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Abstract

Introduction: Surgical management of displaced acetabular fractures has become the gold standard after
the early work of Le tournel. The choice of operative approach is dependent on the fracture type,
direction of displacement, skin situation at the surgical incision site, and duration from initial injury. The
fractures with the main anterior displacement are approached anteriorly, while those with the main
posterior displacement are approached posteriorly. A combined or extended approach is used if the
displacement involves both the anterior and posterior parts of the acetabulum. This study presents our
experience of internal fixation of the acetabular fractures and pelvic fractures using a newly modified
Stoppa approach, which provides closer visualization to the entire anterior column, quadrilateral surface
and the pelvic brim portion of the posterior column.

Materials and Methods: From February 2014 to April 2016, 29 cases of acetabular fractures were
treated at our institution. The inclusion criteria for this study consisted of all simple and combined
acetabular fracture types with main anterior displacement. And the patients with history of cesarean
section, hysterectomy, bladder injury, prostatectomy, or bladder surgery were excluded. All the patients
were regularly followed in out patient department at two weeks, six weeks, three months, six months, and
one year postoperatively. AP pelvic and Judet radiographs were taken and reviewed by an independent
orthopaedic trauma surgeon,

Results: In this study 29 patients were followed up, out of which an anatomic reduction was obtained in
24 patients (82.8 %), a satisfactory reduction in four patients (13.8 %) and poor reduction in one patient
(3.4 %). All iliac wing fractures were anatomically reduced (n=29). The Harris hip score was more than
90 points in 11 patients (37.9 %), 80-89 in 16 (55.2 %) and less than 79 in two patients (9 %).
Conclusion: Our experience using of the newly modified Stoppa approach for the treatment of acetabular
fractures provides excellent access and visualization to the anterior column, quadrilateral surface and
sciatic notch, while permitting good to excellent reduction and fixation.

Keywords: Acetabulum fractures, modified stoppa approach

Introduction

Surgical management of displaced acetabular fractures has become the gold standard after the
early work of Le tournel %4, The surgical decision making entails the fracture classification
and operative approach. The choice of operative approach is dependent on the fracture type,
direction of displacement, skin situation at the surgical incision site, and duration from initial
injury 71 Generally, the operative approaches to the acetabulum fractures can be classified
into anterior, posterior, extensile and combined approaches. Those fractures with the main
anterior displacement are approached anteriorly, while those with the main posterior
displacement are approached posteriorly. A combined or extended approach is used if the
displacement involves both the anterior and posterior parts of the acetabulum. Although the
extended and combined approaches provide excellent access to visualize, reduce, and apply
instrumentation to fix the fragments, they are thought to have higher complication rates and
more morbidity compared with other limited approaches [® 1. On the other hand, too limited
an exposure might not provide adequate visualization for reduction and fixation of complex
fracture types.

The ilioinguinal approach to the acetabulum, first described in 1961 by Letournel 22, is often
indicated in anterior wall and column fractures, anterior column with posterior hemi-transverse
fractures, and selected both column fractures, transverse and T-type fractures with mainly
anterior displacement. Its main limitations include difficulty in reducing and employ in
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instrumentation to the quadrilateral surface and posterior
column. And the main complications comprise high rates of
postoperative wound infections and iatrogenic injury to the
femoral nerve and the iliofemoral blood vessels (2 221,

Stoppa described a midline approach for the treatment of
complicated groin and incisional hernias with the support of a
Dacron tulle prosthesis in 1989 41, Cole and Bolhofner reported
this Stoppa approach could provide direct exposure to the medial
wall, quadrilateral surface, and even extend to the sacroiliac
joint, which could safely and effectively be used for reducing
acetabular fractures . However, this midline approach does not
provide enough close Visualization for the fracture patterns with
main anterior displacement and treating the fractures for
anatomical reduction of the iliac wing.

This study presents our experience of internal fixation of the
acetabular fractures and pelvic fractures using a newly modified
Stoppa approach, which provides closer visualization to the
entire anterior column, quadrilateral surface and the pelvic brim
portion of the posterior column, and permits stable internal
fixation for the acetabular fracture patterns with main anterior
displacement and the anterior and lateral parts of the pelvis.

Materials and Methods

From February 2014 to April 2016, 29 cases of acetabular
fractures were treated at our institution. The study group (n=29)
included 22 male and seven female patients with an average age
of 42.3years (range, 21-62 years), and the average injury
severity score (ISS) was 18.7 (range, seven-42). There were five
elementary fractures, ten anterior column, two associated both
column, seven anterior column with posterior hemitransverse,
four transverse, and six T-type fractures according to the
classification of Judet and Letournel Bl The mechanism of the
initial injury was motor vehicle collision in 17 cases, fall from a
height in nine cases, and industrial accidents in three cases
(Table 1).

