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ABSTRACT
Background: Innominate osteotomy procedures have been widely used as an integral component of combined surgery
to treat developmental dysplasia of the hip in children. Autograft concern is further supported by authors who suggest
the routine use of internal fixation. Problems such as graft extrusion, rotation and absorption, leading to loss of
acetabular correction, were often noted in cases previously treated at our National Hospital for Pediatrics. This retrospective study reviewed the radiographic results of this treatment protocol in 106 hips developmental dislocated hips
which met our inclusion criteria. The efficacy of this method to achieve and maintain a well covered and stable hip was
the main objective of the study. Methods: This retrospective study reviewed the radiographs of 106 hips presenting
with developmental dislocation which were treated by modified Salter’s innomiate osteotomy and using a fibular allograft as the interposition material. Dislocations of the hip were graded using the Tönnis system. Measurement of the
acetabular index (AI) was the main variable. The minimum follow up period was 2 years. Possible complications such
as loss of acetabular correction, hip redislocation, graft extrusion or resorption, the need for osteotomy internal fixation,
delayed or non union, infection or avascular necrosis (AVN) were documented in this series. Results: Between January
2004 and December 2008, 106 surgeries were performed in 95 patients. Sixty-three (86.3%) of the patients were girls
and ten (13.7%) were boys, thirteen patients (13.7%) were between twelve and eighteen months old at the time of the
operation, the remaining eighty-two (86.3%) patients being between eighteen and thirty-six months old, with the mean
age of 22.6 months at the time of surgery. There were eleven (11.6%) patients who had bilateral dislocation. Eighty-four
(88.4%) patients were affected unilaterally. The right hip was involved in seventeen (17.9%) and the left hip in
sixty-seven (70.5%) cases. Tönnis system Type 3 was in 34 hip (32.1%), and Type 4 was in 72 hip (67.9%). All patients
combined open reduction and modified Salter’s innomiate osteotomy, inserting a fibular allograft as the interposition
material. Acetabular index was improved, preoperation was 42.95˚, and latest follow-up 19.15˚, concentrical acetabulum 93.7%. All of the fibulat allografts were completely incorporated mean 14 weeks (range, 12 weeks - 17 weeks)
post-surgery. There were five (4.7%) redislocation and subluxation, three AVN (2.8%) and five (4.7%) coxa magna
Without graft infections, none of the osteotomies required internal fixation for stability. Final results: Excellent 70
(66.0%), Good 29 (27.4%), Fair 2 (1.9%), Poor 5 (4.7%). Conclusion: Open reduction and modified Salter’s innomiate
osteotomy allow interposition material by fibular allografting with a short operative incision, renders excellent osteotomy stability that eliminates the need for internal fixation. Surgical technique are safe and effective for Children between twelve and thirty-six months old.
Keywords: Hip Dysplasia; Innominate Osteotomy; Congenital Dislocation of the Hip; Development Dysplasia of the
Hip; Allograft

1. Introduction
Developmental dysplasia of the hip (DDH) is an abnormal formation of the hip joint occurring between orCopyright © 2013 SciRes.

ganogenesis and maturity as a result of instability. Early
diagnosis and treatment of DDH is of greatest importance, to get a more favorable prognosis for such a conOJO
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dition. Moreover, the pathologic changes in patients with
DDH are the basis for understanding DDH as a spectrum
in time and severity [1,2]. Treatment for developmental
dysplasia of the hip (DDH) is early reduction and stabilization of the joint to restore physiological joint development. Although closed reduction has been recommended as the first-line treatment modality, one study
found that 66% of patients required secondary surgery
for residual dysplasia [3]. Salter described an innominate
osteotomy that redirects the acetabulum to correct hip
dysplasia and reported good or excellent radiographic
results in 92% of patients [4].
Open reduction is generally indicated in developmental dysplasia of the hip (DDH) when a stable, concentric
reduction cannot be achieved by closed means. Although
this procedure is largely successful in obtaining an adequate reduction, failures, including redislocation, can and
do occur. Open reduction of the hip and Salter’s osteotomy have become a popular procedure in treating late
presenting DDH in a single attempt [5,6]. These failures
remain a challenging clinical problem as revision surgery
has been associated with high rates of stiffness, residual
dysplasia, and avascular necrosis (AVN) [7,8].
Treatment of children older than 12 months with a hip
dislocation is more challenging. In addition, older children need primary acetabular reorientation osteotomy,
such as Salter or Pemberton procedures to adequately
cover the femoral head [9,10]. The treatment of congenital dislocation of the hip in the older patient who has begun to walk is difficult because of adaptive shortening of
the extra-articular soft tissues, acetabular dysplasia, capsular constriction, increased fernoral anteversion, and
fixed inversion of the limbs [11,12].
The authors have over the years, not been satisfied that
iliac crest autograft as the interposition material for the
osteotomy is structurally sound and sufficiently stable.
Problems such as graft extrusion, rotation and absorption,
leading to loss of acetabular correction, were often noted
in cases previously treated at the National Hospital for
Pediatrics. Autograft concern is further supported by
authors who suggest the routine use of internal fixation,
especially in older children. Bone allografts have commonly been used in orthopaedic practice, and in particular, in paediatric orthopaedic surgery with good safety
and efficacy [13].
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 Salter innominate osteotomy
combined fibular allograft. Based on this experience, a
safe and effective approach to this problem will be presented.
Copyright © 2013 SciRes.

