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Abstract
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. The present study was a prospective clinical study including 10 patients with acetabular fractures who were treated operatively using modified Stoppa approach .  The classification of acetabular fractures described by Letournel and Judet. All operative data was recorded Patients were followed-up for 12 months after the operation. The maximum displacement of the bony fragment was measured in the unit of mm by using PACS, Marosis mview ver. 5.4 Our result shows the incidence of perioperative complication. Two patients developed DVT and two patients developed obturator nerve palsy. Our result shows the radiological outcomes of the included patients. The mean CT gap was 1.685 ±0.27mm. Eighty percent of the patients had anatomical Matta class. Our result shows the Merle D’Aubigne-Postel score of the included patients. Eighty percent of the patients had excellent score. The incidence of MVO after PPCI may be lowered by the addition of manual TA (6,24). The results of the present study show that the additional intracoronary administration of a high dose of adenosine may further improve STR up to 70%. Future larger studies with clinical endpoints are warranted to conﬁrm the beneﬁt of intracoronary administration of a high dose of adenosine in addition to glycoprotein IIb/ IIIa antagonist administration and TA in the setting of PPCI or rescue PCI.
1 Introduction:

The anatomical restoration of the acetabular joint surface in the treatment of displaced acetabular fractures has been deemed to be essential if failure of joint-preserving surgery is to be avoided [1– 3].

However, anatomic reduction is becoming increasingly cumbersome as the appearance of fractures has altered (e.g. impaction of the superomedial acetabular roof), mainly as a result of an observed increase in geriatric trauma [2,4–6]. A further impact on the outcome was related to access morbidity [7] which might be of particular importance in the elderly with restricted physiological reserves.

General agreement exists for the use of the modified Stoppa approach for the vast majority of fractures that can be managed with an ilioinguinal approach [8,9,10], but controversy remains regarding this utility’s approach in more difficult fracture patterns such as posterior column fractures.

Therefore, along with the Stoppa ap​proach, an additional lateral iliac wing window is necessary in order to achieve this surgical task. Jakob et al. [8] and more recently, Anderson et al. [11] de​scribed a modified approach using the Stoppa and illiac surgical window for the treatment of acetabular and pelvic ring fractures. This approach became popu​lar over the past decade for anterior col​umn fractures and is suitable for the ma​jority of cases, while providing excellent visualization of and access to the quadri​lateral plate and parts of the posterior col​umn [12].

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.

The aim of this thesis is to evaluate the functional, clinical and radiological outcome of treatment of acetabular fractures by modified Stoppa approach.

2 Patient and Method

The present study was a prospective clinical study including 10 patients with acetabular fractures who were treated operatively using modified Stoppa approach at Banha university hospital during the period from January to December 2019.

We included adult patients with recent fractures of acetabulum of:

· Anterior wall and columns

· Both columns fracture

· Patients who were medically-fit for surgery 

We excluded patients with the following criteria: 

· Old neglected fracture.

· Delayed union or non-union fracture

· Fractures associated with neurovascular injuries

· Patients who were not medically fit for surgery

The classification of acetabular fractures described by Letournel and Judet is the commonly used classification system. In this system, acetabular fractures are divided into two basic groups: simple fracture types and the more complex associated fracture types. Simple fracture types are isolated fractures of one wall or column along with transverse fractures; this type includes fractures of the posterior wall, posterior column, anterior wall, or anterior column and transverse fractures. Associated fracture types have more complex fracture geometries and include T-type fractures, combined fractures of the posterior column and wall, combined transverse and posterior wall fractures, anterior column fractures with a posterior hemitransverse fracture, and both-column fractures. 

All operative data was recorded . As soon as patients arrived at our emergency service, adequate resuscitation and haemodynamic stability was achieved. Skeletal traction of distal femur was conventionally used, and low molecular weight heparin (10 mg, qd) was used for prevention of deep vein thrombosis. Pelvic X-ray, computerized tomography (CT) scan and three-dimensional (3D) reconstruction were routinely performed. A Doppler ultrasound of the pelvis and the lower extremities was done to rule out any deep venous thrombosis (DVT). The 3D printing technology was used in some complicated cases to print pelvic model, and the contralateral hemipelvis was also mirror-printed to preshape plates on the model. One day before the surgery, routine enema, urinary catheterization and preparations for blood transfusion must all be reassessed.

