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Can developmental dysplasia of the hip be identified in the prenatal period?
A pilot study: Ultrasonographic evaluation and postnatal follow-up results of
fetal hips in the third trimester
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ABSTRACT

Objective: This study aimed to determine the predictability of developmental dysplasia of the hip (DDH) in the prenatal period by means
of evaluating fetal hips using the Graf method on obstetric ultrasonography (US) after the 34th week of gestation.

Methods: A total of 84 pregnant women (mean age = 27.04; age range = 19-46 years), who were referred to our radiology clinic for an
obstetric US examination in the third trimester, and their fetuses were included in this study. In the obstetric US, alpha angles of both
hips of the fetuses were measured based on Graf’s method, and each case was assessed ultrasonographically by a second physician at
6-10 postnatal weeks. Prenatal and postnatal hips were then classified according to alpha angles as > 60° or < 60°. The kappa coefficients
between the diagnoses based on prenatal and postnatal alpha angles were calculated.

Resullts: According to the postnatal alpha angle, 77 fetuses were diagnosed to have type 1 right hip and 7 fetuses had type 2A right hip.
The prenatal alpha angle provided the same results (77 type 1 and 7 type 2A right hips). Similarly, the postnatal alpha angle revealed type
1 left hip in 82 fetuses and type 2A left hip in 2 fetuses, which was the same as the diagnoses based on the prenatal alpha angles. There
was a complete agreement between prenatal and postnatal alpha measurements for both the left and right hips (kappa = 1.00, P < 0.001).

Conclusion: Evidence from this study has revealed that DDH can be identified by obstetric ultrasonographic examinations in the prenatal period.

Level of Evidence: Level II, Diagnostic Study

Introduction

Developmental dysplasia of the hip (DDH) maintains
its importance as one of the most common congenital
anomalies in the pediatric age group. It is known that
the success of the treatment of this disease that causes
serious morbidities, with which undiagnosed patients
have to live throughout their lives, is inversely propor-
tional to age. The purpose of treatment in these cases
is to provide complete anatomical recovery without
sequelae.’ Hip dysplasia and dislocation presenting
as a primary cause of DDH in 10% of cases undergo-
ing hip arthroplasty reveals the importance of early
diagnosis.? In some countries, ultrasonography (US)
is done as a screening method for the early diagno-
sis of a pathological hip joint, whereas in others, US
is only recommended for suspected cases based on
medical history or examination findings rather than
sonographic screening.” It is known that the clinical
examination of newborns can provide false positive
or negative results.’ Today, US is recommended as
the most effective method for the early diagnosis of
DDH.** Diagnosis before the ossification of the struc-
tures that constitute the hip joint allows for the ini-
tiation of the most effective treatment.® Among the
methods and classifications described in the DDH

diagnosis, the most commonly used classification

belongs to Graf.” The main factors in the etiology of
DDH, a common developmental disease, are genetic
structure and abnormal loads on the hip joint in the
intrauterine period.*®In the intrauterine 7th week, hip
joint development begins, and by the 11th week, the
process is completed, and the acetabulum and femo-
ral head can be recognized.'®** Many anomalies can
be diagnosed by US in the prenatal period. This mo-
dality has become a routine method in the follow-up
of pregnancy.

Although there is a national DDH screening pro-
gram, many patients are diagnosed with DDH in the
late period because they do not undergo a postnatal
hip US examination. However, our retrospective as-
sessment revealed that those patients had actually
undergone obstetric US a few times during the third
trimester of their pregnancy. Therefore, we planned
to evaluate the efficacy of the ultrasonographic ex-
amination of both hips and their classification ac-
cording to the Graf method, as well as the routine
evaluation of the fetus, during the obstetric sono-
graphic assessment performed for prenatal pregnan-
cy follow-up. With this study, we aimed to reveal the
prenatal predictability of DDH cases on US in the
intrauterine period by performing an evaluation per
the Graf standards.
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Materials and Methods

