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Summary
BACKGROUND: Detecting developmental dysplasia of
the hip in infants is crucial. This study aimed to estimate
the sensitivity of clinical screening for developmental dys-
plasia of the hip in a tertiary care setting. We compared
clinical findings with ultrasound results to determine diag-
nostic accuracy.

METHODS: This retrospective study evaluated newborns
aged 0–4 months treated for developmental dysplasia of
the hip from May 2017 to June 2023 at a tertiary care cen-
tre in Switzerland. All patients underwent clinical examina-
tions and a hip ultrasound scan (Graf method). The sen-
sitivity of clinical findings was calculated, along with 95%
confidence intervals (CI), and stratified by developmental
dysplasia of the hip severity.

RESULTS: Among 122 newborns, clinical screening
demonstrated an overall sensitivity of 66% (95% CI:
58–74%). Sensitivity was higher for unstable hips (91%,
95% CI: 82–99%) than for stable hips (50%, 95% CI:
38–62%). Differences in diagnostic timing were observed
between groups.

CONCLUSION: Clinical screening for developmental dys-
plasia of the hip showed limited sensitivity, particularly for
stable cases. Universal ultrasound screening could im-
prove early detection rates.

Introduction

Developmental dysplasia of the hip is one of the most fre-
quent congenital skeletal diseases, with an incidence rang-
ing between 1 and 20 per 1000 infants depending on the
population and region. This variation reflects differences in
diagnostic criteria, screening methods and population char-
acteristics [1].

Developmental dysplasia of the hip encompasses a wide
range of conditions, from a stable hip with mild acetabular
dysplasia to complete hip dislocation. If developmental
dysplasia of the hip is not treated promptly, it can deteri-
orate and have a detrimental impact on the child’s normal
development and healthy growth [2].

Before the introduction of ultrasound technology for
neonatal hip assessments in the early 1980s, physical ex-

amination was the primary method used for screening.
With time, ultrasound gradually gained prominence as the
predominant method of screening for developmental dys-
plasia of the hip [2, 3]. Screening for developmental dys-
plasia of the hip has been debated for many years. In
Europe, screening programmes are unregulated and vary
widely. There is no agreement on whether hip ultrasound
should be performed on all newborns (universal screening)
or only in those with risk factors or clinical instability of
the hip during clinical examination (selective screening)
[4, 5]. Risk factors such as a positive family history, breech
position and multiple gestation are considered in selective
screening. However, most infants diagnosed with sympto-
matic developmental dysplasia of the hip do not exhibit
any identifiable risk factors [6].

Furthermore, the optimal timing of when to perform ul-
trasound in the first weeks of life is not yet clear due to
the high frequency of hip immaturities observed in the first
6–8 weeks of life which tend towards spontaneous resolu-
tion before the 12th week of life in almost 90% of cases.
This leads to significant differences in the different screen-
ing programmes in Europe, making comparison studies
difficult [7]. Table 1 summarises the different practices in
Europe.

Table 1:
Screening programmes in Europe.

Country Screening type Timing of ul-
trasound
(weeks)

Austria Universal 6–8

Belgium Selective <12

England Selective 6

France Selective <4

Germany Universal 6–8

Italy Universal 4–12

Netherlands Selective 12

Norway Selective 1

Portugal Selective 6–8

Slovakia Universal 1–12

Sweden Selective 1–12

German-speaking Switzerland Universal 4–6

French-speaking Switzerland Selective 4–6
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Despite the lack of benefit in terms of reducing the rates
of late-detected cases in randomised clinical trials, univer-
sal ultrasound screening for developmental dysplasia of the
hip has gained increasing popularity [4, 8]. The Interna-
tional Interdisciplinary Consensus Meeting on the evalu-
ation of developmental dysplasia of the hip strongly sup-
ports that ultrasound screening is essential [9]. This is also
supported by several studies, which highlight a discrepan-
cy between clinical findings and ultrasound examination.
Indeed, the literature confirms that ultrasound examina-
tion has a sensitivity of more than 90%, while clinical ex-
amination presents a sensitivity of less than 30% in some
studies [10]. Clinical examination can detect instability but
not dysplasia with a stable hip [9]. On the other hand, a
Cochrane review published in 2013 did not show any long-
term advantages of a universal screening programme [5].

