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Ganz periacetabular osteotomy (PAO) is a technically 
demanding surgical procedure. It requires cutting 
around the acetabulum to mobilize it under fluoro-
scopic control. The radiolucent table and good quality 
imaging are mandatory to perform this osteotomy 
in a safe way. Modification of Ganz osteotomy was 
developed a with minimal soft tissue exposure using 
intra-pelvic approach which allows direct visualization 
of the quadrilateral plate. The purpose of the present 
study was to review the early results in the initial 
group of patients who had this procedure. The Ganz 
PAO was performed on 8 cases painful dysplastic 
hips, using the intra-pelvic approach through the 
Pfannenstiel incision. All of the osteotomies were 
performed under fluoroscopic control and direct 
visualizing the osteotomy site from the same incision. 
The acetabular fragment was medialized and 
redirected anterolaterally then fixed with 3 screws. 
The pre-operative Harris hip score mean was 66.8 
and improved to be 92.7 (p value <0.0005) and this 
was statistically significant. Radiologically the CEA 
improved in the pre-operative X-ray from mean of 
13.12 degree to 28.37 degrees (p value <0.0005) and 
this was statistically significant. Painful dysplastic 
hips should be treated before function becomes 
seriously impaired. The Ganz osteotomy through 
an intra-pelvic approach, can be done with minimal 
exposure to radiation in a relatively short time. 
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INTRODUCTION

Ganz Periacetabular osteotomy (PAO) is a 
redirectional osteotomy done for the management 
of hip dysplasia (1). It is a hip preserving procedure 
by which hip replacement can be delayed and 
possibly avoided (2). It is all about changing the 
shearing force due to the rim loading of the head to 
a compressive force by changing the way the head 
is loaded. By freeing the acetabulum segment the 
cavity can be placed in the desired position avoiding 
the effect of two strong ligaments (sacro-spinous 
and sacro-tubrous ligaments) (3).

Ganz et al (4) described the Ganz PAO which 
is generally accepted as a technically demanding 
osteotomy and not free from complication. Most 
of these complications occurred because it is 
an image guided osteotomy with perioperative 
limited visualization especially the ischial cut 
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and the posterior column cut. The most common 
complication during the surgery is penetration of 
the osteotome into the hip joint cavity, some authors 
have reported a 2.7% rate for this complication, 
which occurred due to the inability to visualize the 
quadrilateral surface (5). 

Ganz PAO can be done through the classic 
smith Peterson approach with adding osteotomy of 
the anterior superior iliac spine (ASIS). Trying to 
preserve the muscle integrity; a rectus preserving 
Ganz PAO is also reported with good recovery of 
muscle power post operatively (6). Several incision 
modifications have been introduced because of 
the vigorous muscle dissection and wide scar in 
the classic Smith Peterson incision, which was 
originally used in PAO (7,8,9,10,11). All of those 
approaches entitle doing the ischial and posterior 
column cut under the guidance of image intensifier 
increasing exposure of the surgeon and the patient 
to irradiation.

Intrapelvic modified Stoppa approach was used 
in this study to minimize exposure to radiation. 
It was first mentioned in 1993 by Cole et al. (12) 
for the management of anterior acetabular column 
fractures.

Two Cadaveric studies were conducted by 
Mehmet et al and Turgut et al. (13,14) and concluded 
that Ganz PAO can be done safely utilizing the 
intrapelvic modified Stoppa approach. It provides 
minimal dissection of muscles and as a result of 
direct visualization of the quadrilateral surface 
through the exposure, the use of image intensifier 
is decreased.

MATERIAL AND METHODS

After approval of the institutional review board 
(IRB), this study was conducted from October 
2016 to October 2018 on 8 cases of hip dysplasia 
6 females and 2 males. The age range from 16-32 
years with a mean 21.1 years. All patients presented 
with hip pain related to activity but 2 cases had 
mechanical symptoms; catching or locking with 
positive anterior impingement test. All patients 
were examined and evaluated by Plain x ray AP, 
frog lateral and False profile views. The center edge 
angle was measured pre-and post-surgery as well 

we evaluated our patients with Harris hip score pre-
and 6 months post-op. 

The technique described by Cole (12) et al used 
the modified Stoppa approach to treat acetabular 
fractures. We used it to perform the Ganz PAO as 
originally described. Two centimeters (cm) above 
the symphysis pubis a midline 10 cm transverse 
incision was made. The linea alba is identified and 
cleavage between both rectus abdominis muscle 
is identified, we did not need to release the rectus 
muscle from the pubic insertion. The abdominal 
muscles were bluntly dissected after incision of 
the fascia transversalis then using a blunt retractor 
the peritoneum was retracted craniomedially. The 
corona mortis was identified and ligated carefully. 
The iliopectineal fascia was incised and the peri-
osteum was elevated till a blunt retractor was 
inserted into the greater sciatic notch. The obturator 
nerve was identified and preserved in all cases. By 
flexing the hip and periosteal dissection a pointed 
Homman retractor is applied in the lesser sciatic 
notch. 

The first osteotomy to be done is the ischial 
osteotomy under direct vision and image guidance 
at the top part of the obturator foramen. (Figure 1).

