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Iliac Pedicle Wedge Graft as a New Modification for 
Iliac Osteotomies in Young Adolescents: A Single-blind 

Randomized Clinical Trial

Abstract

Background: Iliac osteotomies in adolescent patients may accompany graft related difficulties such as graft absorption 
and delayed union. A new modification of iliac osteotomies has been proposed to address these difficulties.

Methods: A total of 24 consecutive hip joints in 21 juvenile or adolescent patients who were candidate for salter or 
triple pelvic osteotomy were included. A modification was performed to harvest a wedged bone graft based on a muscle 
pedicle of Tensor Fascia Lata and inserted at pelvic osteotomy site instead of a traditional graft technique. The hips 
were randomized into two groups. The traditional wedge graft was used in group 1, while the new modification was 
performed in group 2. The primary outcome of this study was duration of union. The secondary outcomes were Center 
Edge Angle (CE) Angle on pre-operation, immediately post-operation and at the end of follow-up. 

Results: Both groups were similar statistically regarding their age, gender , estimated blood loss and the duration of 
follow-up. However, significant differences were found in the time to complete union between the two groups (P=0.03). 
CE angle decreased in both groups when comparing its last follow-up to its right postoperative values, but the decrease 
was significant only in group 1(P=0.03). The type of surgery (Salter or TPO) had no significant effect on the average 
time to union. That shows faster union in pedicle graft group and less coverage loss during follow-up period than 
conventional graft patients.

Conclusion: With the  modification proposed , the healing at the osteotomy site was faster and the loss of correction, 
owing to the graft resorption, decreased. Using this pedicle wedge graft technique may improve the results of pelvic 
osteotomies in adolescent.

Level of evidence: II
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Introduction

Persistent acetabular dysplasia and Legg-Calvé-
Perthes (LCP) disease are well-known causes of 
early hip osteoarthritis (1, 2). In a dysplastic hip, 

stress loading occurs at the edge of the steep and shallow 
acetabulum (3). Pelvic osteotomies reduce this load by 
increasing the contact area, relaxing the capsule and 

muscles around the hip, improving its moment arm, and 
normalizing the forces of weight bearing (4). An 
orthopedic surgeon can choose a pelvic osteotomy (e.g., 
redirectional, reshaping, or salvage) to restore normal 
anatomy and biomechanical forces around the hip joint. 
Treatment of residual dysplasia or coverage issues is 
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middle of the inguinal ligament. Dissection was done 
between the tensor fasciae latae muscle laterally and the 
sartorius and rectus femoris medially, to expose the 
anterior superior iliac spine. TFL and gluteal muscles 
fascia were separated from the iliac apophysis with sharp 
incision (the muscles stayed attached to the iliac bone). A 
deep incision using scalpel was made beneath the iliac 
apophysis along the crest from the posterior end of the 
skin incision to the anterior superior iliac spine anteriorly 
and then turning distally to the anterior inferior iliac 
spine [Figure 1.A.]. The iliac apophysis was reflected 
towards the medial side together with the interior 
periosteum from the medial surface of the iliac crest in a 
continuous sheet. Using power saw from the interior 
surface of the iliac bone, a triangular graft was harvested 
by cutting its vertical base from 1.5 cm posterior to the 
anterior superior iliac spine (ASIS) and then an oblique 
cut from the lower leg of the vertical cut towards the 
postero-superior, which was completed on the upper 
border of the iliac bone [Figure 1.B.]. The cut bone with 
attached TFL muscle was then released from the 
surrounding muscle fibers long enough to be inserted in 
the osteotomy site [Figure 1.C.]. Then Salter type 
osteotomy or TPO was completed by Gigli or power saw 
and after displacing the distal portion of the osteotomy 
site, the pedicle wedge graft was inserted at the osteotomy 
site and fixed using pins or screws [Figure 1.D.]. The skin 
was sutured with a continuous subcuticular technique. 
The osteotomy site of patients who were 8 years or less 
(eight patients) were fixed by multiple pins and the 
others were fixed by screws.

For conventional graft harvesting, the patient 
positioning and approach were the same but the graft 
was harvested with no muscle pedicle using power saw 
from the iliac crest. 

A single spica cast was applied for patients who had pin 
fixation at the osteotomy site. The spica cast was removed 
four weeks after surgery and the patients were 
encouraged to partially bear weight until complete union 
of the osteotomy site was detected. 

