a relationship between torti-
collis and DDH is well established,27,34,40- 47 but previous 
studies have followed small numbers of patients with 
confirmed torticollis over varying time periods to assess 
for DDH, which does not truly evaluate its inclusion 
within a national screening programme. Therefore, 
further research with consistent classifications of DDH 
incidence, late presentation, and the need for surgical 
intervention is essential to establish the association and 
predictive value of these risk factors within a UK popu-
lation to assess their efficacy in the context of the NIPE 
guidance.

Most centres report that they are following the NIPE 
guidelines accurately, including the key implementation 
of offering ultrasonography to those infants with positive 
examination findings or risk factors (all included breech 
presentation, family history, and multiple pregnancies). 
However, despite this reported change in practice in 
accordance with guidance, outcome improvements in 
the form of improved rates of early DDH detection, with 
reduced late presentation and reduced rate of surgical 
intervention, are not demonstrated by the literature. 
We can speculate on the cause of this, but it is likely 
multifactorial and context- specific (for example: timing 
of ultrasound, diagnostic methodology (Graf or other), 
and human factors associated with the healthcare profes-
sional carrying out the neonatal exam). It is also worth 
noting that the six- to eight- week examination often 
occurs in primary care, so communication and logistical 
delays between primary and secondary care, especially 
following the implementation of a selective screening 
programme, may account for delays in imaging and 
diagnosis. Further study into clinical implications of 
dysplastic (Graf type 2) hips, the treatment outcomes 
for late compared to missed diagnosis, and the efficacy 
of secondary risk factors as predictors of disease are 
required to improve our understanding of DDH, and 
more effectively evaluate screening programmes in the 
UK.

One limitation of this study is the use of longitudinal 
data before and after the engagement of the imple-
mentation of the selective screening programme. These 
data are valuable; however, they must be interpreted in 
the context of evaluation of change in practice. Most 
significantly, there has been a general trend away from 
using surgical intervention in the neonatal population, 
and therefore rates of surgical intervention may have 
reduced even without the corresponding reduction 

in the number of more severe, late- presenting cases 
of DDH. However, the rate of surgical intervention 
was unchanged throughout the 25- year time period 
we studied, which supports the finding that the UK’s 
selective screening programme has been inadequate in 
reducing the rates of late presentation and the need for 
surgical intervention. National surveillance measures 
with a central database could be used to counteract 
these limitations. Furthermore, agreement of a universal 
definition of DDH would provide much- needed clarity 
to future literature. The use of a universally accepted 
definition and presentation of outcome associated with 
Graf grade of DDH will provide significant value for 
risk stratification and understanding of outcomes from 
varying severities of DDH, which are not currently well 
covered.

In conclusion, the 2008 change to NIPE guidance 
significantly increased the incidence of DDH diagnosis 
in the UK. However, the implementation of this new 
screening programme has failed in its goal of reducing 
the rates of surgical intervention within the neonatal 
population. Furthermore, the increase in the number 
of late presentations has not led to an increase in rates 
of surgical intervention; clearer definitions of a late or 
missed diagnosis of DDH are required to allow effective 
evaluation of DDH screening in the UK and abroad.

 Take home message
-  The UK's Newborn and Infant Physical Examination (NIPE) 
guidelines for developmental dysplasia of the hip (DDH) 
advise that the newborn and six- to eight- week 

clinical assessment should be used in combination with ‘selective’ risk 
factor screening for investigation of at- risk patients using ultrasound. 
However, the impact of these changes on the rates of DDH, late 
presenting DDH, and the need for surgical intervention is poorly 
understood.
  - The evidence presented by this review suggests that the selective 

screening guidance has been inadequate at reducing the rates of late 
presentation and need for surgical intervention of DDH. Furthermore, 
the evidence suggests a need to re- define terminology and 
compartmentalising the late case (> 12 weeks) and ‘missed’ case (> 24 
weeks) in future work relating to screening of DDH.
  - Further research evaluating alternative screening strategies, should be 

undertaken to improve our understanding of the disease burden caused 
by delayed diagnoses.

Twitter
Follow A. T. Poacher @arwelpoacher

Supplementary material
 Characteristics and reported numbers of develop-
mental dysplasia of the hip (DDH) diagnoses, late 
diagnoses, and the number of cases surgically 

treated in the included studies; forest plot of the inci-
dence of DDH diagnosis meta- analysis.

References
 1. Gulati V, Eseonu K, Sayani J, et al. Developmental dysplasia of the hip in the

newborn: A systematic review. World J Orthop. 2013;4(2):32–41. 