2. Material and Methods
2.1. Patient and Hip Classification and
Measurement
Patient Selection: This study only included children with
DDH, aged twelve to forty-eight months at the time of
surgery, and who underwent a one-stage open reduction
with modified Salter’s innominate osteotomy (MSIO),
and fibular allografting. Children within the same age
group with a past history of failed conservative included.
A minimum follow-up period of 2 year postoperative at
the time of the last follow-up control visit was needed for
inclusion in this study.
The exclusion criteria were acetabular dysplasia without dislocation, revision surgery for DDH and dislocated
hips associated with neuromuscular disease or teratologic
conditions, hip condition was secondary to other conditions such as arthrogryposis multiplex congenital, were
excluded from this study.
Operative therapy is generally not indicated in patients
who are less than one year old, since nonoperative
methods are usually successful [14]. Patients who are
older than three years pose unique and more serious
problems because of the decreased remodeling ability of
the hip, and data on such patients are not reported here.
Dislocations of the hip were graded using the Tönnis
system [15].
Classification of hip dysplasia according to Tönnis
[15].
Grade

Criteria

1

Capital femoral epiphysis medial to Perkins line

2

Capital femoral epiphysis lateral to Perkins line but below
the level of the superior acetabular rim

3

Capital femoral epiphysis at the level of the superior
acetabular rim

4

Capital femoral epiphysis above the level of the superior
acetabular rim

2.2. The Acetabular Index Angle
The acetabular index was measured as the main variable
to evaluate the correction of the acetabular dysplasia and
the subsequent maintenance thereof. The term acetabular
index was introduced by Kleinberg and Lieberman of New
York in 1936 to mane a radiograohic sign [16]. “The
angle formed between the roof or iliac portion of the acetabulum and a horizontal line passing through the triradiate cartilages.”
Normal acetabular index (cf. Figure 1).
The AI was measured pre-operatively, immediate postoperatively and at 3 months, 6 months, 1 year, 2 years,
and latest follow-up.
OJO
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Figure 1. Normal acetabular index.

2.3. Femoral Neck Anteversion Angle
The angle of torsion is called anteversion, anterotation,
or anterior twist; similarly, if it points backward (posterior to the transcondylar plane), it is called retroversion,
retrotorsion, or posterior twist [17].
There are many imaging methods described and used
for measuring femoral anteversion, we agree Ruby’s opinion favor the use of the Ryder-Crane technique [18] Biplanar method (Ryder-Crane) [18]: with this technique, all
roentgenograms are made with the patient supine. The
X-ray tube is positioned directly over the hip. One roentgenogram is made with the limb in neutral position (extended) and a second with the hips and knees flexed to 90
degrees and with the thighs abducted to 30 degrees, the
position being maintained by a specially constructed box
(cf. Figure 2). Lines representing the axis of the neck
and the shaft of the femur are drawn of the first roentgenogram (cf. Figure 3). This is the apparent angle of torsion.
The true torsion is determined by reference to a standard
table of angles de rived from trigonometric considerations.

2.4. Shaft-Neck Angle

Figure 2. The limb in neutral position (extended) and a second with the hips and knees flexed to 90 degrees and with
the thighs abducted to 30 degrees, the position being maintained by a specially constructed box.

Figure 3. Lines representing the axis of the neck and the
shaft of the femur are drawn of the first roentgenogram.

Using the AP view of the hip, angle formed by axis of
femoral shaft and line drawn along axis of femoral neck
passing through center of head of femur (cf. Figure 4).
Normal mean angle of femoral neck-shaft according to
age is an according to Dobbs and Morcuende [20] (cf.
Figure 5).

2.5. Acetabular Anteversion Angle
AAV was analyzed in the axial sections placed parallel to
the pelvic obliquity showing both the triradiate cartilages.
AAV was expressed as the angle between a line perpendicular to the trans-triradiate line and a line drawn across
the margins of the acetabulum, from its posterior to anterior edge, with figure of MRI evaluation of acetabular
anteversion (cf. Figure 6) [21], 30 to 40 degrees is the
normal range for the McKibbin instability index [22,23].
Copyright © 2013 SciRes.

Figure 4. Shaft-neck angle.
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Figure 5. Normal mean angle of femoral neck-shaft according to age [20].

Figure 6. Acetabular anteversion.

We elected not to use the central-edge angle of Weiberg (CE angle), as the femoral heads in the majority of
hips were partially ossified.
Assessment of avascular necrosis (AVN) of the femoral head was performed according to Kalamchi and MacEwen’s classification [24].
History of previous treatment of the studied cases (referred cases from other medical centers) included history
of the application of Pavlik harness in 12 hips (11.3%),
during the first year of life, which eventually failed, preoperative over-head traction (Brayant’s traction position)
using adhesive skin traction kits in 8 hips (7.5%),
whereas skeletal traction was used for two hips in a bilateral case (3.8%) from the distal femur. All those cases
referred, they have been operated in this study.