Table 1: Demographic characteristics of the patients (N =29)

Variable Value Percent
Mean age (years) 42.3
Male: female ratio 2217
Injury Severity Score (median) 18.7
Acetabular fracture type (Letournel)
Anterior column 10 34.5
Both column 2 6.9
Anterior column with posterior 7 241
hemitransverse )
Transverse 4 13.8
T-type 6 20.7
Mechanism of injury
Motor vehicle collision 17 58.6
Fall from a height 9 31.0
Industrial accidents 3 10.4

All the patients were regularly followed in outpatient department
at two weeks, six weeks, three months, six months, and one year
postoperatively. AP pelvic and Judet radiographs were taken and
reviewed by an independent orthopaedic trauma surgeon, then
the results of all fractures were classified by one of the authors.
Postoperative fracture reduction of the acetabular fractures was
evaluated on all three views with the scoring system published
by Matta in 1996 [*°, and a displacement of 1 mm or less was
considered an anatomic reduction for iliac wing fractures
according to Pohlemann X1, The Harris hip score was used in
the functional outcome of the acetabular fractures 1. The
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perioperative data and incidence of complications were
retrospectively reviewed for all patients treated with the newly
modified Stoppa approach that had a minimum 18-months
follow up.

The inclusion criteria for this study consisted of all simple and
combined acetabular fracture types with main anterior
displacement. And the patients with history of cesarean section,
hysterectomy, bladder injury, prostatectomy, or bladder surgery
were excluded. The indications for surgical treatment included
any fracture with an obvious instability of the weight bearing
area of the acetabulum, and displacement exceeding 2 mm of the
non-weight bearing area of the hip joint with or without
dislocation of the joint (37 patients were excluded).

Surgical technique

All patients were treated with a similar surgical process. The
patient was placed supine on the operating table to allow
adequate visualization on AP and Judet radiographs. The injured
limb was draped freely and the ipsilateral hip and knee were
slightly flexed in order to relax the iliopsoas muscle and the
external iliac neurovascular bundle. A Foley catheter was placed
for bladder protection, improved visualization, and monitoring
fluid balance. The surgical field was prepped from the nipple
line down to the pubic symphysis; meanwhile, the entire
ipsilateral limb was prepped. Prophylactic antibiotics were
routinely administered. The surgeon stood on the side
contralateral to the fractured acetabulum.

The newly modified Stoppa approach was performed through
the inner two-thirds of the line 2 cm above the inguinal ligament
and parallel to it (Fig. 1). Dissection was performed through the
skin and subcutaneous tissue to the anterior rectus fascia, and the
inferior epigastric artery was ligated after the rectus fascia was
split. The transversalis fascia was incised just superior to the
symphysis pubis and blunt dissection of the preperitoneal space
was performed. Subsequently, the peritoneal sac was freed from
its surroundings and it was manipulated upwards by a intestinal
spatula and away from the surgeon. A subperiosteal dissection
was performed along the posterior surface of the pelvic brim
into the quadrilateral surface and posterior column, so that
visualization of the quadrilateral surface and the medial aspect
of the posterior column was obtained. The external iliac vessels
and femoral nerve were protected by a Deaver retractor placed
under the iliopsoas, and the rectus muscle was retracted to the
inner side. As the dissection was performed posterior to the
sacroiliac joint, the obturator vessels and nerve were protected
by a narrow malleable retractor placed in the sciatic notch, and
the connecting vessels between the external iliac and obturator
vessels were addressed when present.

Fig 1: Incision of the newly modified Stoppa approach and the lateral
approach on the iliac crest used for reduction and fixation of high
fractures in the anterior column exiting the iliac crest
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The lateral approach on the iliac crest can be performed
simultaneously if adequate surgeons are present. This lateral
window permits reduction and fixation fractures with a high
anterior column component and the entire iliac wing, which also
allows placement of posterior column lag screws. The skin
bridge is maintained between the new Stoppa approach and the
lateral approach on the iliac crest. In this way, full exposure and
access of the quadrilateral surface and the iliac fossa is possible

(Fig. 2).

Fig 2: Exposure region of the newly modified Stoppa approach (area a)
and the lateral approach on the iliac crest (area b)
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After adequate exposure of the fracture sites, the first step in
reduction was to manage the high anterior column fractures
exiting the iliac crest. Next the anterior column was reduced
through the new Stoppa approach and/or the lateral window, and
provisional fixation with a pelvic clamp or K-wires. Last the
fracture of the quadrilateral surface (and posterior column if
present) was reduced through the new Stoppa approach window
and provisional reduction can be maintained with K-wires or a
short plate.