VOL. 4, NO. 8, AUGUST 2023

THE IMPACT OF THE INTRODUCTION OF SELECTIVE SCREENING IN THE UK ON THE EPIDEMIOLOGY, PRESENTATION, AND TREATMENT OUTCOMES OF DDH 641

 2. Engesæter IØ, Lehmann T, Laborie LB, Lie SA, Rosendahl K, Engesæter LB. 
Total hip replacement in young adults with hip dysplasia: age at diagnosis, previous 
treatment, quality of life, and validation of diagnoses reported to the Norwegian
Arthroplasty Register between 1987 and 2007. Acta Orthop. 2011;82(2):149–154. 

 3. Dezateux C, Rosendahl K. Developmental dysplasia of the hip. Lancet. 
2007;369(9572):1541–1552. 

 4. Mace J, Paton RW. Neonatal clinical screening of the hip in the diagnosis of
developmental dysplasia of the hip: a 15- year prospective longitudinal observational 
study. Bone Joint J. 2015;97- B(2):265–269. 

 5. Poacher AT, Froud JLJ, Caterson J, et  al. The cost effectiveness of potential
risk factors for developmental dysplasia of the hip within a national screening
programme. Bone Jt Open. 2023;4(4):234–240. 

 6. Shorter D, Hong T, Osborn DA. Screening programmes for developmental dysplasia 
of the hip in newborn infants. Cochrane Database Syst Rev. 2011;2011(9):CD004595. 

 7. Sanghrajka AP, Murnaghan CF, Shekkeris A, Eastwood DM. Open reduction
for developmental dysplasia of the hip: failures of screening or failures of treatment? 
Ann R Coll Surg Engl. 2013;95(2):113–117. 

 8. Sewell MD, Eastwood DM. Screening and treatment in developmental dysplasia
of the hip- where do we go from here? Int Orthop. 2011;35(9):1359–1367. 

 9. Goldberg MJ. Early detection of developmental hip dysplasia: synopsis of the AAP 
Clinical Practice Guideline. Pediatr Rev. 2001;22(4):131–134. 

 10. Aarvold A, Perry DC, Mavrotas J, Theologis T, Katchburian M, BSCOS DDH
Consensus Group. The management of developmental dysplasia of the hip in
children aged under three months: a consensus study from the British Society for
Children’s Orthopaedic Surgery. Bone Joint J. 2023;105- B(2):209–214. 

 11. Ömeroğlu H, Köse N, Akceylan A. Success of Pavlik harness treatment decreases 
in patients ≥ 4 months and in ultrasonographically dislocated hips in developmental 
dysplasia of the hip. Clin Orthop Relat Res. 2016;474(5):1146–1152. 

 12. Hussain RN, Rad D, Watkins WJ, Carpenter C. The incidence of avascular
necrosis following a cohort of treated developmental dysplasia of the hip in a single 
tertiary centre. J Child Orthop. 2021;15(3):232–240. 

 13. Bradley CS, Perry DC, Wedge JH, Murnaghan ML, Kelley SP. Avascular
necrosis following closed reduction for treatment of developmental dysplasia of the 
hip: A systematic review. J Child Orthop. 2016;10(6):627–632. 

 14. Angliss R, Fujii G, Pickvance E, Wainwright AM, Benson MKD. Surgical
treatment of late developmental displacement of the hip. Results after 33 years. J 
Bone Joint Surg Br. 2005;87- B(3):384–394. 

 15. Jacobsen S, Sonne- Holm S. Hip dysplasia: A significant risk factor for the
development of hip osteoarthritis. A cross- sectional survey. Rheumatology (Oxford). 
2005;44(2):211–218. 

 16. Phelan N, Thoren J, Fox C, O’Daly BJ, O’Beirne J. Developmental dysplasia of
the hip: incidence and treatment outcomes in the Southeast of Ireland. Ir J Med Sci. 
2015;184(2):411–415. 

 17. Woodacre T, Dhadwal A, Ball T, Edwards C, Cox PJA. The costs of late
detection of developmental dysplasia of the hip. J Child Orthop. 2014;8(4):325–332. 

 18. No authors listed. Newborn and infant physical examination (NIPE) screening:
standards. Office for Health Improvement and Disparities. 2021. https://www.gov.
uk/government/publications/newborn-and-infant-physical-examination-screening- 
standards (date last accessed 18 May 2023).

 19. Hareendranathan AR, Wichuk S, Punithakumar K, Dulai S, Jaremko J. Normal 
variation of infant hip development: patterns revealed by 3D ultrasound. Bone Jt
Open. 2022;3(11):913–923. 

