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Abstract: Background: Physical examination findings such as limited hip abduction (LHA), asymmet-
ric skin creases (ASC), and a popping sensation in the hip facilitate the diagnosis of developmental
dysplasia of the hip (DDH). Screening with a simple physical examination during the first weeks of
infancy is important for early detection of the condition, and a wide range of medical professionals,
including general practitioners, obstetricians, pediatricians, and orthopedic surgeons etc. are involved
in this process. The aim of this study was to determine the correlation between easily recognizable
physical examination findings such as LHA, thigh/groin ACSs, and Ortolani and Barlow tests with
ultrasound findings for the diagnosis of DDH. Methods: This study included 968 patients undergoing
routine hip ultrasonography between December 2012 and January 2015. All patients were examined
by an experienced orthopedic surgeon who was not the physician who performed the ultrasound
examination to exclude bias between physical examination findings and ultrasound findings. Asym-
metric skin folds (thigh and groin), limited abduction, Barlow and Ortolani tests were recorded. The
relationship between the physical examination findings, ultrasound findings, and developmental
dysplasia was investigated. Results: Of the 968 patients, 523 were female (54%) and 445 were male.
On ultrasonography examination, 117 patients were found to have DDH. The sensitivity, specificity
and negative predictive values of patients who were found to have both LHA and thigh/groin ASCs
in all three physical examinations were high (83.8%, 70.2%, and 96.9%, respectively) while positive
predictive values were found to be low (27.8%). Conclusion: Asymmetric skin creases on the thigh
and groin and limited hip abduction, when evaluated together, have high sensitivity and specificity
with additional high negative predictive values and could help during the initial screening process
of DDH.
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1. Introduction

Developmental dysplasia of the hip (DDH) is a common musculoskeletal disorder
affecting children. This condition refers to a series of abnormalities of the hip joint, includ-
ing neonatal instability, acetabular dysplasia, hip subluxation, and true dislocation of the
hip [1-3]. The risk factors include a positive family history, breech presentation, swaddling,
first-born infant, oligohydramnios, multiple pregnancies, and female gender [3-7], while
genetic factors have only recently been described [8]. Two main theories have been de-
veloped regarding the etiology of DDH [2]. Hormonal theory emphasizes the imbalance
between estrogens and progesterone but although this theory has some support, no re-
lationship between DDH and serum concentration of beta-estradiol and relaxine has yet
been demonstrated [9]. The anatomical development of the hip joint requires concentric
positioning of the femoral head into the acetabular cavity and adequately balanced growth
between the triradiate and acetabular cartilage, and this has led to the proposition of a
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mechanical theory that persistent mechanical stimulation provokes deformity. The main-
tained intrauterine posture of forced hyperflexion of the hip and extension of the knee
associated with breech presentation is suspected to lead to hip dysplasia and subsequent
dislocation [10].

It is challenging to determine the exact incidence of DDH, with the condition probably
being underreported. The literature offers a range between 0.1% and 10% of live births,
and female sex predominates [1,11]. Treatment depends on several factors such as time
of detection, additional neurological or developmental conditions and access to medical
care [3]. The majority of cases are treated conservatively with a Pavlic harness. Closed
and open surgical reduction is generally reserved for cases not responding to conservative
treatment or late presentation. Osteotomies are generally performed after the 18th month
of life [12]. If the diagnosis of DDH is overlooked or missed, it leads to increased morbidity
and functional limitations such as leg length discrepancies, gait abnormalities, limited
range of motion, and pain [4,7,13,14]. Early detection, however, allows the opportunity for
complete healing with no to minimal adverse effects [15].

Screening for DDH with physical examination is the first step towards recognizing the
condition. Limited hip abduction (LHA), asymmetric skin creases (ASCs), and a popping
sensation in the hip (Barlow and Ortolani tests) can help during diagnosis [12]. These
findings may prompt the inexperienced attending physician to refer the patient to an
orthopedic surgeon [13,16-18]. The Barlow and Ortolani tests are important findings
usually present during physical examination, but they can sometimes be challenging to
perform [19]. Although the findings of this physical examination are helpful, they may not
be sufficient alone to diagnose DDH in an infant within the first six months of life. [18,20].
The current gold standard for a diagnosis of DDH is a hip ultrasound performed according
to the method described by Graf [21-25].

