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Objective: This study aims to investigate the therapeutic efficacy of hip-spica casting (HSC)
and a hybrid treatment with a static abduction orthosis (SAO) following closed reduction
of the hip for treating developmental dysplasia of the hip (DDH), in terms of the acetabular
index (Al) and International Hip Dysplasia Institute (IHDI) grade.

Materials and Methods: Patients diagnosed with DDH at a tertiary healthcare center
between January 2017 and January 2020 were retrospectively evaluated using post-
treatment X-rays. Diagnosis was confirmed through radiography. Twenty hips received
HSC treatment for 12 weeks (Group HSC), and 18 hips underwent six weeks of HSC followed
by six weeks of SAO treatment (Group SAO). After 12 weeks, Al angles and IHDI scores were
collected. Successful treatment was defined as hip reduction achieved without surgical
intervention.

Results: The final Al angles for Group HSC and Group SAO were 25.1+3.3 (range: 20-31) and
24.2+2.6 (range: 20-30), respectively (p=0.389). Al improvement was 11.2+3.6 (range: 3-17)
degrees for Group HSC and 10.4£3.7 (range: 4.8-17.2) degrees for Group SAO, with both
treatment methods showing statistically significant improvements.

Conclusion: Hybrid therapy with static abduction orthosis resulted in comparable
improvements in Al angles and IHDI scores, as well as a similar success rate to HSC treatment
alone. Replacing HSC treatment partially with SAO could offer advantages, including
increased comfort and the elimination of anesthesia requirements.
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INTRODUCTION

Developmental dysplasia of the hip (DDH) is characterized by
abnormal development of the hip joint, featuring alterations
in the anatomy of the acetabulum and femur. The incidence of
DDH ranges from 2 to 6.6 per 1,000 newborns.'? The primary
objective of treating DDH is to ensure the normal anatomical
development of the acetabulum by achieving a concentrically
reduced hip joint, thereby preventing future disabilities. If left
untreated, DDH is responsible for approximately 25% of total
hip replacements.*

Various stabilization techniques exist, each with its own
set of advantages and disadvantages. Given the current
research, it is impossible to recommend a specific treatment.
However, closed reduction and hip spica casting (CR-HSC) is
emerging as a viable treatment option for patients with late-
diagnosed DDH, as recent literature indicates an 83% success
rate in achieving concentric reduction.>® Despite these
advantages, CR treatment has several drawbacks, including
its long duration (12 weeks), patient non-compliance, risk of
pressure sores, and difficulties in handling, bathing, hygiene,
and transporting infants.”® Additionally, the rapid growth of
patients in this age group necessitates cast changes during
the treatment period. These modifications, performed under
general anesthesia, pose additional risks to the patient and
increase medical expenses.>'°

Given the aforementioned drawbacks, the search for an optimal
stabilization technique continues. A recent systematic review
reported a 93% success rate with static abduction orthosis,"
suggesting that it may be a promising alternative to CR-HSC.

This study aimed to compare the treatment efficacy of using
staticabduction orthosis partially after a six-week hip spica cast
to that of the conventional 12-week hip spica casting, utilizing
radiological parameters of DDH. It tested the hypothesis that
comparable therapeutic efficiency could be achieved with a
hybrid treatment model, offering a more comfortable setting
for patients, as measured by radiological parameters of DDH.

MATERIALS AND METHODS

This non-randomized study was conducted at a single tertiary
care center. It enrolled patients diagnosed and treated for
DDH with CR-HSC between June 2017 and December 2020.
The Erciyes University local ethics committee approved the
study on January 24,2017 (201717- 96682346).

Inclusion Criteria

1. Patients diagnosed with late-presenting DDH (defined as a
diagnosis after three months of age).

2. No history of previous treatment for DDH.
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Figure 1. Flow diagram of the study participants.

3. Presence of hip subluxation/dislocation (International Hip
Dysplasia Institute [IHDI] classification > grade II)."

4. Patients whose hips were successfully reduced with CR,
followed by immobilization in a bilateral long leg hip spica
cast.

Exclusion Criteria

1. Teratological hip dislocations concurrent with skeletal
deformities or metabolic syndromes.

2. Significant language barriers or communication problems
affecting treatment quality.

3. Legal guardians who refused to give informed consent.
4. Incomplete medical and radiographic data.
A flowchart diagram of the study is shown below (Fig. 1).

