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INTRODUCTION
The acetabular fractures are one of the hardest fractures in orthopedic surgery. There is a 
connection between reduction and treatment effectiveness.[1] To optimize the outcome of 
reduction and fixation, the best surgical technique should be used, one that emphasizes anatomical 
structures. When selecting a method, it is important to accurately determine the kind of fracture.[2] 
The chosen approach should enable anatomical reduction, allow for sufficient accessibility of the 
fracture, and allow for the reduction of the fracture. For many years, the ilioinguinal approaches 
have been utilized regularly. However, its effectiveness in treating anterior acetabular fractures 
has been demonstrated by numerous investigations (mostly anterior wall and column, anterior 
column with posterior hemitransverse fractures).[3] However, because the femoral nerve and 
external iliac arteries are so close to the operative plane, there is a risk to these vital neurovascular 
systems during this prolonged exposure.[4] Hirvensalo et al.[5] characterized the rectus abdominis 
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muscle as the extraperitoneal (“Stoppa”) pathway as a 
substitute approach for treating acetabulum fractures in 1993. 
This approach keeps the fracture site completely isolated 
from the peritoneal sac, providing a single-window view 
of the operational field.[6] The purpose of this randomized 
controlled experiment is to evaluate the management of 
anterior acetabular fractures using the modified Stoppa and 
ilioinguinal approaches. Since there is currently a dearth of 
information on the care of these sorts of acetabular fractures, 
our research question is if the less invasive modified Stoppa 
approach and lateral window are as beneficial at a shorter 
follow-up duration as the extensile ilioinguinal approach 
regarding clinical and radiological outcomes.

In the present study, we treat high anterior column acetabular 
fractures by prospectively comparing radiological and 
clinical outcomes using the ilioinguinal approach versus the 
modified Stoppa approach and lateral window, encompassing 
the transverse anterior and posterior hemispheres as well as 
the related two-column fractures.

The main goal of this study was to compare the effect of 
the two approaches on clinical and radiological results; 
implant failure, residual medial wall displacement, and loss 
of reduction are the main goals. The secondary goals include 
post-operative problems, operating time, and blood loss.

MATERIALS AND METHODS

We conducted this investigation prospectively on 30 patients 
with high anterior column fracture (transverse acetabular 
fracture and both column fractures) after obtaining 
approval from the patients’ signed informed consent and 
the Hospital Research/Ethics Committee. To screen all 
patients for enrollment, we conducted a thorough clinical 
assessment of each patient’s medical history, a physical 
examination, and radiographic examinations – such as pelvic 
computed tomography scans and routine radiographs with 
anteroposterior and Judet views (obturator and iliac views).

The study’s inclusion criteria included acetabular fractures 
with high anterior column fractures, such as transverse 
acetabular fractures, both column fractures and age groups 
between 16 and 60 years old. The type of acetabular fractures 
(transverse or both column fractures) was not comparable 
between the patients included in our study.

The study excluded fractures presenting after three weeks of 
injury, pathological fractures, open fractures, low transverse 
acetabular fractures, associated urogenital or visceral injuries, 
and isolated posterior column fractures.

Statistical analysis

The Statistical Package for the Social Science (Rstudio) 2.3.2 
version was utilized to input, code, and modify the data. 

The mean, standard deviations, and ranges were provided 
for the quantitative data with a parametric distribution; 
numbers and percentages were provided for the qualitative 
data; and the median with interquartile range was provided 
for the quantitative data with a non-parametric distribution. 
The Shapiro–Watson test was used to determine whether 
quantitative data were normal. With qualitative data, two 
groups were compared using the Chi-square test. Fisher’s 
exact test was used instead of the expected count in any cell, 
which was <5. When comparing two groups with quantitative 
data and a parametric distribution, the independent t-test 
was employed; when comparing two groups with quantitative 
data and a non-parametric distribution, the Wilcoxon 
Mann–Whitney test was utilized. A 95% confidence interval 
and a 5% allowable margin of error were established.

This study was prospectively conducted on 36 patients with 
high anterior column acetabular fractures that met our 
inclusion criteria. The independent doctor allocated the 
36 cases to two groups: Group A (18 cases) fixed through the 
ilioinguinal approach and Group B (18 cases) fixed through 
the modified Stoppa approach. However, records were 
complete in 30 patients (83.3%) in the prospective analysis, 
of which six were lost at follow-up [Figure 1].

Patients in our study were followed up for periods ranging 
from 12 to 24  months, and the mean length of follow-
up was (18 ± 4) months. Patients were evaluated at two 
weeks, six weeks, three months, six months, and one year 
postoperatively. Matta radiological principles were used 
to assess radiological outcomes through plain radiographs 
showing both hips through anteroposterior Judet views after 
one year of follow-up. In addition, the clinical assessment 
was evaluated by a modified Merle d’Aubigné-Postel score 
at each follow-up visit, and the final clinical assessment was 
done after one year.

Surgical approach

Two surgeons with similar experience in pelvic surgery have 
performed all of the surgeries. Every procedure was carried 
out while the patient was supine decubitus, and they were 
catheterized to maintain an empty bladder to reduce the risk 
of infection and monitor the occurrence of hematuria.

Ilioinguinal approach

A significant amount of skin and soft-tissue exposure is 
part of the ilioinguinal approach. The skin incision reaches 
symphyses pubis from the posterior region of the iliac crest 
[Figure 2].

The inguinal ligament is severed when the oblique external 
muscle’s aponeurosis has been located. Three distinct 
windows can be identified on the deep plane. Located at 
the level of the iliac fossa, the lateral window provides a 
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wide view of the fossa and is commonly used to reduce iliac 
displacement fractures. It must identify the specific lateral 
femoral cutaneous nerve [Figure 3].

The middle window is located after separating the psoas 
muscle and the adjacent femoral nerve. This portal allows 
access to the quadrilateral surface, part of the posterior 
column, and the real pelvis [Figure 4].

The pubic bones are accessible through the medial window, 
which develops between the external iliac arteries and the 
spermatic cord. In addition, it aids in plate medial side 

stabilization. It is also feasible to empty huge hematomas 
that often collect in this area and observe the bladder clearly 
through this incision [Figure 5].

Modified Stoppa approach

A Pfannenstiel-style horizontal incision is often the foundation 
of the modified Stoppa approach. The rectus abdominal 
muscles are seen during the superficial dissection. To get 
sufficient and prompt exposure of the bladder, true pelvis, 
and pubic ramus, it is important to make a vertical incision 
along the linea alba in the rectus fascia. For example, setting 
an infrapectineal plate requires the isolation of the obturator 

Assessed for eligibility (n=110)

Randomized (n=36)

Excluded (n=74):
• Pathological fracture.
• Open fracture.
• Low transverse acetabular
 fracture.
• Isolated posterior column
 fracture
• Associated urogenital or
 vascular injuries.

Allocated to intervention (n=18)
(Group A: Ilioinguinal approach)

Allocated to intervention (n=18)
(Group B: Modified Stoppa approach)

Lost to follow-up (n=3) Lost to follow-up (n=3)

Analyzed (n=15)
(Primary & secondary outcomes)

Analyzed (n=15)
(Primary & secondary outcomes)

Allocation

Follow-up

Analysis

Figure 1: Consort flow diagram of the study groups.

Figure 2: The skin incision of the ilioinguinal approach 
from the posterior part of the iliac crest to the 
symphysis pubis anterior.

Figure 3: The ileo-psoas muscle with the femoral nerve.
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nerve to obtain a wide visualization of the quadrilateral plate. 
The corona mortis, which is situated 5–7  cm lateral to the 
pubic symphysis, must be promptly identified and ligated 
or cauterized. This is the most crucial phase in the surgery. 
This access does not allow the exposure of posterior column 
fractures. However, indirect reduction and fixation of posterior 
wall fracture can be obtained through this approach [Figure 6].

RESULTS

The modified Merle d’Aubigné-Postel score has been used 
to evaluate clinical and functional outcomes. The following 
scores are found on the modified Merle d’Aubigné-Postel 
score: <7 points (poor), 11–14 points (acceptable), and 15–18 
points (outstanding).

An orthopedic surgeon has evaluated the quality of reduction 
using Hammad[7] criteria while remaining blind to the 
procedure. These results were calculated after one year of 
follow-up. These measures evaluate the reduction in the 
residual displacement of the analyzed fragments:

Figure 6: The modified Stoppa approach.

•	 0–1 mm is the anatomic reduction
•	 Good reduction: residual displacement of 2–3 mm
•	 Inadequate reduction: residual displacement <3 mm.
Medical data from the time of admission till the follow-up 
have been examined for post-operative complications. We 
have thought about:

•	 Nerve-related issues
•	 Deep and superficial infectious problems
•	 Vascular complications
•	 One or more grave complications

As regards the demographic characters, the age ranged 
between (22 and 7) years with mean ± standard deviation 
(SD) (34.7 ± 9.4) years in Group A while ranged between (16 
and 60) years with mean ± SD (35.2 ± 10.3) years in Group B 
with no statistically significant difference between two 
studied groups at (P = 0.898). The majority of patients were 
male (93.3%) in Group A and (66.7%) in Group B, with no 
statistically significant difference between males and females 
regarding the studied groups at (P = 0.169) [Table 1].

Regarding the comparing clinical outcomes between two 
studied groups based on the modified Merle d’Aubigné-
Postel score mentioned as follows:

• Excellent: Group  A has 4 participants (26.7%), while 
Group B has 3 participants (20.0%).

• Fair: Group A has 5 participants (33.3%), while Group B 
has 2 participants (13.3%).

• Good: Group  A has 6 participants (40.0%), while 
Group B has 9 participants (60.0%).

• Poor: Group A has 0 participants (0.0%), while Group B 
has 1 participant (6.7%).

There was no statistically significant difference in the clinical 
outcomes (modified Merle d’Aubigné-Postel score) between 
the two research groups (P = 0.494) [Table 2].

Regarding comparing the radiological outcome between 
the two groups based on the Matta radiological acetabular 
scoring system, as follows:

Figure 4: The middle window between the ileo-psoas muscle, with 
the femoral nerve laterally and the external iliac vessels medially.

Figure 5: The spermatic cord identification.
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Table  1: Comparison between the two studied approaches 
according to demographic characteristics.

Group A
(n=15)

Group B
(n=15)

P‑value

Age in years
Min.–Max. 22–57 16–60 0.898
Mean±SD 34.7±9.4 35.2±10.3

Sex (%)
Female 1 (6.7) 5 (33.3) 0.169
Male 14 (93.3) 10 (66.7)

SD: Standard deviation

Table  2: Comparison between the two studied approaches 
according to clinical outcomes (modified Merle d’Aubigné-Postel 
score).

Clinical outcomes 
modified Merle 
d’Aubigné‑Postel score

Group A
(n=15) (%)

Group B
(n=15) (%)

P‑value

Excellent 4 (26.7) 3 (20.0) 0.494
Fair 5 (33.3) 2 (13.3)
Good 6 (40.0) 9 (60.0)
Poor 0 (0.0) 1 (6.7)

• Excellent: Group  A has 6 participants (40%), while 
Group B has 4 participants (26.7%).

• Fair: Group A has 3 participants (20%), while Group B 
has 3 participants (20%).

• Good: Group  A has 6 participants (40.0%), while 
Group B has 8 participants (53.3%).

There was no statistically significant difference in radiological 
outcomes (Matta radiological acetabular scoring system) 
across the two groups at (P = 0.889) [Table 3].

According to the comparison of the operative time, the time 
ranged between (1 and 3) h with a median of 2 h in Group A. 
However, the time ranged between (1 and 2) h, with a median 
of 1.5  h in Group  A. Compared to Group  A, there was a 
significant drop-in time in Group B at (P = 0.007) [Table 4].

As regards comparing the amount of blood loss during the 
operation in both studied groups, the blood loss volume 
ranged between (1000 and 3000) mL with mean ± SD 
(1966.7 ± 611.4) mL in Group A. However, in Group B, the 
blood loss volume ranged between (500 and 2000) mL with 
mean ± SD (1133.3 ± 441.9) mL. There was a significant 
decrease in blood loss volume in Group  B compared to 
Group A at (P = 0.001) [Table 5].

Among 30  patients, 6  patients (40%) showed complicated 
symptoms in Group  A, while 4  patients (26.7%) showed 
complicated symptoms in Group  B with no difference 
between the two groups regarding complications diagnosed 
at (P = 0.699) [Table 6].

Table  3: Comparison between the two studied approaches 
according to radiological outcomes (Matta radiological acetabular 
scoring system).

Radiological outcome 
Matta radiological 
acetabular scoring 
system

Group A
(n=15) (%)

Group B
(n=15) (%)

P‑value

Excellent 6 (40.0) 4 (26.7) 0.889
Fair 3 (20.0) 3 (20.0)
Good 6 (40.0) 8 (53.3)

Table  5: Comparison between the two studied approaches 
according to blood loss during operation.

