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Abstract

Background: Developmental dysplasia of the hip (DDH) is used to describe a spectrum of structural abnormalities that involve the
growing hip. Early diagnosis and treatment are critical to providing the best possible functional outcome. This study aimed to evaluate
the prevalence of DDH in neonates with and without risk factors and determine the role of ultrasound screening on the initial diagnosis.

Methods: This prospective cross-sectional study was conducted on 399 infants at the Pediatric Treatment Center, Tehran University
of Medical Sciences, between December 2015 and June 2016. Infants with suspected DDH who underwent hip ultrasonography were
included, and the presence or absence of each risk factor was documented according to the checklist. The ultrasound findings were also
registered in the checklists. The odds ratio (OR) of each risk factor for DDH was calculated. The collected data were analyzed by SPSS
software version 18 at a 0.05 significance level.

Results: In 16 months of study, 174 (43.6%) male and 225 (56.4%) female infants under the age of 18 months were studied. Risk
factors were detected in the medical history of 329 infants. Out of them, 230(57.6%) were firstborn children, 7 (1.75%) had a positive
family history of DDH, and 26 (6.5%) had limb anomalies. There was also a history of breech presentation in 16 (4.01%) and a history
of oligohydramnios in 21 (5.1%) of infants. The prevalence of DDH was 25.8% in infants with risk factors and 2.8% in those without
risk factors. (OR =11.84, P <0.05).

Conclusion: In this study, the frequency of DDH was significantly higher in infants with risk factors. The female gender and limb
anomalies were stronger risk factors for DDH. Overall, ultrasound showed great potential for DDH screening.
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Introduction

Developmental Dysplasia of the Hip (DDH) represents
the most common developmental disorder of the musculo-
skeletal system in infants, encompassing a wide array of hip

abnormalities such as acetabular instability, acetabular dys-
plasia, hip subluxation, and true hip dislocation (1). Addi-
tionally, the incidence of DDH varies significantly, ranging

from 0.06 per 1000 live births among Africans to 76.1 per
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Developmental Dysplasia of the Hip (DDH) is a significant
musculoskeletal disorder in infants, recognized for its spectrum
ranging from acetabular dysplasia to dislocation. Early detection
through screening, particularly using ultrasound, is crucial for
effective management, with various risk factors, including gender
and familial history impacting prevalence.
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— What this article adds:
This study refines the understanding of DDH screening's efficiency,
emphasizing the enhanced detection in female infants and those with
specific limb anomalies. It challenges the utility of broad-risk-factor
screening, advocating for a targeted approach that optimizes
resource allocation and potentially improves early diagnostic
outcomes.
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1000 in Native Americans. However, the incidence of DDH
diagnosed late stands at 1.28 per 1000 newborns, with the
majority of these cases being identified between the ages of
1 and 2 years (2, 3). A multitude of risk factors, including
fetal breech presentation, female gender, being a firstborn
child, swaddling, oligohydramnios, and positive family his-
tory, contribute to the incidence of DDH (4, 5). Addition-
ally, congenital anomalies such as metatarsus adductus,
clubfoot, calcaneovalgus, and congenital muscular torticol-
lis may be associated with DDH (6).

Given that DDH is asymptomatic in infants and young
children, screening plays a critical role in early detection
(7). Clinical examination and/or sonography are commonly
used for screening DDH. Clinical hip screening consists of
Ortolani and Barlow maneuvers (8). Ultrasonography pro-
vides both static and dynamic imaging of the hip. Static ul-
trasonography demonstrates the coverage of the femoral
head by the cartilaginous acetabulum, known as a angle,
while the dynamic type provides a real-time image of the
Ortolani and Barlow maneuvers (7). Graf introduced a
method for evaluating hip maturation disorders. In this clas-
sification, the o and 3 angles are measured to determine the
type of disorders, which ranges from type I (mature hip) to
type IV (dislocated hip) (9). In infants younger than 6
months, conservative management with a Pavlik harness is
preferred. Surgical intervention followed by application of
a hip spica cast is considered in cases where reduction is
not achieved or in late presentations (10)

The current screening program for DDH, adopted by our
center and others globally, is recognized as a selective strat-
egy, targeting infants at high risk. However, this approach
has drawbacks, as some infants still present with late-diag-
nosed forms of DDH, often in the absence of known risk
factors (11). Recognizing the critical importance of early
DDH diagnosis, which may be elusive in infants without
risk factors, our study aims to evaluate the prevalence of
DDH in neonates, both with and without known risk fac-
tors, and to determine the impact of ultrasound screening in
the initial diagnosis across different risk groups.