The patient was placed supine on a radiolucent operating table that allows adequate visualization on AP and Judet radiographs. A table that facilitates lateral traction of the hip was helpful in eliminating deforming forces on the anterior column and quadrilateral surface. The injured limb was draped free, and the ipsilateral hip and knee were maintained in slight flexion using traction on the flexed leg or a radiolucent triangle. This position relaxes the iliopsoas muscle and the external iliac vascular bundle. A Foley catheter was used to protect the bladder, improve visualization, and monitor fluid balance. The surgeon stood on the contralateral side to improve visualization of and access to the true intrapelvic cavity. A head lamp or a fiber-optic light retractor was used when needed.

A Pfannenstiel incision was made 1 to 2 cm superior to the pubic symphysis. Dissection was carried down through the skin and subcutaneous tissue to the level of the rectus fascia. The rectus fascia was split in line with its fibers, and the transversalis fascia was incised just superior to the pubic symphysis. Far lateral dissection was discouraged because of the risk of injury to the spermatic cord or round ligament as they exit the external ring. Blunt dissection of the Retzius space was performed. This space was packed with laparotomy sponges to protect the urinary bladder and urethra.

Subperiosteal dissection was performed along the pubis, superior pubic ramus, posterior surface of the ramus, and pelvic brim up into the internal iliac fossa. A pointed Hohmann retractor was placed over the pubic tubercle to reflect the rectus musculature. As the dissection was extended toward the acetabulum, a Deaver retractor or malleable retractor was used to protect and elevate the external iliac vessels and the iliopsoas muscle. The vascular anastomoses were ligated advance the dissection farther along the pelvic brim and quadrilateral surface.

Additional exposure was obtained with distal extension of periosteal dissection along the pelvic brim. The iliopectineal fascia was detached over the anterior column and the dome of the acetabulum. A Taylor or Deaver retractor was placed under the iliopsoas muscle when needed to protect the external iliac vessels. Dissection was continued toward the anterior aspect of the sacroiliac joint to expose the entire pelvic brim.

Next, the quadrilateral surface and the medial aspect of the posterior column were exposed. The obturator neurovascular bundle was identified in the fat medial to the internal obturator muscle . This bundle was isolated and protected with a narrow malleable retractor placed gently in the sciatic notch or between the quadrilateral surface and the internal obturator muscle. Lateral retraction of the femoral head with a trochanteric traction pin was done for exposure and reduction by eliminating deforming forces on the medially displaced fracture.

Anterior column fractures were accessed using the lateral window of the ilioinguinal approach.  An incision was made along the iliac crest to expose the insertion of the oblique abdominal muscles. These muscles were released to allow dissection over the crest into the internal iliac fossa. The iliac muscle was elevated subperiosteally, exposing the iliac fossa to the pelvic brim as well as the anterior aspect of the sacroiliac joint. If nutrient vessel foramina were encountered along the internal iliac fossa; a bone wax was applied to the foramina to control bleeding. A Ganz or blunt Hohmann retractor may be placed carefully into the sciatic notch or along the quadrilateral surface to improve visualization. This adjunct lateral window facilitates reduction of high anterior column fractures and placement of posterior column lag screws.

The anterior column was reduced through the AIP approach and/or a lateral window. A pelvic Collinear Reduction Clamp (Synthes), standard pelvic reduction clamp, or ballspike pusher (ie, picador) was used to reduce the anterior fracture. The reduction was stabilized in standard fashion with a pelvic reconstruction plate with or without lag screws along the pelvic brim and pubic eminence .

After the wound was irrigated and hemostasis was achieved, a drain was placed in the Retzius space. If the lateral window was used, a second drain was placed in the internal iliac fossa. The rectus abdominis muscle and the interval between the external oblique muscles and the abductors were closed with absorbable sutures, followed by layered closure of the subcutaneous and cutaneous tissues.

Drains were removed when drainage falls below 25 mL per 8 hours. Physical therapy with toe-touch weight bearing was done for 12 weeks. Return of bowel and bladder function were carefully monitored. The wound was checked 7 to 14 days after discharge from the hospital. Additional postoperative follow-up is done at 6 weeks.

