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Paediatric hip ultrasound: uncertainties in 
examination and choice of treatment
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Abstract

Purpose In Germany, neonates undergo hip sonography 
examination using the Graf method during the routine U3 
screening examination, performed by consultant physicians 
four to five weeks after birth, and are referred to specialized 
orthopaedic departments if there are any uncertainties. This 
study evaluated the quality of sonographic screening in the 
outpatient sector and the treatment requirements of referred 
children. 

Methods We performed a retrospective analysis of the patient 
data of 384 neonates collected in consultations performed 
between April 2016 and April 2019. 

Results In total, 74% (n = 284) of neonates presented a hip 
type Ia/b. Treatment (abduction brace or Fettweis cast) was 
required in 32% (n = 122) of cases. The treatment duration 
was significantly correlated with age at first presentation 
(Pearson’s r = 0.678; p = 0.001). The treatment duration for 
patients aged > 200 days old at first presentation was twice 
as long as those aged 100 days at first presentation. Patients 
with public health insurance require referral by a consultant. 
Developmental dysplasia of the hip as referral diagnosis could 
not be confirmed in control examination in 64% (n = 132) of 
cases. Of the public health insured children, 97% (n = 200) 
were referred through a consultant paediatrician. 

Conclusion We identified deficits in performing and inter-
preting the Graf method of ultrasound examination. A total 

1 Orthopaedics and Trauma Surgery, Universitätsklinikum Gießen 
und Marburg - Standort Marburg, Marburg, Hessen, Germany
2 Department of Internal Medicine, Universitätsklinikum Gießen und 
Marburg - Standort Marburg, Marburg, Hessen, Germany
3 Pediatric Nephrology, Pediatrics II, Universitätsklinikum Gießen und 
Marburg - Standort Marburg, Marburg, Hessen, Germany
4 Auguste-Viktoria-Klinik, Bad Oeynhausen, Nordrhein-Westfalen, 
Germany

Correspondence should be sent to Florian Bucher, Zentrum für 
Orthopädie und Unfallchirurgie, Universitätsklinikum Marburg, 
Baldingerstr., 35043 Marburg, Germany.
E-mail: drflorianbucher@gmail.com 

of 64% of referred pathological hips turned out to be phys-
iological configurations in our control examination. The fu-
ture goal should be to increase anatomical knowledge of the 
newborn hip and ensure the correct use of Graf ultrasound 
method. Advanced training courses are recommended and 
necessary. 
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Introduction
In Central Europe, developmental dysplasia of the hip 
(DDH) affects 2% to 4% of all births.1,2

Congenital hip dislocation has an incidence of 0.5% to 
1% per 1000 births and female children seem to be more 
commonly affected.2,3 The aetiology of DDH is multifacto-
rial and has not been fully elucidated. Multiple previously 
published studies postulate different endogenous and 
exogenous risk factors.4-6

In Germany the Graf method of ultrasound for screen-
ing of the neonatal hip has been performed during the 
U3-screening examination since 1996.7 The ‘U-screenings’ 
in Germany are developmental medical check-ups that 
begin shortly after birth and continue until 64 months of 
age. The U3- screening examination is performed four to 
five weeks after birth. This examination focuses especially 
on the examination of the hip joint8 and is considered the 
benchmark for early diagnosis of DDH in Germany.9,10 A 
standardized sonogram is obtained according to Graf’s 
checklist.11,12 The alpha-angle, which is the measurement 
of the bony roof of the acetabulum, and the beta-angle 
which measures the cartilaginous roof are measured 
according to three anatomically defined lines.11

There is consensus in the literature that early initial 
diagnosis with direct treatment during the first weeks of 
life significantly reduce long-term complications.7,13,14

During everyday care, we recognized an increase in 
the number of children referred to our special consul-
tation hour for the pathological newborn hip, but the 
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 prescription of abduction braces and application of Fett-
weis casts did not seem to increase. 

The goal of the current study was to evaluate the qual-
ity of referral diagnosis as an indicator of persisting lack of 
knowledge in how to correctly perform the Graf method 
of ultrasound in the ambulant care sector. We also investi-
gated the necessity of treatment for the referred children. 
We performed a quantitative assessment of the target 
group. 

Materials and methods
Our clinic is a supraregional reference centre for the treat-
ment of DDH. A consultation hour specially for assessing 
developmental dysplasia of newborn hips has been estab-
lished and is held weekly. A separate room with a higher 
ambient temperature is used for this purpose, equipped 
with a diaper changing table, examination table with a 
cradle and a probe guide system. We use the sonographic 
unit Sonoline G60S (Siemens, Erlangen, Germany) 
equipped with a 7.5-MgHz linear transducer (Fig. 1). 