Methods

Study design and participants

This prospective cross-sectional study was conducted at
the Pediatric Treatment Center, Tehran University of Med-
ical Sciences, between December 2015 and June 2016. The
inclusion criteria were infants younger than 18 months with
suspected DDH who were referred for ultrasonography.
The patients were excluded if their parents did not consent
to participate in the study.

Data Collection and Ultrasonography Examination

After securing written informed consent, we meticu-
lously collected data encompassing birth order, gender, de-
livery method, family history, and the presence of associ-
ated conditions such as clubfoot and torticollis, along with
other pertinent physical findings. This collection was facil-
itated through a comprehensive questionnaire. For the ul-
trasonography examinations, we employed a 6-8 MHz
multi-frequency linear-array probe alongside the Medical
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C260 (Pie) device, enabling both static and dynamic assess-
ments of hip anatomy. For static evaluation, while the in-
fants were in a supine position with legs being parallel, the
probe was placed at the lateral margin of hip joints in the
coronal plane, o, and P angles, and the type of DDH was
determined. For dynamic evaluation, while knee joints
were flexed, posterolateral pressure was exerted on hip
joints and the dislocation size of the femoral head was cal-
culated. Dislocation of less than 6 mm was classified as the
hypermobile femur (non-pathological) and dislocation of
more than 6 mm was classified as complete dislocation if
the femoral head was completely out of the acetabular cav-
ity or partial dislocation in case of mild displacement. An a
angle less than 60 was considered abnormal.

Data analysis

The collected data were analyzed by SPSS software ver-
sion 18. Qualitative indexes, including frequency, percent-
age, mean, and OR, were used to describe the data. The OR
for DDH risk factors was calculated. The significance level
was set at 0.05 for all statistical tests.

Ethical Considerations

This study was conducted with the permission of the Teh-
ran University of Medical Sciences Ethical Committee by
the code of IR-TUMS.CHMC.REC.1397.4972. Written, in-
formed, and voluntary consent was obtained from all par-
ents of participants in the study. The checklists were de-
signed anonymously, and the patients’ personal infor-
mation remained confidential.

Results

Three hundred ninety-nine patients were enrolled in this
study. 174 of them (43.6%) were male and 225 (56.4%)
were female. The female-to-male ratio was 1.29. The type
of birth was normal vaginal delivery in 151 (37.8%) and
cesarean section in 248 (62.2%). In terms of fetal history,
amniotic fluid levels were normal in 378 infants (94.7%)
and oligohydramnios was reported in 21 (5.3%). 230 in-
fants (57.6%) were firstborn child, 131 (32.8%) were sec-
ond-born, and 38 (9.5%) were third-born or higher. The
family history of DDH was positive in 7% of the infants
and negative in 371 (93%). The recordings of neonatal ex-
amination revealed that 26 (6.5%) had organ abnormalities,
11 had renal abnormalities (2.8%) and 17 (4.3%) had ab-
normalities in other organs. In total, in 47 of 329 patients
(11.8%), a single risk factor. In 121 (30.3%) 2 risk factors,
in 136 cases (34.1%) 3 risk factors, and in 25 infants (6.3
%), 4 or more risk factors were observed. Out of 399 infants
examined, DDH was confirmed by ultrasound examination
in 87 (21.8%) and in the other 312 cases, the ultrasound
findings were normal. Out of 87 cases diagnosed with
DDH, 52 had bilateral involvement, 23 (5.8%) on the left
side, and 12 (3%) on the right side. Overall, the prevalence
of DDH was 2.8% in infants without any risk factors (2 out
of a total of 70 cases) and 25.8% in those with at least one
risk factor (85 out of a total of 329 cases). The likelihood
of DDH among infants with risk factors was 11.84 times
that of those with no risk factors. (95% CI: 2.8-49.3).
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Assessment of Risk Factors

Table 1 presents the distribution and prevalence of De-
velopmental Dysplasia of the Hip (DDH) across various
risk factors, evaluating the association of DDH with the
presence or absence of these factors and delineating the sig-
nificance attributed to each. According to the outcomes de-
rived from the Pearson regression analysis, a pronounced
correlation was identified linking DDH incidence with fac-
tors such as gender, type of delivery, and the presence of
organ anomalies. Conversely, no statistically significant re-
lationship was discerned between DDH occurrence and as-
pects like firstborn status, amniotic fluid volume, familial
predisposition, gestational age at birth, and initial presenta-
tion.

