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Abstract

Purpose: Some articles have focused on the effectiveness of the Pavlik harness treatment for unstable and dislocated
hips, yet data on monitoring its effectiveness with the acetabular index remains elusive. Therefore, this study aimed to
assess Pavlik harness effectiveness in infants =6 months diagnosed with grade | developmental dysplasia of the hip using
acetabular index improvement and identify the possible predictors of successful Pavlik harness treatment.

Methods: A retrospective review of infants with grade | acetabular dysplasia treated with a Pavlik harness and monitored
with anteroposterior pelvis X-rays at presentation and follow-up. Successful treatment was defined as achieving an
acetabular index <30°.

Results: A total of 23| infants with acetabular dysplasia were treated with a Pavlik harness. A successful outcome was
achieved in 135 infants (58.4%). Younger age, lower initial acetabular index, and patients with unilateral developmental
dysplasia of the hip were significant predictors of a successful outcome. An age of 4.5months or older was found to be
the threshold for an unsuccessful result following Pavlik harness treatment, with a sensitivity of 65.2% and specificity of
57.3%. An initial acetabular index of 35.5° was found to be the threshold for an unsuccessful result, with a sensitivity
of 83.7% and specificity of 61.5%.

Conclusion: Pavlik Harness’s success in correcting the acetabular index in acetabular dysplasia patients was related
to unilateral cases, a younger age at presentation, and a lower initial acetabular index. The thresholds for unsuccessful
treatment were an age of 4.5 months or greater and an acetabular index of 35.5° or higher.

Keywords: Developmental dysplasia of the hip, Pavlik harness, asymptomatic acetabular dysplasia, acetabular index,
pelvic X-ray
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risk of 3.75, 2.54, 1.54, 1.44, and 1.39, respectively.’
However, most patients affected by DDH do not appear to
have any risk factors,®’ and some studies suggest that
these risk factors are poor predictors of DDH.%°

Screening for DDH is widely variable and has a diverse
group of guidelines across different countries.!*'? Ultra-
sonography using Graf’s method is one of the most com-
monly used screening tools,' yet, there is no consensus
regarding its use as a screening tool.'* Universal screening
for all infants is performed in some countries, such as
Germany, Switzerland, Austria, and Italy. Whereas others,
like France and the United Kingdom, do selective screen-
ing only for infants with risk factors.!> Meanwhile, in Asia,
the introduction of universal screening for DDH for the
first time was in 2017 in Mongolia.'® The lack of training
and equipment availability are reported barriers to ultra-
sound utility in low-resource countries.!” These might
affect the application of ultrasound screening for DDH, as
implementing an ultrasound screening policy is deter-
mined by the resources, expected outcomes, and available
budget.'® There is no national screening program in Jordan.
However, with the increasing awareness among families
and physicians,'” it has become common practice to screen
all infants aged 3—4 months using plain pelvic radiographs
even in the absence of physical signs and risk factors.
Similar screening practices yielded substantial public
health benefits and resulted in a lower number of major
procedures performed for DDH cases in Chile, considering
it an appropriate method to evaluate DDH in regions with
limited resources.?’ Excluding patients with a hip disloca-
tion/subluxation, the main parameter used to diagnose
DDH on X-ray is the acetabular index (AI), which was
first described in 1936.%! It is the most useful for detecting
dysplasia®? and has good to excellent reliability in moni-
toring treatment.?® Nakamura et al.>* demonstrated that, in
amean follow-up of 16 years, Al was the most reliable pre-
dictor of residual acetabular dysplasia, as Al <30° corre-
lated with favorable long-term outcomes.

Acetabular dysplasia encompasses morphological
abnormalities in the acetabulum, which can lead to shear-
ing forces between the acetabular rim and the femoral
head.!® This might stress and eventually damage the carti-
lage since the articular surfaces are still in contact.???%2
Dysplasia in infants under the age of 6 months can be
treated with Pavlik harness (PH), which is the most com-
monly used device. Many other alternatives exist and are
widely used, examples include Craig, Von Rosen, and
Tiibingen splints.?”?® PH maintains the hips in a position
of flexion and abduction while still allowing motion, thus
promoting normal development of the acetabulum.

The success of PH treatment for unstable and dislocated
hips has been the subject of a few articles,'*?’ but little is
known about its effectiveness in treating asymptomatic
dysplasia, particularly when the Al is used as a monitoring
tool. In this article, the aim was to investigate PH effec-
tiveness in treating asymptomatic acetabular dysplasia

diagnosed by plain radiograph in infants below 6 months,
to pinpoint the most important factors contributing to treat-
ment success and to optimize treatment approaches.