 20. Graf R. Classification of hip joint dysplasia by means of sonography. Arch Orthop
Trauma Surg (1978). 1984;102(4):248–255. 

 21. Archer H, Reine S, Alshaikhsalama A, et  al. Artificial intelligence- generated
hip radiological measurements are fast and adequate for reliable assessment of hip 
dysplasia: an external validation study. Bone Jt Open. 2022;3(11):877–884. 

 22. Liberati A, Altman DG, Tetzlaff J, et  al. The PRISMA statement for reporting
systematic reviews and meta- analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ. 2009;339:b2700. 

 23. Broadhurst C, Rhodes AML, Harper P, Perry DC, Clarke NMP, Aarvold A. 
What is the incidence of late detection of developmental dysplasia of the hip in
England?: a 26- year national study of children diagnosed after the age of one. Bone 
Joint J. 2019;101- B(3):281–287. 

 24. 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. J Bone
Joint Surg Br. 2001;83- B(4):579–586. 

 25. Sewell MD, Rosendahl K, Eastwood DM. Developmental dysplasia of the hip.
BMJ. 2009;339:b4454. 

 26. Zhang Z, Li H, Li H, Zhang Z. Timing for closed reduction procedure for
developmental dysplasia of the hip and its failure analysis. BMC Musculoskelet
Disord. 2020;21(1):613. 

 27. Woodacre T, Ball T, Cox P. Epidemiology of developmental dysplasia of the hip
within the UK: refining the risk factors. J Child Orthop. 2016;10(6):633–642. 

 28. Longo UG, Papalia R, De Salvatore S, et  al. Developmental hip dysplasia: An
epidemiological nationwide study in Italy from 2001 to 2016. Int J Environ Res Public 
Health. 2021;18(12):6589. 

 29. Reidy M, Collins C, MacLean JGB, Campbell D. Examining the effectiveness of 
examination at 6- 8 weeks for developmental dysplasia: testing the safety net. Arch 
Dis Child. 2019;104(10):953–955. 

 30. Cheok T, Smith T, Wills K, Jennings MP, Rawat J, Foster B. Universal screening 
may reduce the incidence of late diagnosis of developmental dysplasia of the hip: a 
systematic review and meta- analysis. Bone Joint J. 2023;105- B(2):198–208. 

 31. Håberg Ø, Foss OA, Lian ØB, Holen KJ. Is foot deformity associated with
developmental dysplasia of the hip? Bone Joint J. 2020;102- B(11):1582–1586. 

 32. Perry DC, Tawfiq SM, Roche A, et  al. The association between clubfoot and
developmental dysplasia of the hip. J Bone Joint Surg Br. 2010;92- B(11):1586–1588. 

 33. Zhao D, Rao W, Zhao L, et al. Is it worthwhile to screen the hip in infants born with 
clubfeet? Int Orthop. 2013;37(12):2415–2420. 

 34. Paton RW, Choudry QA, Jugdey R, Hughes S. Is congenital talipes equinovarus a 
risk factor for pathological dysplasia of the hip?: a 21- year prospective, longitudinal 
observational study. Bone Joint J. 2014;96- B(11):1553–1555. 

 35. Dogruel H, Atalar H, Yavuz OY, Sayli U. Clinical examination versus ultrasonography 
in detecting developmental dysplasia of the hip. Int Orthop. 2008;32(3):415–419. 

 36. Rosendahl K, Markestad T, Lie RT. Developmental dysplasia of the hip. A
population- based comparison of ultrasound and clinical findings. Acta Paediatr. 
1996;85(1):64–69. 

 37. 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. Arch Orthop Trauma Surg. 2001;121(1–2):7–11. 

 38. Leibovitch L, Kuint J, Rosenfeld E, Schushan- Eisen I, Weissmann- Brenner 
A, Maayan- Metzger A. Short- term outcome among term singleton infants with
intrapartum oligohydramnios. Acta Paediatr. 2012;101(7):727–730. 

 39. Dunn PM. Perinatal observations on the etiology of congenital dislocation of the hip. 
Clin Orthop Relat Res. 1976;119:11–22. 

 40. de Hundt M, Vlemmix F, Bais JMJ, et al. Risk factors for developmental dysplasia 
of the hip: a meta- analysis. Eur J Obstet Gynecol Reprod Biol. 2012;165(1):8–17. 

 41. Hummer CD, MacEwen GD. The coexistence of torticollis and congenital dysplasia 
of the hip. J Bone Joint Surg Am. 1972;54- A(6):1255–1256. 

 42. Ippolito E, Tudisco C, Massobrio M. Long- term results of open
sternocleidomastoid tenotomy for idiopathic muscular torticollis. J Bone Joint Surg
Am. 1985;67- A(1):30–38. 