There is still a lack of agreement regarding whether there is a correlation between
the findings of a physical examination and those of an ultrasound when diagnosing DDH.
Although ASCs in the groin and thigh regions are generally accepted as an early clinical
sign of DDH, there are publications in the literature that state the opposite and discourage
the use of ASCs for screening purposes [16,26]. The definition of asymmetry and the
lack of consensus regarding which ASCs should be considered abnormal are two of the
primary factors that have contributed to this debate [17,27,28]. Since screening by physical
examination is often performed by physicians other than orthopedic surgeons, a correlation
between these findings and DDH diagnosis becomes important. Therefore, the aim of this
study was to determine the correlation of easily recognizable physical examination findings
such as LHA, thigh/groin ACSs and Ortolani and Barlow tests with ultrasound findings
for the diagnosis of DDH in a large single-center cohort.

2. Materials and Methods

All study procedures were performed in accordance with the 1964 Declaration of
Helsinki and all its subsequent amendments. The study design was approved by our
institutional review board.

2.1. Patient Selection

This retrospective cohort study included patients who presented at our medical facility
for a physical and ultrasonographic examination of DDH between December 2012 and
January 2015. Since 2010, a nationwide active screening program has been implemented in
Turkey with a hip ultrasound for all infants between 1.5 and 6 months [4,23]. All mothers
are advised and referred by their respective family doctor to an orthopedic surgeon for a
routine screening between 1.5 and 2 months after birth. Inclusion criteria for this study
were detailed notes regarding physical examination with an emphasis on the presence of
ASCs, LHA and results of Barlow and Ortolani tests, parental approval and ultrasound
results obtained on the same day as the physical examination. Patients were excluded from



Children 2023, 10, 304

30f9

the study if hips were diagnosed as neuromuscular or teratological, if the hips had been
initially treated at another center, or if parental consent was not provided.

A total of 968 patients were included in the final analysis. The mean age of the infants
at the time of presentation was 10.4 £ 4.64 weeks with 95.5% of patients being within
the range advised by the screening program (1.5-2-months-old). The study population
consisted of 523 females (54%) and 445 male (46%) infants.

2.2. Data Gathering

A detailed medical history was obtained from the parents. All infants were examined
by one of three experienced pediatric orthopedic surgeons with gentle manipulations at
an appropriate room temperature within 30 min of breastfeeding. Following the physical
examinations, ultrasonography was performed by another pediatric orthopedic surgeon
experienced in ultrasonography of the pediatric hip and who was blinded to the findings
of the physical examination of all infants to avoid bias between the results of the physical
examination and the ultrasound outcomes. All data were collected prospectively.

The results of the ASCs (both in the groin and the thigh), LHA, Barlow, and Ortolani
tests were recorded. (Figure 1). When assessing ASCs, it was ensured that the hips
were in an adducted position and that the knee and hip joints were in a fully extended
position. During the examination, separate assessments of ASCs in the groin and thighs
were conducted. (Figure 2). When unilaterally LHA was evaluated, limitations greater
than 20 degrees compared with the other hip were considered significant [29,30]. In order
to conduct a clinical evaluation of LHA, both hips were flexed to an angle of ninety degrees
and an effort was made to achieve full abduction in both joints. A goniometer was used
to assess bilateral LHA. The Barlow and Ortolani tests were performed only once in the
infants. The hips that were positive on one of the Barlow and Ortolani tests were evaluated
as clicky hips [19].

Figure 1. Anterior asymmetric skin creases during a Barlow and Ortolani test.
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Figure 2. Symmetric skin creases of a patient with bilateral hip dysplasia.

All ultrasound examinations were performed on a special table and in the lateral
decubitus position by an experienced pediatric orthopedic surgeon (Figure 3). It was
routine to make use of a linear probe with a frequency response of 7.5 mm/Hz (Fukuda
FFsonic UF-4100, Fukuda Denshi Co., Ltd., Tokyo, Japan). On the images printed from the
hip ultrasound, a goniometer was used to perform angle measurements. A morphological
measurement of the hip known as the Graf alpha angle was utilized. The alpha angle of a
normal hip is greater than 60 degrees, while the alpha angle of a Graf type-II dysplastic
hip ranges from 43 degrees to 60 degrees, and the alpha angle of a Graf type-III dysplastic
hip is less than 43 degrees. Every child’s hip was scanned while flexed and adducted. This
reduced the likelihood of errors brought on by pelvic obliquity, which could have resulted
in an incorrect interpretation of the scan. Hips that were either dislocated or capable of
becoming dislocated were classified as type IV hips [25,29]. Infants determined with DDH
(Graf types Ila (-), IIb, Ilc, D, III, IV) were designated as Group 1 and infants with normal
ultrasonographic examinations as Group 2 according to the ultrasonographic evaluation
based on the Graf method [22,25].