Our study aimed to estimate the sensitivity of clinical
screening for developmental dysplasia of the hip per-
formed at a Swiss tertiary care centre.

Methods

Study design and data flow

This was a retrospective cohort study conducted at a ter-
tiary paediatric orthopaedic care centre in Switzerland. The
study included newborns aged between 0 and 120 days di-
agnosed with developmental dysplasia of the hip between
May 2017 and June 2023.

Patient identification and inclusion criteria

Patient records were retrieved from the hospital’s electron-
ic archived medical records.

Inclusion criteria were infants aged 0–120 days with a con-
firmed developmental dysplasia of the hip diagnosis (Graf
type IIa to IV) based on hip ultrasound.

Patients with normal ultrasound findings (Graf type I),
with neuromuscular diseases, referred from other hospitals
or with a diagnosis made after 120 days of age were ex-
cluded.

Data extraction procedures

Clinical examination results (Barlow, Ortolani, Galeazzi
and limited abduction tests) were extracted from paediatric
orthopaedic consultation records.

All clinical examinations had been carried out by the same
senior consultant.

Hip ultrasound findings (Graf classification) were re-
trieved from radiology reports.

All ultrasound examinations were performed either by a
paediatric radiologist or by the senior orthopaedic surgeon
specialising in paediatric hip disorders, minimising vari-
ability in assessment.

Demographic variables and risk factors (breech position,
family history, birth order) were recorded. The timing of
developmental dysplasia of the hip diagnosis and treatment
initiation were also documented.

A second reviewer (a paediatric orthopaedic specialist)
verified data extraction for a subset of cases. Any missing

or inconsistent data were flagged and addressed before sta-
tistical analysis.

Study period and sample size rationale

The study period was chosen as the senior orthopaedic spe-
cialist has been present at this tertiary care centre since
2017, ensuring consistency in clinical assessments and di-
agnostic approaches. The sample included all patients
treated at the centre since 2017, providing a comprehensive
dataset reflecting real-world clinical practice.

Primary outcome and statistical analysis

The primary outcome of this study was the sensitivity of
clinical screening for developmental dysplasia of the hip.
Sensitivity was calculated as the proportion of patients
with developmental dysplasia of the hip who had at least
one positive clinical finding (Barlow, Ortolani, Galeazzi,
limited abduction) compared to the reference standard of
ultrasound diagnosis using the Graf method [11]. Sensitiv-
ity was analysed separately for stable hips (Graf IIa, IIb,
IIc) and unstable hips (Graf D, III, IV).

For the statistical analysis, Pearson’s chi-square test was
used to determine whether sensitivity significantly differed
between stable and unstable hips. The t-test was used to
determine whether the mean and median age at diagnosis
differed for the diagnosis of stable vs unstable hips.

Ethical approval

The study protocol was approved by the Ethics Review
Committee (ID 2023-00787). The data and analysis code
are available on request.

Results

Of 149 infants referred for suspected developmental dys-
plasia of the hip, 27 were excluded for the following rea-
sons: 9 had normal hips (Graf type I) confirmed on ultra-
sound, 1 had contraindications for clinical examination and
3 had initially been treated at other centres. Fourteen pa-
tients were excluded because they had surpassed 120 days
of age at the time of their initial diagnosis. A total of 122
patients met the inclusion criteria and were analysed. Fig-
ure 1 shows their distribution across Graf categories. Most
(84%) were female. Median age at diagnosis was 52 days
(0–120). Among the included patients, 40% (49/122) had
a breech presentation, 37% (45/122) had a positive family
history of developmental dysplasia of the hip and 29% (35/
122) were first-born children.

Table 2 summarises the demographics of our study group
according to the severity of developmental dysplasia of the
hip. Clinical screening demonstrated an overall sensitivi-
ty of 66% (95% confidence interval [CI]: 58–74%). Sensi-
tivity was higher for unstable hips (Graf types D, III, IV)
than for stable hips (Graf types IIa, IIb, IIc): respective-
ly, 91% (95% CI: 82–99%) and 50% (95% CI: 38–62%).
The Pearson chi-square test confirmed a significant differ-
ence in sensitivity between stable and unstable hips (χ2 =
5.7114, p = 0.017). Among individual tests, limited abduc-
tion had the highest sensitivity (48%, 95% CI: 39–57%).
Table 3 provides detailed test performance. Diagnosis was
significantly delayed for stable hips compared to unstable
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hips. The mean age at diagnosis for stable hips was 59
days (range: 3–119 days), significantly different from the
41 days (range: 1–115 days) for unstable hips (t = 3.09, p
= 0.001); the median age at diagnosis was 59.5 days and
44 days, respectively. Only 24% of stable hips were diag-
nosed and treated before 6 weeks of age, compared to 48%
of unstable hips.