Methods
Study design

This retrospective study was conducted at the orthopedic
unit of a 600-bed tertiary referral university hospital on
patients diagnosed with DDH. We retrospectively reviewed
the pediatric orthopedics clinic’s electronic medical records
from 2016 to 2019. Our cohort tackled patients aged
3—6 months diagnosed with grade I using the Al and treated
with a PH. The acetabular dysplastic subtype was defined
as grade I according to the International Hip Dysplasia
Institute’s (IHDI) classification,®® and these were com-
pletely reduced hips with an abnormal Al on pelvic X-ray.
Children who were not treated with a PH, had suboptimal
image quality, or were lost to follow-up were excluded. In
addition, subluxated or dislocated DDH cases were not
included in our cohort, as the primary goal in such cases is
achieving concentric reduction first. The main aim of the
study was to identify contributing factors to treatment suc-
cess and optimize treatment approaches.

The appropriate institutional review board (IRB) of the
Jordan University Hospital (JUH) approved the proposal
for this study. The Code of Ethics of the World Medical
Association (Declaration of Helsinki) was followed while
conducting the study. Informed written consent was
obtained from the patients.

Data collection process

Data collected included age at presentation in months,
gender, duration of PH treatment in weeks, and additional
non-surgical or surgical treatment modalities. In addition,
the AI of both hips was measured for all cases on all occa-
sions by one consultant pediatric orthopedic surgeon and
two senior orthopedic surgery residents on the same imag-
ing system and measurement tools using the Picture
Archiving and Communication System (PACS). Senior
residents were reliable to assess Al, as in a previous study
at the same institution, the interobserver reliability intra-
class correlation coefficient (ICC) for Al measurement by
senior residents in comparison with orthopedic surgeons
was good to excellent (0.904 and 0.88) for the right and left
hip readings, respectively,?! these numbers are based on
different images than the ones used in this article.

Diagnosis and treatment protocol

All patients were subjected to the same modality of diag-
nosis and treatment. A physical examination, including a
general orthopedic and hip examination, was done by a
consultant pediatric orthopedic surgeon. Then, an antero-
posterior pelvic radiograph was taken for all children for
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Figure |. The measurement of the acetabular index (Al)
on an anteroposterior pelvic X-ray. The horizontal line
demonstrates the Hilgenreiner’s line.

screening. The X-rays were taken by two senior radiologi-
cal technicians with the hips in 15 degrees of internal rota-
tion and abduction to offset any pseudo-subluxation
potentially created by adducting the hips, and gonadal
shielding is advised at our institution to reduce the radia-
tion risk. All patients had an intact Shenton’s line at pre-
sentation, indicating concentricity of the hips. The Al is
the angle formed between Hilgenreiner’s line and a tan-
gential line drawn from the triradiate cartilage to the lateral
border of the acetabulum.?' Figure 1 illustrates the mea-
surement technique of the Al on an anteroposterior pelvic
radiograph. The Al was considered abnormal, and patients
were put on PHs if it was equal to or above 30degrees
in either one or both hips.>*** The first follow-up visit
was done after 1 week to check the adequacy of PH appli-
cation/position and femoral nerve function as well as to
address any parental concerns. Then, all patients had serial
follow-up visits every 6 weeks with a new X-ray to assess
improvement.

Treatment was considered successful if the Al angle
decreased to less than 30degrees, which was defined
according to the previous literature. NH Harris** consid-
ered an Al of 30° to be the upper limit for normal hip
development at the age of 1year. In addition, D Ténnis*?
reported that an Al of 30° at 1year of age exceeded the
range of 2 standard deviations (SD). The paper’s curves
implied that an Al of 30° is within the 2 SD range for a
child aged 6—7 months, whereas the mean value for infants
aged 3—4 months is approximately 25°. This indicates that
an Al of 30° at | year is relatively higher than the average
values observed at younger ages. In patients with bilateral
DDH, the treatment was successful if the Al of both hips
became less than 30 degrees. Treatment was considered
unsuccessful if the Al remained =30 degrees and/or
required further non-surgical or surgical treatment.

The PH was applied to all infants by an experienced
orthopedic technician under the supervision of the consul-
tant pediatric orthopedic surgeon, with the posterior straps
tightened to prevent adduction beyond a neutral position
and the anterior straps holding the hips in flexion between
90° and 100°. The parents were given extensive instruc-
tions on the use of PH for at least 23 h a day and the impor-
tance of compliance for DDH improvement. In addition,
frequent follow-up visits were scheduled to assess the size
of PH and radiological improvement.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, version 28.0 (Chicago, USA). We
summarized the characteristics of the sample using the
count (frequency) to describe the categorical variables and
the mean and standard deviation to describe the continuous
variables. The results of Pavlik treatment were assessed
in binary outcome groups (successful or unsuccessful).
A chi-square test was performed to detect differences in
treatment outcomes associated with age groups, gender,
and bilaterality. An independent sample t-test was used
to compare outcomes between continuous variables.
Variables that showed potentially interesting associations
from the univariate analysis were included in the binary
logistic regression model in order to control for possible
confounding factors, which were summarized using the
adjusted odds ratio (AOR) (95% CI). A p-value <0.05 was
considered statistically significant.