This study was conducted between December 1, 2019, and March
1, 2020 after the approval of the local ethics committee (Approval
ID: 167). We obtained written informed consent from each pregnant
woman and each caregiver of the infants enrolled in this study. The
study was undertaken with 84 pregnant women and their fetuses re-
ferred to our radiology clinic for an obstetric US examination in the
third trimester. The fetuses sonographically diagnosed with skeletal
dysplasia involving the lower extremity at 18-23 weeks of gestation
were not included in the study. Linear L.12-5 50 mm and convex C6-2
probes were used with the Philips Affiniti 70 US (USA) device and
linear PLT-805AT and convex PVT 375BT probes with the Toshiba
Aplio XU (Japan) device. Since the fetal hip joint reaches maturation
at 34 weeks', the obstetric US examination undertaken at week 34 or
later was taken into consideration in order to record the alpha angles
measured from both hips of the fetuses following the standards given
in Graf’s static hip US examination method. The fetus is still able to
move within the gestational sac owing to its size at the 34th week of
gestation. If the hips could not be visualized in an appropriate posi-
tion, particularly in fetuses with a breech presentation, the US exam-
ination was slightly extended, and fetuses that could be imaged by
changing the maternal position and using probe manipulation were
included in the study. Fetuses with a persistent deep breech presen-
tation or cases for which it was not possible to obtain standard points
for a Graf analysis were excluded from the study.

The static technique of Graf is based on a morphological evalu-
ation in the coronal neutral plane. In the postnatal examination,
the patient is placed in a lateral decubitus position with the legs in
the neutral position and hip and knees slightly flexed. The probe
is placed longitudinally in the lateral side of the hip. The aim of
this standard coronal plane determined by Graf is to obtain a
cross-sectional view, including the lower edge of the iliac bone in
the depth of the acetabular fossa, the midpoint of the acetabular
roof, and the acetabular labrum, in order to perform appropriate
angle measurements. According to Graf’s DDH classification, type
1 hips are considered as normal, and most of type 2A hips that have
an alpha angle between 50° and 59° resolve before postnatal 12th
week. Beta angles were not recorded separately since they would
not change the category according to the Graf classification in fetal
hips. During the examination, the linear or convex probe to be used
was selected according to the mother’s anterior abdominal wall
thickness and the proximity of fetal hips to the anterior abdominal
wall. The hip closer to the abdominal wall was evaluated with lin-
ear probe, and the contralateral hip, which is located in a deeper po-
sition in gestational sac, was analyzed with convex probe. Although
fetal positioning described for the postnatal examination could not
be physically undertaken, the chondro-osseous junction, femoral
head, synovial fold, joint capsule, acetabular lines, and bony end,

After the gestational week 34, we aimed to evaluate both of the hips of the
fetus, during detailed fetal scanning US.

During the fetal scanning, hip evaluation is a feasible procedure, when all of
the organs are being investigated.

+  We were able to evaluate, and classify fetal hips according to Graf’s classi-
fication. The obtained data by fetal hip US were precisely compatible with
postnatal hip US scanning for DDH.

Evaluation of fetal hips after gestational week 34 may provide significant in-
formation regarding possible DDH of the infant after delivery.

which are required for an optimal angle measurement in US, were
outlined. Therefore, the angle measurement lines necessary for the
Graf classification could be determined.

After childbirth, when the women presented to the radiology clinic
at 6-8 weeks within the scope of the DDH screening program, the
postnatal alpha angles were measured and recorded according to
the static hip US examination standards of Graf by a second phy-
sician, who was independent of the radiologist who had performed
the prenatal examination. Then, statistical analysis was performed to
determine the agreement between the prenatal and postnatal alpha
angle values. During the obstetric US examination, the mother’s age,
number of pregnancies and week of gestation, the gender of the fe-
tus, whether the amount of amniotic fluid was adequate, fetal presen-
tation, and whether the newborn was swaddled during the postnatal
examination were also noted.

Statistical analysis

Statistical analysis of the data was performed using SPSS software
package version 22.0, (IBM SPSS Corp.; Armonk, NY, USA). De-
scriptive statistics were presented as mean + standard deviation for
continuous variables and numbers and percentages for categorical
data. The kappa coefficient was calculated together with confidence
intervals to determine the agreement between the diagnoses based
on the prenatal alpha angles and the gold standard reference test, i.e.,
postnatal alpha angles (type 1 if > 60° and type 2A if < 60°). The agree-
ment was evaluated as very poor if the kappa value was < 0.20, poor
if 0.21-0.40, moderate if 0.41-0.60, good if 0.61-0.80, and excellent if
0.81-1.00. The McNemar test was used for the comparison of rates be-
tween categorically dependent variables. The statistical significance
level was accepted as P < 0.05.

Results
The mean age of the 84 pregnant women included in the study was

27.04 + 6.21 (19-46) years. The descriptive statistics for the pregnant
women and their fetuses are given in Table 1.

