J Surg Med. 2022;6(11):893-898.
DOI: 10.28982/josam. 1120336

Research article

Journal of Surgery and Medicine

e-ISSN: 2602-2079

The evaluation of ultrasonographic hip measurement differences
among physicians according to the Graf method in newborns

Tarik Altunkihg !, Biinyamin Ar1%, Mehmet Yetis 2 Nihat Kihcaslan °, Feyza inceoglu *

! Malatya Turgut Ozal University Faculty of
Medicine, Department of Orthopedics and
Traumatology, Turkey
2 Ahi Evran University Faculty of Medicine,
Department of Orthopedics and Traumatology,
Turkey
3Mehmet Akif Inan Training and Education
Hospital University, Department of Radiology,
Turkey
4 Malatya Turgut Ozal University Faculty of
Medicine, Department of Biostatistics, Turkey

ORCID ID of the author(s)

TA: 0000-0002-1640-4275
BA: 0000-0001-9720-1869
MY: 0000-0002-8193-4344
NK: 0000-0003-4031-5798
Fi: 0000-0003-1453-0937

Corresponding Author
Tarik Altunkilig
Malatya Turgut Ozal University Faculty of
Medicine, Department of Orthopedics and
Traumatology, Turkey
E-mail: tarik.altunkilic@ozal.edu.tr

Ethics Committee Approval
This study was carried out after obtaining the
approval of the Clinical Research Ethics
Committee of Malatya Turgut Ozal University,
with the protocol number 2021/56 dated August
20, 2021.

All procedures in this study involving human
participants were performed in accordance with
the 1964 Helsinki Declaration and its later
amendments.

Conflict of Interest
No conflict of interest was declared by the
authors.

Financial Disclosure
The authors declared that this study has received
no financial support.

Published
2022 November 7

Copyright © 2022 The Author(s)
Published by JOSAM
This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC
BY-NC-ND 4.0) where it is permissible to download, share, remix,
transform, and buildup the work provided it is properly cited. The work
cannot be used commercially without permission from the journal.

Abstract

Background/Aim: Hip ultrasonography (USG) is the most important diagnostic method in developmental
hip dysplasia in newborns. However, a disadvantage of the ultrasonography method is that there can be
measurement differences among doctors measuring the same hip. We aimed to investigate the causes and
solutions of this situation. We further strived to measure the hip ultrasonography performed by different
physicians using the Graf method and comparing the obtained values.

Methods: Hip USGs of newborns admitted to Malatya Turgut Ozal University Faculty of Medicine
Hospital between Jan. 8, 2020 and Jan. 5,.2021 were measured and classified using the Graf method. The
study type is consistent with retrospective cohort studies. Newborns aged 0-22 weeks without any
additional pathology were included in the study. A radiologist and two orthopedists measured and
interpreted the images separately in accordance with the Graf method. The first hip measurements (R1)
were made by the radiologist (R) with the USG device, and they were classified according to alpha and
beta angles; two printouts were made. The first orthopedic specialist (OS1) and the second orthopedic
specialist (0S2) made their measurements with printouts. Subsequently, the results from the physicians
were compared.

Results: A statistically significant difference was found between R1-OS2 (P < 0.001) and OS1-0S2 (P <
0.001) in terms of the Graf classifications. No statistically significant difference was found between R1
and OS1 in terms of the Graf classification (P = 0.562). A statistically significant difference was found
between R1-OS2 (P < 0.001) and OS1-OS2 (P = 0.048) angles (alpha and beta) measurements. While R1
and OS1 measurements were compatible with each other, OS2 measurements were found to be
inconsistent.

Conclusion: We think that there may be differences in angle measurements and the Graf classification
among physicians who perform hip ultrasonography in newborns, and the most important way to correct
this is through regular participation of physicians in subject-specific trainings.
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Introduction

Developmental hip dysplasia (DHD) is a progressive
disease that occurs as a result of disruption of the integrity of the
acetabulum and femoral head due to many risk factors during
pregnancy. In the past, the incidence of DHD was thought to be 1
in 1000 live births [1]. In the study of Kutlu et al. [2] the
incidence of DHD was found to be 1.34%. The incidence of
DDH may vary according to race and geographical regions.
DHD can be seen at a rate of 1.5-2% in Europe and at a rate of 1-
1.5% in Turkey [3, 4].