3. Surgical Technique
3.1. Anterior Approach
The patient supine a pad is placed under the affected hip
Copyright © 2013 SciRes.

so that the posterior aspect of the ilium can be exposed,
when necessary, and also to facilitate anterior dislocation
of the hip. The leg is draped so the hip and leg can be
manipulated during the approach.
The skin incision begins at 1 centimetre below anterior
superior iliac spine, the incision is extended 4 centimetres along inguinal crease (cf. Figure 7).
The superficial and deep fascia over the sartorius muscle is divided, medial to the iliopsoas muscle muscle. The
Surgery exposure hip lateral femoral cutaneous nerve
that penetrates the deep fascia just below the anterior
superior iliac spine is identified and retracted laterally
along with the sartorius muscle. The iliopsoas is also
separated from the capsule by blunt dissection and the
tenotomy of the psoas tendon from the lesser trochanter.
The tendinous origin of the rectus femoris is separated
from anterior inferior iliac spine and it is released. Most
of the anterior aspect of the hip joint is then exposed.

3.2. Open Reduction
A “T”-shaped capsulotomy is performed with the stem of
the T horizontal rather than in line with the neck. The
capsule is then opened one centimeter from the acetabular rim, and a perpendicular cut is made extending to the
base of the neck in the anterosuperior part of the capsule.
Care is taken to extend the capsulotomy as medial as
possible. If the lymbus is hypertrophic and released, the
ligamentum teres is identified, transected, and followed
down to the true acetabulum. The transverse acetabular
ligament is transected and the acetabulum cleared of
pulvinar. The glenoid labrum is usually found to be
rolled over the rim of the acetabulum along its posterior
and superior borders, and is incised in order to allow easy
reduction of the femoral head into the acetabulum. More
important, the completeness of the removal of obstacles
OJO
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Figure 7. Skin incision. (1) Skin incision to acetabular hip;
(2) Lateral approach to proximal femur.

to reduction affects the outcome.
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Expose inner table of the ilium, did not expose outer
table of the ilium. A drill is used to outline iliac osteotomy. The first line, transversal line at just above anterior
inferior iliac spine 5 mm; the second line, oblique to
create angle 135˚ with the line first line and go down and
7 mm length; the thirst line, to go internal obliquely to
create angle 60˚ with the second line and to the transversal level of the first line; the fourth line, connective thirst
line and go down and 10 mm length and to the transversal level of the first line; the fifth line, perpendicular to
the fourth line, to go internal iliac and 5 mm length (cf.
Figures 8(a) and 8(b)). 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.

3.3. Femoral Shortening
Femoral shortening should be utilized whenever hip reduction is difficult or when it appears that undue force is
being produced by reduction of the hip.
Through a separate lateral approach (cf. Figure 7), the
proximal end of the femur was exposed subperiosteally
and a transverse osteotomy was made in the subtrochanteric region. The two femoral fragments were allowed to overlap, and reduction was obtained quite easily.
A segment of femur that was 1 to 1.5 centimeters long,
sufficient to relieve the muscular tension across the hip
joint, was then removed. If, at the time of the trial reduction of the hip, internal rotation of the femur seemed to
contribute to stability of the joint, derotation was
achieved by externally rotating the distal femoral fragment in relation to the proximal fragment before applying the plate. We believe that it is important to avoid
excessive derotation of the femur, especially if an
acetabular procedure is anticipated, as posterior instability may result. At the time of the initial reduction, if coverage of the femoral head is poor, or if the acetabulum is
clearly maldirected, then we would plan to perform
Modified Salter Inniminate Osteotomy (MSIO). The osteotomy is then fixed rigidly with a pediatric blade-plate
or a 3.5 dynamic-compression plate. The hip is reduced
concentrically, and the adequacy of the acetabular coverage is assessed with the limb in the weight-bearing
position. If coverage is inadequate, a pelvic osteotomy is
performed.

3.5. The Next Step, Place Mechanical Stretch
Ilium
To assemble mechanical stretch and bigining to stretch
ilium, distal and proximal segment of ilium with 15 mm
is needed. Next, using small curette to remove cancellous
in both side proximal and distal segment of ilium to create a slot receiving fibula allograft (cf. Figure 9).
The Fibular Allograft is placed between the two fragments and maintains the displacement, so that Fibular
grafting lateral displacement 2 mm is needed. To remove
the mechanical stertch, and fibular allograft is compressed between proximal segment and distal segment of
the ilium (cf. Figures 10(a) and (b)). To measure distance superior and inferior border of iliac segments with
11 - 13 mm is available, equal distance from anterior
superior iliac spine to anterior inferior iliac spine according to Salter’s technique [4].
The osteotomy should be very stable once the two
segments are engaged. 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
anterior and lateral acetabular coverage occurs simultaneously, as described by Salter and by Salter and Dubos
[4,25].
The osteotomy is held open with a wedge of bone graft,
whose base is the length from the anterior superior to
anterior inferior iliac spine, which reliably improves anterior and lateral coverage by 25 degrees and 15 degrees,
respectively [15].