The next osteotomy is the pubic cut which is very 
accessible with no much retraction. Then we open a 
5-cm incision on the iliac crest to execute the iliac 
osteotomy; no need for the ASIS osteotomy. The 
posterior column osteotomy is done by image and 
visual control. (Figure 2)

Figure 1. — (A) Intraoperative photo showing the application 
of the osteotome through the Stoppa window to execute the 
ischial and posterior column cuts. (B) Demonstration on pelvic 
model to mimic the position of the osteotome and Homans as 
in (A).  
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Because of the visual control when doing the 
osteotomy, we rarely need to revisit the osteotomy 
site as used to be done in the original technique 
where the completion of the osteotomies is checked 
after failure to move the acetabular fragment. 
Through the iliac incision mobilization and fixation 
of the fragment is done with 3.5 mm screws as 
has been described in the original technique. We 
illustrated a case example with follow up 3 months   
(Figures 3, 4, 5, 6).

RESULTS

We evaluated our patients clinically using the 
Harris hip score pre-and 6 months post-operative. 
The pre-operative Harris hip score mean was 66.8 
and improved to be 92.7 (p value <0.0005) and this 

Figure 2. — (A) Intraoperative photo showing the application of 
one osteotome through the iliac window to execute the iliac cut 
and another osteotome through the Stoppa window to complete 
the posterior column cut. (B) Demonstration on pelvic model 
to mimic the position of the osteotomes and Homans as in (A).

Figure 3. — (A) Preoperative fluoroscopy of the right hip. (B) 
Postoperative fluoroscopy of the right hip.

Figure 4. — Postoperative photo showing closure of the 
Stoppa scar and iliac scar.

Figure 5. — (A) Preoperative X-ray showing center edge angle 
13 degree. (B). Preoperative X-ray showing center edge angle 
35 degree.

Figure 6. — Follow up X-ray 3 months postoperative showing 
good achievement of coverage and union.

was statistically significant. Radiologically the CEA 
improved in the pre-operative X-ray from mean of 
13.12 degree to 28.37 degrees (p value <0.0005) 
and this was statistically significant. The mean 
follow up period 10.8 months. The operative time 
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thus be damaged during pubic ramus osteotomy (4). 
By using modified Stoppa approach in our study, the 
full length of the obturator nerve could be identified 
and protected.

Ganz et al. (4) described chisel penetration to 
the joint cavity as the most severe complication 
of the procedure, occurring at a rate of 2.7%. This 
occurred because the quadrilateral surface cannot be 
completely visualized and the osteotomies is done 
under image control (22). In a study by Shiramizu 
et al. (22) that aimed to minimize complications, 
they tried to prevent osteotome joint penetration 
by identifying landmarks in the quadrilateral area. 
With the intrapelvic approach, the acetabulum is 
seen from the medial aspect and the quadrilateral 
surface can be completely exposed.

Ganz PAO performed with the modified Stoppa 
approach may have better cosmetic results because 
a bikini can cover the incision scar. The length of 
the modified Stoppa incision may be similar to that 
of a Smith Petersen incision, but the Stoppa incision 
is parallel to the skin creases so healing is more 
physiologic and the procedure may result in less 
scarring than a classic incision would.

CONCLUSION

The early result of Ganz osteotomy using an 
intapelvic modified Stoppa approach in treatment of 
hip dysplasia is satisfactory, safe and decreases the 
amount of radiographic exposure.

was 66.8 minutes and the estimated blood loss EBL 
mean was 206.2 cc. The C-arm was used and the 
mean time was 49.3 seconds. (Table-1)

DISCUSSION

In this study, we evaluated the safety and 
feasibility of the Ganz PAO with the help of the 
intrapelvic approach. Our early results indicated 
that the Ganz PAO can be done in a safe way due 
to direct visualization of the quadrilateral plate 
as it also reduces the irradiation exposure. To 
our knowledge this is the first clinical study to 
implement the intrapelvic approach in Ganz PAO. 

Ganz PAO has good results in treating acetabular 
dysplasia (15,4,16,17,18). Many surgical approaches 
for Ganz PAO have been described; the most 
frequently used is the Smith Petersen approach (4). 

There is a high risk of intrapelvic vascular injury 
during Ganz PAO (19). Excessive arterial bleeding 
requiring embolization was reported in a patient with 
a prior Ganz PAO (5). Kambe et al. (20) discussed the 
increased risk for vascular injury by measuring the 
distance between the superior pubic ramus and the 
obturator artery, it was between 27.2 to 33.4 mm.

Wall et al. (21) reported that the obturator nerve 
and artery passes between 4 and 8 mm posteriorly 
during superior pubic ramus osteotomy. In 
exposures made with a Smith Peterson incision, 
the obturator nerve is at risk along the course of 
the obturator foramen because the nerve passing 
immediately inferior cannot be relocated and may 

Age Gender CEA pre Harris pre FU CEA post Harris post Surgery time EBL X-ray dose

1 17 F 15 75 14 33 90 70 min 200cc 40 sec

2 22 F 14 65 13 26 89 80 min 200cc 55 sec

3 18 F 13 60 12 35 95 65 min 250cc 45 sec

4 21 M 13 75 11 32 92 70 min 250cc 60 sec

5 16 F 10 70 11 24 95 60 min 300cc 45 sec

6 32 F 14 65 10 29 92 65 min 100cc 40 sec

7 25 M 10 65 8 25 94 60 min 250cc 65 sec

8 18 F 16 60 8 23 95 65 min 100cc 45 sec

Table I. — Summary of results
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