Blood 
loss (mL)

Group A
(n=15)

Group B
(n=15)

P‑value

Min.–Max. 1000–3000 mL 500–2000 mL 0.001
Mean±SD 1966.7±611.4 1133.3±441.9
Median 2000 (1500–2250) 1000 (1000–1250)
SD: Standard deviation

Table  4: Comparison between the two studied approaches 
according to operative time.

Operative 
time (hours)

Group A
(n=15)

Group B
(n=15)

P‑value

Min.–Max. 1–3 h 1–2 h 0.007
Mean±SD 2.1±0.5 1.6±0.4
Median 2.0 (2.0–2.0) 1.5 (1.5–2.0)
SD: Standard deviation

Table  6: Comparison between the two studied approaches 
according to complication.

Complication Group A
(n=15) (%)

Group B
(n=15) (%)

P‑value

Complicated 6 (40.0) 4 (26.7) 0.699
No complication 9 (60.0) 11 (73.3)

Regarding the comparing residual medial wall displacement 
between the two studied groups, the following:

• Anatomical: Group A has 6 participants (40.0%), while 
Group B has 4 participants (26.7%).

• Good: Group  A has 7 participants (46.7%), while 
Group B has 8 participants (53.3%).

• Unsatisfactory: Group  A has 2 participants (13.3%), 
while Group B has 3 participants (20.0%).

No statistically significant difference between the two groups 
regarding residual medial wall displacement is shown in 
Table 7 (P = 0.791).
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DISCUSSION

Treatment for acetabular fractures is difficult due to the 
complex pelvic anatomy, accessibility issues, and the 
fractures near closeness to the hip joint. Returning to pre-
injury functional activity is rare after these fractures due to 
a number of factors that are reported to affect the outcome.[8]

The majority of the fractures in both columns, as well as 
the anterior acetabular fractures, which comprise T-type 
fractures, anterior wall fractures, anterior column fractures, 
and anterior column with posterior hemi transverse 
fractures, were primarily fixed using the ilioinguinal 
approach.[3] Indirect reduction procedures are usually 
required depending on the view and assessment of the 
fracture.[9] Stoppa published a midline method for inguinal 
repair in 1989. Using this method, he observed a superb 
exposure of the real pelvis. The advantage of employing this 
method for acetabular fracture fixation was thus created.[6]

Therefore, the question under review was whether the modified 
Stoppa approach ensures a lower rate of intra- and perioperative 
problems while still permitting an appropriate surgical gesture. 
Therefore, we conducted a prospective comparison between 
a group of patients (Group  A), as a case in Figure 7, who 
underwent the ilioinguinal approach and a case–control group 
(Group B) , as a case in Figure 8, who received treatment using 
the modified Stoppa approach.

Many factors were considered, such as the extent of fracture 
reduction, length of the treatment, bleeding, frequency 
of problems with the vascular and neurological systems, 
infection, both superficial and deep, and functional recovery 
as measured by assessment scales.

Numerous studies have looked into whether one surgical 
approach may be better than another in the literature. When 
Taller et al. examined these two methods in 2010,[10] they 
found that the modified Stoppa approach was less intrusive 
and guaranteed to result in a reduced incidence of peripheral 
neuropathy. Having proven a greater incidence of fracture 
reduction and a decreased likelihood of complications, Fan 
et al. in 2012[11] corroborated these findings. According to 
Matta,[12] the ilioinguinal approach improves fracture reduction 
and is associated with a decreased incidence of heterotopic 
ossification as well as a quicker rate of muscle recovery. In a 
2014 Injury article, Rocca et al.[13] reported that the modified 

Stoppa approach access improved clinical outcomes with fewer 
intra- and perioperative problems. However, in 2013, Kunlong 
Ma, Fujun Luan et. al.[14] reported findings that were entirely 
consistent between the two approaches.

Matta[12] assessed how fracture displacement prep affected 
the outcome and discovered that a 21  mm gap created an 
extraordinary result, with an 18 mm fracture gap producing 
a good result, a 17  mm gap producing a fair result, and a 
23 mm gap producing a terrible result. In our investigation, 
the fracture gap’s impact on the final result was statistically 
insignificant (P = 0.889). Muscles and neurovascular 
structures surround the pelvis and acetabulum well. 
A high-impact injury is indicated by a wide fracture gap or 
displacement; in these cases, the protecting muscle layers are 
compromised, and reduction is also challenging. This study 
appears to have made an important discovery on the impact 
of fracture displacement on the final result. Prior research 
has been published in the literature regarding the impact of 
related injuries on the functional outcome.