Ultrasound Findings

Among the 87 infants identified with Developmental
Dysplasia of the Hip (DDH), the left hip was implicated in
72 instances, whereas the right hip was involved in 64
cases. Notably, bilateral hip dysplasia was observed in 52
of these infants. The classification of femoral ultrasound
findings, spanning Types I to IV, along with their respec-
tive subcategories, is detailed in Table 2. A significant pro-
portion of cases, 93.2%, exhibited positive static ultrasound
features (Types I, III, IV) in the right hip, a figure that es-
calated to 96.8% for the left hip. Notably, Type Ila repre-
sented the most prevalent category of ultrasound-deter-
mined hip involvement.

Discussion

Developmental Dysplasia of the Hip (DDH) represents a
dynamic and progressive disorder, necessitating a multidis-
ciplinary management approach (12). The pivotal role of
early diagnosis cannot be overstated, as it paves the way for
more conservative and effective treatment modalities. Con-
sequently, various screening strategies have been proposed
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Table 2. Frequency of ultrasound finding types in the bilateral hips

Type Frequency (percentage)

Left hip Right hip
1 5 (6.8%) 2 (3.2%)
1a 40 (54.1%) 35 (55.6%)
1Ib 7 (9.5%) 4 (6.3%)
Ilc 6 (8.1%) 4(6.3%)
1Id 4 (5.4%) 6 (9.5%)
1 7 (9.5%) 7 (11.1%)
v 5(6.8%) 5(7.9%)
Total 74 (100.0%) 63 (100%)

to facilitate early detection. Notably, ultrasound screening
has demonstrated high diagnostic accuracy, boasting a sen-
sitivity of 88.5% and a specificity of 96.7% for DDH in
newborns (13). This study sought to explore the prevalence
of DDH among neonates, examining both those with and
without established risk factors and to assess the impact of
ultrasound screening in initial diagnosis. Our findings re-
veal a nuanced understanding of DDH risk associated with
each factor, informing the refinement of screening proto-
cols for high-risk infants and potentially streamlining future
screening efforts.

A noteworthy aspect of our findings pertains to the rela-
tionship between DDH and familial history. With a positive
family history present in 7% of all infants and 10.3% of
those with DDH, the anticipated correlation with DDH risk
(OR: 1.77) fell short of statistical significance. This con-
trasts with previous studies, which have attributed a higher
risk associated with family history (14, 15). Such variance
points towards the complex etiology of DDH, suggesting
that genetic predisposition, while relevant, may not be the
sole factor in DDH development. The genetic intricacies
are further illustrated by the differential concordance rates
in identical versus dizygous twins, hinting at a polygenic
inheritance pattern that contributes to the disorder (16, 17).

Gender disparity in DDH prevalence was evident in our

Table 1. Prevalence, risk estimation and significance of each risk factor in the diagnosis of DDH

Risk factors Number (percentage) Prevalence of DDH DDH risk Estimation (OR) P value
Birth order 0.991

Firstborn 230 (57.6%) 50 (21.7%) 0.995 0.823
Not firstborn 169 (42.4%) 37 (21.8%) 1.004

Gender 3.024

Female 225 (56.4%) 66 (29.3%) 2.032 <0.001
Male 174 (43.6%) 21 (28.3%) 0.672

Type of delivery 2.083

Cesarean 248 (62.2%) 65 (35.5%) 1.635 0.006
Vaginal 151 (37.8%) 22 (14.5%) 0.785

Amniotic fluid 0.836

Oligohydramnios 21 (5.3%) 4 (21.9%) 0.991 0.751
Normal 378 (94.7%) 83 (19.04%) 1.185

Family history 1.779 0.162
Positive 28 (7%) 9 (32.14%) 1.047

Negative 371 (93%) 78 (21.02%) 0.589

Organ abnormality 2.866

Presence 26 (6.5%) 11 (42.3%) 1.090 0.009
Absent 373 (93.5%) 76 (20.3%) 0.380

Birth age 0.739 0.414
Preterm 58 (14.5%) 12 (20.6%) 0.943

Term 341 (85.5%) 75 (23.8%) 1.276

Presentation 1.722 0.321
Breech 16 (4%) 5(31.25%) 1.151

Cephalic 383 (96%) 82 (21.4%) 0.668
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cohort, with females showing a marginally higher preva-
lence than males. This aligns with the broader consensus in
the literature, which posits the female gender as a signifi-
cant risk factor for DDH, presumably due to the influence
of female hormones on ligamentous laxity (18-20). Such
hormonal effects underscore the biological underpinnings
of DDH and highlight the need for gender-specific consid-
erations in screening and management strategies.