The receiver-operating characteristic (ROC) curve
analysis was used to determine the optimal cutoff scores.
The optimal cutoff score was calculated using the Youden
index (J), equal to the sensitivity plus specificity minus 1,
which was maximized to quantify the cutoff values for the
age and the initial Al. The accuracy of the test was mea-
sured by the area under the curve (AUC).

Results

A total of 231 (389 hips) infants were included in the anal-
ysis. The infants were aged between 3 and 6 months and
nearly three-quarters (78.4%) of the infants were female.
The most common (42.2%) age of presentation was
4 months and the mean duration of the PH application was
9.09 = 3.91 weeks. More than two-thirds (68.4%) of the
231 patients had bilateral DDH, resulting in a total of 389
hips (199 right, 190 left). Table 1 summarizes the charac-
teristics of the infants.

Treatment with PH was successful in 135 (58.4%)
patients. Of the 96 patients who had unsuccessful treat-
ment, 21 had additional non-surgical treatment, and 4 had
surgical treatment. Regarding the 96 patients who had
unsuccessful treatment, the non-surgical treatment included
different types of braces or spica castings based on the sur-
geon’s assessment and the degree of residual dysplasia. The
surgical treatment was for the patient, who was followed up



Yasin et al. 601
Table I. The characteristics of patients treated with Pavlik harness.
Categories Mean Standard Count %
deviation
Age (months) 4.49 091
Duration of Pavlik harness use (weeks) 9.09 391
Gender
Female 181 784
Male 50 21.6
Laterality
Unilateral 73 31.6
Bilateral 158 68.4
Outcome
Successful 135 58.0
Unsuccessful 96 42.0
Further non-surgical treatment
No 75 78.1
Yes 21 219
Surgical treatment
No 92 95.8
Yes 4 42
Table 2. The association between the outcome of Pavlik harness treatment and the patient-related variables.
Variables Treatment outcome COR (95% CI) p value
Unsuccessful Successful
Age (months) 4.80=0.96 427 +0.87 - <0.001
Duration of Pavlik harness use (weeks) 10.18 = 4.09 8.32*3.59 - <0.001
Initial Al 36.46 =3.15 33.24*+252 - <0.001
Gender
Female 84 (46.4) 97 (53.6) ref
Male 12 (24) 38 (76) 2.74 (1.35-5.59) 0.004
Laterality
Unilateral 17 (23.3) 56 (76.7) ref
Bilateral 79 (50) 79 (50) 0.30 (0.16-0.57) <0.001

COR: crude odds ratio; Cl: confidence interval; Al: acetabular index.

p values were calculated using chi-square test for gender and laterality; for age, duration of Pavlik, and initial Al, it was calculated using independent
sample t-test; data are represented in n (%) except for duration of Pavlik in weeks in mean = standard deviation; the higher initial Al was used for

bilateral cases.

until the age of 1'% years and had significant residual dys-
plasia; therefore, they underwent some sort of pelvic oste-
otomy for correction. The patients who did not undergo
further treatment were either because the residual dysplasia
was minimal, they were regularly followed up, and they
showed some improvement over time, but they might
undergo surgery when they are older if necessary.

Our results showed a significant mean difference
between the treatment outcome groups (unsuccessful and
successful groups) and patients’ age (p <0.001), with an
age mean difference of 0.54 higher in the unsuccessful out-
come group (95% CI = 0.30-0.77). We also found a sig-
nificant difference in the duration of PH application
(p <0.001), with the unsuccessful outcome group showing
a mean difference of 1.86 higher (95% CI = 0.86-2.86)

than the successful outcome group. Furthermore, the ini-
tial Al displayed a significant difference (p <0.001), with
the unsuccessful outcome group having a mean difference
of 3.21 higher (95% CI = 2.48-3.95) than the successful
outcome group. In addition, the success rate was signifi-
cantly higher in males (crude odds ratio (COR)=2.74,
95% CI=1.35-5.59, p=0.004) and it was significantly
lower in bilateral cases (COR=0.30, 95% CI=0.16-0.57,
p<<0.001) (Table 2).

Table 3 shows multivariable logistic regression for the
related variables that showed significant associations from
the univariate analysis in order to control possible con-
founding factors. In the multivariable logistic regression
analysis, it was found that the younger age at presentation
(AOR=0.43, 95% CI=0.30-0.63, p<<0.001), initial AI
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Table 3. Multivariable logistic regression analysis for factors predicting success of Pavlik harness treatment.