The sonographic and clinical findings are documented 
on standardized A4 format medical records which meet 
the legal requirements in Germany according to section 
135, paragraph 2 in the German Criminal Code (§ 135 Abs. 
2 SGB V).13

The medical history focuses on certain features of birth, 
including breech presentation, premature delivery, natu-
ral birth or caesarean section and oligohydramnios. The 
clinical examination focuses on limitation in hip abduc-
tion, leg-length discrepancy in 90° hip and knee flexion 
and presence of Ludloff’s sign. The feet of the newborn 
are examined for malformations. 

The sonographic classification according to Graf is 
documented for each hip. The bony and cartilaginous 
form, shape of the lateral bony rim and alpha and beta 
angles are noted and classified according to Graf types. A 
treatment recommendation is finally noted. The medical 
record is given to the parents, while a copy is archived at 
our polyclinic.

A retrospective data analysis of the routinely gathered 
data from the medical records was performed, in addition 
to analysis of referral reports to our consultation hour for 
developmental dysplasia of the newborn hip was per-
formed. A total of 702 medical records for 384 patients 
were evaluated for between 1 April 2016 and 30 April 
2019. Sonographic examination and classification were 
exclusively performed by the head of department (C-DP) 
(German Society of Ultrasound in Medicine (DEGUM) 
Level III). Data analysis was performed anonymously.

The inclusion criteria were all children referred to our 
special consultation hour from 1 April 2016 until 30 April 
2019. 

Fig. 1 Examination table with cradle and probe guide system; sonographic unit Sonoline G60S (Siemens, Erlangen, Germany).
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Fig. 2 Hip types according to Graf classification.

We excluded patients who were examined sonograph-
ically by residents. We also excluded children which were 
presented consultatively to the gynaecological ward 
within the first few days postnatal for initial screening.

The key target parameters were the sonographic Graf 
classification, required treatment, treatment duration and 
referral diagnosis. 

Statistical evaluation was performed using JASP version 
0.8.6.0 (University of Amsterdam, Amsterdam, Nether-
lands). Descriptive statistics were generated, including 
number of cases, percentages and means. Linear correla-
tion analysis was performed using Pearson’s correlation 
coefficient, with a p-value < 0.05 considered statistically 
significant. 

Results
Study population

The gender distribution of referred newborns showed a 
female predominance of 73% (n = 280) compared with 
27% (n = 104) male cases. The ratio of natural births (51%) 
to caesarean sections (49%) was approximately equal. Of 
newborns, 17% (n = 59) showed a breech position (total 
number = 348 due to language barrier) and 51% of our 
patients were born preterm. In all, 5% of cases showed 
oligohydramnios. A positive family history of DDH was 
confirmed in 37% (n = 141) of cases. The mean age at ini-
tial presentation was 58.36 days (sd 65.62, range: one day 
to 768 days). The female case group was older (mean age 
58.33 days, sd 67,44, range: one day to 768 days) com-
pared with the male case group (mean age 44.47 days,  sd 
57.47, range: one day to 276 days). 

Clinical examination

In all, 5% (n = 19) of referred newborns presented a patho-
logically limited abduction. The left hip joint was affected 
twice as frequently as the right hip joint. In addition, 4% 
(n = 15) of hip joints were unstable, and a leg-length dis-
crepancy was found in 1.7% (n = 6) of cases. A positive 
Ludloff sign was noticed in 3% (n = 11) of the examined 
newborns. In total, 5% (n = 19) of patients presented a 
foot anomaly.

Sonographic examination

The majority (74%) of examined newborn hips (n = 284) 
were sonographically classified as type I a/b according to 
the Graf classification, with 17.7% (n = 68) presenting as 
type IIa. The remaining hips were classified in the follow-
ing way: 1.3% type IIb (n = 5), 2.3% type IIc stable (n = 9), 
0.5 % type c unstable (n = 2), 2% type d (n = 8), 1.5% type 
IIIa (n = 6), no type IIIb and 0.5% type IV (n = 2) (Fig. 2).  

Therapy

The majority (68%; n = 261) of referred newborns did not 
require treatment. Treatment with an abduction brace 
was required for 26% (n = 99) of newborns and an immo-
bilization cast according to Fettweis was applied to 6% 
(n = 23) of newborns. 

There was a statistically significant correlation between 
newborn age at initial diagnosis and duration of treatment 
(p = 0.001 and Pearson’s r = 0.678). The treatment dura-
tion for patients aged > 200 days at first presentation was 
twice as long as that for those children aged 100 days at 
first presentation. All newborns achieved a physiological 
hip type by the end of treatment (Fig. 3).
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Fig. 3 Correlation between age and duration of treatment.

