
INTRODUCTION 

Pelvic fractures with acetabular involvement occur at the 
weight-bearing joints and are best treated through open reduc-
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tion and internal fixation. Anatomic reduction with stable col-
umn fixation is required to provide optimal outcomes [1]. 

However, a surgical approach to the fractured pelvis is diffi-
cult because of its sophisticated anatomical structure and its 
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deep location [2]. A currently used approach for the treatment 
of acetabular fractures is the modified Stoppa approach, which 
was described by Hirvensalo et al. [3] in 1993 and Cole and Bol-
hofner [4] in 1994. Compared to the present ilioinguinal ap-
proach, the modified Stoppa approach can be done with a 
smaller incision and with minimal dissection of the pelvic 
structures. Operations using the modified Stoppa approach are 
mostly successful. However, the potential complications during 
the operation, such as vascular and nerve injuries, may be a sig-
nificant concern, especially for novice surgeons. Nonetheless, 
there are limited reports on the perioperative complications as-
sociated with the modified Stoppa approach. Herein, we report 
our experiences of perioperative complications using the modi-
fied Stoppa approach. 

METHODS 

This study was approved by the Institutional Review Board of 
the Chosun University Hospital (No. 2021-06-033). A retro-
spective study of 48 operations in 45 patients using the modi-
fied Stoppa approach between March 2016 and July 2018 was 
conducted. Using hospital records and radiographic examina-
tions, the following data were collected: demographics, Injury 
Severity Score, the mechanism of injury, the presence of asso-
ciated injuries, and perioperative complications. The demo-
graphic data of these patients are listed in Table 1. Operations 
were performed by a single surgeon specializing in hip and 
pelvis fractures. The quality of the reduction was not evaluated 

in this study because the correlations with clinical outcomes 
have already been well-described and the aim of the present 
study was to identify the perioperative complications [5]. 

Surgical methods 
All operations were performed using the method described 
previously. The first case was operated using a Deaver retractor, 
while the other 47 cases were operated with a carbon precurved 
retractor designed for the modified Stoppa approach. Eleven 
cases used a conventional reconstruction plate, while 37 cases 
used a precontoured anatomical plate designed specifically for 
medial buttress fixation (Stryker, Kalamazoo, MI, USA). During 
surgery, the obturator nerve and vessels were identified using 
the vessel loops to protect them from further damage. If we en-
countered vascular anastomoses between the external iliac ves-
sels and obturator vessels (i.e., corona mortis), they were dis-
sected and ligated using vascular clips. According to the frac-
ture patterns, the Kocher-Langenbeck approach was also per-
formed posteriorly in seven patients. One of those seven pa-
tients had a pelvic fracture without an acetabular-involved frac-
ture pattern, and six of the seven patients had pelvic fractures 
showing acetabular involvement. Reconstruction plates (Syn-
thes, Solothurn, Switzerland) contoured to patients’ specific 
pelvic bony structures were used. 

Records of complications 
All complications were recorded by the surgeon immediately 
after surgery. The complications were categorized as vascular 
injuries, nerve-related injuries, and other complications. Vas-
cular injuries were defined as uncontrolled bleeding that re-
quired additional incision, postoperative embolization, or assis-
tance from a vascular surgeon. 

A nerve-related injury was defined as any alteration or defi-
ciency of motor or sensory function that was not observed pri-
or to surgery. Symptoms of numbness, adductor muscle weak-
ness or neuropathy, and any condition diagnosed with an elec-
trodiagnostic test were included. The occurrence of neurological 
symptoms was evaluated during outpatient postoperative fol-
low-up after surgery considering the possibility that the surgeons 
might not have been aware of neurological complications during 
surgery. Postoperative complications such as post-traumatic os-
teoarthritis and infection were not evaluated in this study. 

RESULTS 

Overall, there were 14 perioperative complications: seven cases 

Table 1. Demographic data (n=45)

Variable Value
Age (yr) 54.50±15.39
Sex
  Male 35 (77.8)
  Female 10 (22.2)
Injury mechanism
  Fall down 24 (53.3)
  Traffic accident 17 (37.8)
  Compression injury 4 (8.9)
Injury Severity Score 9.03±5.60
Pelvic fracture without acetabular involvement 3 (6.7)
  Stoppa approach only 2 (66.7)
  Additional approach (Kocher-Langenbeck) 1 (33.3)
Pelvic fracture with acetabular involvement 42 (93.3)
  Stoppa approach only 36 (85.7)
  Additional approach (Kocher-Langenbeck) 6 (14.3)
Values are presented as mean±standard deviation or number (%).
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of nerve injuries, six cases of vascular injuries, and one case of 
peritoneal injury (Table 2).  