Parameter AOR

95% confidence
interval

p value

Age (months) 0.43
Duration of Pavlik in weeks 0.98
Initial Al 0.70
Gender
Female ref
Male 1.46
Laterality
Unilateral ref
Bilateral 0.40

0.30-0.63
0.90-1.06
0.61-0.79

<0.001
0.554
<0.001

0.61-3.52 0.400

0.19-0.85 0.018

AOR: adjusted odds ratio; Al: acetabular index.

(AOR=0.70, 95% CI=0.61-0.79, p<0.001), and patients
who had unilateral DDH (AOR=0.40, 95% CI=0.19-
0.85, p=0.018) were significant predictors for a successful
outcome.

An age of 4.5months or older was found to be the
threshold for having an unsuccessful result following PH
treatment, with a sensitivity of 65.2% (95% CI=56.5%—
73.2%) and specificity of 57.3% (95% C1=46.8%—-67.3%)
(AUC=0.652; 95% CI=0.580-0.724) (Figure 2). An
initial Al of 35.5° was found to be the threshold for hav-
ing an unsuccessful result, with a sensitivity of 83.7%
(95% CI=76.4%-89.5%) and specificity of 61.5% (95%
CI=51.0%-71.2%) (AUC=0.793; 95% CI=0.724-0.851)
(Figure 2).

Discussion

Our results demonstrated that initial Al, laterality, and age
at presentation were significant predictors of Pavlik’s
treatment success in acetabular dysplasia cases. However,
gender and duration of PH treatment were not significantly
associated with the treatment outcome. In addition, patients
presenting at an older age had a worse outcome, and the
thresholds for unsuccessful Pavlik treatment were an age
of 4.5months or greater with a sensitivity of 65.2% and a
specificity of 57.3% and an Al of 35.5° or higher with a
sensitivity of 83.7% and a specificity of 61.5%.

PH application is a popular and widely preferred
method for DDH treatment in infants under 6 months of
age.?”® It is generally recognized that various patient-
related factors, including the radiological grade of dys-
plasia, affect the short- and long-term success rates of
Pavlik treatment.?® Yet, there is limited evidence of its
effectiveness in terms of Al improvement in clinically
stable dysplastic hips, where the outcome is monitored
via plain radiographs. This is extremely important, as
residual acetabular dysplasia could lead to early degen-
erative joint disease and chronic disability.?’

Our data showed that PH treatment was effective in
58.4% of infants aged between 3 and 6 months, with sev-
eral indicators identified for successful treatment. It falls

1.0
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0.4

0.2
age in months

—— Combined initial Al
Reference Line

0.0 0.2 0.4 0.6 0.8 1.0
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Figure 2. Receiver-operating characteristic (ROC) curve of
the age of the infants and the initial acetabular index (Al).

within the reported range of 46%—-97% of the PH’s overall
success rate.?”-?34! And although several studies revealed
a higher success rate for PH than 58.4%, it is important to
highlight that our definition of successful treatment was
different. Instead of focusing solely on hip stabilization,
our success criterion was achieving an Al of less than 30°.
In addition, it is worth mentioning that many hips showed
improvement, and their Al decreased significantly; how-
ever, they did not reach our defined threshold of 30°.
Furthermore, it should be noted that the short-term success
rates would likely be even higher if infants presenting at
younger ages were included in our study. Younger age,
male gender, a lower initial Al at presentation, and unilat-
erality were found to be associated with a better outcome.
To add to this, upon regression model, laterality had the
highest significant predictive value for successful Pavlik
treatment, followed by age and initial Al
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Previous studies have demonstrated that initiating PH
treatment before the age of 2-3months can result in a
noticeably increased success rate.>**>43 In addition, patients
presenting at a later age were at a higher risk of requiring
surgical interventions.> Meanwhile, some other studies
found that treatment failure was not related to the age of
DDH diagnosis or the age of treatment initiation.*#¢ This
could be explained by incomparable age groups across dif-
ferent studies, as the median age at treatment in the Lerman
etal.* series was 7 days. In 130 ultrasonography-monitored
DDH cases, Omeroglu et al.?’ found that the threshold for
unsuccessful treatment was 4 months or more, with a sensi-
tivity and specificity of 66% and 77%, respectively. Another
study by Inoue et al.*® also found that age at treatment ini-
tiation of 4 months or above was a risk factor for unsuccess-
ful treatment. Similar findings were observed in our cohort;
the threshold for unsuccessful Pavlik was 4.5 months or
older in patients with clinically silent dysplasia, with a sen-
sitivity of 65.2% and a specificity of 57.3%. In contrast,
Atalar et al.’® found that infants aged below 7 weeks had
significantly higher chances of successful Pavlik treatment
than older infants. These variations could be attributed to
differences in outcome measurements and the severity of
DDH cases in the included populations.