Patients were followed-up for 12 months after the operation. The maximum displacement of the bony fragment was measured in the unit of mm by using PACS, Marosis mview ver. 5.4 (Marotech Inc., Seoul, Korea) on the simple radiographs and the CT images for evaluation of the fracture reduction quality. The fracture was classified based on the criteria of Matta et al. In this study

· If the measured displacement was less than 0-1 mm, it was categorized as anatomical reduction

· If it was in the range of 2-3 mm, it was categorized as imperfect reduction

· If it was > 3 mm, it was categorized as poor reduction.

In addition, follow-up hip function score was graded by the Merle d’Aubigne and Postel score system according to the sum of score of pain, walk and range of motion:

· Excellent (18 points)

· Good (15–17 points)

· Fair (13–14 points)

· Poor (> 13 points).
3.  Results:

Our result shows the demographic and laboratory characteristics of the included patients. The mean age of the included patients was 43.6 ±9.3 years and the majority of them were males (70%).

Our result shows the mechanism of injury of the included patients. The most common mechanism of injury was traffic accident (80%), followed by fall from height (20%).

Our result shows the fractures characteristics of the included patients. The fracture classifications were AC + AW (50%), both columns (20%), and both columns + iliac wing (30%). The most common associated injury was spine fracture (50%)
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Fig (1) Distribution of Fracture Classification

Our result shows time to surgery of the included patients. The mean time to surgery of the included patients was 7.90 ±1.4 days.

Our result shows intraoperative characteristics of the included patients. The operative time of the included patients was 216.4 ±27.5 minutes. The mean blood loss was 910.2 ±196.7mL

Our result shows the intraoperative characteristics of the included patients. All patients had iliac window and no patients required additional Kocher-Langenbeck approach

Our result shows the incidence of perioperative complication. Two patients developed DVT and two patients developed obturator nerve palsy.

Our result shows the radiological outcomes of the included patients. The mean CT gap was 1.685 ±0.27mm. Eighty percent of the patients had anatomical Matta class.
Our result shows the Merle D’Aubigne-Postel score of the included patients. Eighty percent of the patients had excellent score.
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Fig (2) Merle D’Aubigne-Posel score
4.  Discussion
Acetabular fractures are among the most complex injuries treated by orthopaedic surgeons. The first known descriptions of surgical fixation of acetabular fractures were case reports in 1943. In 1964, Robert Judet, Jean Judet, and Émile Letournel published a landmark article describing a classification system and surgical approaches to treat acetabular fractures. These teachings had a significant effect on clinical outcomes after surgical fixation of acetabular fractures(13).

Various approaches are well described in the literature and include the Kocher–Langenbeck, iliofemoral, ilioinguinal, combined anterior and posterior approaches, extended iliofemoral, transtrochanteric, and triradiate approaches. Along with the evolution of minimally invasive techniques aimed at minimizing surgical dissection, attempts have been made to treat acetabular fractures with an even less extensile approach(14).

Stoppa described his approach first in 1973 as a subperitoneal median approach for the treatment of groin hernias with the support of a Dacron tulle prosthesis. In 1994, Cole and Bolhofner described the Stoppa approach, directing the surgeon to stand at the opposite side of the involved hip joint during reduction and fixation of the acetabular fractures, allowing for direct visualization of the medial wall, dome, quadrilateral plate, and extending as far as the sacroiliac joint. However, this approach does not enable maneuvering the fractures for anatomical reduction of the iliac wing, a necessary step in anatomic restoration of the anterior wall(15).

Therefore, along with the Stoppa approach, an additional lateral iliac wing window is necessary in order to achieve this surgical task. Jakob et al. and more recently, described a modified approach using the Stoppa and illiac surgical window for the treatment of acetabular and pelvic ring fractures. This approach became popular over the past decade for anterior column fractures and is suitable for the majority of cases, while providing excellent visualization of and access to the quadrilateral plate and parts of the posterior column (11).

However, there is a scarcity in the published literature regarding the outcomes of Stoppa approach. Thus, we conducted the present study in order to assess the outcomes of modified Stoppa approach in patients with anterior wall, column, or both column acetabular fractures.

The present study was a clinical study that was conducted on a consecutive cohort of 10 patients with acetabular fractures who were treated operatively using modified Stoppa approach at Banha university hospital during the period from January to December 2019.

The epidemiology of these fractures in the USA and Europe has been well established, showing comparable bimodal age distributions (ie, the frequency of fractures occurs in two age peaks: the first peak representing young patients sustaining high-energy fractures and the second peak older patients sustaining low-energy osteoporotic/fragility fractures)(16).

