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ABSTRACT

Purpose: The aim of this study was to evaluate possible differences in hip
ultrasonography (US) results between physicians working in different medical
centers.

Method: In this study, a total of 117 horizontal US images representing all
sonographic types of developmental dysplasia of the hip (DDH) were utilized.
Four experienced researchers independently measured the 117 US images at
different times. The results obtained by each researcher were documented
separately, including alpha and beta angles, Graf types. All of the collected data
were analyzed statistically to assess for interobserver and intraobserver
variability.

Results: The study found that the average change between the alpha angles
ranged from a minimum of 1 to a maximum of 4. The mean change between the
beta angles was wider, ranging from a minimum of 1.8 to a maximum of 8.2. To
evaluate the differences between the Graf hip typologies, paired groups were
formed and Cohen's Kappa method was used. For the first group k= 0.661, for
the second group k= 0.671, for the third group K= 0.647, for the fourth group k=
0, 718, k=0.717 for the fifth group and k= 0.637 for the sixth group. Interobserver
Kappa evaluation results (k=0.647) showed moderate and significant agreement.
Conclusion: The results revealed a moderate to substantial level of agreement
between the researchers. Based on these findings, it was concluded that the use
of US for screening and follow-up of the Graf hip typing method should be
performed by experienced professionals.
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OZET

Amag: Bu calismanin amaci, farkli saglik kuruluglarinda galisan hekimler arasinda
kalga ultrasonografisi sonuglarindaki olasi farkliliklari degerlendirmektir.
Yéntem: Calismada, gelisimsel kalga displazisinin tiim sonografik tiplerini temsil
eden toplam 117 yatay US gorlintisi kullanildi. Dért deneyimli arastirmaci
birbirlerinden bagimsiz olarak117 US goéruntisini farkli  zamanlarda
degerlendirdi. Her bir arastirmaci tarafindan elde edilen alfa, beta agilari ve Graf
tipleme sonuglari ayri ayri belgelendi. Toplanan tiim verilerin, gozlemciler arasi
ve gozlemci ici degiskenligi degerlendirmek igin istatistiksel analiz yapildi.
Bulgular: Calisma, alfa agilar arasindaki ortalama degisimin minimum 1 ile
maksimum 4 arasinda degistigini ortaya koydu. Beta agilari arasindaki ortalama
degisim ise daha genisti ve minimum 1,8 ile maksimum 8,2 arasinda oldugu
goruldi. Graf kalga tipolojileri arasindaki farklar degerlendirmek igin eslestirilmis
gruplar olusturularak Cohen's Kappa yontemi kullanildi. Birinci grup igin k= 0.661,
ikinci grup igin k= 0.671, Gglincu grup igin k= 0.647, dordiincl grup igin k=0, 718,
besinci grup igin k= 0.717 ve altinci grup igin k= 0.637 olarak bulundu. Gézlemciler
arasi Kappa degerlendirme sonuglari (k=0.647) orta diizeyde ve anlamli bir uyum
gosterdi.

Sonug: Calismanin sonucunda, arastirmacilar arasinda orta ila yliksek diizeyde bir
uyum gortlmustir. Bulgulardan yola ¢ikarak, Graf kalga tipleme yonteminin
tarama ve takibi i¢in US kullaniminin deneyimli profesyoneller tarafindan
gerceklestiriimesi gerektiginin kanaatine variimistir.
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INTRODUCTION

Nowadays, hip ultrasonography has become widely used in screening,
planning and follow-up of DHD. For the first time, Graf described the morphology
of the newborn hip joint by ultrasonography, monitoring hip development,
determination of hip dysplasia, ultrasonographic classification, and treatment
planning (1).

In the literature, apart from the Graf (static, morphological) method, Terjesen
(2), Harcke (3), Novick (4) (multiplanar dynamic) and Suzuki (5) defined their own
ultrasonographic methods.