Left Hip Angle
lliac Basaline

Figure 3. Ultrasonic examination of a patient without (a) and with developmental hip dysplasia (b).
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2.3. Statistical Analysis

The data obtained in the study were analyzed statistically using SPSS v. 22.0 soft-
ware (IBM Corpn., Armonk, NY, USA). Pearson Chi-square and Fisher’s Exact tests were
used to compare categorical data to independently assess relationships between sex, age,
physical examination findings, and DDH. The Mann-Whitney U-test was used to compare
mean values between groups. Sensitivity, which quantifies a test’s ability to detect true
positives, and specificity, which quantifies a test’s ability to detect true negatives, were
calculated. The positive and negative predictive values of the study variables (ASCs, LHA
and Ortolani/Barlow) to diagnose DDH were also calculated. The sensitivity, specificity,
positive predictive, and negative predictive values of the physical examination results were
compared with those of the ultrasonography results. The level of statistical significance
for each test was set as p < 0.05. Post-hoc power analysis using the G*Power 3.1 program
(Diisseldorf University in Diisseldorf, Germany) determined that the study had power
of 99%.

3. Results

Of the total study cohort, 117 (12.1%) infants could be categorized as Graf type Ila
(-), b, Il¢, D, I1I, or IV. The results of the ultrasound examinations showed that 58 infants
(49.6%) had DDH in the left hip, 43 infants (36.8%) had DDH in the right hip, and 16 infants
(13.6%) had DDH in both hips. Of the infants diagnosed with DDH, 98 (83.8%) were female,
and 19 (16.2%) were male. A statistically significant difference was found between patient
gender and DDH (p < 0.001).

A statistically significant difference between Groups 1 and 2 was also obtained for
all of the physical examination elements. Positive Barlow and Ortolani findings were
noted only in Group 1, diagnosed with DDH. As stated, due to neuromuscular disease or
teratological hips, all patients whose dislocated hips were irreducible (Ortolani negative)
were initially excluded from the study. Patients with ASCs of the thigh and the groin and
LHA were present in both study groups. The associations between physical examination
findings and DDH are shown in Table 1.

Table 1. Relationships between examination findings and developmental dysplasia of the hip.

Group 1 (n =117) Group 2 (n = 851) p*
Barlow 3 (2.5%) - <0.05
Ortolani 6 (5.1%) - <0.001
Thigh ASCs 43 (37.3%) 129 (15.2%) <0.001
Groin ASCs 31 (26.5%) 64(7.6%) <0.001
LHA 24 (20.6%) 61 (7.2%) <0.001

ASCs: asymmetrical skin creases, LHA: limited hip abduction. * Mann-Whitney U test.

The sensitivity, specificity, and negative and positive predictive values of physical
examination findings when evaluated alone are listed in Table 2. While having high
specificity for DDH, the physical examination findings alone showed low sensitivity and
positive predictive values.

Table 2. Sensitivity, specificity, positive predictive, and negative predictive values of physical exami-
nation findings of the patients.

Sensitivity Specificity PPV NPV

Barlow 2.6% 100% 100% 88.2%
Ortolani 5.1% 100% 100% 88.5%
Thigh ASC 36.8% 84.8% 25% 90.7%
Groin ASC 26.5% 92.5% 32.6% 90.2%
LHA 20.5% 92.8% 28.2% 89.5%

ASCs: asymmetrical skin creases, LHA: limited hip abduction, PPV: positive predictive value, NPV: negative
predictive value.
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The sensitivity, specificity, negative predictive, and positive predictive values of infants
with at least two or three positive physical examination findings for LHA, thigh and groin
ASCs are presented in Table 3. When used in combination with each other, all three
physical examination findings were found to have high sensitivity, specificity, and negative
predictive values.