Several studies assessed the outcome of Pavlik treat-
ment in terms of ultrasonographic features such as the o
angle, B angle, and femoral head coverage.?>**® It was
reported that the failure threshold of Pavlik treatment was
an initial a angle of 46° and less, with a sensitivity of 47%
and a specificity of 86%.2° Similarly, Gou et al.*’ devel-
oped a predictive model of early Pavlik failure in infants
below 6 months. Their nomogram was composed of age, a
angle, and the presence of concomitant deformity and had
good sensitivity and specificity (70.6% and 88.9%, respec-
tively). In our series, we assessed the outcome using the
Al, which showed a threshold of 35.5° or higher for unsuc-
cessful Pavlik treatment in patients with clinically stable
dysplasia, with a sensitivity of 83.7% and a specificity of
61.5%. This is consistent with a previous study of 100 hips
where an acetabular angle of 36° or higher was a predic-
tive factor of unsuccessful Pavlik treatment.** This finding
is of significant importance as radiographic surveillance is
essential to guiding the timing of surgical and further inter-
ventions to address residual dysplasia, which could mini-
mize the need for early hip arthroplasty.™ In fact, the Al is
an essential objective measurement to evaluate hip dyspla-
sia, namely in children from 4 months to 8 years old.!

The optimal duration of PH treatment remains contro-
versial;*? the individualization of the treatment is recom-
mended for each hip without strict time limits.!" Multiple
studies reported the mean duration of PH treatment to be
between 8 and 11.7 weeks.’>*”>3 Therefore, infants with
DDH in our cohort were followed up for a reasonable
amount of time, with a mean duration of 9.09 weeks, given
that the more severe subluxated or dislocated DDH cases
were not part of our cohort. Furthermore, all infants treated at

our institution are scheduled for follow-up visits after they
begin walking, usually around 12months of age. During
these visits, a standing pelvic X-ray is routinely performed
to assess the presence of any secondary dysplasia.

Although DDH is more common in females,** previous
studies reported that the infant’s gender does not affect the
success rate of Pavlik treatment,**#¢*° which is consistent
with our regression model. Similar to our results, previous
studies’>* reported an increase in the likelihood of Pavlik
treatment failure in patients with bilateral DDH. In
contrast, Harding et al.® did not find such an increase in
failure rates in bilateral cases. A noteworthy aspect of our
study was the relatively high rate of bilaterality of 68.4%
observed among our cohort. This finding aligns with a
previous study from Jordan, where 57% of patients were
diagnosed with bilateral DDH>® and could be explained by
environmental variables and other factors.>’

The maturity and growth of the acetabulum in DDH
patients may result in the gradual normalization of the
Al, improving hip stability and alignment over time.>®
However, for the sake of this study, we had to come up
with a definition beyond which treatment is labeled as
unsuccessful, although we are optimistic with regard to
the natural maturation process and its ability to bring
those hips to an acceptable range during follow-up at an
older age.

Our study has several limitations that should be consid-
ered when interpreting the results. First, its retrospective
nature necessitated the interpretation of clinical notes and
occasionally encountering issues with incomplete records.
Second, there was no control group for comparison, and
other measurements to assess the course and outcome of
dysplasia were absent. Third, there was no adjustment for
some confounding variables, such as poor compliance or
interobserver variation in Al measurement. Nonetheless,
our study has significant strengths. At first, we used a con-
secutive series of patients, which we believe is representa-
tive of the general population of DDH patients presenting
to the pediatric orthopedic clinic. Furthermore, the data
collection method was the same for all patients and was
concise, easy to understand, and easy to interpret. Finally,
we included a sufficient number of patients with close fol-
low-up and gained insight into the duration and Al improve-
ment. Based on the findings of our study, we recommend
starting treatment earlier, as we were able to conclude that
treatment initiation at 4.5 months and above yielded worse
outcomes and required further interventions.

An X-ray was used as a screening tool for the hip for all
children in this study, which is not usually recommended
before 3—4 months of age. This protocol leads to delayed
diagnosis and increased radiation exposure, especially
when having to undergo serial X-rays, even though Vogel
et al. demonstrated the safety of repeated radiographs in
DDH diagnosis and follow-up by calculating the effective
radiation dose for infants with DDH that underwent
seven serial pelvic X-rays during their treatment course.
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They reported a lifetime risk of malignancy of 1 in 50,000,
which is classified as “very low risk.”*® In our institute,
selective hip ultrasound, in association with clinical exam-
ination, is considered a screening protocol for newborns at
6 weeks when risk factors are present. Previous literature
has recommended that a neonatologist or pediatrician
must examine their hips clinically, and an ultrasound
examination should be done for all newborns between 4
and 6 weeks, regardless of the risk factors.®® We stress the
importance of conducting a multidisciplinary prospective
study with a control group in the future and the need for
a nationwide multicenter study with long-term data to
develop a nationally standardized early screening protocol
for DDH in our country.

