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Abstract

Background: The Innominate osteotomy as an integral component of com-
bined open reduction for the treatment of dysplasia developed of the hip in
children. Materials and Methods: Between 2011 and 2015, 198 hips of 176
patients with developmental dislocation of the hip underwent 0 operation.
The patients were divided into two Variant based on the age at the time of
open reduction: 12 months - less than 18 months (Variant 1) and upper 18 -
36 months (Variant 2). There were 120 hips in V 1 and 69 hips in V 2. Preo-
perative Patients didn’t use skin or skeletal traction, or femoral osteotomies.
All patients were Open reduction and iliac osteotomy according to Zigzag
morphology combined Fibular Allograft. Dislocations were graded according
to Tonnis system. The acetabular index was measured common procedure:
Clinical evaluation of modified McKay criteria, and Roentgenographic evalua-
tion of Severin. Results: There were 134 (76.1%) of the patients were girls and
42 (23.9%) were boys. Twenty two (12.5%) patients were affected bilaterally.
The right hip was involved in 31 (17.6%), and the left hip in 123 cases (69.9%).
Tonnis grade: Tonnis 3 in 46 (23.3%), Toénnis. 4 in 152 (76.7%). The patient
was performed at a mean age of 21.5 months (12 to 36) and the mean age at
latest follow-up was 72.1 months (58 to 115), and the mean time follow-up
was 41 months (32 to 53 months).Overall favorable result 188 hips (94.9%)
and unfavorable result 10 hips (5.1%). Roentgenogrphic results were Excellent
79.8%, Good 15.2%, Fair 3.5%, Poor 1.5%. There were Redislocation 14 (7.1%)
and Avascular necrosis 47 (23.7%). Conclusion: This operation was of good
safety and efficacy. Fibular allograft was strength and graft was not resorption,
more stable and structurally sound interposition material which could be
contoured to the shape of the osteotomy site. The Zizag octeotomy acetabu-
loplasty the same shape of the acetabulum by hinging the horizontal branch of
the triradiate cartilage following an incomplete osteotomy. At latest results,
both Variant were none different.
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1. Introduction

Developmental Dysplasia of the hip (DDH) includes femoral head subluxation
or Dislocation and/or acetabular Dysplasia. The goal of treatment for Develop-
mental Dysplasia of the Hip (DDH) is to reduce the method by a closed or open
method and maintain this decline through childhood and adolescence. If the
concentric stability is maintained, the stabilizer will have potential to recover
and continue to grow and develop normally [1] [2]. When the interaction be-
tween the forces of natural remodeling of the hips and primary treatment fail-
ures, surplus continuity resulting in acetabular dysplasia. Dysplasia threatens
long-term function by increasing the chance of early degenerative disease [3]
[4].

Early diagnosis and early intervention are the main causes of DDH. When the
diagnosis is made early in most cases, treatment of ligaments or braces will be
satisfactory. Unfortunately, there are still a few patients who are not sick early.
Diagnosis or early treatment, leads to surgical treatment. These children should
be treated surgically. In general, the choice of treatment for DDH is usually age
related and needs to be adjusted to fit the specific conditions. Surgical options
include reduction of open and capsulorhaphy alone or in combination with ace-
tabular procedure. However, there is still debate as to when or why these proce-
dures are required [5].

The age of the patient is one of the important factors in determining the
treatment in the developmental disturbance of the hip.

Bone removal is recommended if the patient is 18 months or older [6]. Salter
and other researchers report excellent radiographic findings for patients aged 18
months to 4 years when Salter’s alveolar innominate osteotomy was performed
with open cuts [6] [7]. They also recommend open surgery with necrosis simul-
taneously, as better results will be achieved with a one-stage operation than the
procedure being held.

Treatment of children over 12 months of age disordered in the groin more
challenging. In addition, older children should have scars of acetabulum, such as
Salter or Pemberton methods to cover the femoral head [8] [9]. The Congenital
hip replacement therapy in the elderly began to become difficult because of the
appropriate shortening of the soft tissues of the extra-articular, acetabular dys-

plasia, capsular constriction, increased fernoralanteversion, and fixed inversion
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of the limbs [10] [11].

Open reduction (OR) of the hip and Salter’s osteotomy have become a popu-
lar treatment for late onset of DDH in a single attempt [12] [13]. These failures
are still a challenging clinical problem as the revision surgery has been associated
with high rate of stiffness, residual dysplasia and avascular necrosis (AVN) [14]
[15].

The choice of the type of pelvic osteotomy depends on careful pre-operative
assessment of the severity of the acetabular dysplasia and also the age of the pa-
tient at the time of treatment [16].

The revascularization capacity the acetabulum decreases steadily in the first 6
or 7 years of life, so if the acetabulum contains the femoral head poorly an at-
tempt should be made to improve the acetabular cover [17].

The authors have over the years, are not satisfied that iliac crest autograft as
the interposition material for the osteotomy is structurally sound and full stabil-
ity. Problems such as extrusion, rotation and absorption, leading to loss of ace-
tabularcorrection, were often noted in cases previously treated at our National
Hospital for Pediatrics. Autograft concern is further supported by authors who
suggest the routine use internal fixation, especially in older children.

Bone allografts have commonly been used in orthopaedic practice, and in ar-
ticular, in pediatric orthopaedic surgery with good safety and efficacy [18].

The purpose of this paper is to review our experience with the management of
Congenital Dislocation of the hip in children in whom treatment was not begun
until between the ages of one and three years with open reduction and modified
innominate osteotomy combined fibular allograft. Based on this experience, a

safe and effective approach to this problem will be presented.