Measurements
The duration of the procedure as well as the amount of 

bleeding was recorded for both groups. Radiographic 
evaluation was performed on a standing anteroposterior 
(AP) pelvic X-ray pre and postoperatively and then 4 and 
8 weeks after the procedure. If the healing was not 
evident, X-ray was repeated every 4 weeks until complete 
union. A pelvic X-ray was also obtained at the last follow-
up visit. Radiographic angle measurements were made 
using Surgimap software (version 2.2.3, Nemaris Inc, 
USA). Union at the iliac osteotomy site was evaluated at 
two points: the bone graft side (outer portion of the 
osteotomy site) and arcuate line (inner portion of the 
osteotomy site) [Figure 2]. Union was considered 
complete when bony trabeculae crossed both portions of 
the osteotomy site. Hip coverage was measured by the 
lateral center-edge (CE) angle (normal, >20 degrees) of 
Wiberg (7). The CE angle was considered as an index to 
measure graft resorption at the osteotomy site. 
Heterotopic ossification was graded according to the 

based on the patient’s age and the presence or absence of 
congruent hip reduction. A Salter procedure is generally 
appropriate for children between the ages of 2 to-10 (5). 
A triple pelvic osteotomy (TPO) can be considered for 
older children or adolescents in whom the triradiate 
cartilage remains open. Most of these procedures like 
Salter innominate and triple pelvic osteotomies, need a 
wedge or trapezoidal bone graft from the iliac bone. In 
previous studies, non-union has not been reported for 
Salter osteotomy site but reported at pubis or ischial 
ramus e for TPO. Graft resorption has been reported in 
older or adolescent patients (6). In order to improve the 
union at osteotomy site, spica cast can be helpful, but the 
use of spica cast is not well tolerated by older patients. 

In this randomized clinical trial, a new modification 
“pedicle wedge graft” was introduced using infor pelvic 
osteotomies in older patients and the results were 
compared with traditional wedge graft.

Materials and Methods
Participants and Study design

This prospective single-blind randomized clinical trial 
was conducted on 24 consecutive hips in 21 juvenile or 
adolescent patients (aged 6-16 years) who were 
candidate for Salter innominate or triple pelvic osteotomy 
from January 2013 to March 2016. Patients older than 6 
years who needed a pelvic redirectional osteotomy 
(Salter or TPO) and had a concentric hip reduction with 
25-30° abduction and neutral rotation, reasonable 
congruity of the hip joint surfaces and a good range of hip 
motion were included in the study. Patients with paralytic 
hip subluxation; age>16; previous history of major 
surgery in the surgical site; and those who did not show 
up for the follow-ups were excluded from the study. 
Eligible patients were allocated into two groups through 
simple randomization; in the traditional technique group 
(group1), non-pedicle wedge graft was harvested to 
insert at iliac osteotomy site, whereas in the pedicle 
wedge graft group (group 2), a muscle pedicle graft was 
harvested using Tensor Fascia Lata (TFL) muscle. 

According to the flexibility of the iliac osteotomy site, the 
single senior surgeon decided which osteotomy should 
have been done. Provided that the osteotomy site is 
enough pliable to insert a triangular graft, a Salter 
osteotomy is the best option, otherwise, TPO is the choice. 

Surgical technique and intervention  
All surgeries were performed under general anesthesia 

with a standard regimen which was done by an 
anesthesiologist. Intravenous cefazolin (EXIR®, Iran) 25 
mg/kg with maximal dose of 1 gram was administered an 
hour before the surgery.

All operations were performed electively by a single 
skilled pediatric orthopedic surgeon, the senior author 
(M.K.). The patient was positioned supine on the 
operating table with the thorax on the affected side 
elevated by a radiolucent sandbag. The whole lower 
extremity to the trunk on the affected side was prepared. 
The adductor muscles were released by open tenotomy. A 
bikini skin incision was made beginning inferior to the 
middle of the iliac crest and extending to about the 
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Figure 1. Surgical technique. “Star” locates Anterior Superior Iliac Spine (ASIS). A. reflection of abdominal muscles along 
with iliac apophysis toward medial side. B. the wedge graft was harvested by power saw. C. The bone with attached muscle 
is released from the surrounding muscle fibers. D. Pedicle graft is inserted at the osteotomy site and fixed using pins.

Figure 2. A. Union at osteotomy site; 50% when the outer portion is healed. B. complete union, 
when the whole osteotomy line is healed.
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classification described by Brooker et al. (8).
All patients as well as the person who analyzed data were 

blind to this study. The surgeon and person who recorded 
measurements were aware of the study, but it did not seem 
to have had any confounding effect on the results.

