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Clinical examination and patients’  
history are not suitable for  
neonatal hip screening
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Kai Martin Foerster3, Alexander Crispin6, Ferdinand Wagner1,4,5 ,  
and Bernhard Heimkes7

Abstract
Purpose: To assess the percentage of missed developmental dysplasia of the hip, which escape the German criteria 
for newborn hip high-risk screening, we analyzed our data gained from the general neonatal sonographic hip screening 
performed at our department. The aim of the study was to determine the number of potentially belatedly treated 
developmental dysplasia of the hip.
Methods: The data from 1145 standardized newborn hip ultrasound examinations according to the Graf technique 
were analyzed retrospectively comparing findings for general neonatal sonographic hip screening and high-risk screening 
subgroups.
Results: We diagnosed developmental dysplasia of the hip in 18 of the 1145 newborns via ultrasound. A total of 10 
out of 18 developmental dysplasia of the hip would have been missed by high-risk screening, which corresponds to a 
proportion of 55.6% false-negative results. The sensitivity of high-risk screening was only 44.4% and specificity, 78.3%. 
The positive predictive value was 3.2%. Family history as a screening criterion yielded false-negative results in 77.8% and 
false-positive results in 16.8%. In all, 83.3% of the children who were born with developmental dysplasia of the hip but 
not from breech position as a risk factor were false negative. The clinical examination was false negative in 88.9% and 
false positive in 0.6%.
Conclusion: High-risk screening detected less than every second developmental dysplasia of the hip, rendering the first 
month as the most effective treatment window unavailable for inapparent dysplastic hips, potentially resulting in the need 
for more invasive treatment. Due to the high sensitivity of ultrasound in the detection of developmental dysplasia of the 
hip, we recommend to replace the current German high-risk screening guidelines with a general newborn screening for 
all neonates using Graf ultrasound in the first week of life.
Level of evidence: Level II.
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Introduction
Developmental dysplasia of the hip (DDH) is one of the 
most frequent skeletal disorders, which occurs in 2%–4% 
of all newborns.1–4 Clinical and radiologic examination 
for DDH was improved by hip ultrasound (US) during the 
1980s. The number of necessary surgical interventions 
due to this disorder decreased dramatically in countries 
that implemented US into their newborn hip screening.5 
Therefore, the initiators of the screening recommended 
general neonatal hip sonography screening (GNHS) for 
all newborns within the first week of life in order to be 
able to start the necessary treatment as soon as possible 
and consequently to further reduce the number of surgical 
interventions.4,6,7

Critics of this early screening algorithm argued that 
GNHS leads either to overtreatment or later to costly addi-
tional sonography.8 In order to improve the cost-effective-
ness, they recommended screening all children at U3—a 
standardized mandatory general pediatric examination in 
Germany—scheduled between fourth and sixth week of 
age. To avoid delay in the treatment of severe DDH, an 
additional “high-risk” hip screening (HRS) was imple-
mented aiming at children with early clinical signs, family 
history, or other risk factors for DDH such as intrauterine 
breech position and oligohydramnios.9 Newborns meeting 
these criteria should receive an early US at the third to 
tenth day of life (so-called U2 screening).

To assess the percentage of children with DDH who 
would have received delayed treatment using the current 
German HRS algorithm in comparison with a GNHS, we 
analyzed the outcomes of hip USs within the first days of 
life of all babies born at our neonatology department dur-
ing a 1-year period

Methods

Patient collection

All infants born at the Munich University Hospital perina-
tal high-risk obstetrics center (Campus of the Ludwig 
Maximilians University) in Germany, between 1 February 
2013 and 1 February 2014 were examined once at the 
Department of Pediatric Orthopaedics and screened for 
DDH during the first 10 days after delivery. Therefore, all 
parents were asked to present at our Department before dis-
charge. Parents agreed to participate in the study via written 
informed consent. We excluded patients older than 10 days 
of age. In addition, we excluded data from preterm infants 
born before 37 weeks of gestation. The study was approved 
by the local ethics committee of the Ludwig Maximilians 
University (EthiNo.: 175-13) and conducted according to 
the guidelines of the Declaration of Helsinki.

Data recording

Data from a standardized clinical and sonographic examina-
tion sheet were analyzed retrospectively. Information about 

the child’s presentation at birth, mode of delivery, and family 
history regarding DDH provided by the parents was recorded. 
The criteria for a positive family history comprised the use of 
an abduction brace, treatment with Spica cast, or hip surgery 
during the newborn or infancy period of a close relative (sib-
ling, parents, aunt or uncle, grandparents). Statements like 
“possible DDH,” “wide wrapping,” or “double diapering” 
were considered a negative history for DDH.