2. Materials and Methods

Between 2011 and 2015, 198 hips of 176 patients with DDH underwent open
reduction. 134 (76.1%) of the patients were girls and 42 (23.9%) were boys.
Twenty two (12.5%) patients were affected bilaterally. 154 (87.5%) patients were
affected unilaterally. The right hip was involved in thirty-one (17.6%) and the
left hip in one handrad-twenty tree (69.9%) cases (Table 1). T6nnis system type
3 in 46 hips (23.3%) and Type 4 in 152 hips (76.7%) hips.

Patients hadteratologic dislocations, neuromuscular disorders and connective
tissue, and patients with a history of a previous open hip procedure at another
hospital were excluded from the study. Patients Tonnis grades I and II were ex-
cluded. Only patients presenting with grades III and IV were included in this
study. This study was retrospective evaluating results and complications follow-
ing ZOFA.

The operations were performed by a single surgeon (Author) and the evalua-
tion by two independent orthopedic surgeons, who were not members of the
department.

Informed consent was obtained from all participants. The study had the
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Table 1. Data of the patient.

Number
Patients Boy

Variant 1 115 25
Variant 2 61 17
176 42

Sex

Girl

90

44

134

Side Ténnis grade

Age at Age La. Time
Tén. 3 Tén. 4 Operation F-U F-U
Left Right Bilateral (Hips) (Hips) (months) (months) (months)
80 21 14 14.4 69.7 41.8
28 101
129 Hips (12-18) (58 -102) (31-52)
43 10 8 29.6 744 40.2
18 51
69 Hips (19 - 36) (72 - 115) (32-53)
123 31 22 22 72.1 41
46 152
198 Hips (12 - 36) (58 - 115) (32-53)

Age La.F-U: Age at latest Follow-up; Time F-U: Time Follow-up; ). Age La.F-U: Age at latest Follow-up; Time F-U: Long time Follow-up.

approval of the Ethical Review Committee of our Institute and was carried out in
accordance with the tenets of the Declaration of Helsinki.

The patients were divided into two Variants based on the age at the time of
OR: 12 months - less than 18 months (Variant 1 - V 1) and upper 18 - 36
months (Variant 2 - V 2). There were 120 hips in V 1 and 69 hips in V 2. None
had preoperative skin or skeletal traction, nor derotationalvarus or valgus os-
teotomies. The patient was performed at aaverage age of 22 months (12 to 36)
and the average at latest follow-up was 72.1 months (58 to 115), and the average
time follow-up was 41 months (32 to 53months).

Dislocations of the hip according to use Tonnis system [4]. The acetabular
index was measured as common procedure to evaluate the correction of the ace-
tabulardysplasia and the subsequent maintenance thereof [19].

We elected not use the central-edge angle of Weiberg (CE angle), as the fe-

moral heads in the majority of hips were partially ossified.

2.1. Surgical Technique

Total hips, the position of maximum stability was assessed at the time of OR.
The hips which required flexion with abduction for stability and/or had an ace-
tabular angle above 30° on the pre-operative radiograph, were judged to require
an innominate osteotomy. If under general anestheria could not abductor hipa-
bove 60° should adduction of mucusletenotomy. The Zadeh’s Test of stability
[20] was used after open reduction, which was the main indicator for the need of
the pelvic osteotomies. Expose inner table of the ilium only, did not expose outer
table of the ilium. A drill used to sketchiliac osteotomy. The first line, transversal
line at just above anterior inferior iliac spine 5 mm; the second line, go down
and internal oblique to create angle 90° or 135° with the first line (create 90° an-
gle with Al < 45" and 135" with AI > 135° - o angle) distance 5 - 7 mm length;
the thirst line, to go internal obliquely to create angle 90° - 135° too, with the
second line (create 90° angle with AI < 45° and 135" with AI > 135°- angle)
(Figure 1) distance 8 - 10 mm length and to the transversal level of the first line;
the fourth line, connective thirst line and go down, distance 10 mm length; the
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fifth line, perpendicular to the fourth line, to go internal transversal line, dis-
tance 6 - 8 mm length. After outlining the iliac osteotomy is created by multiple
drill-holes, a small sharp osteotome is used to complete the cuts by connecting
those drill-holes (Figure 1).

Next, using small curette to remove cancellous in both side on top and bottom
segment of ilium to create a slot receiving fibula allograft. The Fibular Allograft
is placed between the two side of the ilium and maintains the displacement
(Figure 2), so that Fibular grafting lateral displacement 2 mm is needed, and fi-
bular allograft is compressed between both side on top and bottom segment of

ilium.

Figure 2. The fibular allograft is placed between the two frag-
ments of Ilium.
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To measure the distance to the underside of the pelvic segment from 11 to 13
mm, the equilibrium equal distance from anterior superior iliac spine to anterior
inferior iliac spine and the lower front hip was measured according to Salter’s
technique [4].

The osteotomy should be very stable when the two segments are engaged.

The distal segment of the ilium occurs to turn through the pubic symphysis,
as in salter grafts, and is pulled in exactly the same way, so that anterior and la-
teralacetabular coverage occurs simultaneously, as as described by Salter and
Dubos [4] [6]. The Osteotomy is held open with a wedge of bone graft, whose
base is length from the anterior superior to anterior inferior iliac spine, which
reliably improves anterior and lateral coverage 25 degrees and 15 degrees respec-
tively [4].

The rotation of the distal segment occurs through the pubic symphysis, as in
the Salter osteotomy, and is pulled in exactly the same way, so that frontal and
outer acetabular coverage occurs simultaneously, as described by Salter and
Dubos [4] [6].

The fibula allografts that were used in this treatment protocol were imported
from bone banks that adhere to the standards of Asia Association Surgery Tissue
Bank. These graphs are of a sort (dry freeze) processing that has been proven to
be safe [21].

A bilateral hip spica cast with the hips in human position was applied at sur-
gery. Hip spica was maintained for 3 months and then a full-time abduction
brace was used for 3 months. Afterwards, the brace was worn at night for an ad-

ditional 3 months for a total brace time of 6 months.

2.2. Evaluating Result

The patients were scheduled to return to the outpatient clinic at three months
intervals during the first time postoperatively 3 months, 6 months, 1 year, and 2
years after surgery and then at yearly intervals.

Patients were evaluated clinically for each visit such as the range of motion of
affected hips, the quality of walking, the Trendelenburgtest, and the presence of
any pain.

Radiation of each hip was performed to assess quality of decline, Al, and
presence or absence of AVN. The preoperative radiographic image of each pa-
tient was evaluated to determine the AI and the station.

Leg length variation can be measured by a physician during a physical exami-
nation and through X-rays. Usually, the doctor measures the hip level when the
child is standing barefoot

Assessment of AVN of the femoral head was classified according to Kalamchi
and MacEwen’s classification [22]: Grade 1: Changes affecting the ossific nuc-
leus; Grade 2: Lateral physeal damage; Grade 3: Central physeal damage; Grade
4: Total damage to the head and physis.

Details of radiological classified according to the Severin [23] was used for the
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radiologic assessment of postoperative results: Gade 1: Normal; Grade 2: Mod-
erate deformity of femoral head or neck or acetabulum; Grade 3: Dysplastic no
subluxed; Grade 4: Subluxed; Grade 5: Head articulating with secondary aceta-
bulum in upper of the original acetabulum; Grade 6: Dislocated; Grade 7: Arth-
ritic.

Barrett’s modification of McKay’s criteria [24] was classified for the clinical
assessment of postoperative results: Excelent result: Stable, painless hip, no limp,
negative Trendelenburg sign, full range of motion; Good result: Stable, painless
hip, slight limp, slight degree in range of motion; Fair result: Stable, painless hip,
limp, positive Trendelenburg sign, and limited range of motion, or a combina-
tion of these; Poor result: Unstable or painful hip, or both, positive Trendelen-

burg sign.

2.3. Statistical Analysis

The data were analysed with Epi Info 6.04 software public domain statistical
software for epidemiology, developed by Centers for Disease Control and Pre-
vention (CDC) in Atlanta, Georgia, USA,

http://wwwn.cdc.gov/epiinfo/html/prevVersion.htm. We performed the y* test

for percentage and the t-student test for mean comparison between the preoper-
ative and postoperative groups. P-values less than 0.05 was regarded as statisti-
cally significant. All values were provided as mean values along with the appro-

priate standard deviation.

3. Results

There were 176 patients (189 hips) who had intraoperative instability and re-
ceived an OR and ZOFA. Gender: boy are 42 (23.9%), girl are 134 (76.1%).
Number hip: 129 hips (65.2%) in V1, 69 hips (34.8%) in V2, total: 198 hips. Side:
bilateral were 22 (12.5%), left were 123 (69.9%), right were 31 (17.6%). Tonnis
grade: Tonnis 3 in 46 (23.3%) hips, Tonnis. 4 in 152 (76.7%) hips.

Number patient: 176; Sex: Boy are 42 (23.9%), Girl are 134 (76.1%); Number
hip: 129 hips (65.2% ) in V1, 69 hips (34.8%) in V2, total: 198 hips; Side: Bilateral
are 22 (12.5%), Left are 123 (69.9%), Right are 31 (17.6%); Tonnis grade: Tonnis
3 in 46 (23.3%) hips, Tonnis. 4 in 152 (76.7%) hips. Age at time Operation: 22
months (12 - 36 months). Age at latest Follow-up: 72.1 months (58 - 115). Dura-
tion Follow-up: 41 months (32 - 53).

Variant 1/Variant 2 show: Acetabular Index: Preopration 46.98/50; PostOpe-
ration 24 months: 20.5°/19.8°; At latest 18.5°/17.8°; Improvement Pre-Immediate
Operation of AlL: 23.26° (49.5%)/27.7° (55.1%), Pre-At latest: 28.8° (61.3%)/32.5°
(64.6%). Overall: Pre-Operation AI = 50.07° SD = 4.973 Immediatelly Opera-
tiom Al = 22.96° SD = 2. 252, and Latest Follow-up AI: 17.9° SD = 1.56. Im-
provement of Preoperation and Latest follow-up 32.17° (64.25%). The Hips with
AT Above 45 degrees both variant (younger and older than 18 months)

Pre-Operative immediately and Postoperative 24 moths - Latest were not statis-
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tically significant (P valuate > 0.05) (Table 2).
Overall: Pre-Operation Al = 46.5° SD = 4.567 Immediately Operatiom Al =
25.35° SD = 2.398, and Latest Follow-up Al: 18.7° SD = 1.645. Improvement of
Preoperation and Latest follow-up 27.8° (59.5%). Comparative AI Pre-Post-
operative immediately, Postoperative 24 months - Latest of Patients abover and
belower 45° were not statistically significant (P valuate > 0.05) (Table 3).

Table 2. The hip with acetabular index abover 45 degrees.

Acetabular Index

No. Hip

Pre-Op Imm.Op PostOpe. PostOpe. PostOpe. PostOpe. At latest
) @) 3 mo (°) 6 mo (*) 12mo (°) 24 mo (°) )
17 46.98" 23.72° 22.86 21.76 20.88 20.5 19.8
SD 4.21 2.58 2.11 2.28 1.79 1.34 1.60
V1 Range 452-61.2 209 - 26.8 19.2 - 25.4 17.8 - 25.2 16.6 - 22.5 16.1-22.3 144 -21.6
P valuate <0.05 0.06486
Impro. 23.26° (49.5%) 27.18° (57.9%)
31 50.3° 22.6° 22.2 21.6 20.3 20.1 19.5
1.46 1.86
Va2 SD 3.16 2.62 2.44 2.12 1.82 1.42 1.60
1.46
Range 45.2 - 66.1 20.4 - 26.2 18.9 -25.1 17.7 - 24.8 16.5-22.1 16.2 - 22.3 14.8 - 21.2
P valuate <0.05 0.071390
Impro. 27.7° (55.1%) 31.2° (62.0%)
P valuate (Impro.) 0.7628 0.6968002
Pre-Op: Pre-Operation; Imm.Op: Operation Immediately; PostOpe.: Post-Operation; mo: month; Impro: Improvement.
Table 3. Change Acetabular index according to age at time operation and AI angles Abover/Belower than 45 degrees.
Acetabular Index
No. Hip Pre-Op. Imme-Op Post-Op Post-Op Post-Op Post-Op Latest
(SD) (SD) 3 moths (SD) 6 months (SD) 12 months (SD) 24 months (SD) Follow-up (SD)
150 42.93° 27.74° 25.56 2291 21.706 20.18° 19.95°
SD 4.404 2.545 2.070 2.280 2.014 1.662 1.753
Al < 45° Range 31.2° - 44.9° 26.1° - 28.5° 23.8-26.2 224 -259 22.2-24.6 19.2 - 23.8 19.2-20.4
P. valuate <0.05 0.128529
Impro 15.2° (35.4%) 22.8° (48.5%)  23.0° (53.6%)
48 50.07° 22.96° 22.53 21.68 20.59 20.15° 19.75°
SD 4.973 2.252 2.275 2.00 1.805 1.450 1.315
Al > 45° Range 45.2 - 66.1 20.4 -26.8 18.9-25.4 17.7 - 25.2 16.5-22.5 16.1° - 22.3° 14.4° - 21.6°
P. valuate <0.05 0.0987
Impro. 27.1° (53.5%) 30.6° (60.4%)  32.2° (64.3%)
198 46.5° 25.35° 20.1 19.9
SD 4.567 2.398 1.432 1.649
Overall Range 31.2° - 66.1° 26.1° - 26.8" 16.1 - 23.8 144 -21.6
P. valuate <0.05 0.10966
Impro. 21.7° (46.1%) 27.8° (59.5%)

Pre-Op: Pre-Operation; Imm.Op:Immediate Operation; PostOpe.:

Post-Operation. Impro: Improvement.
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Variant 1/Variant 2: Adductor tenotomyin 112 (86.8%)/69 (100%) P. valuate:
0.001611; Cutting Ligament teres 102 (79.1%)/66 (95.7%) P. valuate: 0.001929;
Cutting Limbus 113 (87.6%)/69 (100%) P. valuate 0.00278; Tenotomy Psoat
tendon 129 (100%)/69 (100%): Removed Puvinar 129 (100%)/69 (100); Removed
Transverse Ligament 115 (89.1%)/65 (84.2%) P. valuate 0.304256; Capsulorraphy
112 (86.8%)/69 (100%) P. valuate 0.001611; Kirchner Wire: 129 (100%)/69
(100%) (Table 4).

The Compared some surgical techniques of OR were in V1 and V2 such as
Adductor tenotomy, Ligament Teres, Limbus, and Capsulorraphy were Statistic-
al significance (P valuate < 0.05) ; Transverse Ligament was not statistically sig-
nificant (P valuate > 0.05).

[Mustration

1) A girl, age at operation was 20 months. Dislocation Type IV. She were op-
erated with ZOFA with angle oc and Bare 135°. A bilateral hip spica cast with the
hips in human position was applied at surgery. Hip spica was maintained for 3
months and then a full-time abduction brace was used for 3 months. Afterwards,
the brace was worn at night for an additional 3 - 4 months for a total brace time
of 6 - 7 months. Abe at Follow-up are 56 months (Postoperative 36 moths), Al
are 17.53°, Surgical result are excellent (Figures 3(a)-(c)).

2) A boy, agirl, age at operation was 28 months. Dislocation of left hip, Ténnis
grade 4 Preoperative AI 41.2°. He were operated OR combined ZOFA with angle
pand o are 90°. Post Operative 16 weeks, he had subluxation, AI was 22.8°. Pa-
tient did anapathology shown bone interface between bone graft and host bone,

have new bone cell (Figures 4(a)-(c)).
4. Discussion

4.1. Pelvic Osteotomies

There are many types of pelvic osteotomies to treat the dysplastic hips. To de-
termine which bone resorption surgery is most appropriate, we should consider

the concentric reducibility of femoral head, the age of the patient, and the

Table 4. Datails of OR combined ZOFA.

No. Adductor
Hip Tenotomy

(%)
. 112
Variant 1 129
(86.8)
Variant 2 69 69
arian
(100)
P valuate 0.001611

Surgical procedures

Ligament . Psoat X Transverse Kirchner
Limbus Puvinar . Capsulorraphy .
Teres Tendon Ligament Wire*
(%) (%) (%)

(%) (%) (%) (%)
102 113 129 129 115 112 129
(79.1) (87.6) (100) (100) (89.1) (86.8) (100)
66 69 69 69 65 69 69
(95.7) (100) (100) (100) (84.2) (100) (100)

0.001929 0.00278 0.304256 0.001611

Kirschner wire*: Kirschner wire was passed through the greater trochanter and into the ilium.
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i

etabular index 61.2 d&érees

(@) (b)

Figure 3. (a) PreOperation AI 61.2°, (b) Operate Immediately AI 17.53°, (c) Postopera-
tive 36 months - AI 13.73°.

Figure 4. (a)-(c): Bone interface between bone graft and host bone, have shown new
bone cell (Biopsy of material obtained 16 weeks post-operation). 1) Osteocyte in lacu-
na; 2) Compact bone; 3) Eosinophils; 4) Hematopoisis; 5) Erythrosys.
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condition of the triradiate cartilage.

For the patients with late diagnosed late DDH, reconstructive osteotomy for
dysplastic acetabulum is indicated only when the femoral head can be concentr-
ically reduced. Salter innominate osteotomy and Pemberton osteotomy are the
most commonly used procedures for children younger than 7 years old [25].

Salter osteotomy and Pemberton acetabuloplasty are common procedures for
the lack of acetabulum in the developmental disorder of DDH hip (Figure 5).

Salter osteotomy redirects the entire acetabulum following a complete
trans-iliac osteotomy, while Pemberton acetabuloplastychange the type of the
hinging the horizontal branch of the triradiate cartilage following an iliac cutting
is not complete. The goal of these two procedures is to improve the coverage of
the femoral head for acetabular dysplasia.

The pericapsularacetabuloplasty described by Pemberton in 1965, is a method
of pelvic osteotomy. Through incomplete cut in the ilium, this procedure can
redirect the acetabulum to achieve correction of acetabular dysplasia. Early re-
search by Pemberton showed a positive rate of achievement in children under 7
years of age. Later, some authors have achieved a good results in older children
when they applied one stage Pemberton acetabuloplasty and femoral shortening
as a one-stage operation [25]. In addition, to obtain correction of acetabular
dysplasia that is greater potentially greater than that achieved with the Salter os-
teotomy, the Pemberton osteotomy can be performed without the use of internal

fixation. The object of the surgery is to improve anterolateral coverage of the

ate osteotomy. 1961, Pemberton. 1965, Perlik
% berton. 1985, Tavares modified Pemberton
P04, Hung Zigzag pelvis osteotomy. 2011

combined SIO
acetabuloplasty:

\"\,f

Figure 5. Some Iliac Osteotomy, to begin at above anterior inferior
iliac spine such as Pemberton PA. 1965 [25], Salter RB.1961 [26], Ta-
vares JO [27], Perlik PC et al [28], Hung NN. 2011 [29].
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femoral head. Full control and a stable hip allow for weight gain and osseous
remodelling of the dysplastic acetabulum.

Salter. 1961 described the innominate osteotomy for stabilizing the reduced
hip by redirection of the acetabulum as a unit. The procedure was accomplished
by a transverse osteotomy of the ilium perpendicular to the iliac axis from just
above the anterior inferior iliac spine to the sciatic notch. It was designed to
preserve the acetabular shape while correcting the abnormal anterolateral facing
of the acetabulum in DDH. The public symphysis served as a rotating hinge and
the acetabulum can be redirected to cover the anterolateral deviciency in a con-
centrically reduced hip after the osteotomy.

Cervical dissection serves as a rotating hinge and the acetabulum can be di-
verted to cover the anterolateral deficiency in a joint that decreases concentri-
cally after the osteotomy [25].

Salter and Dubos showed good or good results in patients treated from 18
months to 4 years and without failureconsideration within 15 years of follow-up
of 140 patients.

In the 410 age group, the results achieved excellent or good results or only
reached 56.7% [6]. Thus, the Salter osteotomy do not use the method in older
children.

This procedure may be the most widespread pelvic osteotomy in DDH treat-
ment. In compared the Pemberton osteotomy, the Salter’s procedure seems rela-
tively simple. However, proper implementation strategies are needed to resolve
the logisof it is not easy. The most common error that leads to a catastrophic
outcome is failure to achieve a concentric reduction of the hip joint before in-
nominate osteotomy.

We performing iliac osteotomy in DDH with Zizag osteotomy. The procedure
was accomplished by a transverse osteotomy of the ilium perpendicular to the
iliac axis from just above the anterior inferior iliac spine to the 5 mm (1 line),
line 2 (5 mm), they create angle 90° with AI < 45" and 135° with AI > 45° to the
sciatic notch . Line 2 and 3 to create angle the same line 1 and 2 too (Figure 1).
Our line have bar osseous is created line 4 and 5. The bar osseous bar to prevent
move of postero-internal distal ilia. The Zizagocteotomyacetabuloplastyhave
hinging the horizontal branch of the triradiate cartilage following an incomplete
osteotomy and the aim of this procedures are to improve the anterolateral cov-
erage of the femoral head. Immediately operate (Figure 2), AI improvement
27.1° (53.5%) with Iliac osteotomy have angle fand o are 135° for Al > 45°, it
was compared with Iliac osteotomy have angle f§ and oc are 90° for AI < 45°
(Table 4, P valuate 0.02384, Statistical significance.)

There are two bar osseous and two slots in proximal and distal segment of the
ilium, this stability is evident intra-operatively by the graft not being able to be
translated or rotated or sliped. This transplant stability specifically removes the
need for conventional internal fixation of bone-cutting surgery. Extrusion or

transfer of graft were not encountered in our series.
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In the document, the rate of graft displacement ranges between 0% and 17%,
the rate of graft displacement ranges between 0% and 17% [24] [30] [31] [32]. In
zigzag osteotomy combined fibular allograt, the rate of graft displacement was
0% in this study. This post-operative result of graft may be the result of the care
taken to check the stability of the graft with this technique (Figure 2). The
post-operation, all of the fibulat allografts were completely incorporated average
14 weeks (range, 12 weeks - 17 weeks).

Acetabular Index have changed and improvement clearly was to 15.2° (im-
provement 35.4%) of V 1 and 27.1° (improvement 53.5%) of V 2 in immediate
operation (Table 3), so Capsulorrhaphy easily and reduce tighten the posterior
capsule will be prevent posterior subluxation of the head especially if a iliac os-
teotomy has been performed simultaneously.

Harris et al 1975 [33]. Seventy-two patients with eighty-five hips were stu-
died. The children were above one year old on admission and abover the years at
the time of review.

The development of the acetabulum assessed by radiography by measuring the
angle of the acetabulum. Angles less than 21 degrees were considered normal,
and more than 21 degrees as indicated by some failure of growth.

Satisfactory acetabular development occurred at 80% (24degrees or less) and
unsatisfactory at 20% (above 24 degrees angle).

Satisfactory acetabular development occurred in 80 per cent (angles 24 de-
grees or below), and was unsatisfactory in 20 per cent (angles above 24 degrees).

Severin. 1941 [23] suggested that 21 degrees at the age of ten or more ys the
critical angle of normality. If the angle was less than 21 degrees the acetabulum
was regarded as normal; if more than 21 degrees some failure of development of
varying degree was conceded and these were classified as good (22 - 24 degrees),
fair (25 - 27 degrees) and poor if the angle exceeded 27 degrees. The post-opera-
tive 24 months with Al are 20.1° and latest result 19.9° in this study.

The Salter osteotomy is suitable for an acetabulum with a short iliac part and
an acetabular angle of up to 35°, whereas the Pemberton acetabuloplasty is suit-
able for an acetabulum with a long iliac part and an acetabular angle of up to 50°
[30] [34] or 45° [35]. The SIO initially described both tables of ilium being ex-
posed, increasing the amount of bleeding in the operation [31]. The blood loss
from this procedure is acceptable. Post-perative blood transfusion was no re-
quired in this study.

Our technique did not expose outer table of the ilium, so abductor muscle is
not injury so that reduce negative Trendelenburg test. We didn’t use Kirschner

wire so without complication of it.

4.2. Age at Time Operation

There always will be children who reach ambulatory age with developmental
dysplasia of the hip, either secondary to delayed diagnosis or failed treatment.

Once identified, treatment of developmental dysplasia of the hip in this age
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group is based largely on the experience of the surgeon.

Although treatment varies from closure to open reduction with the combina-
tion of the femur and pelvis, the goal is largely to obtain a concentric reduction
without recurrence of subluxation or dislocation or and without stiffness or
avascular necrosis.

Despite the concern that open abduction leads to stiffness and increased ne-
crotizing necrotizing necrosis, the success of open fall in this age group is clear.
It provides visual confirmation of the suitability of the reduction while generally
making the femoral head not injured. In addition, the OR give the surgeon the
opportunity to assess the amount of acetabular dysplasia [36]. In this age, Zionts
and MacEwen [37] found that closed reduction was associated with a high rate
of AVN (23.7%) and a high incidence of secondary procedures for recurrent
subluxation or persistent acetabular dysplasia

They detected that nearly 66% of patients treated with traction, adductor te-
notomy, and closed reduction under general anesthesia required secondary sur-
gical procedures.

Similarly, Mardem-Bey and MacEwen [38] detected that 66% of children of
walking age with developmental dysplasia of the hip who had undergone closed
reduction required additional surgery, compared with 33% of those patients
treated with OR. Galpin et a/ in a study of 33 hips in 25 patients aged 2 years
and older who received one-stage surgery, they reported clinically satisfactory
results in 85% of patients and roentgenographyin 75% [39]. Ryan et al [40] de-
tected that treatment outcomes for DDH cases were as follows: excellent results
inseven hips; good results in 11, fair results in 4 and poor results in 3. Eleven hip
nocturnal evidence of bone. Nakamura et al [41] detected: five joints excellent
results, three good and three fair. In this study, 37 hips (88%) had good or excel-
lent clinical and radiological results at the final follow-up. Our patients had
77.3% hips excellent results; 17.7% good results, 3.5% fair results and 1.5% poor
results (Table 5). Radiological results were excellent 79.8%, good 15.2%, fair
3.5%, and poor 1.5% (Table 6).

This above age for OR and the remaining potential for acetabular remodeling

Table 5. Barrett Modified McKay criteria for clinical evaluation [24].

Modified McKay criteria for clinical evaluation

Number hip
Excellent (%) Good (%) Fair (%) Poor (%)

Variant 1 129 %8 24 > 2
(76.0) (18.6) (3.9) (1.5)

Variant 2 69 >5 1 2 !
(79.8) (15.9) (2.9) (1.4)

o 1 198 153 35 7 3

veral

(77.3) 17.7) (3.5) (1.5)
P valuate 0.540 0.832 0.960 0.578

V 1/V 2 with accepted result 112 hips (86.8%)/66 hips (95.7%) and none accepted 7 hips (5.4%).
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Table 6. Deformity of femoral head or neck or acetabulum according to Severin [22].

Severin criteria

Number

T
hip Type I Type II I?I)e TypelV  TypeV  Type VI

(%) (%) %) (%) (%) (%)

Variant 1 129 102 20 0 > 2

i

(79.1) (15.5) (3.9) (1.5)

Variant 2 69 56 10 0 2 1

arian

(81.2%) (14.5) (2.9) (1.4)

158 30 7 3
(79.8) (15.2) (3.5) (1.5)

P valuate 0.7270 0.8500 0.9609 0.5789

V 1/V 2 with favorable result 122 hips (94.6%)/66 hips (95.7%) and none favorable 7 hips (5.4%)/3 hips 3
(4.3%). Overall Excellent 79.8%, Good 15.2%, Fair 3.5%, Poor 1.5%.

are controversial. Ok et al [42] conclusions that if it is possible to achieve
well-functioning hip joints with biological regeneration, OR is a reasonable
strategy for untreated dislocation in patients, even those over 8 years of age.

Although many authors believe that the age limit is more than eight years for
treatment, they found that repairing the joint continues even after this age after
reducing a portion of the developmentally dislocated hip.

We agree Abdullah’s opinion [35] that “no relationship between the age at the
time of treatment and the final outcome” V1/V2 with favorable result 112 hips
(86.8%)/66 hips (95.7%) and unfavorable result 7 hips (5.4%)/3 hips (4.3%).
Opverall favorable result 188 hips (94.9%) and unfavorable result 10 hips (5.1%)
with P valuate > 0.05, no Statistical significance (Table 4).

Developmental dysplasia of the hip includes femoral head subluxation or dis-
location and/or acetabular dysplasia [43]. The treatment of DDH after the walk-
ing age group is often surgical because of the pathological changes present in this
age [44].

The choice of the type of pelvic osteotomy depends on careful evaluation of
the history of the severity of acetabular dysplasia and the age of the patient at the
time of treatment [5] [16].

The age restriction for OR and the potential for acetabular remodeling are
controversial. Ok et al [42] concluded that if there is a good chance of achieving
good hip replacement with a biological remodeling, open fracture is a reasonable
strategy for untreated dislocation in patients, even on 8 year old.

Although many authors believe that the age limit is more than eight years for
treatment, they find that repairing the joint continues even after this age after
reducing a portion of DDH. In this study, we did not find a relationship between

age younger and older than 18 months at latest Follow-up.

4.3. Redislocation of the Hip

Redislocation of the hip Putti [45] distinguished subluxation from dislocation on
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Table 7. Complications.

the based of the relationship between the articulation of the thigh and the aceta-
bulum. He noted that the the femoral head in subluxation was positioned ab-
normally in the socket, while in the dislocation position the head lay completely
out from the acetabulum. Although the articular surfaces were in contact, the
femoral head was not congruently or concentrically located in the acetabulum.
In the current study two patient had resubluxation of the hip (4.5%). Rudolf et
al. [46] reported 3 of 54 hips with redislocation, Grill [47] reported 12 of 50 hips
with redislocation and resubluxation.

Ruszkowski and Pucher [48] reported one of 33 hips in 26 children with re-
dislocation. Both Tachdjian [44] and Fixsen [49] suggesting that the reasons for
not maintaining a reduced hip are a poorly performed executed osteotomy, a
loose capsulorrhaphy, and exessive femoral anteversion.

A precise technique of capsulorhaphy helps to prevent posterior movement of
the head femoral during early postoperative period, while the hips are remodel-
ling. Iliac osteotomy in this study with improvement Al so capsulorraphy easily,
lax anterior capsular and could prevent posterior dislaction of the hip. In this
study, had 14 hips of 198 hips (7.1%) with redislocation (Table 7).

We suggest that technical failure is often the cause of re-dislocation with all
those who have an intact anteromedial capsule, with an inverted transverse li-
gament, eversion of the limbus, tight psoas tendon, and densing anterior cap-
sule. We perform with all hips was cleared of scar tissue; adductor tenotomy;
hips required release of the psoas tendon, eversion of the limbus; release of the

transverse ligament was required.

4.4. Avarcular Necrosis

Avascular necrosis, femoral head avascular necrosis also called bone infarction,
osteonecrosis, ischemic bone necrosis, aseptic necrosis, iscellular death (necro-
sis) of bone components due to interruption of the blood supply. Without blood,
bone tissue would die and bone would collapse

In the etiology of AVN, there are two factors: blockage of the extracapsular

. Limb Sciatic nerve
. X Avascular Coxa Coxavara Fracture Trendelenburg Infection .
Redislocation . . Discrepancy damage
necrosis (%) magna (%) (%) (%) gait (%) (%)
(%) (%)
Vi 10 33 3 3 2 3 0 10 0
n=129 (7.8%) (25.6) (23%)  (2.3%)  (1.6%) (2.3%) (7.7)
V2 4 14 1 2 1 5 0 4 0
n=69 (5.8%) (22.2) (1.4%) (2.8%) (1.4%) (8.3%) (5.8)
Overall 14 47 4 5 3 5 . 14 .
eral
v (7.1%) (23.7) (2.02) (2.5) (1.5) (2.5) (7.1)
P valuate 0.991 0.5477 0.09856 0.8255

Complications: 1) Redislocation: 14 (7.1%); 2) Avascular necrosis: 47 (23.7); 3) Coxa magna: 4 (2.02%) 4) Coxavara: 5 (2.52%); 5) Fracture: 2 (1.01); 6)
Trendelenburg gait: 3 (1.5); 7) Sciatic nerve damage: O; 8) Infection: 0 (0%); 9) Sciatic nerve damage: 0 (%).
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vessels by immobilization and mechanical pressure. If AVN involves the bones
of a joint, it often leads to destruction of the joint articular surfaces. Factore as-
sociated with AVN Osteonecrosis is a major complication following surgery for
DDH, hindering the subsequent development of the hip. The appearance of ear-
ly signs of AVN serves as an independent variable. Factors that may be related to
the occurrence of AVN include the sex and age of the patient at the time of op-
eration. Unfortunately, AVN the femoral head and physislesions after DDH
treatment is a serious complication and prevents long-term positive outcomes
[50]. The reported incidence of AVN has ranged from zero to 73 per cent [49].
In addition, the criteria to determine the presence of AVN vary considerably
with each series. The most feared complication of treatment for DDH is AVN.
In the early stages, it is defined as epiphisytis. After that, vascular damage
progresses in femoral proximal areas and in the acetabulum. Kalamchi and Ma-
cEwen classify changes in vasculum. Kalamchi reported AVN as between 0%
and 73% [22]. Barrett had AVN as 6% [24]. Hajdarhad AVN as 8.1% [51]. In this
study, AVN were 47 of 198 hips (23.7%) (Table 7).