After confirming patient eligibility based on the inclusion/
exclusion criteria and obtaining informed consent, patients
were allocated to one of two treatment groups: Group SAO
(patients treated with static abduction orthosis) and Group
HSC (patients treated with a hip spica cast). According to
the study protocol, all patients with late-diagnosed DDH
included in the study initially underwent CR and were
immobilized with a hip spica cast for six weeks (CR-HSC);
concentric reduction was confirmed via arthrogram and
C-arm fluoroscopy in both treatment groups. At six weeks,
hip reduction was re-evaluated using arthrogram and C-arm
fluoroscopy. Immobilization was maintained with a hip spica
cast for patients in the HSC group, while a static abduction
orthosis was applied for patients in the SAO group.

All patients followed a preconstructed treatment protocol.
At the end of three months, data from eligible patients
were collected for post-interventional measurements.
Failure was defined as having an IHDI grade of 3 or 4 in the
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Figure 2. lllustration of the IHDI (International Hip Dysplasia
Institute) classification on plain radiography. The H-point
(black dot) corresponds to the middle of the proximal
femur. The location of the H-point determines the IHDI
grade. Grades (I, Il, lll, and 1V) are scored based on the space
where the H-point is located.

hip, and/or the necessity for open reduction. One patient
in the HSC group and one in the SAO group (bilateral DDH,
two hips excluded) did not attend their scheduled follow-
ups and were out of reach. Therefore, three hips from
two patients were excluded from the statistical analysis.
In total, 38 hips from 31 patients were included in the
statistical analysis.

Radiographic Outcome Measures
Acetabular Index (Al) Angle

The acetabular index is a quantitative tool used to assess
the severity of the condition and the effectiveness of the
treatment.’>* Measurements are made from coronal
plane radiography. The Obturator Index (Ol) was defined
to standardize optimal positioning, with an Ol between
0.56 and 1.80 considered suitable.”> A horizontal line is
drawn connecting the triradiate cartilages, and another
line bisecting the inferomedial and superolateral edges
of the acetabulum. The angle between these two lines
corresponds to the Al angle. Al angle scores for all
patients were recorded both pre-intervention and post-
intervention.

Cirdi et al. Comparison of Two Different Stabilization Method

International Hip Dysplasia Institute (IHDI) Classification

The IHDI classification assesses the severity of hip dysplasia
based on the position of the proximal femur, using the midpoint
of the proximal femoral metaphysis (H - point) as a reference,
which is applicable for children of all ages. In the appropriate
coronal plane radiography, Hilgenreiner's line (top of the
triradiate cartilage bilaterally), Perkin’s line (a line perpendicular
to Hilgenreiner's line passing through the superolateral
margin of the acetabulum), and the Diagonal line (drawn at a
45-degree angle from the junction of Hilgenreiner’s and Perkin’s
lines) are used.’”? The position of the H-point relative to these
lines determines the IHDI grade. IHDI scores for all patients were
recorded both pre-intervention and post-intervention (Fig. 2).

Statistical Package for the Social Sciences (SPSS) Statistics
software, Version 22.0 (IBM Corp., New York) was used for
statistical analysis. P-values less than 0.05 were deemed
statistically significant. The sample size prediction was based
on previous similar studies. Normal distributions were assessed
using the Shapiro-Wilk test. Data were presented as median
(minimum and maximum) or numbers (percentage). Between-
group comparisons were conducted using the Student'’s t-test for
variables that followed a parametric distribution, and the Mann-
Whitney U test for those with a non-parametric distribution.

RESULTS

A total of 38 hips from 31 patients were included in the study.
Specifically, 20 hips from 16 patients were treated with a hip spica
cast (Group HSC), and 18 hips from 15 patients were treated with
static abduction orthosis (Group SAO) during the second period
of immobilization. During the study duration, three hips were
excluded from the study, indicating a 7% drop-off rate.

The overall age at the time of initial treatment was 4.4+0.6
(range: 4-6) months for Group HSC and 5.2+1.8 (range: 3-9)
months for Group SAO, respectively (p=0.167). No statistically
significant differences were observed between the two groups
in terms of the side of the pathology (right/left) (p=0.360),
gender (p=0.167), and pre-intervention IHDI score (p=0.426).