Demographics
There were 24 hips in twenty-one patients (three 

bilateral involvement), including 13 hips in male patients 
(54%) and 11 in females  (46%) [Figure 3]. The average 
age at the time of surgery was 10.2 ± 3 years. The youngest 
patient was six years and one month old, and the oldest 
was sixteen years. Nine hips were dysplastic (37.5%), 13 
hips were diagnosed as LCP (54.2%), and two hips (one 
patient) were affected in multiple epiphyseal dysplasia. 
Post-operative hemi-spica cast was applied for only 8 
patients (30%). Three patients in this series had previous 
surgical treatments which included varization osteotomy 
(3 hips) and open reduction of the hip (1 hip). The average 
surgical time was 57.64±6.64 minutes for the Salter 
osteotomy, and 60.71±6.72 minutes for the TPO (P=0.31). 
The estimated blood loss was 194.7±19.2 mL for the 
Salter osteotomy and 197.14±26.43 mL for TPO (P=0.80). 
These results include total surgical time and estimated 
blood loss only for pelvic osteotomies and no other 
combined procedures. Two hips underwent a concomitant 
intertrochanteric osteotomy through a direct lateral 
surgical approach. The two groups were statistically 
homogeneous in terms of age (P=0.38), gender (P=0.69), 
and side of surgery (P=0.11) [Table 1].

Statistical analysis 
Nonprobability sampling was done to select patients 

were scheduled for pelvic osteotomy admitted to a 
teaching tertiary referral hospital (Taleghani Educational 
hospital, affiliated by Shahid Beheshti University of 
Medical sciences in Tehran, Iran). According to previous 
studies, the sample size was calculated by using two 

means comparison formulas for at least 12 hips in each 
group (2, 3). The patients in the two groups underwent 
operation by the same orthopedic surgeon after general 
anesthesia.

Qualitative variables were compared using Chi-square 
tests. Quantitative variables had normal distribution and 
were compared using Independent sample t-test and 
one-way ANOVA. All data are presented as mean±SD. The 
significance level was set at P<0.05.

Written informed consent was obtained from the 
parents for each child at the beginning of the study. The 
protocol of this study was approved by the review board 
and also the ethics committee of Shahid Beheshti 
University of Medical Sciences (Project No. 82.M, Ethics 
No. IR.SBMU.MSP.REC.1395.76).

Results
In all patients, complete union was detected in all patients 

in average of 70.9±35.6 days (range, 28-183 days). The 
patients were followed for 19.9±7.9 months (range: 12.29-
48 months). The CE angle was 15.7±10.6° (range: 0-40°) 
pre-operatively; 31.96±8.554 right immediately after 
surgery (range: 12-45°). The angle measured at the last 
follow-up was 30.5±8.2° (range, 12-46°).

In the non-pedicle wedge graft group, the most 
frequent diagnosis was dysplastic hip (6 hips, 50%). 
Salter osteotomy was done on 8 hips (66.7%). 
Comparing the immediate post-operative with the last 
follow-up, CE angle revealed a significant decrease from 
27.6° to 26.4° (P=0.03) although this amount is clinically 
non-significant. 

In pedicle wedge graft group, the most frequent 
diagnosis was LCP in 8 hips (66.7%). Salter osteotomy 
was performed in 9 hips (75%); however, the immediate 
post-operative CE angle showed a non-significant 
decrease from 36.2 to 34.7 compared to the last follow-
up (P=0.1). 

The outcomes of pedicle and non-pedicle wedge graft 

Table 1. The comparison of demographic features between non-pedicle wedge graft group with pedicle wedge graft group

Variables non-pedicle wedge graft group pedicle wedge graft group P-value*

Gender
Male 6 (50%) 7 (58%)

0.69 **

Female 6 (50%) 5 (42%)

Age at the time of surgery [years old] 10.72 ± 3.30 9.61 ± 2.74 0.38 *

Diagnosis

DDH 6 (50%) 3 (25%)

0.42 **LCP 5 (42%) 8 (67%)

MED 1 (8%) 1 (8%)

Side of Surgery
Right 8 (66%) 4 (34%)

0.11 **

Left 4 (34%) 8 (66%)

Type of Surgery
S.O. 8 (66%) 9 (75%)

0.50 **

T.P.O. 4 (34%) 3 (25%)

 Data expressed as mean ± SD and Number (Percent).
P-values calculated by *Independent sample t-test, and **Chi-square. * P-value lesser than 0.05 (P< 0.05) is significant.
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groups are compared in Table 2. The mean time  to 
complete union was  significantly  different between the 
two groups (P = 0.03). There was no significant difference 
in duration of follow-up, and the estimated blood loss 
between the two groups (P=0.45 and P=0.43 respectively). 
There was a non significant difference in preoperative CE 
Angle between the groups (P=0.06), while mean 

postoperative and final follow-up CE Angles were 
significantly more in the pedicle wedge graft group 
(P=0.01 for both). 