5. Other Complications

5.1. Lower Limb Discrepancy

The difference of lower limb discrepancyis both a cosmetic and functional prob-
lem. The iliac osteotomy with Fifty-six of 63 hips according to Salter (SIO) had
lower limb lengthening, the average of which was 0.47 cm. This may be due to a
larger vertical translation of the SIO. No other intervention was performed in
patients with a discrepancy of less than 1.5 cm [52]. In this study, limb length
discrepancy was also found in 14 hips (7.1%) (Table 7) which was less than 3 cm
in all the recorded cases, and needed no further surgical intervention till the lat-

est follow-up.

5.2. Coxa Magna

Sakamaki. 1979 [53] repored femoral head enlargement is frequently observed in
roentgenography during DDH treatment. By measuring the vertical and hori-
zontal dimensions of both the head and neck of the thigh, they feel that “coxa
magna” should be defined as the condition with the expansion of all these para-
meters. The incidence of coxamagna was 47% after OR, but only 5% after closed
reduction.

In most cases, coxa magna was roentgenographically evident average 10
months after open reduction. Gamble ef a/ 1985 [54] studied coxa magna after
operative treatment DDH. Coxa magna was show as a femoral head with a hori-
zontal diameter at least 15% greater than the symmetrical position on the oppo-
site side. Coxa magna developed in 16 hips (33%). The average increase was
20.9% (range 15% - 30%). There were three factors related with coxa magna: fe-
moral osteotomy (100%), OR (75%), and operation at a younger age (mean 15.6
vs. 35.8 months). There were 4 hips (2.2%) with Coxa magna, 3 hips in patient
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younger than 18 months (V 1), and 1 hip in Patient older than 18 months (V 2).

Imatani et al 1995 [55] reportedcoxa magna after open reduction DDH in 47
hips (47 patients) were radiographically examined for at least 10 years, and
another 20 hips (20 patients) were examined arthrographically at an early stage
after open reduction. The incidence of coxa magna, defined as a femoral head, is
greater than 20% over the opposite side at the most recent follow-up, at 34.0%,
and that appears to be one of the worst factors. Take long-term results.

One of the most important causes of coxa magna is increased widen the ace-
tabular capacity by excising the limbus; Another cause is the invasion of surgery

and synovitis of the hip joint after surgery.

5.3. Supracondylar Femoral Fractures

Three patients (1.5%) had complications in this study, they had supracondylar
fracture of the femur on the operative side during removal cast three months af-
ter the operation. Those fracture was treated by above knee plaster cast. The final
clinical outcome was fair in two patients and good in one (Table 7).

Supracondylar and intertrochanteric femoral fractures are rarely observed and
during rehabilitation. Long-term fixation exacerbates osteoporosis and increases
the risk of fractures. Ege [56] reported the frequency of supracondylar femoral
fractures as 1.6% - 0.8%; Crellin [57] had 7.6%; Hajdar [51] had 5.4%.

5.4. Trendelenburg Gait

Trendelenburg gait pattern (or gluteus medius lurch) is an abnormallgait (such
as walking) due to weakness of the lower limb muscles, gluteus medius and glu-
teus minimus. Trendelenburg gait pattern (or gluteus medius lurch) is an ab-
normallgait (as with walking) caused by weakness of the abductor muscles of the
lower limb, gluteus medius and gluteus minimus.

Kershaw et al 1993 [58] had 21 of 33 hips (63.6%), Sayed et al 2012 [59] had 7
of 109 hips (6.4%), Basant. 2012 [60] had 3 of 35 (8.6%) with Trendelenburg gait
in the final clinical outcome group and are still under follow-up. Our surgical
technique with ZOFA did not expose outer table of the illium, abductor muscle
injury is limited, so negative Trendelenburg gait. Only 5 hips (2.5%) with Tren-
delenburg gait in this study (Table 7).

6. Conclusions

Innominate osteotomy combined Fibular allograft was assisted by mechanical
stretch and graft was not displaced by both side proximal and distal segment of
ilium with a slot receiving fibular allograft and two bar osseous. This operation
was of safety and efficacy. Fibular allograft was not resorption, more stable and
structurally shown interposition material which could be contoured to the shape
of the osteotomy site.

The Zizag octeotomy acetabuloplasty the same shape of the acetabulum by
hinging the horizontal branch of the triradiate cartilage following an incomplete
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osteotomy and the aim of this procedure are to improve the anterolateral cover-
age of the femoral head the same Salter and Pemberton’s technique. Immediately
operate, Al improvement 27.1° (53.5%) with Iliac osteotomy have 135° angle
compared with Al < 45° with Iliac osteotomy 90° angle (Table 4, P valuate
0.02384, statistical significance). Clinical favorable results were 188 hips (94.9%)
and unfavorable results were 10 hips (5.1%). Roentgenographic results were Ex-
cellent 79.8%, Good 15.2%, Fair 3.5%, Poor 1.5%. There were redislocation: 14
(7.1%) and Avascular necrosis: 47 (23.7%).

The patients were divided into two Variant based on the age at the time of
open reduction: 12 months - less than 18 months (Variant 1) and upper 18 - 36

months (Variant 2). At latest results, both Variant were none different.

7. The Limitation of This Study

This study comprises its retrospective nature and all the patients were not fol-
lowed to skeletal maturity. The appearance of remaining hip dysplasia and
problems related to subluxation, trochanteric growth and AVN if present should
be recognized early and appropriate treatment to ensure optimum results.
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