Table 1. Descriptive statistics (n = 84)

n %

Fetus gender

Male 44 52.4

Female 40 47.6
Presentation

Cephalic 53 63.1

Breech 21 25.0

Transverse 10 11.9
Number of childbirths

1 30 35.7

=1 54 64.3
Oligohydramnios

Absent 78 92.9

Present 6 7.1
Polyhydramnios

Absent 80 95.2

Present 4 4.8
Swaddling

No 82 97.6

Yes 2 2.4
Any risk factor

Absent 36 42.9

Present 48 57.1

Total 84 100

197



Komut and Zehir. / Acta Orthop Traumatol Turc 2021; 55(3): 196-200

Table 2. The kappa agreement coefficients between the diagnoses based on the prenatal and postnatal alpha angles

Postnatal alpha

Right side
Type 1 Type 2A Total Kappa P
n 77 0 77 1.000 <0.001*
Trpe 1 % 100.0 0.0 100.0
Prenatal alpha Right side N 0 ; ;
Type 24 % 0.0 100.0 100.0
n 77 7 84
fotal % 91.7 8.3 100.0
Postnatal alpha
Left side
Type 1 Type 2A Total
Type 1 n 82 0 82 1.000 <0.001*
% 100.0 0.0 100.0
Prenatal alpha Left side
n 0 2 2
Type 24 % 0.0 100.0 100.0
n 82 2 84
fotel % 97.6 2.4 100.0

The prenatal and postnatal hips were classified according to alpha
angles as > 60° or < 60°. Then, the kappa coefficients between the
diagnoses based on prenatal and postnatal alpha angles were calcu-
lated, and the results are presented in Table 2. According to the post-
natal alpha angle, 77 fetuses were diagnosed to have type 1 right hip
and 7 fetuses had type 2A right hip. The prenatal alpha angle provid-
ed the same results (77 type 1 and 7 type 2A right hips). Similarly, the
postnatal alpha angle revealed type 1 left hip in 82 fetuses and type
2A left hip in 2 fetuses, which was the same as the diagnoses based
on the prenatal alpha angles. Table 2 shows that there was a com-
plete agreement between the prenatal and postnatal alpha diagnoses
for the left and right hips (kappa = 1.00, P < 0.001).

Discussion

DDH is a disorder that can be treated very effectively, especially when
diagnosed early. The rapid developments in medical imaging meth-
ods have resulted in significant improvement in the early diagnosis of
DDH, particularly in the postnatal period. The clinical examination
of the newborn carries a high risk of false positivity. In a previous
study, the screening protocol based on a real-life setting involving pe-
diatricians or orthopedists did not meet the expectations, and US was
shown to be of great importance at 2-4 weeks after birth." This peri-
od is recommended for examination for the diagnosis of DDH since
the ossification of the joint components has not yet started, and thus,
treatment would be more effective.** However, in newborns that do
not undergo any postnatal medical or US examination for DDH or
in cases where this examination is delayed, especially for social and
economic reasons, later diagnosis of the condition makes treatment
extremely difficult. However, in our clinical experience, we observed
that a pregnant woman particularly with a low socioeconomic level
is usually admitted to the hospital after the 30th week of gestation for
various obstetric reasons. For this reason, prenatal US evaluation of
DDH may provide early diagnosis and prevent later complications. It
is also known that 9.1% of cementless total hip prostheses and 5.2%
of cemented total hip prostheses are required owing to hip dysplasia
or dislocation.* Therefore, the prenatal evaluation of fetal hips in at
least one obstetric ultrasonographic examination during pregnancy
will contribute to the planning of medical intervention and treatment
processes after birth.

The development of the hip joint begins at the intrauterine seventh
week and ends by the 11th week. During this process, the hip joint is