 43. Kim SN, Shin YB, Kim W, et al. Screening for the coexistence of congenital muscular 
torticollis and developmental dysplasia of hip. Ann Rehabil Med. 2011;35(4):485–490. 

 44. Minihane KP, Grayhack JJ, Simmons TD, Seshadri R, Wysocki RW, Sarwark 
JF. Developmental dysplasia of the hip in infants with congenital muscular torticollis. 
Am J Orthop (Belle Mead NJ). 2008;37(9):E155–8. 

 45. Tien YC, Su JY, Lin GT, Lin SY. Ultrasonographic study of the coexistence of
muscular torticollis and dysplasia of the hip. J Pediatr Orthop. 2001;21(3):343–347. 

 46. von Heideken J, Green DW, Burke SW, et  al. The relationship between
developmental dysplasia of the hip and congenital muscular torticollis. J Pediatr
Orthop. 2006;26(6):805–808. 

 47. Morrison DL, MacEwen GD. Congenital muscular torticollis: observations
regarding clinical findings, associated conditions, and results of treatment. J Pediatr 
Orthop. 1982;2(5):500–505. 

Author information:
� A. T. Poacher, MBBCh, BSc, Academic Core Trainee
� C. James, MBBCh, BSc, Academic Foundation Doctor

Trauma Department, University Hospital of Wales, Cardiff, UK.
 � I. Hathaway, BSc, Medical Student, Cardiff University School of Medicine, Cardiff, 
UK.

 � D. L. Crook, MBBCh, Junior Clinical Fellow, Department of Surgery, Royal London 
Hospital, London, UK.

 � J. L. J. Froud, BSc, Academic Foundation Doctor
 � L. Scourfield, MBBCh, BSc, Academic Foundation Trainee
Guy's and St Thomas' NHS Foundation Trust, London, UK.

 � M. Horner, BSc, MBBCh, Specialist Trainee Orthopadic Surgery

https://www.gov.uk/government/publications/newborn-and-infant-physical-examination-screening-standards
https://www.gov.uk/government/publications/newborn-and-infant-physical-examination-screening-standards
https://www.gov.uk/government/publications/newborn-and-infant-physical-examination-screening-standards


BONE & JOINT OPEN 

A. T. POACHER, I. HATHAWAY, D. CROOK, ET AL642

� E. C. Carpenter, BSc (Anatomy), MBBCh, MRCS (Eng), FRCS (T&O), Paediatric
Orthopaedic Surgeon
Noah’s Ark Children’s Hospital for Wales, Cardiff, UK.

Author contributions:
� A. T. Poacher: Conceptualization, Methodology, Funding acquisition, Project 

administration, Resources, Software, Supervision, Investigation, Data curation, 
Formal analysis, Validation, Visualization, Writing – original draft, Writing – review 
& editing. 

� I. Hathaway: Methodology, Funding acquisition, Project administration, Resources, 
Software, Supervision, Investigation, Data curation, Formal analysis, Validation, 
Visualization, Writing – original draft, Writing – review & editing. 

� D. L. Crook: Methodology, Formal analysis, Writing – review & editing. 
� J. L. J. Froud: Methodology, Software, Investigation, Writing – review & editing, 

Project administration, Data curation. 
� L. Scourfield: Methodology, Funding acquisition, Project administration, Resources, 

Software, Supervision, Investigation, Data curation, Formal analysis, Validation, 
Visualization, Writing – original draft, Writing – review & editing. 

� C James: Methodology, Software, Investigation, Writing – review & editing, Project 
administration, Data curation. 

� M. Horner: Conceptualization, Supervision, Writing – review & editing
� E. C. Carpenter: Conceptualization, Methodology, Supervision, Writing – original 

draft.

Funding statement:
� The authors received no financial or material support for the research, authorship,

and/or publication of this article.

Data sharing:
� All data generated or analyzed during this study are included in the published article 

and/or in the supplementary material.

Ethical review statement:
� Ethical approval was not required as this was a review of the published literature.

Trial registration number:
� The study was registered on the PROSPERO register, registration number:

CRD42022327953.

Open access funding:
� The authors confirm that the open access fee for this study was self- funded.

© 2023 Author(s) et al. Open Access This article is distributed under the terms of 
the Creative Commons Attributions (CC BY 4.0) licence (https://creativecommons.org/ 
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any 
medium or format, provided the original author and source are credited.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	The impact of the introduction of selective screening in the UK on the epidemiology, presentation, and treatment outcomes of developmental dysplasia of the hip
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	References
	Funding statement:


