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Abstract. Background: A broad range of hip developmental anomalies that may be
identified at birth or develop later are included in developmental dysplasia of the hip
(DDH). It involves a range of disease severity, from full hip dislocation to mild
acetabular dysplasia. Methods: The study (prospective cohort) was performed at
Ibn-Albettar Orthopedic Center. The period was between February 2019 to March
2024, patients with frank dislocation between 1.6 to 6.5 years were included.
Exclusion criteria include those with a neuromuscular disorder, Arthrogryposis, failed
previous surgery, and previous hip infection. Results: One hundred six patients were
included (118 hips, 94 unilateral, and 24 bilateral), at the time of surgery the mean
age was between 18 to 80 months, group A (61 hips) those less than 28 months
while group B (57 hips) include those 28 months age and older. All hips underwent
the same procedure which included single-stage open reduction, femoral osteotomy,
and modified Salter osteotomy, and the mean follow-up was between 27-32 months.
Regarding demographic data, the difference was for the age with the female and
the left side most commonly affected. Conclusion: A single-stage operation
consisting of open reduction, femoral osteotomy, and pelvic osteotomy vyielded
favorable radiological and clinical results for the treatment of DDH in patients
between the ages of 1.5 and 6.5.

Highlights:

1. DDH ranges from mild dysplasia to severe hip dislocation.
2. Prospective cohort study of 118 hips (2019-2024); single-stage surgery.
3. Single-stage surgery showed favorable outcomes for DDH (ages 1.5-6.5).

Keywords: one-stage surgery, open reduction, femoral osteotomy, pelvic
osteotomy, DDH

Introduction
Hip developmental abnormalities that may be identified at birth or develop later

are all included in the broad category of developmental dysplasia of the hip (DDH). The
disorder can range in severity from mild acetabular dysplasia to complete hip dislocation
(1-4).

Depending on the patient's age and the severity of the condition, a number of DDH

management options were introduced; however, when treating patients past walking
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age, the surgeon faces challenges due to femoral anteversion, soft tissue obstructions,
and chronic adaptive changes related to the acetabulum (5, 6).

Achieving and maintaining a concentric femoral head reduction inside the
acetabulum is the primary goal of DDH therapy in order to support healthy hip growth.
Although a variety of nonoperative and surgical techniques can accomplish this with
satisfactory long-term results, treatment outcomes and ease are believed to be
negatively correlated with age at presentation (2, 7-10).

Operational management options include femoral osteotomies (FO), pelvic
osteotomies (PO), open reduction (OR) and capsulorrhaphy, or combinations of all three
(2, 8, 11, 12). Nonetheless, the majority of surgeons favor carrying out a single-stage
operation, particularly in children older than three years old, It includes pelvic osteotomy,
open reduction, capsulorrhaphy, and, if required, a femoral osteotomy (shortening,
derotation, or both) (6, 13-16). Particularly in those older than three, since the
acetabulum's remodeling potential becomes unpredictable after this age (12, 17).
Numerous studies have reported that the one-stage procedure yields satisfactory
functional and radiological outcomes. Additionally, it reduces the financial burden,
shortens hospital stays, and spares the kids from having to undergo numerous surgeries
(13, 14). The main goal of the current study was to present our short-term results
following a one-stage procedure for the surgical management of a group of patients with
DDH. This therapy included open reduction, modified Salter or Dega pelvic osteotomy
(DPO), and femoral osteotomy if necessary. Comparing the prevalence of functional,
radiological, and other issues in patients under 30 months versus those above 30 months

was the secondary goal

Methods

The study (prospective cohort) was performed at Ibn-Albettar Orthopedic Center.
The period was between February 2019 to march 2024, patients with frank dislocation
between 1.6 to 6.5 years were included. Exclusion criteria include those with a
neuromuscular disorder, Arthrogryposis, failed previous surgery, and previous hip
infection.

Preoperative assessments include history taken from the family about: Name,
gender, perinatal history, and milestones to exclude neuromuscular disorders. All
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patients underwent a general examination, spine and other joints exam, Hip range of
movement, and limb length discrepancy.

Radiographic examination including anteroposterior (AP) X-ray of the pelvis and
both hips to assess the Acetabular index (19) and Hip dislocation stage based on the
Tonnis classification (18).

Surgical steps

All surgeries were performed by one specialist surgeon under general anesthesia
and the patient was in a supine position with the availability of an image intensifier. After
the patient becomes fully relaxed, we evaluate the hip assess reducibility and fix the
patient on the table with plaster then painting and draping. Open reduction of the hip
was done through the anterior (ilioinguinal incision), releasing the superolateral muscle
attachment to the capsule, cutting the rectus and releasing the reflected head, and
cutting iliopsoas tendon, after the capsule became full visualized capsulotomy was done
through two incisions, one parallel to the edge of the true acetabulum and the other
depends on the degree of dislocation some time vertical and sometime oblique to the
first one. Then cutting and removing the ligamentum teres, cutting the transverse
acetabular ligament, removing the pulvinar, and clearing the true acetabulum. Then the
gentle trail of femoral head reduction, sometimes we can’t reduce the femoral head in
older children with high dislocation, The reduction benefit is to assess the anteversion of
the femoral head inside the true acetabulum and assess tension of reduction, if the
reduction is stable without tension with at least 5 mm telescoping and acceptable
anteversion then open reduction alone is enough, if not then we make other incision at
the lateral aspect of proximal femur exposing the bone and perform femoral osteotomy
by using 2.7 dynamic compression plate, our method to assess how much shortening
needed is to calculate the distance of femoral head that lie superior to the true
acetabulum and cut the same distance from proximal femur aiming at least 5 mm
telescoping, in rare cases we do proximal femur osteotomy to correct anteversion of
femoral head only, but most of cases we need to do shortening.

After we close the femoral osteotomy wound, then we cut the redundant part of
the hip capsule that lie at the superolateral aspect and start suturing the hip capsule
with four suture techniques at the edge of the true acetabulum, two at medial side and

two at lateral side, after that, we start doing pelvic osteotomy either modified Salter
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(44,45) or Dega (6,20,21). Finally, after complete closure, we do one and a half hip spica
cast.
Protocols for postoperative care and follow-up

Hip reduction was confirmed by an AP pelvic plain radiograph taken right after
surgery. Typically, patients stay in the hospital for one day. In addition to cast care, we
educate the mother on how to turn the kid and raise the lower limb with one pillow.
After 15 days, follow-up appointments were planned for the cast care and wound
assessment, as well as an x-ray to confirm hip reduction. The second appointment was
for radiographic evaluation and cast removal at 45 days. After that, the patient begins
physiotherapy, weight-bearing, and active mobilization. Following that, follow-up
appointments were planned for six and twelve months, and then once a year.
outcomes evaluation

The difference in leg length was measured and a functional evaluation was
performed using the Modified McKay's criterion (22). The Bucholz-Ogden classification
system (25) and the Modified Severin grading system (23, 24) were used to evaluate
radiographic findings for the presence of avascular necrosis (AVN) in the femoral head.
Complications occurred at any time during the follow-up period. All patients were
available for evaluation by the time of the last follow-up, when the radiological and
functional evaluations were completed and reported. Patients less than 28 months were
in Group A, and patients older than 28 months were in Group B.
Statistical test

Data analysis by using SPSS version 26.

Result and Discussion
The mean age of the 106 patients (118 hips, 94 unilateral, and 24 bilateral) at

the time of surgery was between 18 and 80 months; group A (61 hips) consisted of
those under 28 months, while group B (57 hips) consisted of those above 28 months.
The identical treatment was performed on each hip, involving femoral osteotomy,
modified Salter osteotomy, and single-stage open reduction. The average follow-up
period was 27-32 months. Regarding demographic data, the difference was for the age
with the female and the left side most commonly affected (Table 1). In terms of

preoperative radiological and clinical evaluation, the two groups differed significantly in
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terms of Tonnis grades (Table 3), Acetabular index (Table 2), and leg length disparity.
Intraoperative data showed a substantial difference between the two groups, with group
B exhibiting more femoral shortening and derotation, a longer operative time, and a
lower telescoping distance (Table 4). At the last follow-up visit, the functional results
were assessed using Modified McKay's criteria. The results showed that 114 hips had
good outcomes (Excellent 48 hips, Good 66 hips), with notable variations between the
two groups (Table 5).

Both groups experienced a considerable reduction in leg length discrepancy after
surgery; however, group A's mean leg length was 1.95 mm, while group B's was 6.63
mm (Table 6). At the last follow-up visit, the radiological results were assessed using the
Modified Severin grading system. The results showed that 114 hips (grade 1 70 hips and
grade 2 44 hips) had good outcomes, with notable variations between the two groups
(Table 5). Both groups experienced a considerable drop in their Acetabular Index after
surgery; however, group A's mean was 19 degrees, whereas group B's was 22.4 degrees
(Table 6). The Bucholz-Ogden classification system was used to evaluate avascular
necrosis of the femoral head, and group B had a greater incidence (3 grade 1 in group
A, 21 grade 1, and 2 grade 3 in group B). Table 7 displays each patient's specific issues.

Table 1

Demographic variables

age Total

Group Group

A B
<=28 >28

Numbers 61 57 118
Sex M 13 14 27
F 48 43 91
Operative R 27 24 51
side L 34 33 67
unilateral or unilateral 53 41 94
bilateral bilateral 8 16 24

follow up 27.08 3172
Total 61 57 118
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Table 2
PREOPERATIVE DATA
age N Mean Std. P — value Sig.
Deviation
LLD  Group A 61 9.62 2.099 0.00 S
preoperative <=28
>28
Acetabular  Group A 61 38.13 2.553 0.00 S
index <=8
tive —
preopera Group B 57  44.11 4.337
>28
. T —test, P —value < 0.01 = significant (S) otherwise non-significant (Ns)
Table 3

PREOPERATIVE DATA, age * Tonnis grade Crosstabulation
Chi square test

Tonnis grade Total Significant
grade  grade  grade P- Sig.
2 3 4 value
age <= 11 28 22 61

28 (18%)  (46%) (36%)  (100) 0.00 S

>28 1 6 50 57
(2%) (10%) (88%) (100%
)
Total 12 34 72 118
Table 4
INTRAOPERATIVE DATA T — test
age N Mean Std. P — value Sig.
Deviation
Operative time <= 61 87.49 7.049 0.00 S
28
>28 57 112.23 14.227
Femoral derotation <= 61  16.52 12.908 0.00 S
Osteotomy degree 28
>28 57 27.72 10.224
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Femoral telescoping <= 61 5.90 1.060 0.00 S
intraoperatively 28
>28 57 4.72 .559
Femoral shortening <= 61 6.92 3.712 0.00 S
28
>28 57 15.54 4.859
. T —test, P —value < 0.01 = significant (S) otherwise non-significant (Ns)
Table 5
Postoperative clinical and radiological outcome , N=118
X 2 —test
age Total P — value Sig.
<= 28 >28
Clinical evaluation Excellent 41 7 48
Modified McKay's (67%) | (12%) 0/00 S
criteria good 20 46 66
(33%) | (81%)
fair 0 4 4
(7%)
Radiologic grade 1 54 16 70
evaluation (89%) | (28%) 0/00 S
Modified Severin grade 2 7 37 44
grading system (11%) | (65%)
grade 3 0 4 4
(7%)
Bucholz-Ogden no AVN 58 34 92
classification system (95%) | (60%) 0/00 S
of AVN grade 1 3 (5%) 21 24
(36%)
grade 3 0 2 2
(4%)

Note: the total for every classification is 61 for group A (<= 28) and 57 for group B (>28).
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Table 6