Next, a pelvic reconstruction plate (Synthes, Paoli, PA) was
contoured to fit the infrapectineal region inside the true pelvis
through the newly modified Stoppa approach. The plate should
be close to the sacroiliac joint. Posteriorly it was secured at the
superior aspect of the sciatic notch in the sciatic buttress region
with one to two screws, and then anteriorly with one to two
screws in the superior pubic ramus (Fig. 3). For fractures with a
high anterior column, a long supra-pectineal reconstruction plate
was fixed on the superior surface of the pelvic brim and ramus
through the two windows of the combined apporach
(Figs. 3and 4).

Fig 3: Preoperative anteroposterior (a), obturator oblique (b), and iliac oblique (c) view radiographs show anterior column with posterior
hemitransverse

>
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Fig 4: Postoperative anteroposterior (a), obturator oblique (b), and iliac oblique (c) view radiographs of the same patient shown in Fig. 3

Reduction and placement of fixation were evaluated with
intraoperative fluoroscopic AP and Judet radiographs. After
irrigation and hemostasis was performed, a drain was left in the
preperitoneal cavity, and a second was left in the internal iliac
fossa if the lateral approach on the iliac crest was used. The
rectus sheath was closed with a monofilament resorbable suture
in a running fashion. The skin was closed with interrupted
monofilament sutures.

The drains were removed 24 to 48 hours postoperatively.

Cephalosporin  was routinely given for 48 hours, and
administration of 10 mg Xarelto (Bayer, Leverkusen, Germany)
was taken once a day for the prevention of venous
thromboembolism starting the first day postoperative and
continued for three weeks. Depending on associated injuries and
patient condition, the patients were encouraged to walk with
crutches after six to eight weeks, with full weight bearing at
12 weeks postoperatively.
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Results

Twenty-nine patients in this study were followed up regularly
for an average of two years (range, 1.5-three years). The
average time from injury to surgery was 6.8 days (range, five—
13 days), this interval was mostly determined by the patients’
general condition. In this study, four transverse fractures were
treated with plates only using the newly modified Stoppa
approach, and 25 patients were treated using the newly modified
Stoppa approach combined with a lateral iliac surgical window.
Operative parameters included an average operative time from
skin incision to skin closure of 155 minutes (range, 90—
270 minutes), average estimated blood loss of 950 mL (range,
600-1800 mL) for all patients, and an average amount of two
units (range, one to five units) of packed red blood cells (PRBC)
were infused for 23 patients during or after the operation
(Table 2).

Table 2: Surgical data of the patients

Characteristic Value Percent|
Operation time, minutes (median; range) | 155 (90-270)
Blood loss, ml (median; range) 950 (600-1800)
Blood transfusions (median; range) 2 (1-5)
Postoperative reduction (acetabular fractures)
Anatomic (<1 mm) 24 82.8
Imperfect (>1 to <3 mm) 4 13.8
Poor (> 3 mm) 1 3.4
Postoperative reduction (iliac wing fractures)
Anatomic (<1 mm) 29 100
Functional result (Harris hip score)
Excellent (> 90 points) 11 37.9
Good (80-89) 16 55.2
Fair (70-79) 2 6.9
Poor (< 70) 0 0

For acetabular fractures, an anatomic reduction was obtained in
24 patients (82.8%), a satisfactory reduction in four patients
(13.8%) and poor reduction in one patient (3.4%). All iliac wing
fractures were anatomically reduced (n=29). The Harris hip
score was more than 90 points in 11 patients (37.9%), 80-89 in
16 (55.2%) and less than 79 in two patients (9%) (Table 2).
Complications included two patients who had mild symptoms of
the lateral femoral cutaneous nerve which improved within three
months. There were no deep venous thrombosis and infectious
encountered, nor iatrogenic lesions of the obturator vessels and
the spermatic cord.

Discussion

Although intrapelvic techniques for the treatment of acetabular
fractures has developed over the last 40 years, treatment of the
acetabular fractures is still demanding. The ilioinguinal
approach, which is widely used within intrapelvic approaches,
has the advantages of allowing a wide view of anterior and
transverse fracture patterns, a low risk of vascular injury, as well
as a low rate of heterotopic ossification 618 However,
because of complicated anatomic structures in the surgical area,
the learning curve is quite sharp, and the combined view through
the four windows still only allows a limited assessment of the
fracture patterns, and other indirect reduction skills are often
used. Therefore, this approach has been modified in order to
provide easy access to the medial wall of the acetabulum 1921,
The application of an extraperitoneal approach for fixation of
pelvic fractures was first described by Hirvensalo. Cole and
Bolhofner described a modified Stoppa approach through the
rectus abdominus muscle for the treatment of fractures of the
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pelvic ring or acetabulum €. The primary modification of the
primitive Stoppa approach was the dissection performed
laterally and posteriorly into the internal iliac fossa and the
quadrilateral surface. And publications using this approach for
infrapectineal plating and management of acetabular fractures
involving the quadrilateral surface was reported &9, However,
we find that the exposure of the acetabulum was restricted due to
obstruction of the retus abdominis and the subcutaneous fatty
layer through the vertical midline incision, especially in obese
patients. Therefore, we further modified this approach
mentioned above which maintains the advantages of the Stoppa
approach, and even closer to the acetabulum.