Difficulties in the application of Terjesen, Novick and Harcke's dynamic
methods and the fact that Suzuki's method requires a long linear transducer have
highlighted Graf's method of static evaluation. Today, Graf's US method is still
the most widely used ultrasonographic diagnostic method with its easy
applicability.

With this method, alpha and beta angles are measured by taking a central
coronal cross-section through the acetabulum and femoral head (Figure 1 a,b),
and acetabular development can be evaluated morphologically (6).

Due to the fact that it is a preventable disability, early diagnosis and treatment
of developmental hip dysplasia is of utmost importance. In his articles, Ortolani
emphasized the importance of early and very early diagnosis and tried to explain
its effects on treatment (7). Recently, with hip ultrasonography, it has become
possible to evaluate the hip joint, which has a cartilage structure, in the infantile
period. It has been possible to initiate the treatment early with early diagnosis.
However, the reliability, sensitivity and specificity of the methods guiding the
diagnosis and treatment, as well as the accuracy of the diagnosis and the selected
treatment are of utmost importance.

]

Figure 1. a Explanation of Graf ultrasonogram Image; b Alpha (a) and Beta (B) angles.

In our country, many studies are available on the sensitivity and specificity of
the US method in DHD, the comparison of US with clinical examination, the
frequency of DHD, and the effectiveness of ultrasonographic evaluation in
treatment and follow-up (8-11). With the generalization of the Graf method,
orthopedic surgeons, radiologists and pediatricians have also been included in
the group of physicians who apply this method. Thus, it has become important
to evaluate the results obtained by different physician groups applying the Graf
technique, to evaluate the possible differences between the evaluations and the
effects of the results on the treatment.

Possible differences in the results obtained may affect the reliability, sensitivity
and specificity of the method. Therefore, an evaluation method was planned and
measurements made on standardized US cross-sections, possible differences in
measurements and their effects on treatment were investigated among
physicians who frequently applied this method and worked in different centers.

MATERIAL and METHOD

This study was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Ethics Committee of our Institiuion (Date:
23.04.2022 / No: E-77082166-604.01.02-639365).

In the study, hip ultrasonography image outputs obtained with a standard
horizontal cross-section and using standard Graff cushion were used. The all hip
ultrasound images used in the study were obtained from the personal archive of
the fourth author experienced in hip ultrasonography. Ultrasonographic outputs
have been sampled to include all hip types defined by the Graf hip
ultrasonographic method, and a total of 117 standardized horizontal US cross-
sections were used for the study. In the measured ultrasonography, the name
information about the patient was was hidden , but the age information was left
visible so that type 2 a/b evaluation could be performed (Figure 1).

a 1- periosteum of the ilium and perichondrium, 2- cartilage acetabular roof, 3- acetabular labrum, 4- joint capsule, 5- ilium, 6- bone acetabular edge, 7- iliac bone, 8-

deepest (inferior) point of the ilium, 9- femoral head .

b The alpha (a) angle refers to the angle between the line (1) drawn parallel to the ilium and the line (2) drawn from the deepest point of the ilium to the bone acetabular

edge and allows us to evaluate the bone acetabular roof.

The beta (B) angle is the angle between the line (1) drawn parallel to the ilium and the line (3) drawn from the deepest point of the ilium to the acetabulary labrum and

allows us to evaluate the cartilage acetabulary roof.
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In addition to the evaluation of interobserver differences, with the help of
these 117-image computer image processing programs, some changes were
made on the image properties such as size, contrast, sharpness and brightness
that would not affect the measurements, and self-repetitive images were
obtained by trying to create the perception that the images were different. Only
the author knows which of these images are identical to each other, and the
researchers who participated in the study and measured were blinded. Thus, it

was aimed to evaluate the intraobserver differences between the measurements.

The images were given to the researchers in mixed order in special outputs in
photo quality.