3.4. Modified Salter Innominate Osteotomy
In all hips, the position of maximum stability was assessed at the time of open reduction. The hips which
required flexion with abduction for stability and/or had
an acetabular angle above 35˚ on the pre-operative radiograph, were judged to require an innominate osteotomy.
Copyright © 2013 SciRes.

3.6. Prepare Fibular Allografting Segment
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 grafts are of a processed type (freeze-dried) which
have been proven to be safe [26].
OJO
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3 mm inferior iliac spines [27]. The length of side B is
measured intraoperation and add 2 to 3 mm (cf. Figures
11(a) and (b))).
If the hip was still unstable, these Kirschner wires
were used to maintain concentric reduction. The wire
was passed through the greater trochanter and into the
ilium above the capsule after capsulorrhaphy and was
retained seven days.
After the capsulorrhaphy is completed, the reduction
can be checked by immediate radiograph. The capsular
repair should hold the femoral head securely in the
acetabulum. The wound is closed.

3.7. Postoperative Care
(a)

The spica cast was applied immediately after surgery, hip
in 30 degrees of flexion, 30 degrees of abduction, and 20
degrees of internal rotation.
Three months after surgery, the entire cast is removed,
and Patients then wear the abduction orthosis full-time
except for bathing (during which time the hips are kept in
abduction). At about 6 months after surgery, the patient

(b)

Figure 8. (a) Outlining the iliac osteotomy; (b) Line osteotomy of the ilium.

(a)

Figure 9. Slot receiving fibula allograft.
(b)

Fibular allograft is prepared after stretch ilium. Preforming Fibular allograft osteotomy to create wedge of bone
graft (cf. Figures 11(a) and (b)). The length D add 2 to
Copyright © 2013 SciRes.

Figure 10. (a) (b) Fibular allograft is placed between the
two iliac fragments.
OJO
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(a)

Figure 12. Patient is weared haft spica cast.

(b)

Figure 11. (a) Osteotomy of fibular allograft; (b) Wedge of
fibular allograft.

is gradually weaned from the brace to wear haft spica
cast it only at night and nap time until acetabular development is normal. The haft spica cast (cf. Figure 12) is
usually worn for an average of 12 to 24 months after surgery. Weight bearing was not allowed until radiographic
evidence of healing of the osteotomy site was obtained.
In bilateral cases, the other hip was operated upon after 3 months from the first side, and then the hip spica
cast was applied for immobilization of both hips.
The allograft was considered to have been stable if the
correction of the dysplastic acetabulum was maintained
during the 2-year post-operative period and non extrusion
of the graft had occurred from the osteotomy site. Fibular
allograft incorporation into the ilium was considered to
have taken place if complete union at the osteotomy site
had occurred and confluence of the graft to the ilium was
evident on the X-rays.

3.8. Evaluating Result
The patients were scheduled to return to the outpatient
clinic at three months intervals during the first day
post-operatively and at 3 months, 6 months, 1 year, and
Copyright © 2013 SciRes.

2 years after surgery and then at yearly intervals. The
patients were evaluated clinically during each visit as to
the range of motion of the affected hip, the quality of gait,
Trendelenburg test, and the presence of any pain. Radiographs of each hip were made to assess the quality of
reduction, the acetabular index, and the presence or absence of avascular necrosis. Each patient’s preoperative
radiographs were evaluated to determine the affected
hip’s acetabular index and station.
Barrett’s modification of McKay’s criteria [28] was
used 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
combination of these. Poor result: Unstable or painful hip,
or both; positive Trendelenburg sign. All operations were
performed by a single surgeon, which increases the homogeneity of the patient group.

4. Results
Between January 2004 and December 2008, 106 surgeries were performed in 95 patients. Sixty-nine (72.6%) of
the patients were girls and twenty-six (27.4%) were boys.
Thirteen patients (13.7%) were between twelve and
eighteen months old at the time of the operation, the remaining eighty-two (86.3%) patients being between
eighteen and thirty-six months old, with the mean age of
22.6 month at the time of surgery. There were eleven
(11.6%) patients had bilateral dislocation. Eighty-four
(88.4%) patients were affected unilaterally. The right hip
was involved in seventeen (17.9%) and the left hip in
sixty-seven (70.5%) cases.
OJO
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Three of the patients with a unilateral dislocation had a
history of dysplasia in the contralateral hip which had
been successfully treated by nonoperative means before
they were one year old.
Tönnis system Typ 3 in 34 hip (32.1%), and Type 4 in
72 hip (67.9%).
The anterior approach was used to expose inner table
of the ilium and Modified Salter Innominate Osteotomy
(MSIO) with fibular allografting in all cases.
Femoral shortening was performed in 10 hips (9.4%),
all of them more than 24 months at time of the operation.
The Kirschner wires (KW) did not use to fix the fibular
allograft at the pelvic osteotomy site.
All of the fibulat allografts were completely incorporated mean 14 weeks (range, 12 weeks - 17 weeks), postsurgery (cf. Figures 13(a)-(c)) without graft was related
infections.
The average operative time was 95 min (range 80 105 min). Radiographs were made preoperatively, and
immediately postoperatively.
The blood loss from this procedure is acceptable. Postoperative blood transfusion was no required.
There were 9 hips of them (8.5%) with acetabular index more than 50˚. The preoperative Acetabular Indices,
mean was 42.957˚, ranged from 36.17˚ to 51.56˚ (SD =
4.4046). Compared AI Preoperation and AI Immediate
postoperation with Pvaluate is 0.0000001; AI Immediate
postoperation and AI Postoperative 3 months with
Pvaluate is 0.0000001; AI Postoperative 3 months and AI
Postoperative 6 months with Pvaluate is 0.0000001; AI
Postoperative 6 months and AI Postoperative 12 months
with Pvaluate is 0.0000001; AI Postoperative12 months
and AI Postoperative 24 months with Pvaluate is
0.0000001; AI Postoperative 24 months and AI latest
follow-up with Pvaluate is 0.202263.
Femoral Necl angle: Average 27.726˚ (SD = 12.153)
Shaft-Neck angle: Average 149.649˚ (SD = 5.815)
Acetabular Anteversion: Average: 21.233˚ (SD =
5.264)