The presence of limited abduction and a positive 
Ortolani test as well as other clinical signs of DDH were 
documented on the examination sheet. In addition, the 
variables “normal clinical examination,” “instable hip,” 
“displaceable hip,” “dislocated hip,” or “limited abduc-
tion” as well as the side of the hip were recorded.

Ultrasound examination

A 7.5-MHz transducer was used in the subsequent hip 
sonography (Sonoline G20; Siemens, Germany). We exam-
ined all children according to the standardized protocol for 
US examination and diagnosis according to the Graf tech-
nique.2 Measurements of the alpha and beta angles of the 
right and left hips and their corresponding classification of 
the infant hip according to Graf were recorded (Ia/b, IIa (+ 
>55° alpha angle), IIa (− <55° alpha angle), IIb, IIc stable, 
IIc unstable, D, IIIa, IIIb, IV).

In addition, the diagnoses “physiological hip matu-
rity,” “physiological immaturity” (type IIa+ according 
to Graf), “dysplasia” (type IIa− <55° alpha angle or 
worse according to Graf and therefore requiring immedi-
ate treatment), and “dislocation” were recorded depend-
ing on the sonography findings. All children with hip 
types IIa (− < 55° alpha angle), IIc, D, III, and IV were 
double-checked by a specialist for pediatric orthopedics 
(n = 3) in order to avoid incorrect false-positive results. 
These specialists were certified by the national medical 
board as specialists for orthopedic surgeons who com-
pleted an additional 18-month training at a department 
of pediatric orthopedics.

Statistical analysis

For statistical analysis, we used SPSS for Windows, Version 
22.0 (SPSS Inc., USA). The metric variables were calcu-
lated as mean values and medians, while the measures of 
variance were given as standard deviations and quartiles. 
The categorized or nominal data were given as absolute and 
relative frequency. The comparison of the results of the 
screening test and the diagnosis of DDH was carried out 
with the help of the modified chi-square test according to 
McNemar. The generated ROC (receiver operating charac-
teristic) curves were used to depict the influence of sensi-
tivity and specificity, with sensitivity being shown against 
the complementary specificity set to the value 1.

For the multivariate analysis, the binary logistic regres-
sion with forward inclusion was carried out using the like-
lihood ratio criterion (inclusion p-value ≤0.05; exclusion 
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variables (sonography vs HRS) determine whether there is 
a change in value distribution. Sonography was defined as 
the gold standard: a positive sonography result means that 
hip dysplasia is present in the hip. HRS, which summarizes 
the parameters of breech position, clinical examination, 
and positive family history, was considered as positive 
once one of these three criteria was present.

Table 2 shows the relationship between the outcome of 
the HRS and the actual existence of DDH. In 882 infants, no 
abnormalities were documented in HRS as well as in US 
(true negative, representing 78.3% of children without 
DDH). The number of false-positive cases in which HRS 
was conspicuous but no DDH was detected in US included 
245 patients (representing 21.7% of children without DDH).

However, 10 out of 18 sonographically identified hip 
dysplasia or displacements escaped the diagnosis applying 
the HRS criteria (55.6% of children with DDH). These 
infants had no abnormalities in family anamnesis, clinical 
examination, or birth position, although US definitely 
detected the presence of DDH. Eight out of 18 hips with 
DDH were detected with the criteria of HRS (representing 
44.4% of DDH, true positive).

Table 1. Distribution of hip types according to the 
classification of Graf.

Right hips Left hips

 n % n %

Ia/b 855 74.7 855 74.7
IIa+ 278 24.2 275 24.0
IIa− 1 0.1 1 0.1
IIc 3 0.3 2 0.2
IIc stable – – – –
IIc unstable – – 1 0.1
D 6 0.5 8 0.7
III 2 0.2 2 0.2
IV – – 1 0.1
Total 1145 100 1145 100

Figure 1. Depicted are the percentage of positive HRS 
compared with sonographically detected DDH.

p-value >0.1). A two-sided significance check was carried 
out for all tests, with a p-value <0.05 being regarded as 
statistically significant for all statistical tests.