Restoration of articular congruity with stable fixation is the 
most significant predictor of post-traumatic osteoarthritis 
in acetabular fractures. A few authors have already classified 
the reduction quality according to the gap or step size.[15] 
We found that the reduction quality had a major effect on 
the outcome. A  poor prognosis is definitely connected with 
a poor-quality reduction in the weight-bearing dome of the 
acetabulum, even though anatomical reduction is not always 
linked to a favorable outcome. The accompanying cartilage 
damage, muscle injury, surgical morbidity, and factors 
outside the surgeon’s control play a major role in predicting 
the prognosis. A large hole or gap persists in the metaphyseal 
region when articular congruency is restored in comminuted 
or impacted marginal fractures by pulling up the impacted 
components. This metaphyseal malreduction is acceptable; 
however, the pieces bordering the articular surface must be 
fastened tightly due to the high fracture risk during post-
operative therapy.[6,16]

According to the study, there was no statistically significant 
difference in clinical outcomes (modified Merle d’Aubigne-
Postel score) between the two groups that were the subject of 
the investigation at each follow-up visit (P = 0.494).

Pre-  and post-operative serialized controls showed more 
blood loss in patients treated with the ilioinguinal approach, 
according to the study of the two groups. The mean blood 
loss using the modified Stoppa approach was reported to be 
1133 mL (range, 500–2000 mL) compared to 1900 mL (range, 
1000–3000 mL) in the ilioinguinal approach. A study by Fan 
et al. that comprised fractures of the pelvis and acetabulum 
found a mean blood loss of 320  mL (range, 100–1200  mL) 
using the modified Stoppa approach. Blood loss differs 
significantly between the modified Stoppa and ilioinguinal 
approach in the current investigation (P = 0.001).[11]

Table  7: Comparison between the two studied approaches 
according to residual medial wall displacement.

Residual medial 
wall displacement

Group A
(n=15) (%)

Group (II)
(n=15) (%)

P‑value

Anatomical 6 (40.0) 4 (26.7) 0.791
Good 7 (46.7) 8 (53.3)
Unsatisfactory 2 (13.3) 3 (20.0)
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Figure 7: A 22-year-old male patient, after road traffic accident, (a-d) computed tomography 
image and pre-operative radiographs demonstrating acetabular transverse fracture,  
(e-g) post-operative radiographs showing fixation through ilioinguinal approach, (h and i) 
radiographs 12 months postoperatively, and (j and k) radiographs after removal of plate 14 
months postoperatively due to infection.
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This study observed a statistically significant reduction in operating 
time (an average saving of almost half an hour) among patients 
with high anterior column fractures treated with the modified 
Stoppa approach. The average length of the procedure was 1.5 h.

After an acetabulum fracture, post-traumatic osteoarthritis 
is the latest consequence. According to Matta,[12] 28.8% of 
patients had secondary osteoarthritis. Post-traumatic arthritis 
was identified after more than a decade of patient follow-up 
for 38% of the patients. They concluded that during long-
term follow-up, a growing number of patients may develop 
osteoarthritis despite the initial complete reduction of 
fracture risk. According to Matta’s analysis, the infection rate 
was approximately 5.01%, but the two groups’ differences in 
complications were not statistically significant (P = 0.699).

CONCLUSION

Compared to the ilioinguinal Approach, the modified Stoppa 
approach reduces blood loss and shortens surgical timeframes 
for treating anterior column acetabulum fractures. Positive 

outcomes can be achieved by utilizing the Stoppa approach 
in the anterior acetabulum and posterior surgery. There are 
no discernible changes in terms of morbidity or fracture 
prevention following surgery with the Stoppa approach, 
despite the fact that very little scarring remains.

The study’s original hypothesis has been validated, indicating 
that the modified Stoppa approach is a more effective 
treatment option for these fractures at a short follow-up in 
terms of shorter operation time and less blood loss.

RECOMMENDATION

To confirm this finding, more research with a bigger 
patient population and a longer follow-up focusing on the 
development of secondary osteoarthritis is necessary.
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