Quality of referral diagnosis

In our study, 54% (n = 207) of newborns were insured 
with a public health insurance, while 46% (n = 177) 
patients had private health insurance. Of newborns cov-
ered by public insurance, 97% (n = 200) were referred 
to our consultation hour by a paediatrician consultant. 
Referral reports included the Graf classification or alpha 
and beta angles in 11% (n = 22) of cases. 

For 64% (n = 132) of the newborns, although hips were 
classified as pathological by the referring consultant, our 
sonographic examination showed a physiological hip type 
according to Graf. Therefore, we could not confirm the ini-
tial referral diagnosis. Only 36% (n = 75) of referred new-
born actually suffered from DDH. 

Discussion
Our hypothesis was supported by our findings, as we 
observed a relatively poor quality of referral diagnostic 
accuracy. Of the referred newborns, 64% (n = 132) of 
hips that were classified as pathological by the referring 

consultant showed a physiological hip configuration in 
our sonographic control examination. Thus, presentation 
during our special consultation hour would not have been 
required. There are also consequences for parents, includ-
ing high cost, long road trips and uncertainty about a pos-
sible malformation of their newborn. 

Similar results regarding the deficits and doubt in 
knowledge and performance of the Graf method of ultra-
sound examination were recently published in the 2019 
annual report by the National Association of Statutory 
Health Insurance Physicians.15 Furthermore, 32% of con-
sultants failed initial approval in 2018 by the National 
Association of Statutory Health Insurance Physicians. The 
sample size of this previous study is comparable with ours 
(425 consultants).16

We were unable to identify any similar studies that 
evaluated the quality of referral diagnosis using the Graf 
method of ultrasound from the ambulant sector to a spe-
cialist clinic in Germany.

Incorrect or late diagnoses have severe consequences 
for the young patient, as growth and ossification potential 
decrease with age. Our study showed a statistically signif-
icant correlation between the age at initial presentation 
and the duration of treatment. The treatment duration for 
newborns aged up to 100 days was around 50 days. For 
newborns with a late initial presentation at 200 days, the 
treatment duration doubled up to 100 days. Similar results 
have been published by both Tschauner et al17 and Graf.11

Nowadays, patients are more willing to sue for com-
pensation, so mistakes in performing the Graf method of 
ultrasound can quickly lead to high compensation claims. 

The goal for the future should be increased quality of 
performance of Graf ultrasound examinations. Students 
should be introduced to this technique and resident doc-
tors should receive further advanced training. Hospital 
staff should also be taught. In 2014, 24 university hospi-
tals in Germany already offered special staff training.18

Consultant status is required to independently perform 
sonographic examination of the newborn hip. In order to 
receive consultant status as a trauma and orthopaedic 
surgeon, 50 sonographic examinations of the newborn 
hip have to be performed under the surveillance of an 
experienced consultant doctor. Paediatric specialist status 
requires 200 sonographic supervised sonographic exam-
inations of the newborn hip.

Office-based physicians are supervised by the commis-
sion of care quality of the National Association of Statutory 
Health Insurance Physicians according to section 135, para-
graph 2 in the German Criminal Code (§ 135 Abs. 2 SGB), 
where the first 12 newborn hip sonograms performed by 
the physician are submitted for evaluation. After initial 
approval, officed-based physicians are randomly tested 
after two years, then every five years thereafter.19
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Quality management for sonographic examination of 
the hip at university hospitals is performed by internal 
commissions. In our clinic, the examiner has to perform 
at least 500 sonographic examinations of the respective 
body region, in order to validate the results recorded in 
our computer system. 

Another option would be to establish national supra-
specialized ultrasound centres, which would perform the 
sonographic screening of the newborn hip. 

Consultants could be certified according to the qual-
ity standards of the DEGUM. Certification is given from 
Level I to III. In order to reach Level III, consultants have 
to perform 400 ultrasound examinations of the newborn 
hip, which ensures high quality standards. Level II and III 
consultants could perform the sonographic hip screening 
in supraspecialized ultrasound centres. Newborns with a 
pathological hip classification according to Graf could be 
referred to specialized treatment centres.

Our study has several limitations. Firstly, current 
research results vary with regard to the reproducibility 
of results obtained using Graf’s method of ultrasound. 
A study conducted by Orak et al20 found statistically sig-
nificant differences between the sonographic results for 
experienced investigators, while Peterlein et al21 could not 
find any statistically significant difference even for investi-
gators with very different levels of experience.

Our study is potentially biased as examinations were 
carried out by a single examiner (DEGUM Level III). Future 
studies should consider the opinion of multiple high-
level examiners for even more reliable data and compare 
the diagnostic accuracy of multiple high experienced 
 examiners. 

Our study included a relatively small sample size over a 
three-year period. However, we consider the sample to be 
representative for the region. Future national multicentre 
studies with larger samples would give a better overview 
of the current quality of hip sonography examination. It 
would also help to distinguish whether the quality varies 
in certain areas of Germany. 
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