Results

Patients’ characteristics

We recorded data from a total of 1362 patients. Of these, 
217 data sets were excluded so that 1145 infants (570 
females (49.8%), 575 males (50.3%)) were included in 
the analysis. In all, 613 children (53.5%) had been deliv-
ered spontaneously, 135 by vacuum extraction, and 397 
via cesarean section. In total, 1063 (93%) children pre-
sented in a cephalic presentation at birth, 58 children in 
the full breech position, 9 in double footling breech, 3 in 
single footling breech, 5 in Frank breech, and 5 in the 
transverse position. Thus, combined breech position 
totaled 6.6%. Recording of birth position was missed in 
two cases.

Only 16.6% of patients with DDH had a positive family 
history. In 46 patients (4.0%), an assessment of risk factors 
for DDH was not possible due to communication problems 
or the absence of family members during the examination. 
According to the statistical technique of majority voting, 
that allows cases with unknown values of a variable to be 
assigned the value of the majority of cases, these patients 
were labeled to have a “negative family history.”

The mean alpha angle for the right hip was 63.0° and 
for the left hip was 64.8°; the median was 64.0° for both 
sides (standard deviation right ±4.70°, left ±4.89°). The 
smallest alpha angle was 34° for the right hip and 20° for 
the left hip, and the largest alpha angle was 78° on both 
sides. For the evaluation of the alpha angle, three data sets 
were missing for the right hip and five for the left hip.

Table 1 illustrates the distribution of hip types accord-
ing to the classification of Graf. The sonographic examina-
tion of the right hip showed 74.7% mature infant hips (type 
Ia/b). In all, 24.3% were immature but still healthy hips 
(type IIa±). Hip dysplasia (types IIc–IV) accounted for a 
percentage of 1.0%. Similar findings resulted from the 
sonographic evaluation of the left hips.

Prevalence of DDH in correspondence to HRS

DDH was detected via US in 18 of a total of 1145 patients 
included in the evaluation, which corresponds to a preva-
lence of 1.6% (see Figure 1). HRS was positive in 22.1% 
(n = 253) of the cases, and 77.9% (n = 892) of the patients 
showed no abnormalities.

Relationship between the outcome of the HRS 
and the actual existence of DDH

McNemar test is a modification of the chi-square test and is 
used exclusively for dichotomy variables. Two dependent 
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Postulating HRS as a reference for the presence of 
DDH, the following results should be mentioned: in 253 
cases, a positive HRS result was obtained suggesting 
DDH. Among these, eight patients (3.2%) had DDH; the 
remaining 245 infants had no hip maturation disorder 
(96.8%). Of the 892 patients who had a negative HRS 
result, 10 patients had DDH (1.1% of cases), while 882 
had an inconspicuous hip US (98.9% of cases). There are 
highly significant differences between the two methods 
(HRS vs US): more than half of the patients with DDH 
(55.6%) were not detected by HRS. McNemar analysis 
calculated a significance of p ≤ 0.000 for this finding.

Calculation of predictive values

According to Table 3, the sensitivity of HRS (percentage 
of HRS-positive patients) was 44.4%. The specificity (per-
centage of HRS negatives of all health infants) was calcu-
lated to be 78.2%. Assuming that the prevalence in this 
sample reflected the general population, the calculated 
positive predictive value (probability of DDH with posi-
tive test result) was 3.2%. The negative predictive value 
(probability of non-existing DDH in the case of negative 
test result) was 98.9%.

ROC analysis. ROC analysis was used in order to test the 
reliability of HRS for the detection of DDH. With the ROC 
curve, the sensitivity is compared to the specificity value 
complementary to 1 (false-positive rate). A diagnostic 
value without any predictive force would result in a diago-
nal (see Figure 2, dashed line). Hip sonography as an ideal 
diagnostic instrument with a strike rate of 100% (all dys-
plasia are identified as such) and an error rate of 0% (no 
healthy child is found as sick) generates a point in the 
upper left corner of the chart. The more bulbous the ROC 

curve, the greater the predictive value of the test. A mea-
sure of this is the area below the ROC curve (=area under 
the ROC curve = AUC), which is 0.5 for a test without any 
predictive force and 1 in the ideal test. With HRS as a diag-
nostic tool, we calculated a low AUC of 0.614.