The intent of this study was to present our experience of internal
fixation of the acetabular fractures and pelvic fracture using a
newly modified Stoppa approach. This approach is indicated in
all simple and combined acetabular fracture types, associated
anterior column with posterior hemitransverse, selected both
column, transverse and T type fractures. The isolated, totally
posterior-located acetabular fracture patterns (posterior wall,
posterior column) and posterior pelvic ring injuries treated by
sacroiliac screw fixation were excluded. At the same time, the
patients with history of cesarean section, hysterectomy, bladder
injury, or bladder surgery were excluded in this study, which
may increase the risk of cystotomy, contamination or infection.
And the patients with a history of prostatectomy were also
excluded which may increase the risk of perioperative bleeding
for excessive scarring of the structures in the Retzius space.

The technique described in this study has not been reported
previously, which is based on an anterolateral approach directed
to the inside of the acetabulum. Compared to the modified
Stoppa approach with a vertical midline incision, the newly
modified Stoppa approach is performed on the injured side and
the procedure window is between the rectus muscle and the
iliopsoas, which is closer to the acetabulum and quadrilateral
surface, and easier for reduction and fixation of the fracture
fragments after proper exposure. Meanwhile, to obtain
maximum exposure and allow easier manipulation for both the
associated column fracture and fractures involving the iliac
wing, a lateral approach on the iliac crest was considered (€1,
Another advantage is that this approach does not need to dissect
the lateral femoral cutaneous nerve, the femoral nerve, the
external iliac vessels, the lymphatic channels of the inguinal
canal, the spermatic cord or round ligament like the ilioinguinal
approach [, which is associated with the incidence of
thrombosis, lymphedema and nerve injury. These structures
were enclosed in their fasciae and retracted as a group in this
approach. Of 29 patients, no acute vascular injuries were noted
and no deep venous thrombosis was encountered, which is
comparable to the study of Andersen et al. 2. Two cases had
mild symptoms of the lateral femoral cutaneous nerve and
improved within three months.

This series included 29 patients with acetabular fractures treated
through this newly modified Stoppa approach by a single
surgeon who were followed radiographically and clinically for
an average of 1.5 years. We were able to obtain an acceptable
result in 96.6 % of the acetabular fractures—82.8 % anatomic
and 13.8 % satisfactory reduction—which is in keeping with
previous studies 1224 241 And the lateral approach on the iliac
crest was used in 25 patients with high anterior column fractures
exiting the iliac crest or requiring placement of posterior column
lag screws.

It is important to note that the newly modified Stoppa approach
combined with the lateral approach on the iliac crest could
achieve the same visualization as the ilioinguinal approach
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(Fig. 2), which enlarges the indication of this approach, and
some complex acetabulum fractures could be treated through
this combined approach. On the one hand, the duration of the
operative procedure will be curtailed, on the other hand, the
amount of blood loss will be reduced.

It is our experience that the connecting vessels between the
external iliac and obturator vessels, the corona mortis 251, should
be looked after meticulously and ligation if detected before the
dissection was performed into the quadrilateral surface. The
bleeding cannot be controlled easily if it were torn or cut,
especially if fracture haematoma exists in the acetabulum area.
Postoperative ileus is a common sequela of abdominal surgery,
and no postoperative ileus was observed in the patients in this
study, perhaps because of the extraperitoneal and minimally
invasive approach. And local infection is a crucial threat to the
outcome of operative fracture treatment, but we had no deep
infections in this study. Also the gluteal muscles did not disrupt
in this study, and we had no instances of heterotopic
ossification.

This study has several limitations. It was a retrospective review
and lacked a comparative cohort. And just a relatively small
number of patients was treated using this newly modified
approach. It may need a larger number of cases to study and
long-term follow-up.

Conclusion

Our experience using of the newly modified Stoppa approach for
the treatment of acetabular fractures provides excellent access
and visualization to the anterior column, quadrilateral surface
and sciatic notch, while permitting good to excellent reduction
and fixation. The rate of complications in this study associated
with the newly modified Stoppa approach is comparable to that
reported for the AIP (modified Rives-Stoppa) and ilioinguinal
approaches. And as such, we considered this technique as a
viable alternative for the ilioinguinal approach when exposure of
the anterior acetabulum is needed.
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