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Background: The aim of our study was to inves-
tigate the agreement of the assessment of hip ul-
trasonograms by different observers. 

Methods: In the period from June 3rd to De-
cember 9th 2002, four different (by experience and
field) groups of observers rated all first time sono-
grams obtained in our hospital. The results in terms
of angle and type classification were compared. 

Results: 158 ultrasonographic images were
evaluated. The inter-observer agreement for the
classification “normal” (type I) versus “abnormal”
(types IIa+ to IV) varied from 83% to 90% with
kappa coefficients which indicated moderate
(kappa 0.55) to substantial (kappa 0.71) inter-ob-
server agreement. For one pair of observers, a bet-
ter agreement could be demonstrated for the as-
sessment of immature hips than for mature ones.
The deviation for the a-angle was 0 to 16° with a
standard deviation of 3.15° (95% CI 2.95, 3.37),
and for the b-angle 0 to 26° with a standard devi-
ation of 6.1° (95% CI 5.7, 6.5). The intra-class cor-
relation coefficient was estimated to be 0.72 and
0.34 for the alpha and beta angles respectively. 

If the hip was immature there was no increase in
the discrepancy in assessment between observers.
The least agreement existed between the less 
experienced and the most experienced. It has not
been possible to make a statement on the discrep-
ancy with regard to initial signs of instability or 
decentralization of the hip joints because of the
small number of hips of this type.

Conclusions: Although the spread in measured
a- and b-angles is large, the inter-observer agree-
ment for the classification showed good results.
No disagreement occurred in the diagnosis of nor-
mal vs. dysplastic hips, so no severe cases have been
missed. The experience and training of the inves-
tigators seemed to play an important role with 
regard to variability and agreement. The agree-
ment in the assessment of immature hips was 
better than that of mature hips. Therefore, ultra-
sound examination of infant hips would appear to
be a trustworthy screening method.
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Developmental dysplasia of the hip is charac-
terized by an abnormal relation between the
femoral head and the acetabulum. These abnor-
malities range from dysplasia alone, where the
anatomy of the developing articulation surfaces 
is abnormal, to a potential partial and complete
dislocation of the hip.

Developmental dysplasia of the hip occurs at a
rate of 2–4% making it the most frequent abnor-
mality of the locomotor apparatus [1, 2]. For this

reason, there has always been the need to search
for a method to recognize this abnormality early
so that adequate treatment can be commenced.
The aim of thorough screening is the early detec-
tion of immature, unstable, decentralized and 
dislocated hip joints, i.e. all hips that are at risk of
dysplasia or dislocation and, therefore, of early at-
trition in later life [3]. Apart from the initial find-
ing, it is crucial to the outcome that treatment
commences as early as possible. Treatment be-
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comes more intensive, longer and more invasive
the older the patient is at the time of diagnosis
[4–7]. 

Since the neonatal hip joint cannot be defini-
tively assessed by conventional radiology (the
femoral nucleus of ossification is not yet fully de-
veloped), clinical and additional ultrasound exam-
inations are performed, if possible, in the first few
days after birth [8]. Harcke, Terjesen and Graf [17],
have formulated different ultrasound examination
techniques for the hips of newborns and infants,
with Graf’s method being the most established in
Europe.

In the literature, the range of deviations re-
ported for measurement of angles based on coro-
nal ultrasonograms according to Graf is broad 
[5, 9–11]. Furthermore, there is still insufficient
evidence of agreement in terms of classification 
between observers [7, 12–16]. Therefore, there is
much debate in literature about the value of Graf’s
method. Part of the discussion is that ultrasound
screening is only reliable if the examiners are ex-
perienced because of the challenging technique.

For this reason we initiated our study with the
aim of representing, in the context of quality as-
surance, the agreement of assessments between
different observers.