Discussion

An estimated 10% of total hip arthroplasties result from 
untreated or insufficiently treated hip dysplasia.10 This 
equates to more than 11,000 hip implants for Germany,11 
generating a substantial socio-medical and economic 
impact, when costs for physician consultations, surgical 
and rehabilitative measures, drug prescriptions, and dis-
ability pensions are factored in. Therefore, the aim of this 
work was to determine the percentage of overlooked con-
genital dysplasia and displacement of the hip that escape 
postnatal diagnosis with the current criteria of neonatal 
HRS and result in delayed treatment for DDH.

In Germany, the Federal Association of Health 
Insurance Funds as part of childhood disease pre-existing 
conditions detection program12 introduced a selective hip 
sonography screening on 1 January 1996. The accompany-
ing guideline suggests a two-step algorithm: only in the 
presence of anamnestic or clinical risk factors, a US exam-
ination of the infant’s hips has to be performed during the 
first week of life (within the framework of the German 
general medical newborn screening = U2). Risk factors 
include birth from breech position, the presence of hip 
joint dysplasia in the family history, joint instability, or 
limited abduction of the hip during clinical examination. 
Children without corresponding risk factors should be 
sonographed between the fourth and fifth week of life 
(=U3). Until this second screening date, 90% of the early 
detected IIa hips mature spontaneously to type I hips.10,13–16 
This approach constituted an economic and logistic com-
promise, since inconspicuous newborns could still be diag-
nosed later but would escape appropriate therapy before 
the sixth week of life.

Godward and Dezateux17 were able to show that 
stand-alone clinical screening cannot achieve a decrease 
in surgery for DDH. However, the rate of surgical inter-
ventions decreased significantly after the introduction of 
sonographic hip screening.13,18–22 In order to decrease 
this number even further, the GNHS suggested by Graf 
should provide hip US for all infants at two different 
time points: regardless of the existence of risk factors 
within the first week of life and again during the sixth to 
eighth week of life.23

Several factors support an early US in the first week of 
life. With regard to the hip maturation curve of Graf and 
Tschauner, conservative treatment has the best chance of 
restoring full anatomical healing when started as early as 
possible.13,24,25 Graf achieved anatomical healing in 100% 
of cases when starting therapy before the sixth week. Eight 

Table 2. Relationship between the outcome of the HRS and 
the actual existence of DDH.

HRS

 Negative Positive Total

DDH No n 882 245 1127
 % of DDHs 78.3 21.7 100
 % of HRS 98.9 96.8 98.4
 Yes n 10 8 18
 % of DDHs 55.6 44.4 100
 % of HRS 1.1 3.2 1.6
Total n 892 253 1145
 % of DDHs 77.9 22.1 100
 % of HRS 100 100 100
Chi-square tests
 Exact significance (two-tailed)
McNemar test ≤0.000
Number of valid cases 1145

HRS: high-risk screening; DDH: dysplasia of the hip.
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percent of the children ended up with residual dysplasia 
(type IIb) if therapy started after that time point.13 Klapsch 
et al.26 even showed pathological hip joint maturation if 
starting therapy at the fourth week. Currently, the average 
patient´s age at U3 is 5.5 weeks.27

The median gestational age at birth was 39.2 weeks 
comparing favorably to Partenheimer et al.,28 while they 
also included babies beginning from the 24th week of 
pregnancy. So far, no significant correlation of the param-
eters “pregnancy week” and “alpha angle” were found by 
several researchers.29–31 Graf et al.18 stated an increased 
proportion of immature but not pathological joints in pre-
term babies. Nevertheless, we excluded preterm babies in 
our study.

According to our results, the present screening strategy 
is inadequate. Especially the clinical examination is not 
suitable for screening, as it searches for late signs relying 
on highly investigator-dependent methods. Just 2 (11.1%) 
out of 18 dysplastic hips were discovered by clinical 
examination in our study. Jari et al. found 2 out of 34 and 
Seidl et al. found 1 of 74 pathological hips affected by a 
limited abduction of the hip.10,32 In addition, according to 
Seidl et al.,32 71% of hips in need of therapy remained 

clinically mute when performing the Ortolani test. 
Rosendahl et al.33 found a 63% detection rate of DDH clin-
ical examination in neonatal age, which is in line with the 
results of Riboni and De Pellegrin.30,34 Tönnis et al. showed 
that more than half (52.2%) of the pathological hips 
detected by US were inconspicuous in the clinical exami-
nation. Ortolani test and limited abduction provided no 
evidence of the present dysplasia, in 75% of type IIc and 
58% of IId hips. The majority of the dysplastic hips in 
need for therapy showed an unlimited abduction; only type 
IV hips showed a typical spread inhibition in 65%.3,35 In 
our study, the number of false-negative clinical instability 
was even higher with 88.9%.