CE angle decreased in both groups when comparing its 
last follow-up to its right postoperative values, but the 
decrease was clinically non-significant. The type of 
surgery (Salter or TPO) had no significant effect on the 

Figure 3. Patient flowchart.

Table 2. The comparison of surgical features between non-pedicle wedge graft group with pedicle wedge graft group

Variables non-pedicle wedge graft group pedicle wedge graft group P-value*

Duration of Surgery [minute] 60.41 ± 6.20 56.66 ± 6.85 0.17 

The estimated blood loss [milliliter] 194.7 ± 19.2 198.75 ± 20.46 0.43 

Time to complete union [day] 86.4 ± 41.2 55.4±20.6 0.03 

Preoperative Center Edge Angle [degree] 11.67 ± 10.12 19.75 ± 9.94 0.06 

Immediately after operation Center Edge Angle [degree] 27.67 ± 8.26 36.25 ± 6.68 0.01 

Postoperative Center Edge Angle [degree] 26.41 ± 7.78 34.66 ± 6.66 0.01 

Final Follow-up Center Edge Angle [degree] 21.18 ± 9.59 18.67 ± 6.01 0.45

Duration of Follow-up [month] 21.18 ± 9.58 18.67 ± 6.01 0.45 

 Data are presented as mean ± standard deviation.  
* P-value lesser than 0.05 (P < 0.05) is significant. P-values are calculated by One-Way ANOVA.
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average time to union [Table 2]. 
One case of heterotopic ossification type 1 was detected 

at the wedge graft but patient’s hip range of motion was 
not adversely affected.

Discussion
Acetabular dysplasia and hip incongruency are present 

in a large number of patients undergoing treatment for 
DDH and Legg-Calve-Perthes disease. Comparing to 
younger children adolescent age features a lower 
biological remodeling and healing potential, hence more 
attention is needed to choose a reliable technique to have 
better bone healing. Currently, Salter osteotomy and TPO 
are two pelvic osteotomies that are commonly performed 
to treat developmental dysplasia of the hip and LCP 
disease in pediatric patients (2, 7). The advantage of 
Salter osteotomy is that it is easy to understand and 
perform once the principles are learned. Several authors 
reported excellent and good mid and long term results 
with Salter osteotomy. Salter and Dubos reported good or 
excellent results of 93.6% by Severin’s classification, 
after Salter surgery in patients under four years of age, 
and 56.7% for those treated between the ages of four and 
ten years, after an average follow-up period of 5.5 years 
(8). Loss of correction and graft resorption at the 
osteotomy site may be the most probable reason for less 
favorable results in older children. Roth et al. also 
reported that 100% of 12 hips in patients 1.5 to 4 years of 
age with Slater surgery for congenitally dislocated hip 
but 80% of 25 hips in patients 1.5 to 16 years of age with 
secondary treatment for residual dislocation or 
subluxation had excellent or good results after an average 
of 5.4 years follow-up. In older children, the osteotomy 
site is stiffer and may put more pressure on the wedge 
graft that might affect the results of surgery (9). In this 
study, it  revealed that follow-up CE angles decreased but 
this decrement was significant in non-pedicle graft group. 
That means using pedicle wedge graft can be a good 
solution to prevent this effect. In addition, our study 
showed faster union in pedicle graft group that enabled 
us to have more confidence on our post-operative 
management. In other words, we used shorter period of 
crutch walking in group 2 patients.

The method of evaluation have to be enough reliable to 
assess the improvement of CE angle (10, 11). The CE 
angle of Wiberg shows the degree of lateral femoral head 
coverage by the acetabulum in the frontal plane. Inter-
observer CE angle measurement is not reliable enough to 
evaluate its improvement, but intra-observer is reliable 
in children (10, 11). In this study, we compare the mean 
and difference of CE angles in different times of evaluation 
between non pedicle and pedicle wedge graft groups by 
one examiner to decrease inter-observer errors. 