Duration / Groups of observers 

In the period ranging from 3. 6. 2002 to 9. 12. 2002,
sonograms obtained by one sonographer were evaluated
by four groups of observers; they were not present when
the images were obtained. The observer groups were
blinded in terms of anamnesis and clinical examination of
the infants. Since different teams in our hospital evaluate
hip sonographs, variabilities would have clinical impact.
The groups were comprised of a team from the radiology
department under the supervision of a radiologist with
FMH permit for sonography of infant hips, a paediatri-
cian, likewise with a permit, an orthopaedic specialist with
a permit, and a registrar for orthopaedics without a per-
mit. To obtain a FMH permit for sonography of infant
hips it is compulsory to attend three courses in hip ultra-
sonography, including a final examination as well as pre-
senting a certain number of investigations. After two and
five years, a recertification is necessary.

The registrar in orthopaedics and the registrars in 
radiology had been trained by their team according to
Graf’s principles.

Sonography 

The infant was correctly positioned in a standard po-
sitioning tray. The sonograms were obtained by the same
qualified and certified sonographer using an ATL HDI
5000 Philips sonography device with linear probe and an
ultrasound frequency of 7.5–10 MHz. The sonographic

images were based on the standardized methodological
criteria according to Graf [17].

Classification

Classification was performed according to the Graf
method. The “bone angle” alpha (a) and the “cartilage
angle” beta (b) were traced onto separate sheets of tracing
paper and measured (figure 1) so that no residues could be
seen on the sonogram. The examiners were familiar with
the classification although there were differences in the
levels of training. Entries were made on a standardized,
pre-printed form and included information as name, age,
side, a- and b-angles, hip type, bony roof, superior bony
rim and cartilaginous acetabular roof. 

As in the Dutch studies by Roovers et al. [5] the orig-
inal 10 groups were suitably combined to form 4 main
groups for screening purposes: type I = normal, types
IIa/IIa+/IIa– = immature, types IIb/IIc/D = dysplasia, types
IIIa/IIIb/IV = dislocation. The angles of types IIa/IIa+/IIa–

matched so they were combined into one group for this
study. If it had been for the purpose of prognosis and ther-
apy this would not have been possible because between
types IIa+ and IIa– is the cut off line concerning a neces-
sary therapy.

Later, division into two groups was performed – nor-
mal (type I) and abnormal (types IIa+ up to IV) in order to
calculate inter-observer agreement. 

Demographic data 

During the period ranging from 3. 6 to 9. 12. 2002 
all infants who were assigned to the Department of Radi-
ology for an ultrasound assessment were included. Ninety
percent had prior clinical and ultrasound assessment in the
first days of life.

Sonographic records were obtained as follows: 
162 hip sonographs/81 infants, 55 (68%) girls and 26
(32%) boys. The ages of our patients at the time of inves-
tigation ranged from 11–188 days (median of 41 days).
Both sides were investigated. Sonographic follow up im-
ages were excluded. Four sonograms were excluded be-
cause they did not fulfil the standardized methodological
criteria according to Graf.

Statistics

Inter-observer agreement was estimated by calculat-
ing the proportion of agreement (%) and Cohen’s kappa
with the corresponding 95% confidence interval (95% CI)
and the index of average positive (ppos) and negative (pneg)
agreement [33, 34]. Cohen’s kappas were interpreted 

Patients and methods 

Figure 1

Example of assess-
ment with alpha and
beta angles marked
on a sonogram.
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according to Landis and Koch [20, 21]. A kappa index of
+1.0 indicates complete correlation and 0.0 indicates pure
chance [22]. It is known that Cohen’s kappa is difficult 
to interpret as a valid measure and is not undisputed 
[20, 32–34]. This is why it should be complemented by the
index of average positive (ppos) and negative (pneg) agree-
ment as suggested in the literature [33, 34].

For every child both joints were examined. Each joint
was evaluated by four observer groups, which made their
measurements on the alpha and beta angles independently
of each other. It is a nested design as each child has two
joints and each joint had one ultrasonogram done which
contributes to four measurements of an angle. Such a de-
sign can be analysed by applying the hierarchical ANOVA
with random effects [18]. The merits of this method are
twofold. First, one is able to estimate the residual spread
of the measurements together with the corresponding
95% CI. Second, one can compute the intra-class corre-
lation coefficient ICC which is known to measure the level
of inter-observer agreement. ICC describes the level of
dependence of the measurements of the four observer
groups at the same hip within a child.