The initial Al angle was 36.2+3.8 (range: 28-42) for Group
HSC and 34.7+4.6 (range: 28-44) for Group SAO (p=0.252).
Following the 12-week treatment protocol, the Al angle
improved to 25.1+3.3 (range: 20-31) in Group HSC and
24.2+2.6 (range: 20-30) in Group SAO (p=0.389). The mean Al
improvement was 11.2+3.6 (range: 3-17) in Group HSC and
10.4+3.7 (range: 4.8-17.2) in Group SAO. When both groups
were evaluated separately, the improvement in Al angle was
statistically significant within each group (p=0.001), and there
was no statistically significant difference between the groups
in terms of Al angle change (p=0.535) (Table 1).
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Table 1. Demographic and preoperative features of the patients

Group HSC Group SAO p-value
(hip spica cast) (static abduction orthosis) (between
(n=20) (n=18) groups)
Side (right/left) 10/10 7/11 0.360
Gender (male/female) 1/19 0/18 0.526
Birth order 2.1+£0.7 (1-4) 2+0.7 (1-3) 0.806
Age (months) 4.4+0.6 (4-6) 5.2+1.8(3-9) 0.167
Pre-intervention IHDI score 2.6+0.5 (2-3) 2.4+0.5 (2-3) 0.426
Post-intervention IHDI score 1.2+0.4 (1-2) 1.1£0.2 (1-2) 0.460
Pre-intervention Al 36.2+3.8 (28-42) 34.7+4.6 (28-44) 0.252
Al Improvement
(difference between pre- and post-intervention measurements) 11.2+3.6 (3-17) 10.4+3.7 (4.8-17.2) 0.535
Post-intervention Al 25.14£3.3 (20-31) 24.2+2.6 (20-30) 0.389
Necessity for open reduction (present/absent) 3/17 1/17 0.344
IHDI score improvement 1.4+0.5 (1-2) 1.3+0.5 (1-2) 0.965

Al: Acetabular index angle; IHDI: International hip dysplasia institute. The p-value column represents the statistical analysis results between groups. An arrow indicates a

statistically significant improvement within the group.

The initial mean IHDI scores were 2.6+0.5 (range: 2-3) for
Group HSC and 2.4+0.5 (range: 2-3) for Group SAO. At the
final assessment time point, four hips (three in Group HSC
and one in Group SAO) demonstrated inadequate reduction
and underwent open reduction. The success rate was 95%
for the static abduction group and 85% for the CR-HSC group
(p=0.287), with an overall success rate of 89%.

Subgroup analysis revealed that the mean pre-intervention
Al angle (39.0£2.16) of hips requiring open reduction due to
treatment failure was significantly greater than that of hips
(35.1+4.23) successfully treated with the closed reduction
method (p=0.023) (Table 2).

DISCUSSION

The hybrid treatment protocol provided comparable
improvements in Al angle and IHDI scores compared to
conventional hip spica casting, as hypothesized. Both
groups exhibited significant improvement in Al angle values
(p=0.001). Patients who experienced treatment failure
exhibited significantly higher initial Al angle values (p=0.023).

There is no globally accepted guideline for the treatment of
DDH, with variations in treatment duration, immobilization
techniques, and follow-up criteria.'®'® Surgeons tailor their
practice to individual patient characteristics due to the lack of
high-quality studiesthat could help shapeanoptimal treatment
modality. CR-HSC is especially preferred for late-diagnosed
DDH. The infant hip is positioned in a ‘safe zone’ within 100°

4

Table 2. Initial mean Al angles of patients who required
open reduction and others

Pre-interventional Al

Open reduction + 39.0+£2.16
Open reduction - 35.1+4.23
P value 0.023

Al: Acetabular index angle.

of flexion and no more than 60° of abduction, as defined by
Ramsey, and is mostly preferred by surgeons for patients aged
three months and older.’®'”"* Regardless of the stabilization
material used, open reduction should be considered for all
children who fail to achieve stable concentric reduction of the
hip joint by less invasive techniques, regardless of age.®®