Conclusion

In conclusion, this study provides evidence that the initial
Al, laterality, and age at presentation were indicators of
Pavlik’s treatment success in cases of clinically silent
dysplasia. Patients presenting at an older age had a worse
outcome, and the thresholds for unsuccessful Pavlik
treatment were an age of 4.5 months or greater and an Al
of 35.5° or higher. Clinical assessment with ultrasono-
graphy should be considered the primary screening tech-
nique for infants with DDH.

Acknowledgements

The authors appreciate the technical support of all the radiology
staff.

Author contributions

Conceptualization: MSY, OS, and MH; methodology: DOS, JAK,
and MAA; validation: JAK; formal analysis: MAA; investigation:
MSY and AAH; resources, DOS and YMR; writing—original
draft preparation, MSY, DOS, JA, MAA, YMR, OS, MH, and
AAH; writing—review and editing: JAK, MSY, and MAA;
visualization: MSY and JAK; supervision: MSY; project admin-
istration: MSY. All authors made substantial contributions to the
conception and design acquisition of data and drafted the article or
revised it critically for important intellectual content. All authors
have read and agreed to the published version of the manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs
Joud Al Karmi

Dara Osama Suleiman

https://orcid.org/0000-0002-1130-7687
https://orcid.org/0009-0004-3547-4449

Mohammad Hamdan (2} https://orcid.org/0000-0003-2382-5585

Awvailability of data and materials

The datasets generated during and/or analyzed during the current
study are not publicly available but may be made available from
the corresponding author on reasonable request.

Supplemental material

Supplemental material for this article is available online.

References

1. Dezateux C and Rosendahl K. Developmental dysplasia of
the hip. Lancet 2007; 369: 1541-1552.

2. Moraleda L, Albifiana J, Salcedo M, et al. Displasia del
desarrollo de la cadera. Rev Esp Cir Ortop Traumatol 2013;
57:67-77.

3. Donnelly KJ, Chan KW and Cosgrove AP. Delayed diag-
nosis of developmental dysplasia of the hip in Northern
Ireland. Bone Joint J2015; 97-B(11): 1572—-1576.

4. Bialik V, Bialik GM, Blazer S, et al. Developmental dyspla-
sia of the hip: a new approach to incidence. Pediatrics 1999;
103(1): 93-99.

5. Ortiz-Neira CL, Paolucci EO and Donnon T. A meta-
analysis of common risk factors associated with the diagno-
sis of developmental dysplasia of the hip in newborns. Eur J
Radiol 2012; 81: e344—e351.

6. Jones D and Powell N. Ultrasound and neonatal hip screen-
ing. A prospective study of “high risk” babies. J Bone Joint
Surg Br 1990; 72(3): 457-459.

7. Schwend RM, Schoenecker P, Richards BS, et al. Screening
the newborn for developmental dysplasia of the hip. J Pediatr
Orthopaed 2007; 27: 607-610.

8. Blankespoor M, Ferrell K, Reuter A, et al. Developmental
dysplasia of the hip in infants—a review for providers. S D
Med 2020; 73(5): 223-227.

9. Wenger DR. Surgical treatment of developmental dysplasia
of the hip. Instr Course Lect 2014; 63: 313-323.

10. Pehlivanoglu T, Bayram S, Demirel M, et al. Assessment
of pavlik harness effectiveness in 3-6 months old patients
with unstable hips. Istanbul Tip Falkiiltesi Dergisi 2021; 84:
342-347.

11. Omeroglu H. Treatment of developmental dysplasia of the
hip with the Pavlik harness in children under six months of
age: indications, results and failures. J Child Orthop 2018;
12: 308-316.

12. Shaw BA, Segal LS, Otsuka NY, et al. Evaluation and
referral for developmental dysplasia of the hip in infants.
Pediatrics 2016; 138: €20163107.

13. Graf R, Lercher K, Scott S, et al. Essentials of infant
hip sonography according to Graf. Stolzalpe: Stolzalpe
Sonocenter, 2017.

14. Shorter D, Hong T and Osborn DA. Cochrane review:
screening programmes for developmental dysplasia of the
hip in newborn infants. Evid Based Child Health 2013;
8(1): 11-54.

15. Kilsdonk I, Witbreuk M and Van Der Woude H-J. Ultrasound
of the neonatal hip as a screening tool for DDH: how to
screen and differences in screening programs between
European countries. J Ultrason 2021; 21: e147—e153.

16. Ulziibat M, Munkhuu B, Schmid R, et al. Implementation
of a nationwide universal ultrasound screening programme


https://orcid.org/0000-0002-1130-7687
https://orcid.org/0009-0004-3547-4449
https://orcid.org/0000-0003-2382-5585

Yasin et al.

605

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

for developmental dysplasia of the neonatal hip in Mongolia.
J Child Orthop 2020; 14: 273-280.