(a)

(b)

4.1. Open Reduction
Capsular Hip was opened and there were three components had payed attention to release were ligamentum
teres, transverse acetabular ligament, pulvinar, and labrum:
Ligamentum teres: 106 (100%)
Transverse acetabular ligament: 86 (81.1%)
Labrum: 95 (98.62%)
Pulvinar: 106 (100%)
Two redislocations occurred after a successful open
reduction, one during the first three months of mobilization, and one after three months. Three subluxations occurred after a successful open reduction, one during the
Copyright © 2013 SciRes.

(c)

Figure 13. Potoerativly. (a) Left hip, postoperatively 12
weeks; right hip, imeediate operation; (b) Left hip, postoperatively 23 weeks; right hip, postoperatively 11 weeks; (c)
Left hip, postoperatively 5 years - 9 months, right hip, postoperatively 5 years - 6 months.

period of immobilization, one during the first three months
of mobilization, and one after three months (cf. Figures
14(a) and (b)). The median time to the recognition of
failure was four months. However, five hips had angles
were measured with normal limits at latest follow-up.
OJO
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Final results: Excellent 70 (66.0%), Good 29 (27.4%),
Fair 2 (1.9%), Poor 5 (4.7%).

4.2. Other Complications
Our patients without wound infection, nerve injury,
femoral fracture, stiffness, and residual dysplasia.

5. Discussion

(a)

Bone grafts are widely used in paediatric orthopaedic
surgery. Autogenous bone grafts remain the “gold standard” in reconstructive surgery because of their osteoinductive, osteoconductive, and non-immunogenic properties. The iliac crest is the most common donor site because of easy access and procurement, and availability of
large quantities of both cortical and cancellous bone.
Trevor DLJ and Fixen JA 1975 [30] performing acetabuloplasty in the treatment of Congenital Dislocation of
the Hip with use of bone bank rib grafts. Kessler et al.
2001 [31] use of allografts in Pemberton osteotomies
with patellar allograft wedges, which allows good correction of acetabular dysplasia with immediate graft stability. Grudziak and Ward 2001 [32] with the height of

(b)

Figure 14. Postoperatively 15 weeks, left hip with subluxation: (a) Roentgenography shown acetabular index with
normal limits; Broken Shenton line; (b) MRI shown thick
capsule and hypertrophic transverse ligamentum.

AVN: In the Type III: 2, Type IV: 1. Those 5 of 106
hips (4.7%) cases had a relatively large head of the femur
(coxa magna) at the latest follow-up roentgen, 3 cas in
Type III and 2 cas in Type IV (cf. Figure 15).
The presence of AVN and the type according to
Kalamchi and MacEwen [24] was observed to be present
in 4 of 106 hips (3.8%). One hip (0.9%) developed type 1
AVN, and 3 hips (2.8%) type 2 AVN, and no type 3 and
4 AVN was seen (cf. Figure 16).
At the time of the latest follow-up, 99 of the 106 patients (93.4%) had good or excellent hip function according to McKay’s classification. Hip function was fair
and poor in 7 patients because of limited motion, mainly
involving internal/external rotation of the hip. Femoral
head deformity was observed in the 5 hips. In terms of
the radiological results, 74 hips were classified as Severin’s class I; 23, class II; and 9, class III. Good or excellent radiographic results were noted for 97 of the 106
hips (91.5%).
Copyright © 2013 SciRes.

Figure 15. Left hip with coxa magna.