If DHD is not diagnosed and treated early, it can cause
serious arthrosis and deformities in later life [5]. Early diagnosis
is the basis of treatment and also increases the success of
treatment. Although Barlow and Ortolani tests performed by
physical examination have an important place in the diagnosis,
hip ultrasonography (USG) performed in the first six months
after birth is the most valuable method [6]. In children older than
six months, pelvic roentgenogram has an important place in the
diagnosis [7]. Combined clinical examination and USG are the
most important methods in diagnosis and follow-up. USG is
routinely used and accepted, because it is an internationally
standardized diagnostic method, can diagnose up to the sixth
month, and helps in the planning of follow-up and treatment [8,
9].

Although USG is used in diagnosis and treatment, we
think that different results may be obtained according to the
measurement of the radiologist or orthopedist performing the
USG. It was stated in the studies of Bar-on and Zieger et al. [10,
11] that it may vary according to the person making the
measurement.

Hip ultrasonography is the most important diagnostic
method in developmental hip dysplasia in newborns. However, a
disadvantage of the ultrasonography method is that there can be
measurement differences among doctors measuring from the
same hip. We aimed to investigate the causes and solutions of
this situation. We further strived to measure the hip
ultrasonography performed by different physicians using the
Graf method and comparing the obtained values.

Materials and methods

Hip USGs of newborns admitted to our hospital
between Jan. 8, 2020 and Jan. 5, 2021 were measured and
classified using the Graf method. This study was carried out after
obtaining the Clinical Research Ethics Committee of Malatya
Turgut Ozal University's approval, with the protocol number
2021/56 dated Aug. 20, 2021. Fifty five (49.5%) of the newborns
were girls and 56 (50.5%) were boys. The study type is
consistent with retrospective cohort studies. Newborns aged 0-22
weeks without any additional pathology were included in the
study. Two printouts were obtained for each hip from each
newborn. A radiologist and two orthopedists measured and
interpreted the images separately in accordance with the Graf
method. The first hip measurements (R1) were made by the
radiologist (R) with the USG device, and they were classified
according to alpha and beta angles, and two printouts were made.
Five days later, participants were called, and R1 measured a
second time (R2). The printouts were given to the first
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orthopedic specialist (OS1) and the second orthopedic specialist
(0S2). The radiologist had previously had hip USG training.
OS1 had a Graf method pediatric hip ultrasonography course
certificate. OS2 had training only during the residency period.

They measured the hips manually with a protractor ruler
in accordance with the Graf method and classified them
according to alpha and beta angles. The alpha and beta angle
measurements and classification according to the Graf method
performed by the radiologist were compared with the alpha and
beta angle measurements made by the two orthopedic specialists
manually from the printout and classification according to the
Graf method. In the study, the radiologist's first measurement
(R1) was compared with the measurements of OS1 and OS2.

Type 3 and type 4 hips were not found in the study. In
addition, hips were divided into two groups; Graf type 1 hips
(Group 1), which did not need follow-up, and Graf type 2a - type
4 hips (Group 2), which required follow-up and treatment in
order to calculate the agreement between the physicians.

Ultrasound scanning was performed with the Esaote
Mylab Seven model 2019 linear probe manufactured in Genoa,
Italy. The radiologist examined all hip joints with and without
stress prior to USG (using Barlow and Ortolani). Then, USG was
performed by the same radiologist to evaluate the stability of the
hip structure and femoral head at rest and under stress (Figure 1).
When the baby was in the lateral decubitus position, the probe
was inserted using the lateral approach. Scanning was evaluated
by fixing the hips in 20-30 degrees of flexion and 5-10 degrees
of internal rotation in extension. The bone and cartilage
components of the hip joint and the structure of the femoral head
within the acetabulum were evaluated. Graf's classification was
used for measurements. Alpha and beta angles were calculated
on coronal images. In coronal images, an imaginary line is drawn
from the baseline of the iliac bone and extended along the
femoral head. The angle between the tangent drawn from the
distal end of the deepest point of the acetabulum to the bony
corner was calculated as alpha. Beta angle was calculated with
the line drawn from the midpoint of the labrum to the acetabular
corner (Figure 2). Two printouts were made for each hip.

