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Abstract
Aim: The aim of the study was to assess the usefulness of obtaining a 900 angle between the plane of the osteochondral 

plate and the surface of the transducer during standard hip ultrasonography according to Graf method. Material and meth-
ods: In this retrospective study 1078 patients (2156 hips) were included examined between 2008 and 2014 for developmental 
dysplasia of the hip (DDH) ultrasound screening. The patients were divided in two groups. Group I consisted of 402 patients 
examined between January 2008 and December 2011 using the standard Graf method. Group II consisted of 676 patients ex-
amined from January 2012 to December 2014 using the Graf method with an additional criterion: 900 angle between the plane 
of the osteochondral plate and the surface of the transducer. Results: We found more dysplastic patients in group I comparing 
to group II: 55 (13.7%) and 38 (5.6%) respectively. The difference in the incidence of patients diagnosed with DDH was highly 
significant (p<0.001). The mean alpha angle value in group I was 65.310, respectively 67.520 for group II (p<0.001). Conclu-
sion: The new osteochondral plate sign has the potential to reduce the overdiagnosis of DDH and provide a better tailored 
approach to borderline hips.
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Introduction

Developmental dysplasia of the hip (DDH) is a well-
known and studied condition, which can affect the hip 
joint throughout its development. Although numerous 
studies have focused on the issue of diagnosis, there is 
still no widespread consensus on the approach [1,2]. The 
literature presents many concepts ranging from purely 
clinical diagnosis to complex screening programs [2,3].

One of the most popular hip ultrasound (US) diag-
nostic methods is the Graf method. Although the most 
commonly used, this method continues to generate dis-
cussion on the sensitivity and specificity, based on the 
rate of false positive or false negative diagnosis [4-6].

The Graf method is based on obtaining the standard 
image of the hip joint. In this image it is mandatory to see 
the elements that certify the accuracy: lower limb (lower 
extremity of the bony acetabular roof), the plane of the 
iliac bone surface parallel to the surface of the transducer 
and the labrum. It is also necessary to correctly identify: 
the femoral head (with the ossification nucleus when pre-
sent), perichondrium-periosteum junction, joint capsule 
(with a characteristic fold), greater trochanter, convexity-
concavity deflection point and the osteochondral plate 
(visible in the inferior aspect of the femoral head) [7]. 

The main drawback incriminated is overdiagnosis 
leading to unnecessary treatment and increased health 
costs [8]. Some studies propose alternative US methods 
to the Graf technique and some countries and centers are 
adherent to these alternative methods [9-12].

Extensive studies have been conducted to assess the 
correlations between clinical and US diagnosis or be-
tween US and classic hip radiography [13]. The outcome 
of these complex studies was influenced by: long duration 
(the Graf method was last improved in 2006 [7]), the lack 
of a golden standard and the ethical conflict in using an 
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irradiating technique such as radiography. The common 
criticisms of the Graf method are the high rates of overdi-
agnosis, interobserver variations in the measurements, and 
the dependence on the examiner’s experience [4,5,14, 15].

The present study aims to assess the usefulness of an 
additional element of accuracy for the standard image of 
the Graf US method: a 900 angle between the plane of 
the osteochondral plate and the surface of the transducer. 

Material and methods 

The study was conducted in the Radiology Depart-
ment of the Emergency County Clinical Hospital Cluj-
Napoca, by retrospective analysis of the database con-
taining 2356 reports of the subjects presented for DDH 
assessment between January 2008 – December 2014.	 I n 
all cases hip US was performed according to the Graf 
method using Hitachi EUB 8500 US equipment with a 
6.5-13 MHz linear transducer. 