A question came up: did the measurements of the 
observers agree better on hips which were healthy than on
disordered ones? It was supposed that disordered hips are
more difficult to evaluate and consequently the measure-
ments of the four observer groups tend to disagree on
them. Therefore, for every child a distinction was made
between disordered hip (side 2) and a healthy one (side 1). 

In order to investigate the agreement more pro-
foundly we used the method suggested by Bland and 

Altman [25, 29]. Consider figure 3 where plots for the
alpha angle measurements by the registrar (AWS2R3) and
a well-trained paediatrician (AWS2R4) on side 2 (disor-
dered hip) are given. First, Bland and Altman suggested
plotting the measurements of both observers against 
each other, together with the identity line representing 
the perfect agreement. Second, they suggested plotting 
the difference between the measurements of both ob-
servers (AWS2R3–AWS2R4) against their mean
(AWS2R3+AWS2R4)/2, together with the estimated bias
and the limits of agreement. The bias between two ob-
servers can be estimated by the mean difference of their
measurements together with the corresponding 95% CI
(table 5). If the mean difference is significantly different
from zero (95% CI does not include 0), there is a bias 
between observers. In our case the registrar tended to
measure smaller alpha angles than did the paediatrician, as
the mean difference is negative. Moreover, Bland and Alt-
man suggested the computation of limits of agreement
(low and up) together with their 95% CI.

Another way of evaluating the agreement between two
raters is by computating the concordance correlation coef-
ficient (CCC) as suggested by Lin [27, 28]. He gave some
arguments why the usual Pearson correlation coefficient
alone is inappropriate to describe the agreement between
two observers. Instead, one can correct it in an appropriate
way to obtain the concordance correlation coefficient. The
correction accounts for both the bias (location shift) 
between observers and the difference in dispersion (scale
shift) of their measurements. We obtained the estimates for
CCC together with the corresponding 95% CI.

General
The sonograms of two infants had to be ex-

cluded from the evaluation because the quality of
the images was too poor. 

Two sonograms showing severe pathological
conditions were looked at separately for the analy-
sis of angle measurements. A 24° difference in an
a-angle, as measured by the orthopaedist and the
registrar, remained an isolated case, this hip was as-
sessed by all observers as pathological. There were
more girls (68%) in the study than boys (32%).
The left hip was identified as immature or more
severely affected in 58% of the cases. 

Inter-observer agreement of the Graf 
classification

The distribution of diagnoses is shown in fig-
ure 2. The division of the hips into I = normal,
IIa/IIa+/IIa = immature, IIb/IIc/D = dysplasia,
IIIa/IIIb/IV= dislocation is shown in table 1. The
variability of the dichotomy normal vs. abnormal
was 75.3% (119/158 sonograms) in all observer
groups per child. The inter-observer agreement
per observer pair was determined with reference to
the dichotomy: normal (I) and abnormal (IIa+ to
IV), an example of which is shown in table 2. The
proportion of inter-observer agreement for the
pairs of observers for the classification normal (type
I) versus abnormal (IIa+ to IV) varied from 83% to
90%, see table  3. There was a difference between
the right (fair to moderate) and the left sides (mod-

erate to substantial) in terms of kappa values. Over-
all, the inter-observer agreement between the pairs
of observers was good with regard to the classifica-
tion of normal (type I) versus abnormal (IIa+ to IV),
see table n. The best agreement at 90%, kappa co-
efficient 0.7 (95% CI 0.68; 0.70), with fairly good
ppos = 0.94 and pneg = 0.72 existed between the or-
thopaedist and the paediatrician. The least agree-
ment at 83%, kappa 0.5 (95% CI 0.53; 0.58) with
fairly good ppos = 0.89 and poor pneg = 0.6 existed be-
tween the registrar and the paediatrician, see table 3. 