All seven cases of nerve-related injuries involved the obtura-
tor nerve (Fig. 1). The patients with nerve-related symptoms 
complained of numbness and some degree of tingling. As there 
were no cases of iatrogenic nerve disruption during surgery, it 
was assumed that the nerve-related symptoms may have oc-
curred due to traction of the nerve during plate insertion or di-
rect compression by the medial buttress plate. Of the six cases 
of vascular injuries, two were external iliac vein injuries that 
occurred during revision surgery. The external iliac vein was 
repaired with the help of vascular surgeons. One case involved 
rupture of a branch of the internal iliac artery. In that case, an 
additional incision was made for exploration and ligation was 
performed by a vascular surgeon. Another two cases involved 
abrupt bleeding deep in the sciatic notch. The bleeding was 
controlled by gauze packing followed by clipping of the vessels. 
While the exact location of the bleeding was unidentified, it 
was assumed to occur in vascular branches of the superior glu-
teal artery. One other case was related to the epigastric artery 
and occurred during Hemovac insertion (Fig. 2). This injury 
was controlled with a radiologic intervention. It should be not-
ed that four of the six cases of vascular injuries occurred in pa-

tients who had previous abdominal surgery, such as a cesarean 
section or peritonitis surgery. 

In addition to the nerve- and vascular-related complications, 
one case of peritoneal tearing occurred (Fig. 3). The patient had 
a history of abdominal surgery because of previous trauma. 
Due to severe adhesions during the approach, the anatomical 
structure of the abdominal wall was not easily distinguished. 
The peritoneal tear occurred during the dissection, and an area 
of the small intestine was observed in the operative field. A 
general surgeon investigated the possibility of internal organ 
damage and confirmed that no additional damage was present; 
subsequently, peritoneal repair was performed. 

In the 48 operations, there were three revision operations. 
Two cases were performed because of unsatisfactory reduc-
tions and one case was performed because of nonunion. In all 
three cases, we tried to achieve anatomical reduction and per-
form refixation using a plate without additional procedures. 

DISCUSSION 

Treatment of pelvic ring injuries and acetabular fractures is 
very challenging for trauma surgeons, and especially orthope-
dic surgeons. Since these fractures are caused by high-energy 

Table 2. Perioperative complications (n=48)

Subtype Complication (%) Specifics
Vascular injury 6 (12.5) 2 External iliac vein, 1 internal iliac artery branch, 1 superior gluteal artery, 1 epigastric artery
Nerve injury 7 (15.6) Obturator nerve
Other complications 1 (2.1) Peritoneum tear

Fig. 1. (A) Obturator nerve lies cross the iliopectineal line (arrow). (B) The obturator nerve can be injured during initial injury or reduction of 
the fracture site, so attention must be needed. The patient provided written informed consent for publication of the research details and clini-
cal images.

A B
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trauma, which is accompanied by damage to internal organs 
and blood vessels, collaboration with several departments may 
be needed to treat these patients. 

The modified Stoppa approach is very useful for the treat-
ment of acetabular fractures and pelvic ring injuries. It can help 
to access and visualize the displaced quadrilateral surface, di-
rectly reduce the medially displaced quadrilateral surface, and 
easily insert a buttress plate into the inferior pelvic brim through 
only a single incision. It also enables direct reduction of the im-

pacted acetabular dome. However, it has some disadvantages. 
For instance, the obturator nerve can be injured during expo-
sure of the quadrilateral surface. In cases of posterior column 
fractures, the screw insertion angle is limited. A hernia may oc-
cur postoperatively. The complications of the modified Stoppa 
approach are known to include external iliac vein injuries, ob-
turator nerve injuries, sciatic nerve palsy, wound infection, and 
fixation failure. Other complications have also been reported, 
such as inguinal hernia, violation of the peritoneal cavity, cys-
totomy, lateral femoral cutaneous nerve palsy, superior gluteal 
artery, atrophy of the rectus abdominis muscle, and deep vein 
thrombosis [4,6,7]. 

In this study, we experienced a total of 14 perioperative com-
plications. Obturator nerve injuries were the most common, in 
seven cases (50.0%), followed by vascular injuries in six cases 
(42.9%), and peritoneal tearing in one case (7.1%). 

Vascular injuries are among the most fatal complications 
that can occur during the modified Stoppa approach. The au-
thors experienced six vascular injuries. In four out of the six 
cases, the patients had a history of previous abdominal surgery 
(e.g., cesarean section and peritonitis surgery). The damaged 
vessels were the external iliac vein in two cases (33.3%), a branch 
of the internal iliac artery in one case (16.7%), and bleeding from 
deep in the sciatic notch in two cases (branches of the inferior 
gluteal artery or inferior epigastric artery) (33.3%). According to 
Archdeacon et al. [7], the most common complications related 

Fig. 2. Left epigastric artery pseudoaneurysm following the modified Stoppa approach. (A) Three-dimensional computed tomography angiog-
raphy. (B) Angiography. The patient provided written informed consent for publication of the research details and clinical images.

A B

Fig. 3. A peritoneal tear occurred during the modified Stoppa ap-
proach. The patient had a history of previous abdominal surgery. 
The patient provided written informed consent for publication of 
the research details and clinical images.
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to vessels associated with the modified Stoppa approach are 
external iliac vein injury, while another complication of note is 
superior gluteal artery injury. Soni et al. [8] described injuries 
of the corona mortis, obturator artery, external vein, and supe-
rior gluteal artery. In our experience, the corona mortis was 
found in 27 cases (57.4%). In several cases, the corona mortis 
was injured in the initial trauma. 