The study inclusion criteria were: subjects present-
ing for US hip screening for which the US diagnosis was 
either normal (Ia, Ib), immature hips, or mild dysplasia 
(IIa+, IIa- and IIb) according to Graf method hip stag-
ing criteria [7]. Patients with risk factors (family history, 
breach or transverse presentation, gemelarity, oligohy-
dramnios, associated neuromuscular and musculoskel-
etal pathology: clubfoot, metatarsus adductus, torticollis, 
cerebral palsy) and with prior clinical examination or 
indication for hip US due to suspected DDH were ex-
cluded. Patients with severe DDH (IIc, D, IIIa, IIIb and 
IV) were also excluded.

From the total 2356 subjects examined between Janu-
ary 2008 and December 2014 1278 patients were excluded. 
The study group was limited to 1078 patients (2156 hips). 
The study group was divided into two groups, according to 
the period of time and the examination technique. 

Group I consisted of patients examined between Jan-
uary 2008 and December 2011 (402 patients – 804 hips), 
who underwent US examination of the hip according to 
the classic standards of the Graf method. 

Group II consisted of patients examined from January 
2012 to December 2014 (676 patients – 1352 hips), who 
underwent US of the hip according to the Graf method 
with an additional quality criterion developed by our 

group, named the perpendicular osteochondral plate. 
Technique and description of the criterion under inves-
tigation: while obtaining the quality criteria of the Graf 
image, special attention was paid to angulate the trans-
ducer to a point where the osteochondral plate is visible 
on its width and the angle between the plane passing 
through the osteochondral plate and the surface of the 
transducer is 900 (fig 1). 

The institutional Ethics Committee approval was ob-
tained and, due to the retrospective character of the study, 
written consent was waived.

Statistical analysis was performed using SPSS 13.0 for 
Windows software (SPSS Inc., Chicago, IL, USA) and the 
statistical tests were chosen according to the studied data 
type: descriptive statistics (Means, std. Dev, std. Error 95 
% CI, Min, Max), Kolmogorov-Smirnov test, the Mann-
Whitney U test and Z test. The Kolmogorov-Smirnov test 
was used to determine the normality of the distribution in 
the study groups. The Mann-Whitney U test was used to 
assess not normally distributed data (average alpha angle 
values in the two groups). The Z test was used to compare 
the two population groups proportions. P was considered 
statistically significant at a value p < 0.05 for Mann-Whit-
ney U test, respectively p < 0.01 for the Z test.

Results 

The demographic analysis of the two groups is pre-
sented in table I.

Table I. Comparative demographic data of group I and II 
Total no. Gender Age (weeks)

m f f:m ratio Av. Std. dev Min Max
Group I 402 156 (38.7%) 246 (61.3%) 1.57 12.1 6.86 2 40
Group II 676 300

(44.4%)
376
(55.6%)

1.25 9.9 5.35 2 40

male, f- female

Fig 1. Standard ultrasound images of the same right hip. It can 
be seen the variation in the direction of the osteochondral plate - 
yellow line: a) horizontal; b) superior oblique. On the right side 
of the images the angle measurements are included.



208 Dan Vasilescu et al A new sign in the standard hip ultrasound image of the Graf method

The distribution of the values of the alpha angle in the 
two groups is illustrated in figure 2. 

The Kolmogorov-Smirnov test applied to both 
groups demonstrated non normal distribution of the data 
(p<0.05).

The alpha angle average of all hips from group I and 
II are shown in table II. 

The Mann-Whitney U test showed significant differ-
ence between the means of the two groups (p< 0.001). 

The alpha angle average was computed separately for 
the hips labeled as normal and for the abnormal hips, in 
both groups (table III). 

Statistical analysis showed significant difference be-
tween the average alpha angle of normal labeled hips in 
groups I and II (p<0.001, Mann-Whitney U test). There 
was no statistical difference between the average alpha 
angle of the abnormal hips in the two groups (p=0.497).

The incidence of abnormal alpha value diagnosed pa-
tients/hips was calculated in each group (table IV). 

There was significant difference of incidence of the 
abnormal hips between the two groups (p<0.001, Z-test).