Shah S, Bellows BA, Adedipe AA, et al. Perceived barri-
ers in the use of ultrasound in developing countries. Crit
Ultrasound J 2015; 7(1): 28.

. Brown J, Dezateux C, Karnon J, et al. Efficiency of alterna-

tive policy options for screening for developmental dyspla-
sia of the hip in the United Kingdom. Arch Dis Child 2003;
88(9): 760-766.

Samarah OQ, Al Hadidi FA, Hamdan MQ, et al. Late-
presenting developmental dysplasia of the hip in Jordanian
males. Saudi Med J2016; 37(2): 151-155.

Septlveda MF, Pérez JA, Saban EA, et al. Developmental
dysplasia of the hip screening programme in Chile. J Child
Orthop 2021; 15: 35-41.

Kleinberg S and Lieberman HS. The acetabular index in
infants in relation to congenital dislocation of the hip. Arch
Surg 1936; 32: 1049-1054.

Vaquero-Picado A, Gonzélez-Moran G, Garay EG, et al.
Developmental dysplasia of the hip: update of management.
EFORT Open Rev 2019; 4: 548-556.

Maddock CL, Noor S, Kothari A, et al. Reliability of the
sourcil method of acetabular index measurement in devel-
opmental dysplasia of the hip. J Child Orthop 2019; 13:
167-171.

Nakamura J, Kamegaya M, Saisu T, et al. Treatment for
developmental dysplasia of the hip using the Pavlik harness.
J Bone Joint Surg Br 2007; 89-B: 230-235.

Wilkin GP, Ibrahim MM, Smit KM, et al. A contemporary
definition of hip dysplasia and structural instability: toward
a comprehensive classification for acetabular dysplasia. J
Arthroplasty 2017; 32(9S): S20-S27.

Bozkurt C, Sarikaya B, Sipahioglu S, et al. Effects of devel-
opmental dysplasia of the hip screening program on the
treatment strategies: a retrospective study from a tertiary
care hospital in the southeast region of Turkey. Acta Orthop
Traumatol Turc 2021; 55(5): 396-401.

Cashman JP, Round J, Taylor G, et al. The natural history
of developmental dysplasia of the hip after early supervised
treatment in the Pavlik harness: a prospective, longitudinal
follow-up. J Bone Joint Surg Br 2002; 84(3): 418-425.
Kotlarsky P. Developmental dysplasia of the hip: what has
changed in the last 20 years? World J Orthop 2015; 6: 886.
Omeroglu H, Kése N and Akceylan A. Success of Pavlik
harness treatment decreases in patients = 4 months and
in ultrasonographically dislocated hips in developmental
dysplasia of the hip. Clin Orthop Relat Res 2016; 474(5):
11461152, https://journals.lww.com/clinorthop/Fulltext/2016
/05000/Success_of Pavlik Harness Treatment Decreases
in.14.aspx

Narayanan U, Mulpuri K, Sankar WN, et al. Reliability of a
new radiographic classification for developmental dysplasia
of the hip. J Pediatr Orthop 2015; 35(5): 478-484.

Elifranji ZO, Yasin M, Al-Saber M, et al. Reliability of
acetabular index measurement in developmental dysplasia
of the hip screening by orthopaedic trainees: a comparative
study. Curr Orthop Pract 2022; 33: 369-371.

Tonnis D. Normal values of the hip joint for the evalua-
tion of X-rays in children and adults. Clin Orthop Relat Res
1976(119): 39-47.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Gwynne Jones DP, Vane AG, Coulter G, et al. Ultrasound
measurements in the management of unstable hips treated
with the Pavlik harness. J Pediatr Orthop 2006; 26(6):
818-822.

Harris NH. Acetabular growth potential in congenital dis-
location of the hip and some factors upon which it may
depend. Clin Orthop Relat Res 1976; 119: 99-106.
Mubarak SJ and Bialik V. Pavlik: the man and his method.
J Pediatr Orthop 2003; 23(3): 342-346.

Weinstein SL, Mubarak SJ and Wenger DR. Developmental
hip dysplasia and dislocation: part II. JBJS 2003; 85: 2024—
2035.

Pun S. Hip dysplasia in the young adult caused by resid-
ual childhood and adolescent-onset dysplasia. Curr Rev
Musculoskelet Med 2016; 9(4): 427—434.

Pollet V, Pruijs H, Sakkers R, et al. Results of Pavlik harness
treatment in children with dislocated hips between the age of
six and twenty-four months. J Pediatr Orthop 2010; 30(5):
437-442.

Atalar H, Sayli U, Yavuz OY, et al. Indicators of successful
use of the Pavlik harness in infants with developmental dys-
plasia of the hip. Int Orthop 2007; 31(2): 145-150.