If surgeons use the modified Stoppa approach, they must pay 
attention to ways of reducing the complications related to vas-
cular injuries. First, retraction of the anterior abdominal wall 
elements causes tension on the femoral vessels. The femoral 
vessels and nerve can be damaged by direct or traction injuries 
during retraction of the anterior abdominal elements. In elderly 
patients, the femoral vessels are particularly friable and suscep-
tible to retraction [9]. Second, the obturator vessels or nerve can 
be damaged during exposure of the quadrilateral plate or by in-
correct application of a medial plate in the quadrilateral plate. 
In the first third of dissection of the pelvic brim, the anasto-
motic branches between the internal and external iliac systems 
are described as the corona mortis. Although it was reported in 
49.3% of cases, the corona mortis varies in terms of its size and 
surgical significance [10]. In all cases, the anastomotic vessels 
need to be dissected and ligated. Third, injuries to the superior 
gluteal vessels, for which bleeding control is difficult, can take 
place during careless retraction or reduction. Fourth, another 
obstacle is posed by the nutrient vessel branches from the il-
iolumbar artery. Before elevation of the posterior iliacus, it can 
be clipped at the internal iliac artery to prevent excessive bleed-
ing. We recommend the following to surgeons unfamiliar with 
the modified Stoppa approach as ways to reduce these vascular 
complications and respond appropriately: (1) preparing suffi-
cient blood, (2) starting with compression, (3) using a vascular 
clip that is kept handy, and (4) performing the operation during 
regular hours. 

The obturator nerve is one of the most important structures 
that should be considered during intrapelvic approaches. The 
prevalence of the accessory obturator nerve is reported to be 
between 0% and 29%, and obturator nerve injuries occurred in 
14.6% of cases in our study. Other studies have reported that 
the incidence of obturator nerve injuries associated with the 
modified Stoppa approach ranged from 0% to 26% [4,11–13]. 
However, those studies did not distinguish between traumatic 
and iatrogenic injuries. In contrast, Isaacson et al. [14] and Kim 
et al. [15] reported no complications of obturator nerve injury 
using the modified Stoppa approach. The course of the obtura-
tor nerve originates from the obturator canal and lies across the 

iliopectineal line. The course of this nerve makes it vulnerable 
to injury. There are two main mechanisms by which the obtu-
rator nerve can be damaged. First, it can be injured in initial 
trauma, which is particularly related to the extent of displace-
ment of the quadrilateral plate. Kim et al. [15] reported that the 
prevalence of obturator nerve injuries from the initial trauma 
was 9% in their series of cases using the modified Stoppa ap-
proach, and these injuries were related to the extent of displace-
ment of the quadrilateral plate (>24 mm). Second, it can be in-
jured intraoperatively. The obturator nerve passes through the 
obturator canal as it crosses the iliopectineal line, and the risk 
of injury increases during plate application or when using vari-
ous instruments for reduction (e.g., a collinear clamp) [16]. The 
nerve was distracted only by 13.1 mm from the iliopectineal 
line via retraction [17]. To reduce the risk of obturator nerve in-
jury, surgeons should recognize the possibility of obturator 
nerve injury in the initial trauma and explore and release the 
obturator nerve using the modified Stoppa approach. When re-
ducing the quadrilateral lateral plate, if using reduction tools 
(e.g., a collinear clamp) it is necessary to check the entrapment 
of the obturator nerve at the fracture site, and care must be tak-
en not to damage the nerve when fixing the plate and holding 
the retractors. 

Regarding other complications, we experienced one case of 
peritoneal tearing. The patient had a history of previous ab-
dominal surgery, and the peritoneal tear is thought to have oc-
curred in this patient due to adhesions in the peritoneum re-
sulting from previous surgery. Another study mentioned the 
possibility of damage to the peritoneal cavity as a disadvantage 
of the modified Stoppa approach [18]. In order to reduce these 
unexpected injuries, in the preoperative planning stage, if the 
patient has a history of gynecological or urological surgery, it 
should be recognized that there is a risk of perforation of blad-
der and infection after surgery. In particular, in patients with a 
history of previous prostatectomy or radiotherapy, the risk of 
bleeding during the approach is high, so the surgeon should 
consider other surgical approaches as a way to reduce compli-
cations that may occur during surgery [7]. Other contraindica-
tions include abdominal distension and ileus [4].  

Limitations of this study include the small number of study 
subjects and the inability to analyze the factors for the occur-
rence of various complications due to the limited applicability 
of statistical methods. However, this was the first report de-
scribing perioperative complications that occurred during the 
modified Stoppa approach performed by a single surgeon at a 
single institution, and it is expected that these findings will be 
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helpful for surgeons performing the modified Stoppa approach 
for the first time. 

In conclusions, injury to the obturator nerve was the most 
common nerve-related injury, and care should be taken when 
inserting the retractor and performing plate fixation. Vascular 
injuries and unexpected injuries can be fatal to the patient. 
Therefore, the authors recommend that the surgeons should 
pay careful attention when operating on patients at high risk of 
complications (e.g., with previous abdominal procedures, old 
age, and other risk factors) using the modified Stoppa approach. 
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