Figure 1: USG measurement of radiologist
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Statistical analysis

The analysis of the data included in the research was
carried out using the Statistical Package for the Social Sciences
(SPSS) 25 program and Kolmogorov-Smirnov test [12]. Two
paired sample t-tests were used to evaluate the observers. The
Pearson correlation coefficient was also calculated. Values that
were frequently used in the evaluation of the findings were as
follows: 0.00 — 0.19 no relationship (negligible low relationship),
0.20 — 0.39 weak relationship, 0.40 — 0.69 moderate relationship,
0.70 — 0.89 strong relationship, 0.90 — 1.00 a very strong
relationship [12].

The sample of this study was determined by power
analysis, using the G*Power 3.1 program. According to the
power analysis, the sample was determined as 198 with an effect
size of 0.25, a margin of error of 0.05, and a confidence level of
0.95.

Interobserver reliability is used to show variability
between two or more raters measuring the same group of
participants [13]. Observers were evaluated using the intraclass
correlation coefficient (ICC). Since the participants were
evaluated by the same observer, the ICC (3,2) model and two-
way mixed effects model were used. ICC (3,2), standard error of
measurement (SEM) and inter-measurement reliability, which is
the smallest detectable difference (SDD), were evaluated [14-
16]. SDD was calculated to generate random error scores. The
low value of the calculated SEM indicates that the participant
was consistent throughout the test trials [15, 17]. In order to
compare the measurements among observers, comparisons
between groups were made using the ANOVA test. The
measurement values of the tests were recorded by providing
similar test setups and conditions for all participants included in
the study.

Results

One hundred eleven newborns were included in the
study. A total of 55 (49.5%) were female and 56 (50.5%) were
male. The mean age of the participants was 69.72 (30.78) days,
with the youngest age being 22 days, and the highest, 155 days.
A total of 222 hips of the participants, both right and left hips,
were evaluated.

Mean, standard deviation, minimum and maximum
values of both R1 and R2 alpha (o)) and beta (p) angles taken by
R, alpha (a), beta (B) angles measured by OS1, alpha (a), beta
(B) angles measured by OS2 were calculated and results are
given in Table 1.

The number and percentage values of R1 and R2 Graf
classification (Type 1, 2A, 2B, 2C), OS1 Graf classification
(Type 1, 2A, 2B, 2C) and OS2 Graf classification (Type 1, 2A,
2B, 2C) distributions of participants in the study were calculated
and the results are given in Table 2. No Type 3 or Type 4
patients were found in the study.

To calculate the agreement among the physicians,
measurements were divided into two groups, Group 1 (type 1)
and Group 2 (type 2a to type 4). Group 1 and Group 2
classification numbers and percentage values calculated by R1,
OS1 and OS2 are given in Table 3.

There was no statistically significant difference between
R1 and R2 measurements made by R for alpha (a) angle variable
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(P* = 0.708, Table 4). It was observed that the values obtained
with the second measurement were higher than the values
obtained with the first measurement (difference = -0.05). A very
high level (r = 0.872) of statistically significant correlation was
found between R1 and R2 (P*=0.708, Table 4).