Unsurprisingly, other complications may occur with 
Salter osteotomy. The complications can be studied as 
early and late postoperative ones. Immediate 
postoperative ones are superficial and deep wound 
infection, wound dehiscence and retroperitoneal 
hematoma. Rossillon et al. demonstrated distinct 
hypoplasia of the ilium due to premature growth arrest 
in 16 out of 21 patients who had unilateral pelvic 

osteotomy (12). We didn’t encounter such complication 
in our patients, but one type 1 heterotopic ossification 
was noticed in our patients but the hip range of motion 
was completely normal. Loss of correction is also 
reported due to crushing of the bone graft which is due to 
the osteoporosis of disuse atrophy, operating on children 
<18 months of age or premature removal of Kirschner 
wires. It can also be due to excessive pressure on the graft 
in older patients. Graft displacement or dislocation can 
be secondary to poor surgical technique, inadequate 
fixation or migration of Kirschner wires and the incidence 
ranges between 0-19% (3, 4, 13). In the present study, 
the loss of correction has been measured by changing the 
CE angle right after surgery and at last follow-up X-rays 
which was more significant in non-pedicle graft group 
(P=0.03). It means using a pedicle wedge graft can be 
considered as an efficient means to prevent loss of 
correction even in adolescent patients.

The other complication is pseudoarthrosis. For triple 
osteotomy, non-union has been reported as 2.6% at the 
pubis osteotomy and 6.6% of both pubic and ischial 
bones (4, 14). Other authors reported similar and even 
worse results, and also cases of painful pseudoarthrosis 
of the pubis that had to be operatively managed. The 
incidence has been reported to be in positive correlation 
with age (4, 6, 14, 15). Non-union at ilium has also been 
reported for triple osteotomy (16). In one of the patients, 
her left side was operated for Salter osteotomy using 
traditional graft technique. Three months later, her right 
side was operated for Salter osteotomy using a pedicle 
wedge graft. Surprisingly, the union on the right side was 
faster and was completed before left side osteotomy 
healed [Figure 4]. 

The benefit of our technique was early union at the iliac 
osteotomy site. The average time to complete union at 
the iliac osteotomy site was 55.4 days, this made us able 
to remove spica cast at 4 weeks and patients started 
weight bearing with crutches right after the surgery in 
which screw fixation was performed. 

The rate of pseudoarthrosis was reported to be higher 
with complex osteotomies (16-18). Studies on 
periacetabular osteotomy in adults have described 
nonunion rates ranging from 1 to 6% (14, 16-18). These 
non-unions are frequently symptomatic and often require 
operative intervention (1, 9, 19, 20). All patients in this 
study were in pediatric age group, so it was not possible 
to compare the results to adult patient. 

There are many modifications which were proposed 
for Salter or triple osteotomy (21-22). These 
modifications are designed primarily to address the 
limitations of the osteotomy mainly, inherent instability 
of the osteotomy necessitating internal fixation and 
later pin removal, and lengthening of the ipsilateral 
lower extremity. Kalamchi et al. described the removal 
of a wedge shaped bone from the proximal edge of 
osteotomy and lodging of the distal fragment to this 
notch, thereby preventing posterior and medial 
displacement of the osteotomy (21).

The modification of the present study included using a 
pedicle wedge graft to get faster union at the osteotomy 
site in older children. In younger children probably, 
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Figure 4. A. A 10 y-old girl who had bilateral hip dysplasia, on right side, open reduction has been done at age 1, her left 
side was operated for Salter osteotomy using traditional graft technique. B. her pelvic X-rays 3 months post-operatively. 
Then, her right side was operated for Salter osteotomy again using a pedicle wedge graft. C. one month after the second 
surgery and 4 months after the first. D. shows complete union at both sides 5 month after the first procedure. 

there is no concern about bone healing at fracture site 
and using long period of spica cast is acceptable, but in 
older children, this modification decreased the duration 
of casting to 4 weeks. Loss of correction which may be 
as a result of graft desorption was less likely to happen 
when using a pedicle wedge graft in older children 
(P=0.01). 

In summary, Salter and triple osteotomies are reasonable 
techniques in the treatment of developmental dysplasia of 
the hip and LCP disease. There are several options to 
correct acetabular dysplasia in patients with 
developmental dysplasia of the hip and LCP. Each 
osteotomy has unique advantages and none of them is 
absolutely superior to another. But most of them need a 
wedge graft to be put at the osteotomy site. With the new 
modification of the present study, healing at the osteotomy 
site will be faster and loss of correction due to graft 
resorption will be decreased comparing to traditional 
graft method. Using this pedicle wedge graft may improve 

the results of pelvic ostoeomies in older patients.
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