In order to prevent the negative effects of the technical differences in the
measurements on the results of the study, all the researchers participating in the
study measured using the same goniometer. The use of the same goniometer
had a negative effect since it prolonged the duration of the study, but the use of
a single goniometer was considered important in terms of preventing possible
technical differences in the measurements. Each researcher was given enough
time to make their measurements and evaluations easily.

The researchers who made the measurement were given a standard form and
were asked to record the results they obtained from the measurements, alpha
and beta angles, in this form. In addition, they were asked to perform a
sonographic typing according to the Graf method by examining the
ultrasonographic cross-sections morphologically and to record the follow-up and
treatment recommendations accordingly.

The differences between the alpha and beta angles recorded statistically and
the differences between the Graf types were tried to be examined as
interobserver and intraobserver. As a statistical method, the Bland Altman
statistical method, in which each measurement can be evaluated individually
with the other, was used and possible differences and the reliability of the US
measurement technique were tried to be evaluated.

However, since the standard deviations of the two results can be evaluated in
this statistical analysis, the results of the measurements and evaluations made
by the researchers in the study group were created in groups of two, and the
measurements of each researcher were matched with each other and a large
number of analyzes were made.

The data obtained from the measurements made by the researchers from the
blinding and repeating US images were also evaluated using correlation methods
for intraobserver evaluation.

Finally, Graf hip typing records, including the morphological evaluation
requested from the researchers, treatment recommendations and possible
differences between them were also evaluated using the Kappa statistical
method. Statistical evaluation of all these methods was made using MedCalc
12.1.4.0 program.

RESULTS

A total of 117 standardized US cross-sections obtained by Graf method were
evaluated and recorded by 4 researchers, alpha, beta angle measurements and
US typing described by Graf method were recorded.

According to the results of the statistical examination, the correlation between
the measurements was examined in order to determine the interobserver
differences made by the researchers in the self-repeated images and Pearson's
R values showing correlation were determined as 0.951 (sig p=0.000), 0.975 (sig
p=0.000), 0.996 (sig p=0.000) and 0.997 (sig p=0.000), respectively. These results
were revealed to be highly compatible with each other, and no intraobserver
difference was observed between the measurements.

The statistical results of the examination of the interobserver differences and
method safety between the researchers who made the measurements were
based on the opinion that the measurements were compatible if the measured
values had a normal distribution and the different measurement values were
randomly distributed around zero and if 95% of them were between "d" -1.96s
and "d" +1.96s " (12).

Bland Altman standard deviation distribution tables were created in binary
groups and the results were given in table groups by comparing each researcher
with another (Table groups 1 and 2).

427



Original Investigation / Ozgiin Arastirma

GMJ 2023; 34:425-431
Dogruel et al.

Table Group 1 Results of examination of the measurements of alpha angles in Bland Altman binary groups
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Table Group 2 Results of examination of the measurements of alpha angles in Bland Altman binary groups
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When the entire table groups are examined, it is observed that the differences
between the measurements are randomly distributed around zero with a normal
distribution, and 95% of them are between "d" -1.96s and d "+1.96s". Based on
this observation, it can be said that the differences between the measurements
remain within the acceptable standard deviation range. Accordingly, the mean
change between alpha angles was at least 1 and at most 4 (range-15.2 - 14.3)
(Table group 1). The mean change between beta angles was spread over a wider
range and the mean change was measured in the range of at least 1.8 and at
most 8.2 (range-31.9 — 30.5) (Table group 2).

When the differences between alpha angle measurements were examined,
Cronbach's alpha value was calculated as 0.9736 and the 95% lower reliable limit
was 0.9664. The change between the measurements occurred in the range of
0.0019-0.0133. The Cronbach's alpha value for beta angle measurements is
0.8992 and the 95% lower reliable limit is 0.8717. The change between
measurements is in the range of 0.011-0.0536.