The data shown in table III implies that the addition 
of the new quality criterion increases the average value 
of the obtained alpha angle by 20. To assess this effect 
of the new quality criterion, a recalculation of all alpha 
angles in group I was performed by adding 2 units to the 
original value. Reclassification of the hips with the new 
values (group IR) provided an incidence of the abnormal 
labeled patients of 7.4% (30 patients). Comparing groups 
IR and II yielded no significant difference in the inci-
dence of the abnormal patients (p=0.115, Z-test). 

Evaluation of the obtained osteochondral plate sign in 
the archived images of the patients from group II showed 
87% success rate.

Discussions

The introduction of hip US for DDH diagnosis was 
equally a great progress in pediatric clinical practice and 
created a distinct niche of uncontested clinical applica-
tion of US examination. For more than 30 years the US 
Graf method is widely used for this purpose [16].

The main criticisms on the Graf method are repre-
sented by variability and examiner dependency. Graf de-
scribed the quality criteria needed to produce interpret-
able and reproducible images [7]. One further criticism 
of the Graf method is the over-diagnosis.

This study aimed to analyze the impact of an addi-
tional quality criterion in obtaining the standard image. 

Fig 2. Non normal distribution of the alpha angle values in: a) 
group I, b) group II.

Table II. Descriptive data analysis of the alpha angle for all subjects from group I and II
N Mean Std. Dev Std. Error 95% Confidence Interval for Mean Min Max

Lower Bound Upper Bound
Group I 804 65.18 3.965 0.140 64.90 65.45 52 76
Group II 1352 67.53 4.072 0.111 67.31 67.75 50 78
Total 2156 66.65 4.189 .0090 66.47 66.83 50 78

Table III. Descriptive data analysis of the alpha angle for normal and abnormal subjects from group I and II
No. Mean Std. Dev Std. Error 95% Confidence Interval for Mean Min Max

Lower Bound Upper Bound
Normal Group I 738 65.93 3.137 0.115 65.71 66.16 60 76

Group II 1306 67.92 3.515 0.097 67.73 68.12 60 78
Total 2044 67.21 3.516 0.078 67.05 67.36 60 78

Abnormal Group I 66 56.71 1.846 0.227 56.26 57.17 52 59
Group II 46 56.26 2.245 0.331 55.59 56.93 50 59
Total 112 56.53 2.022 0.191 56.15 56.91 50 59

Table IV. Comparative incidence of normal and abnormal patients / hips in group I and II
Total No. patients / hips Normal patients / hips Abnormal patients / hips

Group I 402 / 804 347 (86.3%) / 738 (91.8%) 55 (13.7%) / 66 (8.2%)
Group II 676 / 1352 638 (94.4%) / 1306 (96.6%) 38 (5.6%) / 46 (3.4%)
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its turn contribute to the reclassification of some of the 
borderline abnormal hips. As there was a significant dif-
ference in the percentage of abnormal hips in groups I 
and II (lower percentage in group II) and as this observa-
tion contradicts the original study assumption as stated 
above an attempt was made to validate the observation 
by reclassifying the abnormal hips in group I by add-
ing 20 to the initially measured value. In newly formed 
group IR, all hips from original group I and with alpha 
angles of 580 and 590 were relabeled as normal. From the 
55 patients initially diagnosed as having abnormal hips, 
only 30 remained abnormal in group IR when using the 
new criterion. The newly obtained incidence of abnormal 
hips in group IR was 7.4%, with no statistically signifi-
cant difference from group II (5.6%, p>0.1). A large nu-
meric study of Caucasians examined for DDH by hip US 
mentioned an incidence of 7.15% [20], similar to group 
II and IR from the present study (5.6% and 7.4%). The 
relatively increased number of abnormal cases does not 
mean an equal incidence of DDH. The incidence reported 
for group II and IR includes also immature hips. 