The agreement between the radiology team
and the orthopaedist in the diagnosis of immature
hips was better CCC = 0.5 (95% CI 0.32; 0.65)
than for normal hips CCC = 0.29 (95% CI 0.08;
0.47). A similar tendency was observed for other
pairs of observers. 

No disagreement occurred in the diagnosis of
normal vs. dysplastic hips, so that no severe cases
have been missed.

Intra-class correlation coefficient for the as-
sessment was in the middle range with ICC = 0.6. 

Inter-observer agreement of the alpha 
and beta angles

The angle values were compared by four
groups of observers. The variability for the a-angle
was between 0° and 16°, and for the b-angle it was
between 0° and 26°. The standard deviation for 
the observers was lower for the a-angle than for
the b-angle, see table 4.

Results 
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Figure 2 

Observer ratings of
the Graf classification
of 158 sonograms;
distribution of types
of the Graf classifica-
tion by the four
groups of observers
in absolute numbers. 

hip type radiology team (%) orthopaedist (%) registrar (%) paediatrician (%)

I (normal) 74.7 83.5 74.0 81.0

IIa/ IIa+/IIa– (immature) 23.4 14.6 24.1 15.9

IIb/IIc/D (dysplasia) 1.9 1.3 1.3 2.5

IIIa/IIIb/IV (dislocation) 0.0 0.6 0.6 0.6

Table 1

Distribution of Graf
classification of 158
ultrasonograms by
four observers with
regard to normal, im-
mature, dysplasia and
dislocation hip type.

paediatrician

Registrar normal abnormal total

Normal 111 6 117

Abnormal 21 20 41

Total 132 26 158

Table 2

Inter-observer agree-
ment between the
paediatrician and the
registrar in orthopae-
dics with regard to
normal and abnormal
hips (absolute num-
bers).

Radiology team orthopaedist registrar paediatrician

Radiology team 0.63 (0.61–0.65) 0.71 (0.68–0.73) 0.58 (0.56–0.61)

Orthopaedist 85% 0.64 (0.62–0.66) 0.69 (0.68–0.71)
ppos = 0.91
pneg = 0.67

Registrar 87% 86% 0.55 (0.53–0.57)
ppos = 0.87 ppos = 0.91
pneg = 0.75 pneg = 0.68

Paediatrician 84% 90% 83%
ppos = 0.89 ppos = 0.94 ppos = 0.89
pneg = 0.63 pneg = 0.7 pneg = 0.60

Table 3

Inter-observer agree-
ment: proportion of
agreement (italic)
positive and negative
index of proportional
agreement (normal);
kappa value and 95%
kappa confidence 
interval (bold) of the
four groups of obser-
vers on the dichoto-
mous classification
normal vs. abnormal.

alpha beta

Mean (°) SD (°) Mean (°) SD (°)

Radiology team 62.2 5.4 62.3 6.3

Orthopaedist 63.4 5.2 61.5 7.0

Registrar 61.8 5.0 67.0 6.0

Paediatrician 64.1 5.5 57.4 6.0

Table 4

Mean values and
standard deviations
(SD) in degrees 
for the alpha and
beta angles of 
158 ultrasonograms.

angle side mean difference (95% CI) low (95% CI) up (95% CI)

alpha disordered –2.36 (–3.3, –1.4) –10.6 (12.2, –8.9) 5.8 (4.2, 7.5)
healthy –2.29 (–3.3, –1.3) –11.1 (–12.8, –9.3) 6.5 (4.7, 8.3)

beta disordered 8.6 (7.3, 9.9) –2.3 (–4.5, –0.14) 19.6 (17.4, 21.8)
healthy 10.6 (9.2, 11.9) –0.69 (–2.9, 1.6 ) 21.8 (19.5, 42.1)

Table 5

Bland/Altman angle
analysis for the 
paediatrician and the 
registrar with mean
difference, 95% CI
and limits of agree-
ment low and up.
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The estimated residual standard deviations
from the hierarchical ANOVA are equal to 3.15°
(95% CI 2.95, 3.37) for the a-angle and 6.1° (95%
CI 5.7, 6.5) for the b-angle. 