Table 3 Landis and Koch Kappa assessment scale

Since the differences between the typing were evaluated by conducting a
morphological examination and there was no numerical value and it was a
categorical evaluation, the correlation between the measurements and possible
differences between the evaluations were evaluated by creating groups of 2 with
Cohen's Kappa method.

All Kappa values were detected in the 95% safety range and the standard error
occurred in the range of 0.036 to 0.040.

Kappa values of the binary groups were measured as, respectively, k= 0.661
(95% CI 0.582-0.739) for the first group, k= 0.671 (95% CI 0.600-0.742) for the
second group, K= 0.647 (95% Cl 0.564-0.730) for the third group, k= 0.718 (95%
Cl 0.651-0.786) for the fourth group, k= 0.717 (95% Cl 0.647-0.787) for the fifth
group, and k= 0.637 (95% Cl 0.564-0.709) for the sixth group. Landis and Koch
scale (13) was applied to evaluate Kappa results (Table 3). Interobserver Kappa
evaluation results (k=0.647 — 0.787) according to this scale were moderate and
substantial.

Kappa Statistics Strength of Agreement ((Compatibility strength)
<0 Poor
0.01-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect
DISCUSSION

In studies comparing hip ultrasonography with the follow-up and treatment of
the physical examination of the hip joint, US methods have started to be widely
used in reporting more reliable results than only physical examination and
follow-up methods, screening of DHD with US methods, planning and follow-up
of treatment. Although various US methods are also used, the US method (1)
described by Graf has become more popular than others and has started to be
used more than other US methods in screening and follow-up. The accuracy of
diagnosis and treatment is extremely important for the treatment of
developmental hip dysplasia, which is a preventable disability. For this reason,
the reliability of this method, which guides diagnosis and treatment, should be
at a high level. In our country, this method, described by Graf, started to be
applied to all infants aged 6-8 weeks as a screening test applied to all newborns.

Alpha and beta angles from the hip joint are measured and treatment is
planned by ultrasonographical typing according to the criteria described by the
hip joint Graf with a morphological evaluation made in the US image. This
method is widely used by orthopedic surgeons and radiologists in our country.
Radiologists write and report Graf typing results by measuring alpha and beta
angles according to the Graf method. Some orthopedic surgeons perform the US
evaluation of the hip in infants themselves and plan treatment according to their
results, while some surgeons decide to treat with radiology reports. Studies
evaluating hip US efficacy in our country and in the world have also been
published.

In the study conducted by Simona EA et al. (14) from Sweden, interobserver
differences were evaluated between the groups consisting of orthopedics and
radiology assistants who worked on the Graf method and principles, the
participants were asked to blindly evaluate US outputs and measure alpha beta
angles and US typing according to the method described by Graf. While recording
the results, 4 result groups were created (type 1 mature, type 2 an immature,
type 2b-2c-D dysplastic and type 3a-3b-4 dislocated) and they were asked to
make an evaluation. In the study, Kappa values were determined in the range of
0.55-0.71 (moderate and substantial agreement). In the method we applied, the
results were not grouped, but the agreement between experienced surgeons
was evaluated in the study. The results obtained are at a similar level. The
concordance between orthopedics and radiology assistants can be interpreted
as the results being at a similar level to the experienced surgeons in our study,
and the graph US method can be easily learned and practically used.

Barr-On E et al. (15) performed US evaluation with Graf method and obtained
output on 75 infants with health proficiency and classified their results as normal
(1a-2a) and pathological (2b-4) and the results obtained by two researchers were
evaluated.