Table 1: Alpha and beta angle measurement averages of physicians

Angle Mean (SD) Min Max
Rl oangle |61.92(3.84) 48 73
Rl Bangle |554(7.66) 35 72
R2 oangle | 61.97(3.95) 46 70
R2 B angle |56.36(6.78) 40 71
OS1 aangle | 60.02 (12.1) 62 71
OS1 B angle | 57.9 (12.32) 55 72
OS2 aangle | 59.22 (5.31) 43 75
OS2 B angle | 60.64 (5.82) 42 80

SD: standard deviation, Min: lowest score received, Max: highest score

Table 2: Number of hips by Graf classification

‘Rl R2 0s1 0S2

n(%) n(%) n(%) n(%)
Typel | 171 (77%) 173 (77.9%) 146 (73%) 120 (54.1%)
2A 41 (18.5%) 39 (17.6%) 48 (21.6%) 76 (34.2%)
2B 9(41%) 9 (4.1%) 11 (5%) 21 (9.5%)
2C 1(05%)  1(0.5%) 1(0.5%) 5 (2.3%)

n: frequency, %: percent
Table 3: Group 1 and Group 2 distribution of physicians' measurements
| R1 0s1 0s2

Group 1 | 171 (77%) 162 (73%) 120 (54,1)
Group 2 | 51 (23%) 60 (%27%) 102 (45.9%)

%: percent, Group 1: Graf type 1 hips that do not need follow-up, Group 2: Hips between Graf type 2a +
type 4 requiring follow-up and treatment

There was no statistically significant difference between
R1 and R2 performed by the radiologist for the beta (B) angle
variable (P! = 0.220, Table 4). It was observed that the values
obtained with the second measurement were higher than the
values obtained with the first measurement (difference = -0.95).
A very high level (r = 0.952) statistically significant correlation
was found between the first and second measurements (P! =
0.220, Table 4).

No statistically significant difference was found
between R1 and R2 measurements in the Graf classification
using R (P = 0.058, Table 5).

Table 4: R1 and R2 angle measurements of the radiologist

Angle | Measurement  Mean (SD) Pl-value r P2-value

Alfa(a) | RL 61.92 (3.84) 0.708 0872 0.001*
R2 61.97 (3.95)

Beta () | R1 55.40 (7.66)  0.220 0.952  0.001*
R2 56.36 (6.78)

SD: standard deviation, P*: statistical significance of two paired samples t test, r: between two observation
correlation coefficients, P2: *P <0.05. There is a statistically significant relationship between the two tests.

Table 5: Comparison of two measurements of the radiologist according to Graf classification

‘ R2 Total P-value
Type 1 2A 2B 2c
RL Typel | 168 (97.1%) 3 0 0 171 (77%) 0.058
2A  |5(29%)  36(92.3%) 0 0 41 (18.5%)
2B 0 0 9 (%100) 0 9 (4.1%)
2c o 0 0 1(100%) 1 (0.5%)
Total 173 39 9 1 222

%: percent, P: test statistical significance’s value of kappa statistics

It was found that there was a statistically significant
difference among the physicians in the alpha and beta
measurements of the participants included in the study. To
measure from which group the difference originates, pairwise
comparisons were made with the Tukey test. According to the
paired comparisons:

* No statistically significant difference was found between R1
and OS1 angle measurements (P2= 0.051, Table 6).

* A statistically significant difference was found between R1
and OS2 angle measurements (alpha angle: P?< 0.001, Table 6).

* A statistically significant difference was found between OS1
and OS2 angle measurements (P?= 0.048, Table 6).
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Table 6: Comparison of alpha and beta angle measurements among physicians

Angle ‘ Measurement ~ Mean (SD) Pl-value  Multiple comparisons

First Second  P?-value

Alfa | R1 61.92 (3.84) <0.003* R1 0s1 0.051
‘ 0s1 60.02 (4.27) 082 0.001**
082 59.22 (5.31) 0S1  0s2 0.048**

Beta ‘ R1 55.4 (7.66) <0.001* R1 0Ss1 0.053
0s1 57.9 (5.96) 082 0.001**
| 0s2 60.64 (5.85) 0S1  0S2 0.001**

SD: standard deviation, P: statistical significance of repeated measures of ANOVA, * P< 0.05: There is a
statistically significant difference between observers ** P2<0.05: There is a statistically significant
difference between observers.