The intra-class correlation coefficient re-
vealed a better agreement (ICC = 0.72) for the 
a-angle than (ICC = 0.34) for the b-angle. 

Biases were found between different ob-
servers. The maximal bias was found between the
paediatrician and the registrar. The registrar mea-

sured the a-angle to be 2° smaller and the b-angle
to be 9° greater than those measured by the pae-
diatrician at disordered hips (side 2) (table 5). This
is visualised by the Bland Altman plots in figure 3.
The minimal mean differences were found for 
the orthopaedist and the paediatrician. The 
orthopaedist measured the a-angle to be only 
0.5° smaller and the b-angle to be 4° greater than
those measured by the paediatrician. 

The cost of general sonographic screening
amounts to CHF 11.5 m. per year for the investi-
gation of all children born in Switzerland. Com-
pared with the alternative, namely, clinical screen-
ing, general sonographic screening is about CHF
7 m. more expensive each year [12]. Since the re-
sult of screening is that treatment and other sub-
sequent costs are reduced [7], cost-benefit analysis
is required. To this end the agreement of an inves-
tigation must be known. In addition, there is much
debate in the literature on ultrasound screening for
developmental dysplasia of the hip because its
value remains unclear. Part of the discussion is that
Graf’s technique is only reliable if the examiners
are experienced.

The distribution of our patient sample corre-
sponds to a distribution described as normal in the
literature [1].

The high proportion of type II hips (Graf clas-
sification) in our study compared to studies in
which the sonograms from the first weeks of life
were evaluated arises from the fact that our sono-
grams were performed on out-patients who had
been referred to us [10, 22, 30]. The gender distri-
bution in our patient sample shows a significant

predominance of girls which is in agreement with
the data given in the literature [1, 2]. Similarly,
published reports describe a significantly higher
incidence of immaturity on the left side as opposed
to the right [1, 2], and this tendency was also
recorded in our study. 

Agreement of the diagnoses 
As it has been shown, the observer making the

diagnosis plays an important role. The variability
(difference in measurements) was significantly
higher between well-trained and less well-trained
personnel. 

In addition, there is a tendency for experienced
examiners to assess a hip as normal more fre-
quently than inexperienced examiners. The inex-
perienced examiners classified the most hips as 
immature, which led to increased costs due to fol-
low-up examinations and treatments. The greatest
agreement at 90% existed between the paediatri-
cian and the orthopaedist who both had besides the
permit long-term experience in sonogram evalua-
tions, which seemed to explain the good and com-
parable results. The poorest agreement was found
for the paediatrician and the registrar. These re-

Discussion

Figure 3 

Bland/Altman plots
for alpha angles 
of the paediatrician 
and the registrar 
in orthopaedics 
(side2 disordered),
(side1 healthy).
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sults support our statement that the degree of 
experience and training has an important influence
on the agreement of assessment.

The registrar for orthopaedics had no permit
and was, as the team from the Department of 
Radiology, less experienced. The comparable re-
sults of those two groups lead to the hypothesis
that observers with less experience tend to assess
sonograms towards greater pathology.

It is of particular clinical relevance that no dis-
agreement occurred amongst the observers for the
dichotomy normal vs. dysplastic. Thus, no patho-
logical condition was missed despite the some-
times wide scatter in the measurement of angles.