They made interobserver evaluation and interobserver evaluation by taking the
same outputs more than once and measuring them again at different times.
Interobserver agreement was observed as Kappa 0.50 and intraobserver
agreement as kappa 0.61 in all results obtained. In the evaluation made by
selecting only abnormal hip results, the consistency in the results has decreased
considerably. Intraobserver Kappa was 0.41 and interobserver Kappa was 0.28
(poor agreement). The authors' comments were that although the same
ultrasonography device and baby positioning device are used, low agreement
shall require more standards in US imaging, which increases agreement in the
future. In this study, both the performance of different researchers in US and the
differences in measurements were combined, so the increasing negative effects
decreased the agreement. We tried to take technical measures, including the use
of the same goniometer, to prevent technical errors in our study and to make a
more compatible evaluation. Increasing the technical standards in the US
evaluation with the Graf technique shall positively affect the results.

In a study conducted by Omeroglu et al. (16) from our country, the Graf
ultrasonography method was evaluated in detail and the evaluation results were
examined in terms of interobserver and intraobserver differences. In the last
year of the study, 22 researchers consisting of an orthopedic assistant, assistant
professor and a professor were divided into 4 groups and the results of the
morphological evaluations made for graph ultrasonography hip joint types and
the agreement between these results were examined as interobserver and
intraobserver with the measurements they made on the selected equal number
of pathological and normal ultrasonography outputs standardized and repeated
measurements at 4-week intervals. The mean intraobserver agreement rate
between graph US types was 65% (40-90%) and kappa 0.52 (0.21-0.84), while the
interobserver agreement rate was 51% (41-60%) and kappa 0.33 (0.21-0.43).

The fact that the agreement in Kappa values is less, the number of researchers
making the measurement and the differences in experience can be thought to
be, and the higher agreement in our study may be due to the fact that the
measurements were made by 4 researchers with high experience, according to
this study, the difference in our study is that the Alpha and Beta measurement
values were evaluated by comparing each measurement with each other instead
of an analysis made over the average value, and the Bland Altman standard
deviation Graf was evaluated whether the measurements were within the safety
ranges.

The reliability of this method, which is also quite common in our country, and
the determination of the differences between the practitioners have become
important, therefore, the reliability of the application of the Graf US method has
been tried to be evaluated.
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In this context, when the results of the study were evaluated, the intraobserver
difference in alpha angles in the measurements made by the researchers
participating in the study was realized at the level of maximum 4 at least 1 degree
when the Bland Altman table groups were examined and the majority of the
measurements in all tables Bland Altman remained within the safe margin of
+1.96 to -1.96. The mean deviation of the measurement differences in beta
angles spread over a wider band than the alpha values, but most of the
measurements remained within the safe margin of Bland Altman +1.96 to -1.96.
The differences in beta angles can be partially ignored due to the fact that the
alpha angle is more decisive in sonographic evaluation, but if the standard
deviation differences in alpha angles spread over a wider band, Graff US typing,
which determines the treatment, could also lead to different results. Since large
differences in possible alpha angles shall also affect sonographic hip types, there
is a risk of adversely affecting treatment and follow-up.

The fact that this study was conducted among experienced researchers who
frequently applied the Graf method led to the expectation that the results would
be more consistent. However, the differences in the results show that there is a
moderate and substantial level of agreement, and the experience of the method
shows that there is a risk that there may be less harmony among medical
professionals.

In the study, the Cohens Kappa values of the Graf hip typing that the
researchers decided morphologically were examined and the compatibility
between the researchers was evaluated according to Landis and Koch's Kappa
evaluation table, and while the compatibility between some researchers was
determined at a moderate level, a significant level of compatibility was observed
in others. “However, although there are differences in typing, the effects on
treatment recommendations are not different.”

Expanding this study in the future to include more inexperienced surgeons and
other medical professionals shall carry the risk of decreasing the reliability of the
method, but shall allow possible more accurate results and evaluations, thus
being important in assessing the reliability of the method.

The fact that the compatibility of the Graf US scanning method between
experienced surgeons remains at an acceptable level takes into account the
conclusion that it would be more accurate to use the method in screening and
follow-up, especially by experienced professionals. Over time, with the increase
in the experience of other professionals, the differences in diagnosis and
treatment and follow-up shall decrease accordingly.
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