In the measurements made for the alpha angle, the R1
and OS1 ICC value was calculated as 0.892 (95% CI; 0.859-
0.917; Table 7). The reliability between measurements was
evaluated with the Standard Error of Measurement (SEM) and
the smallest detectable difference (SDD). High ICC value, low
SEM value indicates good inter-participant agreement [17, 18].

The R1 and OS2 ICC value was calculated as 0.327
(95% CI; 0.205-0.440). The reliability between measurements
was evaluated with the Standard Error of Measurement (SEM)
and the smallest detectable difference (SDD). A low ICC value
and a high SEM value indicate that the agreement among
participants is not good [17, 18]. OS1 and OS2 ICC values were
calculated as 0.347 (95% CI; -0.226-0.458; Table 7). In the
measurements made for the beta angle, the R1 and OS1 ICC
value was calculated as 0.734 (95% CI; 0.654-0.796). R1 and
OS2 ICC value was calculated as 0.284 (95% CI; 0.159-0.401).
OS1 and OS2 ICC values were calculated as 0.389 (95% ClI;
0.271-0.495; Table 7).

Table 7: ICC, SEM, and SD values of physicians' angle measurements
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Table 9: Inter-orthopedist comparison of Graf type classification

0Os1 Total
Typel 2A 2B 2C

P-value

OS2 Typel | 105 1 3 1 120
2A 42 34 0 0 76
2B 13 0o 8 0 21
2C 2 3 0 0 5

* P <0.05: There is a difference between groups. P: test statistical significance’s value of kappa statistics.

<0.001*

Table 10: Comparison of R1 between OS1 and OS2 in Group 1 - Group 2 classifications

R1 Total P-value
Group1l Group 2
OS1 Group1 | 159 3 162  0.058
Group 2 | 12 48 60
0S2 Group 1 | 108 12 120  0.001*
Group 2 | 63 39 102
Total 171 51 222

* P < 0.05: There is a difference between groups. P: test statistical significance’s value of kappa statistics,
Group 1: Graf type 1 hips that do not need follow-up, Group 2: Hips between Graf type 2a + type 4 requiring
follow-up and treatment

Table 11: Comparison between OS1 and OS2 in Group 1 - Group 2 classifications

Angle | Measurements Measurements 1CC (3.2) % 95 Cl SEM SD

Lower Upper
Bound Bound

Alfa |R1 0s1 0.892 0.859 0.917 0.101 0.281

0Ss2 0.327 0.205 0.440 1.361 3.772

0Ss1 0S2 0.347 0.226 0.458 1.257 3.484

Beta |R1 0Os1 0.734 0.654 0.796 0.521 1.443

0S2 0.284 0.159 0.401 2.767 7.670

0Os1 0s2 0.389 0.271 0.495 2.514 6.969

ICC: Intraclass Correlation Coefficient, Cl: Confidence Interval, SEM: Standard Error of Measurement, SD:
Smallest detectable difference.

No statistically significant difference was found
between R1 and OS1 in terms of the Graf classification (P =
0.562, Table 8). A statistically significant difference was found
between R1 and OS2 in terms of the Graf classification (P =
0.001, Table 8). A statistically significant difference was found
between OS1 and OS2 in terms of the Graf classification (P <
0.001, Table 9). No statistically significant difference was found
between Group 1 and Group 2 measurements of R1 and OS1 (P
= 0.058, Table 10). A statistically significant difference was
found between R1 and OS2 measurements (P = 0.001, Table 10).
A statistically significant difference was found between Group 1
and Group 2 measurements of OS1 and OS2 (P < 0.001, Table

11).
Table 8: Inter-physician comparison of Graf type classification
R1 Total P-value
Typel 2A 2B 2C

OS1 Typel | 160 2 0 0 162 0562
2A 9 39 0 0 48
2B 2 0 9 0 1
2C 0 0o o0 1 1

0S2 Typel | 108 100 1 1 120 0.001*
2A 48 28 0 0 76
2B 13 0 8 0 21
2C 2 3 0 0 5

* P < 0.05: There is a difference between groups. P: test statistical significance’s value of kappa statistics.