Discussion

Looking at the demographics in our study population, 84%
of patients were female. Epidemiological data have report-
ed that developmental dysplasia of the hip is two to three
times more common in females than in male infants [12].
When examining risk factors, 40% of patients had breech
presentation, 37% had a positive family history and 29%
were first-born. These factors are well-documented as risk
factors for developmental dysplasia of the hip, with a rel-
ative risk of 1.39 for positive family history (95% CI:

Figure 1: Study data flow. DDH: developmental dysplasia of the hip.

Table 2:
Demographic variables by Graf classification.

Total (n = 122) Graf IIa Graf IIb Graf IIc Graf D Graf III Graf IVVariable

n = 15 n = 24 n = 37 n = 12 n = 22 n = 12

Female (%) 84% 87% 75% 89% 83% 91% 75%

Mean age at diagnosis, in days (min–max; standard devia-
tion)

52.6 (2–120;
32)

56 (7–119;
24)

80 (6–120;
25)

47 (6–113;
30)

38 (5–115;
38)

42 (5–112;
29)

43 (2–111;
30)

Median age at diagnosis, in days 52.5 57 87 52 21 45.5 44

Breech (%) 40% 47% 33% 43% 25% 32% 67%

Twins (%) 2.4% 0 8% 3% 0 0 0

Family history (%) 37% 60% 37% 32% 25% 36% 33%

First-born (%) 29% 0 21% 38% 42% 32% 33%

Table 3:
Sensitivity (%) of the clinical examination for developmental dysplasia of the hip.

Test Overall (95%
CI)

Graf IIa (95%
CI)

Graf IIb (95%
CI)

Graf IIc (95%
CI)

Graf D (95%
CI)

Graf III (95%
CI)

Graf IV (95%
CI)

Stable (95%
CI)

Unstable (95%
CI)

Barlow 34% (26–42%) 20% (10–30%) 4% (0–12%) 35% (24–46%) 50%
(35–65%)

55%
(40–70%)

58% (42–74%) 22%
(13–31%)

54% (43–65%)

Ortolani 23% (16–30%) 7% (1–13%) 0% (0–0%) 11% (4–18%) 25%
(12–38%)

68%
(53–83%)

42% (26–58%) 7% (2–12%) 50% (39–61%)

Galeazzi 16% (10–22%) 0% (0–0%) 8% (1–15%) 3% (0–7%) 0% (0–0%) 36%
(21–51%)

75% (59–91%) 4% (0–8%) 37% (26–48%)

Abduction limitation 48% (39–57%) 33% (21–45%) 38% (26–50%) 43% (31–55%) 42%
(28–56%)

64%
(49–79%)

83% (68–98%) 39%
(28–50%)

63% (52–74%)

At least one positive
finding

66% (58–74%) 40% (28–52%) 38% (26–50%) 62% (50–74%) 75%
(61–89%)

95%
(88–100%)

100%
(100–100%)

50%
(39–61%)

91% (84–98%)

CI: confidence interval.
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1.23–1.57), 3.8 for breech presentation (95% CI: 2.3–6.2)
and 1.44 for first-born status (95% CI: 1.12–1.86) [13, 14].

However, a systematic literature review indicates that,
apart from sex, only 10–27% of infants diagnosed with de-
velopmental dysplasia of the hip in population-based stud-
ies show discernible risk factors [6]. This raises concerns
about selective screening, which recommends ultrasound
examination only for infants presenting at least one risk
factor or a pathological clinical examination.