Table 3. Combination of the sensitivity, specificity, and negative and positive predictive values of
patients with at least two or three positive physical examination findings of LHA, thigh ASCs, and

groin ASCs.
Sensitivity ~ Specificity PPV NPV
Thigh ASCs + Groin ASCs 63.3% 77.3% 27.7% 93.9%
Thigh ASCs + LHA 57.3% 77.7% 26.1% 93%
Groin ASCs + LHA 47% 85.3% 30.6% 92.1%
Thigh ASCs + Groin ASCs + LHA 83.8% 70.2% 27.8% 96.9%

ASCs: asymmetrical skin creases, LHA: limited hip abduction, PPV: positive predictive value, NPV: negative
predictive value.

4. Discussion

The most important finding of this study was that groin and thigh ASCs together with
a LHA have high sensitivity, specificity, and negative predictive value, while the positive
predictive value is low. Another critical finding of the study was the low sensitivity of the
Barlow and Ortolani tests, despite high specificity, positive and negative predictive values.

In the literature, DDH incidence has been reported at rates up to 10% [1,16,31,32]. In
the current study, the ultrasonography results determined DDH in 117 patients (12.1%),
which was a slightly higher rate than reported in previous studies. This can be attributed
to the fact that our hospital is a referral hospital for DDH. It has been previously shown
that the risk of developing DDH is 9-fold greater in females than in males [5]. Similarly,
the current research revealed that the incidence of DDH in females was noticeably higher.
DDH affects the left hip more frequently than it does the right hip, and 20% of cases involve
both hips [5]. The findings of the current study showed bilateral DDH in 16 infants (13.6%),
58 infants (49.6%) had DDH in the left hip, and 43 infants (36.8%) had DDH in the right hip.
The reason for this is thought to be due to the intrauterine position of the fetus.

DDH is a common musculoskeletal disorder in childhood [1,16]. Determining risk
factors, history, findings from a physical examination, and imaging techniques all play an
essential part in diagnosing DDH. It is not possible to perform an ultrasound examination
on every infant due to the high cost of medical care, the limited availability of trained
personnel, and the organizational challenges involved [29,30]. Therefore, the findings of a
physical examination are important in determining the presence of DDH. Even though an
accurate diagnosis and timely treatment of DDH can result in favorable clinical outcomes,
DDH that is either not treated or is treated incorrectly is a significant contributor to morbid-
ity [4,17,33]. Experience is required for the evaluation of the Barlow and Ortolani tests. In
contrast, the findings of a physical examination, such as ASCs and LHA, can be recognized
by less experienced physicians with greater ease [19,33]. These easily recognized physical
examination findings are important in referring suspicious infants to pediatric orthopedists
for definitive diagnosis and treatment of DDH.

The hips with positivity determined in one of the Barlow and/or Ortolani tests were
called clicky hips. Many factors, such as soft tissue ligaments, can contribute to the
development of a clicky hip by disrupting the typical relationship that exists between
the acetabulum and the femoral head. In a large retrospective cohort study that exam-
ined 7864 newborns, clicky hip was determined in 622 (8%) newborns by inexperienced
physicians. Follow-ups of these newborns by pediatric orthopedic surgeons revealed hip
pathology requiring treatment in only 34 (0.5%) newborns [19]. This demonstrates that the
clicky hips detected by physicians with a lack of experience can be deceiving [19,34]. In the
current study, only 9 (0.9%) of 968 infants were positive for Barlow and Ortolani tests. There
were no Ortoloni-negative hips in this study, as all the patients with irreducible dislocated
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hips (Ortolani-negative) were initially excluded from the study due to neuromuscular
disease or teratological hips. Although all the infants with clicky hips were found to have
DDH (specificity 100%), the sensitivity of Barlow and Ortolani tests was 2.6% and 5.1%,
respectively. This indicates that the detection of a clicky hip in order to diagnose DDH
is an extremely uncommon occurrence. Clicky hips detected by physicians with limited
experience could increase healthcare costs with unnecessary referrals of healthy infants to
pediatric orthopedists.