A higher agreement in the assessment of im-
mature hips could be demonstrated for the Radi-
ology team and the orthopaedist by estimating
CCC together with the corresponding 95% CI.
This tendency was also apparent for other observer
groups. This led to the assumption that attention
increased during the assessment procedure as soon
as the first glance suggests an immature hip. A
comparison across observer groups of first glance
assessment with regard to the central position of
the hip was not performed in our study. It would
however support the requirement that sonograms
should first be assessed and described according to
standard nomenclature before they should be
“measured up”. A good agreement for inter-ob-
server was found based on the dichotomous char-
acteristics “normal” vs. “abnormal” based on the
kappa coefficients. Roovers et al. [5] reported com-
parable results. Since the kappa coefficient de-
pends on the true prevalence, studies can only be
correctly compared if there is agreement of the
group divisions [22]. For this reason, we selected
group divisions in agreement with those of
Roovers et al. [5]. Rosendahl et al. [15], Baron et
al. and Ömeroglu et al. [13, 14] described better
results for the kappa values but because the divi-
sion of groups is not in agreement with ours, no
direct comparison can be made. This fact has not
always been adequately taken into account in other
studies [5]. A poor agreement is clear in the study
by Disat et al. [25]. The computation of the hier-
archical ANOVA, the intra-class correlation coef-
ficient (ICC), the application of the method by
Bland-Altman to obtain the estimates of bias and
the limits of agreement together with the estima-
tion of the concordance correlation coefficient
(CCC) by Lin seem to be appropriate statistical
tools to study the agreement between observer
groups. Moreover, the inter-observer agreement
found in our study is comparable with the results
of other studies [5, 13–15].

Agreement of angles 
In the literature an accuracy of 8 11°, on aver-

age 3.2°, is given for the a-angle and of 8 28°, on
average 11.9°, for the b-angle for hip sonographies
according to Graf [10]. 

Niethard and Roessler assume an error mar-
gin in the determination of the a- and b-angles of

8 10° [11]. The current study by Roovers et al. 
reports average standard deviations of 3.2° and 6°
for the a- and b-angles, respectively [5]. Our study
produced similar results and can be regarded as
comparably good. Graf assumes deviations for
both angle values of  8 4° [9]. Radiology could also
be used to assess hip centralization and roofing.
The maximum error, as established by experimen-
tal investigation, for the radiographic measure-
ment of the AC angle is 0°–8°, on average 2.3°. In
terms of accuracy, sonography is thus comparable
with radiographic imaging. Apart from x-ray expo-
sure, radiological examination can only take place
when the infant is older and the osseous structures
can be adequately visualized [10]. The radiograph,
therefore, gains in importance after the first year
of life when sonography of the hip is rendered un-
intelligible by the echodense femoral nucleus. 

Although the variability of the a- and b-angles
when measured on the same sonogram was high
between observers, it did not lead to any false neg-
ative assessments since there was a tendency to
classify hips as more severely affected than they 
actually were in cases of uncertainty. This may
however lead to over-treatment and an increased
number of follow-ups. The dependence of ob-
server measurements per child was represented by
the intra-class correlation coefficient. ICC for the
a-angle (ICC = 0.72) was clearly better than for the
b-angle (ICC = 0.34); this is known from the liter-
ature [5].

Based on the agreement limits it could be sig-
nificantly demonstrated that the maximal differ-
ences existed for the observer pair “paediatrician
and registrar” and the minimal differences be-
tween “orthopaedist and paediatrician”.

The finding that the registrar measured the a-
angle about 2° smaller and the b-angle 9° greater
than measured by the paediatrician supports the
theory that the qualification of the examiner plays
an important role as does the fact that the most
minimal deviation existed between the paediatri-
cian and the orthopaedist. The orthopaedist mea-
sured the a-angle at only about 0.5° smaller and
the b-angle 4° greater than the paediatrician did. 

To substantiate these findings further studies
are required. Apart from demonstrating repro-
ducibility, these studies would show to what extent
the scatter depends on the level of training.

Conclusions
The inter-observer agreement of our study

corresponds to results found in the literature. 
Evaluation of hip sonograms is comparable to

radiographic evaluation with regard to the accu-
racy of angle measurement.

Examiners with less experience assess sono-
grams with a tendency towards greater pathology
so that pathological findings will not be missed,
however, this may lead to an increased number of
check ups and treatments.

Pathological findings are generally identified
as such by all examiners.
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The disagreement between trained and un-
trained personnel is statistically significant, thus
regular quality controls and training of sonogra-
phers as well as standardized training and re-cer-
tification remain essential.
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