0Os1 Total P-value
Group 1 Group 2
OS2 Groupl n | 105 15 120 <0.001*
Group2 n |57 45 102

n: frequency, %: percent, * P < 0.05: There is a difference between groups. P: test statistical significance’s
value of kappa statistics, Group 1: Graf type 1 hips that do not need follow-up, Group 2: Hips between Graf
type 2a + type 4 requiring follow-up and treatment

Discussion

DHD is a progressive disease that occurs in newborns
due to many prenatal and postnatal causes. The main deterrent of
this disease is early diagnosis and treatment [19]. If the correct
diagnosis and treatment is not made in the newborn, it causes
permanent deformities, loss of ability to work, and a decrease in
the quality of life of the patient [20]. It should be noted that 9.1%
of cementless total hip prostheses and 5.2% of cemented total hip
prostheses are performed due to hip dysplasia or dislocation [21].
Barlow and Ortolani examinations are also frequently used in the
diagnosis of newborns. However, the specificity of these
methods was found to be high >99% and the sensitivity to be
60% [22, 23]. Pelvic roentgenogram is not used for early
diagnosis in children under six months, since the femoral head
ossifies after four to six months [24]. For all these reasons, the
importance and value of USG has been increasing.

Ultrasonography will not only prevent the occurrence of
such problems in adults, but will also contribute to the reduction
in surgical treatment costs of DHD [25, 26]. Although USG
reduces the problems and treatment costs of the family and the
child in the future, it may cause false positives and unnecessary
treatments [27]. In the study of Dias et al. [28], two pediatric
radiologists and three orthopedic physicians reproduced the hip
ultrasound images of 209 newborns and evaluated them with the
Graf method. It was stated that USG is an important diagnostic
method in DHD, although the reliability among physicians is
weak.

The Graf ultrasonographic hip measurement method has
an important place in determining hip dislocation, as it allows us
to make USG and angle measurements. In order to reduce the
errors of physicians who perform USG measurements and
increase the validity, reference points, drawing lines, and
accurate measurement of angles were determined [29]. It has
been proven in publications that errors can be minimized as a
result of following these guidelines [30].

In the study of Bar-On et al. [31], hip ultrasonography
was performed on 75 infants by two different physicians
consecutively. Ultrasound images were printed and analyzed
twice by three pediatric orthopedic surgeons and classified using
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the Graf method. Intra- and inter-observer agreement between
interpretations was classified as normal (types 1 to 2A) and
abnormal (types 2B to 4) using the Graf classification and
analyzed using kappa coefficients. When examining the same
printout, the mean of intra-observer agreement kappa value for
Graf classification was 0.6, but the inter-physician agreement
kappa value was found to be moderate, 0.50. For normal and
abnormal grouping, the mean of intra-observer agreement kappa
value was 0.67 and inter-physician agreement kappa value was
0.57. According to the findings of this study, Bar-On et al.
indicated that both the ultrasonography technique and the
physician interpreting the image may affect the result, and that
there was a weak consensus among orthopedists [31].

In the study of Roover et al. [32], 200 ultrasonography
images were classified according to Graf's method by four
radiographers and a radiologist. They stated that the
interobserver agreement regarding the ultrasound evaluation of
the hip was good enough and that observer variability did not
cause any serious cases to be overlooked. In the study of
Omeroglu et al. [33] the rates of intra-observer and inter-
physician agreement in the Graf classification were 65% and
51%, respectively. Intra-observer and inter-physician agreement
rates in treatment method by hip type were 76% and 64%,
respectively. In the study, it was stated that having basic
knowledge about the Graf method was the most important point
and the number of previous examinations by the observer had no
effect on the results. In a study by Roposch et al. [34] intra- and
inter-observer variability in the interpretation of ultrasound was
examined. Training materials developed by Graf were given to
four orthopedic specialists in their last year of training. However,
two physicians (Group A) attended the training courses on the
technique, while the other two (Group B) did not attend the
training courses. A misclassification affecting treatment was
rare; one patient received unnecessary treatment and three
patients did not receive the necessary treatment. In the study, it
was concluded that how to do and interpret ultrasound should be
done correctly through training courses and self-study is
insufficient [34]. In our study, no statistically significant
difference was found between R1 and OS1 in terms of Graf type
and normal-abnormal classification, but a significant difference
was found when these physicians were compared with OS2.