The treatment process for DDH can be exhausting for infants
and their families, largely due to hip spica casting. In a recent
study, families reported significant difficulty in not being able
to cuddle their children as they wished when using orthotic
braces, a challenge that is exacerbated by the hip spica cast and
hinders parental bonding.?' The hybrid abduction orthosis aims
to make DDH treatment more manageable and comfortable for
both physicians and families without compromising radiologic
outcomes. Additionally, replacing the second application of a
hip spica cast eliminates the need for a second anesthesia and
alleviates discomfort related to the static spica cast.?
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The acetabular index angle is a valuable radiologic measure
that represents acetabular coverage and is frequently used for
both diagnosis and monitoring treatment outcomes, including
the prediction of late residual dysplasia.’*?* Although there is
a wide range of Al angle variability among children, our goal
is to compare absolute improvement. In our study, the mean
Al angle at the third-month timestamp was 25.1+3.3 degrees
(range: 20-31) for Group HSC and 24.2+2.6 (range: 20-30) for
Group SAO. The mean improvement was 11.2+3.6 degrees
(range: 3-17) in Group HSC and 10.4+3.7 (range: 4.8-17.2) in
Group SAO (p=0.535). Statistically significant Al improvement
was observed within both groups; however, the degree of
improvement was not statistically significant between them.
This indicates that a similar healing process occurred with the
use of static abduction orthosis. These results corroborate the
findings of a multicenter prospective cohort study by Sankar et
al.,”® where the mean Al angle at the final follow-up (median 22
months; range: 12 to 36 months) was 25 degrees (+6 degrees).
We attribute our earlier attainment of similar Al angles to the
lower initial IHDI score and a milder DDH cohort in our study. The
current study demonstrated that similar Al angle improvements
were obtained with our hybrid treatment protocol.

The success rates at the three-month mark following the initial
treatment were found to be 85% for Group HSC and 94% for
Group SAOQ, respectively, in the current study (p=0.344). Sankar
et al.2 reported a 91% success rate in a prospective multicenter
study using CR-HSC, at a median of eight months after the initial
treatment. Similarly, Walter et al.?* treated 73 hips with CR-HSC
as the first line of treatment and confirmed the reduction via
magnetic resonance imaging (MRI), counting inadequate
reduction in MRI as failure and reporting an 88% success rate.
The success rate for static abduction orthosis was reported
to be between 79-99%,%% and a recent systematic review
stated a 93% overall success rate in children treated with static
abduction orthosis.?® However, the average age at the initiation
of treatment was 7.5 weeks (range: 1-19), which is quite early
compared to our study, yet the authors reported a similar overall
success rate to ours. In contrast, Gou et al.®® documented a
success rate of 65.1% with the human position brace. Although
this is lower than what is reported in the literature, the brace
group still had a significantly higher success rate, especially in
children aged four to six months. The observed discrepancy
can be related to the presence of dislocated hips throughout
their cohort and the lack of adequate stabilization provided by
the hip spica cast. Currently, up to 20% of European Paediatric
Orthopaedic Society (EPOS) and Pediatric Orthopaedic Society
of North America (POSNA) members prefer static abduction
orthosis, according to a recent study, with this preference
projected to increase."” Consistent with the literature, our hybrid
treatment protocol utilizing an abduction brace demonstrated
comparable success rates to CR-HSC.
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Literature varies on the rates of failed initial reduction for
CR-HSC, ranging between 6% and 25%, and up to 7% for
static abduction orthosis."?*3° Inoue et al.*' showed that a
pre-treatment Al angle of 36 degrees or more and initial
treatment at four months of age or older were associated
with treatment failure. In line with these findings, our
subgroup analysis of failed hips revealed that initial mean
Al angles were significantly higher than in successful cases
(39.0+2.16 vs. 35.1+4.23, p=0.023). The slightly higher rate
of treatment failure in our study may be attributed to the
advanced age at treatment onset and the presence of high
initial Al angles.

This study has several limitations, including the late onset
of initial treatment age, variability in the grade of dysplasia,
and the risk of bias associated with the lack of a universal
definition of a good outcome. Additionally, this study focused
on a short-term follow-up period, potentially obscuring
long-term complications such as residual dysplasia and
avascular necrosis (AVN). As the follow-up time extends,
higher complication and failure rates are expected. Hence,
our success rates likely decreased as we had longer follow-up
times for late complications to arise.

CONCLUSION

Patients treated with acombination of staticabduction orthosis
and hip spica cast demonstrated comparable success rates
and similar Al angle improvement to those treated with closed
reduction and hip spica cast. Given the additional advantages
of eliminating the requirement for general anesthesia and
significantly increasing comfort levels, abduction orthosis
might be considered a valuable alternative to the second part
of hip spica casting.
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