The high number of different investigators (n = 3) might 
also be regarded as a point of criticism of our work. 
Nevertheless, the reliability of clinical findings usually 
decreases with the increasing number of investigators.36–38 
In addition, the sensitivity of the Ortolani sign is less than 
60%. For inexperienced investigators, it decreases even 
further.32,39,40 The medical specialty of the investigator also 
influences the results of clinical examination: orthopedists 
are twice as likely to document true-positive instability 
findings as pediatricians (0.6% vs 0.3%).41,42 However, we 
tried to overcome this concern as all examinations were 
carried out only by orthopedists.

In contrast to HRS, the US screening of the hip devel-
oped by Graf is set up with strict algorithms that hardly 
allow false results. Nevertheless, the technique contains 
sources of error when handled insecurely.42 In our study, 
we attempted to avoid false-positive results by examining 
all children with hip types IIa (−), IIc, D and IV a second 
time by our specialists in the pediatric orthopedic outpa-
tient clinic.

Our study reveals HRS as a non-suitable tool for diag-
nosing DDH in the first week of life. With a sensitivity of 
44%, less than one in two hip dysplasia were detected. 
Seidl et al. came to similar conclusions, which showed that 
in a total of 2550 newborns examined, only 34 out of 74 
pathological hip joints had been detected. The sensitivity 
was given at 48.6% and the specificity at 78.1%.32,43 
Falliner et al.19 determined the sensitivity of HRS as 52% 
and the specificity as 73%. However, the sensitivity of a 
screening strategy should be 60%–90% in general. HRS is 

Table 3. Sensitivity, specificity, and positive and negative predictive value for HRS; 95% confidence interval.

Sensitivity True positive/(true positives + false negatives) 8/(8 + 10) = 44.4%
95% CI = 22%–69%

Specificity True negatives/(true negatives + false positives) 882/(882 + 245) = 78.2%
95% CI = 75.7%–80.6%

Positive predictive value True positive/(true positive + false positive) 8/(8 + 245) = 3.2%
95% CI = 1.4%–6.1%

Negative predictive value True negatives/(true negatives + false negatives) 882/(882 + 10) = 98.9%
95% CI = 97.9%–99.5%

CI: confidence interval.

Figure 2. ROC analysis for HRS.
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therefore hardly able to identify the diseased as diseased, 
which is also evident in the high proportion of false-nega-
tive results of 55.6%. Other studies also indicated that up 
to 50% of DDHs showed no clinical risk factors or anam-
nestic abnormalities.35,44 Our HRS was conspicuous in 
22.1%, which is in line with the findings of other authors 
(27%).3,4,39,44 On the other hand, Seidl et al.32,43 detected a 
high rate of false-positive findings of 51.4%.

A limitation of our study is the fact that we only ana-
lyzed the data collected within 1 year and therefore ended 
up with a lower patient number compared to other studies. 
Talbot et al analyzed 64,670 children born in the United 
Kingdom prospectively and detected 31 infants with an 
irreducible dislocation of the hip. Fifty-eight percent of 
these children presented late, despite universal clinical and 
selective US screening. Seventy-two percent of these late 
presenting cases had no risk factors.45,46

In addition, Biedermann et al. recently detected a treat-
ment rate of 1% for DDH in 28,092 neonates screened 
immediately after birth. Approximately 10% of these 
underwent closed or open reduction. This strengthens the 
conviction that early identification and treatment is crucial 
for successful conservative treatment (Biedermann et al., 
2018).47

Conclusion

Our results suggest that the current HRS strategy as pro-
vided for by the German health insurance funds cannot be 
recommended as an appropriate screening strategy. 
Essential aspects of the screening criteria established by 
Wilson and Jungner48 are not met, in particular the stage at 
which the disease is latent but not recognized. The signifi-
cance of anamnestic risk factors and clinical examination is 
low. We still consider the orthopedic clinical examination 
of every newborn child as essential. Nevertheless, we dis-
continued to trust any clinically normal-appearing hip and 
focused more on other orthopedic conditions such as foot, 
spine, and upper limb deformities. Like Kolb et al.44 and 
Graf et al., we postulate a GNHS in the first week of life.

The earliest diagnosis possible offers the highest chance 
of anatomical healing with conservative methods and 
reduced therapy.49 HRS does not provide timely therapy to 
sufferers.
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