In an intriguing departure from prevailing assumptions,
our analysis revealed that being the firstborn child serves as
a protective factor against DDH. This finding challenges
the established notion that DDH risk diminishes with in-
creasing parity (15). We hypothesize that the restricted in-
trauterine mobility experienced by firstborns due to the yet-
to-be-stretched maternal organs may inadvertently reduce
the risk of developing DDH (21). This observation invites
a reevaluation of the factors contributing to DDH risk and
emphasizes the multifaceted nature of its etiology.

The role of breech presentation and the mode of delivery
in DDH risk was also scrutinized. Our findings, indicating
a lower-than-expected correlation between breech presen-
tation and DDH (OR: 1.72), diverge from previous reports
(22-24). This discrepancy may reflect the complex dynam-
ics of fetal positioning and its impact on hip development.
Similarly, the debate around the mode of delivery and DDH
risk was reignited by our study, which found cesarean de-
livery to have a minimal impact on DDH risk, challenging
both previous research and meta-analyses (25, 26). Like-
wise, the relationship between preterm birth and DDH re-
mains ambiguous, with our findings indicating no signifi-
cant association, thus contributing to the ongoing discourse
on prematurity and DDH risk (27-29). Such findings under-
score the necessity for a nuanced understanding of the in-
terplay between birth practices and DDH risk.

Furthermore, our study did not find a significant correla-
tion between oligohydramnios and DDH, diverging from
previous suggestions of its role as a risk factor (30). How-
ever, the association between DDH and other limb abnor-
malities, such as congenital muscular torticollis, was cor-
roborated, aligning with existing literature and underscor-
ing the interconnected nature of musculoskeletal anomalies
(20).

The laterality of DDH, with a predominance of left hip
involvement observed in our cohort, echoes the findings of
previous studies and suggests a potential link to common
intrauterine positions. This observation offers valuable in-
sights into the pathophysiological mechanisms underlying
DDH and highlights the importance of considering fetal po-
sitioning in screening and early intervention strategies (31,
32).

Despite the extensive body of research on DDH, the de-
bate over the optimal approach to screening persists. The
divergence between universal screening protocols in Eu-
rope and selective screening in North America reflects
broader disparities in healthcare policy and resource allo-
cation.(33, 34) Our study lends support to the targeted use
of ultrasound screening in infants at high risk, suggesting a
more efficient allocation of resources and potentially im-
proved outcomes for those most at risk.

In acknowledging the limitations of our study, including
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the modest size of our cohort and the absence of long-term
follow-up data, we advocate for further research. Larger-
scale studies with longitudinal tracking are crucial for re-
fining screening guidelines, enhancing our understanding
of DDH, and ultimately improving patient care.

Conclusion

In light of our findings, we strongly advocate for the im-
plementation of targeted hip ultrasound screening protocols
for the early detection of developmental dysplasia of the hip
(DDH), with a particular emphasis on female infants and
those presenting with limb anomalies such as torticollis and
clubfoot. This recommendation stems from the discernible
impact of these specific risk factors on the prevalence of
DDH, underscoring the potential for more efficient and ef-
fective screening strategies. However, it is crucial to
acknowledge that the inclusion of infants with a broader
spectrum of established risk factors did not correspondingly
increase the detection rate of DDH in our study. This ob-
servation suggests the need for a refined approach to DDH
screening, one that balances the benefits of early detection
with the practicalities of healthcare resource allocation. Fu-
ture research should aim to further elucidate the optimal
screening criteria, potentially incorporating advanced im-
aging techniques and genetic markers to enhance the early
identification and management of DDH. Through such ef-
forts, we can hope to improve outcomes for affected in-
fants, optimizing both the efficiency of screening programs
and the efficacy of subsequent interventions.
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