Figure 16. Left head femur with AVN.
OJO
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the graft can be increased by utilizing freeze-dried fibular
allograft cut into trapezoidal sections in Dega osteotomy.
Wade 2010 [33], used iliac crest allograft interposition
for pericapsular acetabuloplasty in developmental dislocation of the hip. In this study, we used single fibular
allograft only.
In congenital dislocation of the hip with anteversion,
many authors, such as Werndorff, in 1912 [34], Hihbs, in
1915 [35], Krida, Colonna and Carr, in 1936 [36],
McCarroll and Crego, in 1939 [37], and Massie and
Howorth, in 1951 [38], advocated a rotation osteotomy
either in the supracondylar or subtrochanteric area of the
femur to correct the anteversion. Dunn, Notley in 1952
[39] sad that in fact clinical examination of the hip is
sometimes more accurate. It has been said that the only
certain way of determining the angle of anteversion is by
operative exposure of the hip [39].
Massie and Howorth [38], as well as Durham [40],
recommended that a femur with an anteversion of more
than +45 degrees should be corrected by osteotomy;
Sankar et al. in 2011 [41] derotation of the femur is
planned if there is more than 50 degrees of femoral anteversion. while Warndorf [34] only did a correctional osteotomy if it was +60 degrees or over, and Berkeley et al.
in 1984 [11] with femoral anteversion in excess of 60
degrees as determined at the time of open reduction is
considered an indication for derotational osteotomy. This
was done either before or after reduction. Hibbs, in 1915
[35], also advocated the osteotomy, often times before
reduction; however, Farrell, von Lackum, and Smith, in
1926 [42], from Hibbs Clinic, wrote that ordinarily osteotomy should not be done until after the hip had been
reduced. Others, such as Lorenz [43], Bradford [44],
Soutter [45], and Compere and Schnute [46], were of the
opinion that an osteotomy is not necessary for a good
result and that the anteversion will usually correct itself.
Lorenz, in 1905 [43], went so far as to say that operative
correction of the anteversion may lead to a posterior subluxation. Bradford, in 1923 [44] wrote that, if the reduction has been complete and stable, locomotion and joint
function becomes normal despite the femoral twist which
tends to correct itself after reduction. Soutter and Lovett,
in 1924 [45], stated that, in their experience, cases of
congenital dislocation with extreme torsion have improved markedly after two or three years of weight- bearing. Fairbank, in 1930 [2], stated that, if the hip is reduced
before the fourth year, it is very rare to have to do a rotation osteotomy in order to correct the anteversion. We
advocated those authors’s opinion so did not derotation
osteotomy of the femur to correct the anteversion.
We agree with Kumar et al.’s [47] opinion that the
femoral shortening might prolong the operating time,
increase blood loss, or increase the incidence of hetCopyright © 2013 SciRes.

erotopic bone formation.
The first English-language description of an incomplete transiliac osteotomy for the treatment of acetabular
dysplasia secondary to congenital dysplasia of the hip
appears to be that written by Albee in 1915 [48]. Albee
described a semicircular osteotomy of the lateral part of
the acetabular rim that was directed obliquely from lateral to medial just cephalad to the attachment of the hip
capsule into the ilium.
The goal of treatment is to obtain and maintain a stable,
concentrically reduced hip joint at as early an age as possible while minimizing complications [49]. In this study,
the comprehensive single-stage approach, which includes
open reduction, capsulorraphy, and MSIO was performed
in all the cases included. The procedure in question reduces the hip and recreates as normal anatomy as possible to allow for and to stimulate a rapid hip development.
Weinstein et al. [50] also concluded that combining primary open reduction, femoral shortening, capsulorraphy,
and acetabuloplasty in a single operation allows predictable treatment of the congenital dislocation of the hip in
older children without the time and expense of preliminary traction.
The fibular allograft is contoured to conform to the
configuration of the osteotomy site. This like triangular
configuration of the contoured allograft and the substantial surface area there of due to its width contributes to
the stability of the graft, which is further augmented by
the inherent recoil plasticity of the acetabulum roof.
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 exceptional graft stability
eliminates the need for routine internal fixation of the
osteotomy. Graft extrusion or displacement was not encountered in our series.
The fibular allografts were all incorporated into the ilium and the osteotomies were fully healed by 17 weeks
post-operation, with the average incorporation time being
14 weeks. This 17 weeks time frame was deemed to be
sufficient to effectively assess the biologic response of
the allograft within the ilium.
This surgical protocol yielded concentrically reduced
and stable hips in 93.7% of hips treated. The average
correction of the dysplastic acetabulae was 18.67˚. The
AI was maintained in the post-operative period and improved spontaneously over the ensuing 6-month period to
a mean of 21.07˚, 19.45˚ and in the post-operative period
2 years, and 19.15 at latest follow up. We ascribe the
maintenance of the AI to the structural integrity of the
allograft and the improvement of the AI to the concentric
reduction and continued stability of the relocated hip (see
Tables 1 and 2).
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Table 1. Normal values for femoral neck anteversion [19].
Anteversion (degrees)
Age (years)
Dunlap et al. [4] Shands and Steele

Ryder and Crane [K]

Average

39

41

40

1

35

37

36

2

31

37

34

3

20

35

32

4

29

31

30

5

28

26

27

6

27

26

26

7

26

25

25

8

25

24

24

9

25

22

23

10

24

11

24

12

24

13

23

14

22

15

18

16

16

Over 16

15

Table 2. Comparision of acetabular index preoperative and latest fellow-up.
Acetabular
Index

Preope. AI

Immediate
postope. AI

Postope.
AI 3 months

Postope.
AI 6 months

Postope.
AI 12 months

Postope.
AI 24 months

AI
latest follow-up

Mean

42.957

25.562

22.915

21.706

20.546

19.450

19.1571

SD

4.404

2.5452

2.0702

2.280

1.798

1.7308

1.6033

Range

36.17 - 51.56

18.92 - 0.52

18.36 - 28.10

16.64 - 26.35

15.26 - 25.38

16.14 - 23.43

14.08 - 21.83

Preope. Preoperative; Postope; Postoperative; AI. Acetabular Index.