Postoperative LLD at final follow-up, Acetabular index at final follow-up,

age N Mean Std. P —value Sig.
Deviation
LLD at final <= 28 61 1.95 3.985 0.00 S
follow-up >28 57 6.63 4.639
Acetabular <= 28 61 19.00 1.633 0.00 S
index at final >28 57 22.39 3.069
follow-up
Table 7
Complications age Total
<= >28
28
Complications NO Complications 55 44 99
Hip stiffness 0 5 5
Lengthen at operated side 3 0 3
Stitch infection 2 0 2
leg short 0 1 1
Shortening at operated side 0 2 2
External rotation of the limb 0 2 2
Hip Subluxation 0 3 3
Plate infection 1 0 1
Total 61 57 118

Fig 1: A. 24 months female with left side DDH, B. After six weeks at the time of

cast removal C. After sixteen months
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Fig 2: A. 20 months female with left side DDH with delay appearance of ossific

nucleus, B. after three months C. After eighteen months

Fig3: A. Six 5.5 years old female with left side DDH, B. Intraoperative C-ARM
image for Dega pelvic osteotomy C. After four months follow up. D. After thirteen
months follow up.

Discussion

The current study found that most patients had satisfactory functional and
radiological outcomes when they managed with a one-stage procedure that included OR,
FDO, and PO. However, patients older than 28 months required longer operating times
and experienced a higher rate of complications.

Children with developmental dysplasia of the hip (DDH) have a concentrated
decline in acetabulum growth and development. Open reduction, with or without further
osteotomies, is frequently necessary for congruous, stable reduction in children of
walking age (7). If the femoral head kept moving outside of the acetabulum, it would
cause certain anatomical alterations to the acetabulum and femoral head. The age at
which hip reduction will lead to normal acetabular growth is unknown, although if the

hip reduction is performed too soon, these changes might be reversible (8, 10).


https://doi.org/10.21070/ijhsm.v2i1.42

Indonesian Journal on Health Science and Medicine

Vol. 2 No. 1 (2025): January
ISSN 3063-8186. Published by Universitas Muhamamdiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC-BY).
https://doi.org/10.21070/ijhsm.v2i1.42

Numerous authors proposed that acetabular development and growth could be
satisfactorily achieved with a hip reduction by the age of four, and some even went so
far as to extend it until the age of eight (15, 26). But the age at which DDH consider as
a late presentation is debatable (8, 27)

Closed reduction has been shown to produce satisfactory results in some older
children with or without adductor tenotomy as long as there is careful monitoring (9).
Still, other research revealed that most After 18 months, individuals who had a successful
closed reduction required another open procedure (32, 33). This is the reason why most
surgeons consider OR for kids who couldn't do a concentric hip reduction with closed
maneuvers or who were older than 12 to 18 months (10).

The majority of patients in a study by Charki et al. (34), which included 414 hips
with DDH, had open reduction, pelvic osteotomy, and femoral osteotomy (42%); they
suggested adding a femoral osteotomy for cases with high dislocation (T6énnis 3 or 4)
and a pelvic osteotomy for children older than 36 months. A single-stage surgical
strategy comprising an open reduction, pelvic osteotomy, and femoral osteotomy was
recommended by certain surgeons (6, 10, 13). An acceptable result from a single stage
operation eliminates the need for multiple stages surgical interventions. The majority of
our study participants underwent single-stage operations that included open reduction,
pelvic osteotomy, and femoral osteotomy because most of our patients have high
dislocation (Tonnis grade 3 or 4), (82%) for group A and (98%) for group B.