In infants suspected of having DDH, an ASC may be one of the first findings discovered
during a physical examination [4,33]. The proximal displacement of the femoral head and
the compression of the skin in a hip that is subluxated or dislocated are the two factors
responsible for forming ASCs [17]. ASCs are easily observed findings that are important
in evaluating DDH. Groarke et al. [16] assessed the thigh and groin ASCs together in
their study and found the sensitivity, specificity, and positive predictive values to be low
(46.2%, 42.6%, and 12.4%, respectively) and the negative predictive value to be high (81.8%).
The aforementioned related values were higher in the current study (sensitivity 63.3%,
specificity 77.3%, positive predictive value 27.7%, and negative predictive value 93.9%). As
our hospital is a tertiary hospital for the pediatric population, the doctors who perform
the physical examination are more experienced in DDH than the practitioners who refer
patients to us.

In a study by Sevencan et al. [15], the asymmetrical distribution of skin creases was
investigated separately in each of the three regions (inguinal, gluteal, and thigh). Hip
ultrasonography was then performed, and the Graf method was applied to categorize the
cases as either “centralized” (Graf types I, Ila (-), IIb, and IIc) or “decentralized” (Graf types
IId, II1, and IV). Both univariate and multivariate analyses were used to investigate and
evaluate the nature of the relationship between the groups. The presence of ASC in the
inguinal and gluteal regions was reported to increase the risk of the child developing a
decentralized hip, but the presence of ASC in the isolated thigh region did not increase
the risk of developing a dislocated hip. It was also speculated that the presence of ASC
in the inguinal and gluteal regions are reliable findings in DDH screening, although a
statistical correlation between isolated thigh ASC and DDH could not be established in
that study. In parallel with that study, the sensitivity of the ASCs located in the groin and
thighs was determined to be low in the current research. Nevertheless, the combination of
these findings brought the level of sensitivity up to a point that was satisfactory.

In addition to being a significant finding for DDH in a physical examination, LHA is a
finding that is frequently seen in hips that are decentralized [30,35]. In a study by Jari et al.
all (100%), decentralized hips were found to be positive for LHA [35]. Similarly, LHA was
observed in 20.6% of infants (n = 24) diagnosed with DDH in the current study. Of these
24 infants diagnosed with DDH, 9 had a decentralized hip on ultrasonography, and all
9 patients (100%) had LHA. A statistically significant association was determined between
the DDH and LHA (p < 0.001).

Comparing the findings of ultrasonography with those of physical examination, which
is the most valuable diagnostic method in DDH, has been the focus of a number of studies
published with the intention of contributing to clinical practice [4,16,24,36,37]. Omeroglu
et al. [17] reported that ASCs alone increase the risk of DDH by 3.5-fold, but an additional
positive physical examination finding such as Ortolani/Barlow test or LHA in addition to
ASCs may increase the risk by 7.5-fold. In the current study, it was concluded that although
the sensitivity and specificity of these physical examination findings alone were weak,
the co-occurrence of thigh and groin ASCs and LHA findings increased the sensitivity
and specificity. When these three physical examination findings were evaluated together,
the sensitivity increased to 83.8%, specificity to 70.2%, and negative predictive value to
96.9%. In contrast, no significant increase in positive predictive value was detected in
this study. According to the results obtained in this study, physical examination findings
that can be easily recognized by physicians with limited experience are quite successful
in diagnosing DDH when they are evaluated together. In addition, the specificity, and
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positive and negative predictive values of Ortolani and Barlow tests, which are difficult for
practitioners or family doctors to perform, were high in experienced hands.

There were some limitations to this study. Although three different orthopedic sur-
geons performed the physical examinations of the infants, they all had at least five years
of experience in pediatric orthopedics. The sensitivity, specificity, and positive/negative
predictive values may have been higher than those of other studies because our hospital
is a tertiary referral hospital, the study population was large, and the physicians who
performed the physical examination were experienced pediatric orthopedic surgeons.

5. Conclusions

Physical examination findings such as ASCs and LHA may result in low sensitivity,
specificity, positive and negative predictive values when assessed alone. By combining
these easily recognizable findings from an infant’s physical examination, the likelihood of
diagnosing DDH increases significantly. Asymmetric skin creases on the thigh and groins
and limited hip abduction, when evaluated together, have high sensitivity, specificity and
negative predictive values with additional low positive predictive value and could help
during the initial screening process of DDH.
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