Ozgun et al. [35] treated 210 babies. Ultrasound images
were evaluated by two pediatric orthopedic professors, two
orthopedic specialists, and two orthopedic assistants. In their
study, they stated that more importance should be given to the
beta angle and cartilage labrum in the resident training program
and this is directly proportional to clinical experience. In our
study, a statistically significant difference was found between
physicians in alpha and beta measurements. It was seen that this
difference was caused by the measurements of OS2 rather than
the measurements of R1 and OS1.

Simon et al. [27] evaluated 158 ultrasonographic
images. There was better agreement among physicians in the
assessment of immature hips compared to mature hips. The least
agreement was between the least experienced and most
experienced physicians. It was observed that the agreement
between physicians was higher in regard to immature hips than
in mature hips. Therefore, they stated that USG is important in
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the evaluation of immature hips. The study indicated that
although there were differences between the measurements in
alpha and beta angles measured among physicians, the
agreement between physicians was good in the classification,
and the experience and education of the researchers played an
important role in the compliance [27]. Melzer et al. [36] in their
study, determined a mean error of 3.2° for the alpha angle and
11.9° for the beta angle. According to Neither et al [37], it is
assumed that there may be a 10° margin of error in the
measurements of alpha and beta angles. Roovers et al. [32] mean
standard deviations of 3.2° and 6° were reported for alpha and
beta angles, respectively. According to the Graf method, the
mean standard deviation for alpha and beta angles is 4° [38]. In
the study of Pedrotti et al. [39] ultrasonography of 798 patients
was examined by different physicians. In the study, alpha and
beta angle changes were not found to be statistically significant.
In our study, it was seen that the ICC values obtained as a result
of alpha and beta measurement showed good agreement between
R1 and OS1, but the agreement between the two physicians with
OS2 was not good.

The study of Rosendhal et al. [40] aimed to determine
the agreement between physicians in the evaluation of hip
morphology and stability with ultrasound. Three groups of
infants were examined. Intra-observer and inter-physician
agreements were determined for reading and reviewing the
recorded ultrasound scans. A high degree of agreement was
found for the morphological classification based on repeated
examinations by two physicians of the scans of 206 infants
enrolled by the same physician (doctors' kappa values of 0.7 and
0.8, respectively). The degree of agreement between the
physicians was found to be moderate (kappa value = 0.5). There
was moderate agreement among physicians in determining hip
stability in 70 infants (kappa value = 0.4). In their study, they
stated that in order to achieve a high level of agreement among
physicians in the evaluation of hip morphology and stability in
newborns, appropriate training and attention to detail in the
measurement technique should be taken [40].

We examined the variation and variables between
physicians' own measurements and among physicians in the
interpretation of infant hip ultrasound. There was no pediatric
radiologist in our study, but we had a radiologist and two
orthopedic specialists. OS1 had the Graf method pediatric hip
ultrasonography course certificate. OS2 only trained for
developmental dysplasia during his residency. Among the three
physicians, R and OS1 were the most compatible with each
other, and OS1 and OS2 were the most incompatible. We
attribute this situation to the fact that OS2 did not receive hip
USG training.

Limitations

The low number of patients in this study can be
considered a limitation. In addition, the inclusion of more
doctors in this study would have been beneficial.

Conclusion

While there was agreement between trained doctors in
the Graf measurements made by more than one doctor, it was
seen that there was no agreement between the doctor who was
not trained and the other doctors. We think that the most
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regularly attend subject-specific training courses.
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