Alexiev VA, Harcke HT and Kumar SJ. Residual dysplasia
after successful Pavlik harness treatment. J Pediatr Orthop
2006; 26(1): 16-23.

Grill F, Bensahel H, Canadell J, et al. The Pavlik harness in
the treatment of congenital dislocating hip. J Pediatr Orthop
1988; 8(1): 1-8.

Viere RG, Birch JG, Herring JA, et al. Use of the Pavlik har-
ness in congenital dislocation of the hip. An analysis of failures
of treatment. J Bone Joint Surg Am 1990; 72: 238-244.

Inoue T, Naito M and Nomiyama H. Treatment of develop-
mental dysplasia of the hip with the Pavlik harness: factors
for predicting unsuccessful reduction. J Pediatr Orthop B
2001; 10: 186—-191.

Kitoh H, Kawasumi M and Ishiguro N. Predictive factors for
unsuccessful treatment of developmental dysplasia of the hip
by the Pavlik harness. J Pediatr Orthop 2009; 29(6): 552-557.
Tiirk6zii T and Giiven N. The evaluation of the treatment
outcomes with Pavlik harness in developmental dysplasia of
the hip. Eastern J Med 2020; 25: 500-505.

Lerman JA, Emans JB, Millis MB, et al. Early failure of
Pavlik harness treatment for developmental hip dysplasia:
clinical and ultrasound predictors. J Pediatr Orthop 2001;
21:348-353.

Salduz A, Demirel M, Akgiil T, et al. An analysis of vari-
ables affecting the duration of Pavlik harness treatment.
Prosthet Orthot Int 2018; 42(3): 299-303.

Xu GW, Yang YC, Xu ZH, et al. Ultrasound features pre-
dicting the 3-week outcome of Pavlik harness treatment for
developmental hip dysplasia. Ann Palliat Med 2020; 9(3):
1020-1029.

Gou P, Gao K, Wang X, et al. The nomogram predicting
the early failure rate of the Pavlik harness for developmental
dysplasia of the hip in infants under 6 months of age. Front
Pediatr 2022; 10: 1018641.

Kothari A, Noor S, Maddock CL, et al. The lateral edge and
sourcil acetabular indices for surgical decision-making in
developmental dysplasia of the hip. J Child Orthop 2020;
14: 513-520.


https://journals.lww.com/clinorthop/Fulltext/2016/05000/Success_of_Pavlik_Harness_Treatment_Decreases_in.14.aspx
https://journals.lww.com/clinorthop/Fulltext/2016/05000/Success_of_Pavlik_Harness_Treatment_Decreases_in.14.aspx
https://journals.lww.com/clinorthop/Fulltext/2016/05000/Success_of_Pavlik_Harness_Treatment_Decreases_in.14.aspx

606

Journal of Children’s Orthopaedics 17(6)

51.

52.

53.

54.

55.

Sherman B, Lalonde FD and Schlechter JA. Measuring
the acetabular index: an accurate and reliable alterna-
tive method of measurement. AJR Am J Roentgenol 2021;
217(1): 172-176.

Dwan K, Kirkham J, Paton RW, et al. Splinting for the non-
operative management of developmental dysplasia of the hip
(DDH) in children under six months of age. Cochr Datab
Syst Rev 2022; 10: CD012717.

Bialik GM, Eidelman M, Katzman A, et al. Treatment dura-
tion of developmental dysplasia of the hip: age and sonogra-
phy. J Pediatr Orthop B 2009; 18(6): 308-313.

Loder RT and Skopelja EN. The epidemiology and demo-
graphics of hip dysplasia. ZSRN Orthop 2011;2011: 238607
238646.

Harding MG, Harcke HT, Bowen JR, et al. Management of
dislocated hips with pavlik harness treatment and ultrasound
monitoring. J Pediatr Orthop 1997; 17(2): 189-198.

56.

57.

58.

59.

60.

Abu Hassan FO and Shannak A. Associated risk factors in
children who had late presentation of developmental dyspla-
sia of the hip. J Child Orthop 2007; 1(3): 205-210.
Novacheck TF. Developmental dysplasia of the hip. Pediatr
Clin North Am 1996; 43: 829-848.

Pollet V, Castelein RM, van de Sande M, et al. Abduction
treatment in stable hip dysplasia does not alter the acetabular
growth: results of a randomized clinical trial. Sci Rep 2020;
10: 9647.

Vogel E, Leaver T, Wall F, et al. Repeated pelvic radio-
graphs in infants, after harness treatment for developmental
dysplasia of the hip, carry very low radiation risk. /ndian J
Orthop 2021; 55: 1543—1548.

Agostiniani R, Atti G, Bonforte S, et al. Recommendations
for early diagnosis of Developmental Dysplasia of the Hip
(DDH): working group intersociety consensus document.
Ital J Pediatr 2020; 46: 150.