Some limitations of the present study must be ac-
knowledged. A limitation of the present study could be 
the success rate in obtaining the new criterion on the 
standard image. This is difficult or sometime impossible 
for very advanced mature hips when the osteochondral 
plate is located in the acoustic shadow generated by the 
ossified lateral part of the plate. In this situation the direc-
tion of the osteochondral plate is either perfect horizon-
tal, or slightly oblique to inferior [7]. Therefore, when ac-
quiring the standard image the osteochondral plate might 
be visible having a horizontal trajectory in an image im-
mediately before obtaining the standard one. However, 
due to the constantly decreasing age at the presentation 
this was not considered a major limitation and as shown 
the success rate in group II was 87%.

Due to the retrospective character of the study, inter-
observer and intraobserver variability assessment of the 
new criterion was not performed. 

The study refers strictly to the US hip approach and 
not to the overall management of the case. Complete 
management of a DDH case is more complex and subject 
to further studies.	

Conclusions

The present study suggest that the addition of a new 
quality criterion for the Graf method standard image may 
contribute to a better tailored approach to the US diagno-
sis of DDH by lowering the number of over-diagnosed 
cases. This criterion may be useful especially in cases 
with borderline values of the alpha angle. Further studies 

For this purpose, the allotment of the subjects in one of 
the two patient groups based was on two considerations: 
the period of time and the method of investigation used. 
Although unequal, the chosen time intervals aimed at the 
inclusion of a sufficient number of patients to allow sig-
nificant statistical studies. Since US is used as a screening 
method, only patients who were presented in department 
for this purpose were included in the study groups. This is 
the reason why patients presenting risk factors, with pre-
vious clinical exam or indication for hip US were exclud-
ed. Given the sporadic and unpredictable occurrence and 
the potential influence on the population average values, 
US diagnosed severe dysplasia (IIc, D, IIIa, IIIb and IV) 
cases ​​were also excluded from the study. The final differ-
ence between the 2 groups consisted only of that for group 
I, the classic Graf method was applied and for group II 
the Graf method with the additional accuracy criterion 
was used. In evaluating the results, it was assumed non-
variable DDH incidence in the constant ethnic population 
over a few years as stated by Randall et al [1].

The demographic study revealed a difference in fe-
males/males ratio of 1.57:1 in group I compared with 
1.25:1 in group II. This can be explained by the wider 
acceptance, in the last years, of universal US screening 
idea without taking into account the baby’s gender. In the 
same context, better information on the need to perform 
hip US led to a decrease of the average age at first pres-
entation in the second group, closer to the recommended 
age of 4-6 weeks [17]. 

Initial comparison between the two groups showed 
statistically significant differences in the alpha angle 
value of the patients labeled as normal. A 20 higher aver-
age value of the patients from group II than group I was 
calculated (670 vs 650).

There was a statistically significant difference be-
tween the number of patients diagnosed having a less 
then 600 alpha angle hips in the two groups: more normal 
hips diagnosed in group I as compared to group II. The 20 

angle difference may exert a major repercussion on bor-
derline hips: type IIa-, IIa+ or IIb with alpha angle value 
close to 600. This category of patients is the main cause 
for controversial literature data on the increased rate of 
over-diagnosis [6,12,18,19].

The average alpha angle value of both normal and ab-
normal hips was calculated separately for both groups. 
For the normal labeled hips the difference of 20 persisted 
and was validated by statistical analysis. There was no 
statistically significant difference between the average 
values of the abnormal hips in the two groups. These re-
sults infer that the perpendicular osteochondral plate sign 
may add an average value of 20 at the measured alpha 
angle. Higher absolute value of the alpha angle may in 
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are mandated to confirm these observations and fully as-
sess the clinical usefulness. 

The presence of the osteochondral plate sign in the 
standard image of the Graf method has led to a decreased 
number of diagnosed DDH cases. This lowered case 
number remedies the over-diagnosis complaint of those 
who oppose US screening for DDH. As a consequence, it 
will reduce cases of unnecessary treatment, especially in 
patients diagnosed with mild or moderate DDH. Future 
studies on more meaningful numeric groups may confirm 
or refute our observation.
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