Adam [51] recommended the use of a heterogeneous
bone graft instead of the iliac crest graft in children less
than 3 years of age to maintain the pelvic osteotomy.
None of our patients had any other above-mentioned
complications and we believe that this favourable outcome could be attributed to the fibular bone graft being
too strong to be crushed easily, as sometimes occurs with
a cancellous bone graft.
Kalamchi [31] described a modification where the distal fragment fits into a notch in the ilium, which increases
the stability of the osteotomy. Marafioti and Westin [52]
described a modification in which a greenstick fracture is
produced in the remaining portion of the ischium. We
performed innominate osteotomy (see Figure 8) to create
osteotomy line 4 and 5 so to prevent posterior displacement of the distal fragment too.
In the classic Salter osteotomy, the distal fragment is
inclined downwards, which makes the graft prone to displacement. The technique which we describe follows the
same philosophy, but uses an oblique osteotomy. FolCopyright © 2013 SciRes.

lowing the redirection of the osteotomy, the distal iliac
fragment becomes horizontal, which produces a more
stable situation for the bone wedge. We suggest this is
the main factor that increases stability. However, we
recognise that this is speculative, and further biomechanical studies should be undertaken to test the stability
of the modified osteotomy. The change in the direction of
the osteotomy does not compromise the redirection potential. Radiological evaluation demonstrated that the
modified pinless Salter osteotomy produced similar results to the original osteotomy. The acetabular index was
restored to within normal limits in the immediate
post-operative period and continued to improve thereafter. Lin et al. [53] reported a mean of 13˚ of correction,
whereas Bohm and Brzuske [54] reported a mean of
11.9˚ of correction with a Salter osteotomy. Ito et al. [55]
reported a mean 16.4˚ improvement in the acetabular
index. Our result with mean correction of 16.8˚ in this
study was comparable to those reported in the literature
and all hip had an acetabular index with normal limits at
OJO
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final follow-up.
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 suitable
for an acetabulum with a long iliac part and an acetabular
angle of up to 50˚ [56,57]; In this study there are 9 hips >
50˚ only.
The original SIO describes both tables of the ilium to
be exposed, which increases the amount of intra-operative bleeding [54]. Our technique did not expose outer
table of the ilium, so abductor muscle is not injury so
negative Trendelenburg test. The blood loss from this
procedure is acceptable. Post-operative blood transfusion
was no required.

5.1. Redislocrtion and Subluxation
In congenital dislocation of the hip (CDH) failure to obtain a stable concentric reduction after open operation is
uncommon, occurring in about 3% of procedures performed through an anterior approach and 5% to 14% of
medial approaches [15]. Previous reports have detailed
several causes of recurrent dislocation, the problems of
its management, and the medium-term results [56].
In any type of congenital dislocation, the cause of the
failure of treatment can be found at one of the following
times: 1) At the time of reduction; 2) During immobilization; and 3) After immobilization. Two redislocations
occurred after a successful open reduction, one during
the first three months of mobilization, and one after three
months. Three subluxations occurred after a successful
open reduction, one during the period of immobilization,
one during the first three months of mobilization, and
one after three months. The median time to the recognition of failure was four months in all, but one of the unilateral right redislocation, who operated bilateral hip,
failure to maintain reduction could be attributed to an
inadequate soft tissue release or insufficient clearance of
the structures, which obstruct reduction. Our findings in
these unilateral cases agree with others [57,58]. We suggest that technical failure namely inadequate soft tissue
release is usually the cause for redislocation in unilateral
dislocations. In bilateral dislocations, no obvious reason
was evident, and it may be that the biological behaviour
of these hips is in some way different (see Table 3).
Capsulorrhaphy failure. In three patients, there had
been laxity and thinning of the anterior capsule suggesting that the primary capsulorrhaphy had ruptured. The
success of the capsular repair is very important in the
first few weeks after open reduction; undue tension applied either anteriorly or posteriorly may cause dehiscence or stretching. Failure to tighten the posterior capsule may lead to posterior subluxation of the head, espeCopyright © 2013 SciRes.

cially if a Salter osteotomy has been performed simultaneously. Our findings in these respects agree with those
of Bos and Slooff [57] and McCluskey et al. [7].
Earlier studies have attempted to explain the reasons
for redislocation of the hip after open reduction but have
been limited by their small size and their uncontrolled
nature. In most cases, the cause of failure has been attributed to technical shortcomings such as inadequate
release of the psoas tendon, transverse acetabular ligament, or inferomedial capsule [41,59]. To our knowledge,
no earlier studies have discussed radiographic predictors
for failure, and none have provided controls for comparison. As such, the risk factors for failure after a technically proficient open reduction remains poorly understood.