completely formed, and the main structures of the joint and the ace-
tabulum can be detected. In the remaining period of gestation until
birth, the hip joint shows only geometric and numerical differences.
In this process, changes, such as reduced coverage of the femoral
head, the acetabulum becoming shallow, antetorsion of the femoral
neck, increased femoral collodiaphyseal angle, and acetabular an-
tetorsion, are seen.*'* In their study, Baroti et al. reported that the
femoral head and acetabulum showed significant growth until the
24th week of gestation.’® In the literature, there are studies reporting
that the femoral head and the depth of the acetabulum develop at a
slower rate until the 20th week of gestation, followed by a gradual-
ly increasing rate after this period, and according to Stiegler et al.*?,
the hip joint becomes sufficiently mature for sonography by the 34th
week of gestation.*'”'® Graf argued that if the reference points were
displayed correctly, the technique he defined was independent of the
operator, meaning that the interpretation of images would not vary
according to the evaluator and would provide very reliable results.?
In our study, the reference points were shown, and angle measure-
ments were performed in all fetal hips evaluated after the 34th gesta-
tional week, and it was found that the alpha angles indicating type 1
hips did not differ from the findings of postnatal examinations (Fig-
ures 1-4). Therefore, we believe that after 34 weeks of gestation, by
which stage the hip joint is matured, dysplastic morphological chang-
es in the developing hip can be sonographically detected in any fur-
ther week of gestation.

In the literature, there are other studies that examined the develop-
ment of the hip joint and reported no significant differences in the
alpha angles of preterm and term newborns.'"#* Stiegler et al. stated
that the literature contained no publication comparing fetal and post-
natal alpha angles until their study in 2003.** Although these studies
contributed to the presentation of hip joint development and the de-
termination of the Graf method standards in general, they did not
emphasize the early detectability and diagnosis of DDH. Our study
revealed that fetal hips could be ultrasonographically screened in
terms of DDH in the prenatal period. Stiegler et al. noted that they
had performed a sonographic evaluation of only the hip component
near the anterior abdominal wall for the fetus of each pregnant pa-
tient. In our study, while the hip component near the anterior ab-
dominal wall was evaluated with a high-frequency linear probe in all
fetuses, the fetal hip was also successfully visualized in the posterior
or deep position using convex probes, and the alpha angle was mea-
sured at that point.
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Figure 1. In the ultrasonograg examination, alpha and beta angles v
demonstrated in the right hip close to the maternal abdominal wall in
old fetus

.

Figure 2. In the ultrasonographic examination, alpha and beta angles were
demonstrated in the left hip distant to the maternal abdominal wall in a

3 d fetus. This image was obtained by orienting the superficial probe
angling from a craniocaudal to medial direction, while the mother candidate
was positioned in an incomplete left lateral decubitus position

Among the methods and classifications described in the diagnosis
The basis

of the classification of the Graf method is the evaluation of the bone

DDH, the most commonly used method belongs to Gra

structure (alpha angle) and cartilaginous structures (beta angle) of the
hip joint using a quantitative measure. However, although the mea-
surements of the prenatal and postnatal alpha angles in our study

were in complete agreement, owing to the geometric and numerical

Figure 4. Alpha and beta angle measurements of the left hip of the same fetus
are demonstrated on US examination at the postnatal 6™ week

development of hip joint components during the gestation process,
we consider that future studies should focus on determining and
standardizing the normal values of intrauterine alpha and beta an-

gles for analyses undertaken by the Graf method.

Studies conducting cost-benefit analyses report that in infant hips

with positive physical examination findings and risk factors, US
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screening is more appropriate.*** Obstetric US is performed many
times during the pregnancy follow-up, and fetal anomaly screening
is also undertaken during these sonographic evaluations. The assess-
ment of fetal hips during obstetric US will not incur additional costs.
Today, many skeletal dysplasia and congenital anomalies can be
detected by obstetric US, while DDH remains unrecognized during
pregnancy and delivery in some cases. Considering the areas where
postnatal US screening cannot be performed for many reasons, espe-
cially socioeconomic factors, the fetus groups that are considered to
have an abnormal hip on US performed during obstetric evaluation
can be referred for appropriate treatment and follow-up in a timely

manner.

Among the fetal hips included in our study, there were not any type
2C or more severe (type 3 or 4) hip dysplasia cases, we encountered
only type 1 and type 2A hips. The low number of cases and absence
of severe DDH patients are the limitations of this study. Considering
that this was a pilot study, the evaluation of the effectiveness of the
method in pathological hips can be revealed more clearly in further
research. However, the results are valuable in terms of revealing that
both hips of fetuses can be viewed sonographically and evaluated
according to the Graf method.

In conclusion, it is possible to diagnose DDH in the intrauterine pe-
riod, and in cases where it is detected, the evaluation of fetal hips by
the Graf method in an obstetric ultrasonographic examination will
prevent any delay in diagnosis and, thus, allow for the early treat-
ment of the condition. We think that our study will contribute to the
literature in this regard and guide future studies.
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