This challenge is compounded by the fact that the sensitiv-
ity for identifying at least one positive clinical finding was
only 66% in our study group for all hips (table 3). When
considering only stable developmental dysplasia of the hip
cases, the sensitivity drops to 50%. Conversely, sensitiv-
ity increases to 91% in the unstable group, a significant-
ly better result. Despite experienced paediatric orthopaedic
surgeons performing the clinical examinations, this sug-
gests that selective screening based on clinical examina-
tion could miss approximately 50% of stable developmen-
tal dysplasia of the hip cases. Our results correlate with
previous literature, where clinical screening sensitivity for
developmental dysplasia of the hip varies between 28.1%
and 57% [10, 15]. This variability has also been shown in
a Danish study, which found a low predictive positive val-
ue for clinical screening of developmental dysplasia of the
hip [15]. Furthermore, a study by Kyung et al. demonstrat-
ed that approximately 7% of clinically normal hips were
found to be abnormal upon ultrasound examination in a
sample of 156 ultrasounds [16].

The limited abduction was the most sensitive and prevalent
clinical sign in our study group for both stable and unstable
hips. This finding confirms previously reported data [4,
17]. The Ortolani and Barlow tests have a specificity above
90%, but their sensitivity drops to 35% and are therefore
only useful in detecting unstable hips [15]. This has also
been confirmed in our cohort, with sensitivities of 7% and
4%, respectively, in the stable developmental dysplasia of
the hip group.

Timing at diagnosis was later in stable cases than in unsta-
ble ones with a mean age at diagnosis of 59 days in stable
hips which corresponds to 8.5 weeks of life, while unsta-
ble hips were diagnosed at a mean age of 41 days. This is,
compared to other authors, quite belated [18, 19].

Only 24% of stable hips were treated before the age of 6
weeks. The delayed diagnosis of stable developmental dys-
plasia of the hip may be attributed to the lack of clinical
instability, which often leads to delayed screening ultra-
sound. It is one of the reasons why the international inter-
disciplinary consensus meeting on the evaluation of devel-
opmental dysplasia of the hip supports a universal screen-
ing programme for developmental dysplasia of the hip [9].

Considering the literature, different authors have reported
a substantial reduction in surgical interventions, hospital-
isations and delayed diagnoses resulting from a universal
US screening programme [6, 20]. The outcomes of Aus-
tria’s universal screening initiative demonstrated a signif-
icant reduction in the frequency of open reduction, pelvic
surgery and hospital admissions for developmental dyspla-
sia of the hip. Furthermore, the expenses incurred by a US
screening programme were outweighed by the costs saved
through the avoidance of surgical and non-surgical treat-

ments, confirming the programme’s cost-effectiveness [21,
22]. On the other hand, numerous recent studies and meta-
analyses have failed to demonstrate the utility of univer-
sal screening in reducing late dysplasia [5, 23]. Selective
screening is also supported by the American Academy of
Pediatrics. They recommend clinical screening of all new-
borns with subsequent clinical exam of the hips at every
regular health visit until the child is walking normally [24].

These variations in screening practices worldwide, coupled
with the lack of a national register for dysplasia and long-
term follow-up, complicate international comparisons [7].

Our study has limitations. The variability in ultrasound ex-
aminers – even if all ultrasound examinations were per-
formed either by a paediatric radiologist or by the senior
orthopaedic surgeon, thereby minimising variability in as-
sessment – and the exclusion of patients with normal ul-
trasound scans limit the generalisability of our findings.
Additionally, the small sample size and lack of interobserv-
er reliability in clinical examination reduce the strength
of our conclusions. Notably, all clinical assessments were
performed by a single examiner, preventing an evaluation
of consistency across different practitioners. Furthermore,
the absence of a control group of patients without devel-
opmental dysplasia of the hip is a significant limitation,
as all included patients were referred to our paediatric or-
thopaedic department based on an initial pathological ul-
trasound. Future studies should aim to incorporate a broad-
er cohort, including patients without developmental dys-
plasia of the hip, to allow for the calculation of specificity
and predictive values and to enhance the overall applica-
bility of the findings.

Conclusion

In conclusion, our study highlights the limited sensitivity
of clinical screening for developmental dysplasia of the
hip, especially for stable cases. Even when performed by
experienced clinicians, clinical examinations may miss
nearly half of stable developmental dysplasia of the hip
cases, which supports previous studies showing a wide
range of clinical sensitivity (28–57%). Universal ultra-
sound screening offers a more comprehensive approach,
reducing the risk of delayed diagnoses and the complica-
tions associated with missed cases. Although Austrian da-
ta support the cost-effectiveness of universal screening, in-
ternational comparisons are complicated by inconsistent
screening practices and the lack of long-term follow-up da-
ta.
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