Numerous pelvic osteotomies have been documented; the choice of one is based
on the triradiate joint condition, patient age, and reduction concentricity (7, 11). In our
study we use modified Salter osteotomy for group A, while for group B we use either
modified Salter osteotomy or Dega pelvic osteotomy depend on patient age, femoral
head converge and reduction concentricity and stability. Modified Salter osteotomy is
good option for those less than 4 years. It is easy to perform, give good anterolateral
coverage, and the use of pin fixation depends on hip stability and femoral head coverage
intraoperatively (44,45)

Dega pelvic osteotomy combines the benefits of reorientation and reshaping of
the acetabulum (35). Additionally, by modifying the osteotomy inner cortical cut (36,37),
anterior or lateral coverage can be achieved. Due to the intact posteromedial cortical

hinge and sciatic notch naturally caused osteotomy site recoil, no graft fxation was

10
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required at the osteotomy site, and there were no need for fxation devices and
complications of their removal (6,38).

Femoral derotation osteotomy is necessary if there is a problem with femoral
anteversion, and femoral shortening is typically required if excessive force is needed for
reducing the hip joint (33). All of the hips in our research had femoral osteotomy, either
for derotation or shortening, and typically both. According to Czubak et al., femoral
osteotomy was performed on every hip. However, according to a research by Ning et al.
(13), all hips were shortened; however, a derotation was added in a subgroup of patients
based on the degree of hip anteversion as assessed by a computed tomography (CT)
scan performed prior to surgery. In order to evaluate the characteristics that indicated
the necessity for a femoral osteotomy, Sankar et al. (39) looked at 72 hips with DDH.

In terms of functional results, Ning et al. (13) observed that 79.4% of patients
had good or excellent functional outcomes. Our study's Modified McKay's criterion score
is 40.7 Excellent and 55.9 Good. Zein et al. reported satisfactory outcomes 94.3% in
group 1 (less than 30 months), 80.6 in group 2 (more than 30 months). (1) According
to Czubak et al., 78.8% of their patients had satisfactory functional outcomes, and there
was no difference between patients who were younger (group A) or older (group B) than
three years [6]. Wozniak et al. conducted a systematic review (11). 84.8% of the hips'
functional results were rated as good or very good during the most recent follow-up.

Our study's radiological results, which were evaluated indicated 59% grade 1
(excellent) and 37% grade 2 (good) using the Modified Severin grading system. Zein et
al. reported radiographic results that were satisfactory (group I 94.3% versus group II
83.3%) in accordance with Severin radiological categories. (1), Ning et al. found that
84.7% of their patients had good or excellent radiological results (13). In addition
Acetabular index have been corrected in our study from the preoperative mean of 38.13,
44.11 for group A, B respectively to 19, 22.39 at final follow up. While Zein et al.
obtained improvement from a mean of 37° to 27.2° at final follow up. According to
Czubak et al., all patients' Acetabular index improved when compared to their
preoperative values (group A's mean was 38.8° to 19.5°, while group B's was 39.6° to
21.3°), and the two groups' Acetabular indices at the last follow-up showed no

differences. Wozniak and associates (11) systemic review reported an improvement in

11
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Acetabular index; 16 studies reported a reduction to < 20°, and the mean pre- and
postoperative Acetabular index differed by 22.5°.

Avascular necrosis of the femoral head, which can happen up to 48% of the time
and varies from research to study, is one of the most dangerous side effects that could
happen after DDH surgery (7, 13, 41). In our study, we recorded 20% of patients with
grade 1 and 2% of patients with grade 3 according to the Bucholz-Ogden categorization
system. Zein et al. reported an AVN incidence of 5.6%, which only occurred in group II.
A similar rate of 5.8% was recorded in the study by Czubak et al. (6). Ning et al.
determined an incidence of 27.4% and classified them as bad outcomes based on the
Kalamchi and MacEwen categorization (13). Wozniak et al. (11) calculated an AVN
incidence of 18.9% based on 19 studies. There are limits to the existing study. A longer
follow-up is required to demonstrate the effectiveness of the surgical strategy used in
this investigation. Furthermore, in order to identify the factors impacting the occurrence
of issues, we did not perform a correlation study..

Conclusion
For patients aged 1.5 to 6.5, a single step operation consisting of open reduction,

femoral osteotomy, and pelvic osteotomy was used to treat DDH. The clinical and

radiological outcomes were satisfactory
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