5.2. Complications and AVN
In the 1960, the treatment of congenital dislocation of the
hip improved markedly. Prior to this period the incidence
of avascular necrosis involving the femoral head was as
high as 70 percent following reduction [60]. Avascular
necrosis has come to be understood as a largely iatrogenic entity and emphasis has been placed on release of
soft-tissue tension by such means as traction or femoral
shortening [61,62]. As a result the incidence of avascular
necrosis has been reported to be as low as 5 per cent after
closed treatment and zero per cent after open reduction
[60,63].
Sankar and et al. [41] found the abduction in the spica
cast was significantly higher in the control patients (mean
50.8 degrees) compared with those who failed open reduction (mean 38.8 degrees). Increased abduction in the
spica cast is likely effective for 2 reasons. First, abduction can prevent redislocation during the casting period
by directing forces more perpendicular to the mouth of
the acetabulum, and second, increased abduction may
improve acetabular remodeling during the period of immobilization so that the acetabulum is a better shape
upon cast removal. Salter and others have warned against
immobilization in excessive abduction as this increases
the risk of osteonecrosis [64] but to our knowledge, the
correlation between abduction and osteonecrosis has only
been shown in flexed hips after closed reduction, not the
relatively extended position after open reduction. Salter,
himself, preferred a spica cast with the hip placed in
slight flexion, approximately 45 degrees of abduction,
and mild internal rotation to maintain a concentric reduction. Although the AVN rate in our control group was
high (40.9%), it is quite similar to the incidence reported
in other studies using similar methods for the evaluation
of osteonecrosis [65,66].
The relationship between hip abduction and bloodOJO
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Table 3. Dislocation and subluxation.
Angles were measured

Age at
surgery

Sex

Site
Hip

Time of
displacement

Type of
displacement

AI

FNA

SNA

AAV

28 months

M

B.R

3 months

Tönnis 3

23.2˚

33.3˚

141.2˚

33.3˚

32 months

F

L

3months

Tönnis 3

24.1˚

26.1˚

154.1˚

22.5˚

26 months

F

L

3 months

Tönnis 2

23.6˚

47.9˚

152.3˚

22.8˚

24 months

F

R

6 months

Tönnis 2

21.3˚

41.0˚

140.4˚

28.5˚

28 months

M

R

6 months

Tönnis 2

20.6˚

24.8˚

134.6˚

24.1˚

Defined cause Any obstruction
Released incompletely labrum and
transverse acetabular ligament
Released incompletely transverse
acetabular ligament
Released incompletely transverse
acetabular ligament
Released incompletely transverse
acetabular ligament
Released incompletely transverse
acetabular ligament

B. R: bilateral hip with right hip rediclocation; AI: Acetabular index; FNA: Femoral Neck Angle; SNA: Shaft-Neck Angle; AAV: Acetabular Anteversion.

Table 4. Correlation between the final clinical outcome and
the preoperative dislocation grade.
Tönnis
I
II
III (34 hips)
IV (72 hips)

Excellent
19
51

Good
12
17

Fair
1
1

Poor
2
3

Total
34
72

Total

70
66.0%

29
27.4%

2
1.9%

5
4.7%

106

Table 5. Clinical end-results of the studied cases (Modified
McKay [28,29]).
Clinical staging
Excellent
Good
Fair
Poor
Total

Number of hips
70
29
2
5
106

Percentage
66
27.4
1.9
4.7
100

flow velocity in the femoral head has been established
with Doppler ultrasound. In normal volunteers with their
hips in neutral position, mean flow was 13 cm/sec; at 30
degrees of abduction, it was 10.3 cm/sec; and at 45 degrees, 3.8 cm/sec [67]. Clinical studies have clearly
shown the protective effect of femoral shortening on decreasing joint pressure. Some authors [30] have posited
that the presence of the ossific nucleus confers a protective effect on the otherwise malleable femoral head, and
may thus lead to lower rates of osteonecrosis, but this has
been refuted by others [30].
Some bone allograft have used such as Iliac crest
(Wade et al. 2010), Patellar (Kessler et al. 2001), Rib
allograft or Iliac autograft (Trevor et al. 1975), Iliac
autograft and Fibular Allograft (Grudziak et al. 2001).
We done innominate osteotomy, only material interposition was fibular allograft, did not internal fix, graft was
not resorption. There were none complications in this
study.
All of the fibulat allografts were completely incorpoCopyright © 2013 SciRes.

rated mean 14 weeks (range, 12 weeks - 17 weeks)

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 good safety and efficacy.
Fibular allograft was of strength and graft was not resorption, more stable and structurally sound interposition
material which could be contoured to the shape of the
osteotomy site.
All fibular allografts were full incorporated at 17
weeks post-operation, with the average incorporation
time being 14 weeks.
Acetabular index was improved preoperation was
42.95˚, and latest follow-up 19.15˚, concentrical acetabulum 93.7%. There were five (4.7%) redislocation and
subluxation, three AVN (2.8%) and five (4.7%) coxa
magna. Final results: Excellent 70 (66.0%), Good 29
(27.4%), Fair 2 (1.9%), Poor 5 (4.7%) (see Tables 4-6).
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