In the present study, the mean age of the included patients was 43.6 ±9.3 years and the majority of them were males (70%).

Similarly, (16) extracted data from trauma databases for patients admitted with acetabular fractures managed surgically from 2005 to 2012 for one Chinese center and from 2008 to 2012 for one US center. Mean age at time of injury was different between China and the USA, at 40 years with a unimodal distribution and 44 years with a bimodal distribution. The majority of patients were males.

Motor vehicle accidents are the most common cause of acetabular fractures and the type of fracture has been shown to correlate with direction of impact(17).

The most common mechanism of injury in the present study was traffic accident (80%), followed by fall from height (20%).

In agreement with our findings, (17) aimed to assess the epidemiological profile of AF in France is consonant with data from European case-series studies. All patients managed for AF between 2005 and 2014 were included in this single-centre retrospective study. Between 2005 and 2014, 414 patients were admitted for AF. Mean age was 49.4 years (range: 15–101 years). There were 162 (70%) males. The most common mechanism of injury was traffic accident.

Acetabular fractures are often high energy and therefore often present in combination with other organ injuries. In the present study, 70% of the patients had associated injuries the most common associated injury was spine fracture (50%).

Likewise, (18) retrospectively analyzed 126 acetabulum fractures that had been treated surgically at INTO between March 2006 and November 2008. 76.8% were male; the mean age was 39.6 years. The trauma mechanism was traffic accidents in 59%; 70% of the patients presented associated fractures.

The outcomes of surgically treated acetabular fractures are dependent on many factors. Radiological assessment using the Matta scoring system interprets “excellent” for a normal appearing hip joint, “good” for mild changes with minimal sclerosis and joint narrowing (<1 mm), “fair” for intermediate changes with moderate sclerosis and joint narrowing (<50%), and “poor” for advanced changes19).

In the present study, we found that the mean CT gap was 1.685 ±0.27mm. Eighty percent of the patients had anatomical Matta class.

In concordance with our findings, Andersen and colleagues (11) aimed to quantify the reduction of acetabular fractures with displacement of the anterior and posterior column by using only a single anterior approach that combines the modified Stoppa approach with the lateral window of the classic ilioinguinal approach. A consecutive cohort of 17 patients with displaced acetabular fractures treated operatively with use of only an anterior approach that combined the modified Stoppa approach with the lateral window of the ilioinguinal approach. Anatomic reduction of the articular surface was obtained in 14 (82%) patients, imperfect radiographic reduction in three (18%), and poor radiographic reduction in none (0%).

Similarly, (15) presented their experience in using the Stoppa approach. In a 5-year review of 60 acetabular fractures that underwent open reduction and internal fixation using the modified Stoppa approach. Postoperative radiological evaluation revealed anatomical reduction in 54% of the patients, satisfactory in 43%, and unsatisfactory in 3% of the patients. Overall, there were 15 minor and major complications

(20) evaluated results in patients with acetabulum fractures with the modified Stoppa approach. Between September 2008 and August 2012, 289 patients with acetabular fractures were treated at our Level I trauma center. Radiographic grading of fracture reductions after surgery revealed that 27 (75%) were anatomic, six (17%) were satisfactory, and three (8%) were unsatisfactory. A total of 94% of the fractures united.

The Modified Merle d’Aubigné and Postel Method instrument is used by various authors in the pre- and postoperative clinical evaluation, since it is considered easily understandable and offers simple application.10-17 According to Gonçalves, the parameters established in the method modified by d’Aubigné and Postel are considered the most practical in the examination of the hip affected by disease. The associated record of pain, gait and mobility in the pre- and postoperative periods gauges the treatment results. It is emphasized that incomplete records induce errors in the final evaluation, as the result is dependent on the comparative study. The continuous use and the acquired experience of this instrument have increased satisfaction in its applicability in study protocols(21).

In the present study, 80% of the patients had excellent score according to Modified Merle d’Aubigné and Postel Method.

(22) investigated the effectiveness of modified Stoppa approach with medial wall spring plate (MWSP) for involving quadrilateral of acetabulum fracture. Between March 2008 and September 2013, 38 patients with involving quadrilateral of acetabulum fracture were treated. At 1 year after operation, the results were excellent in 9 cases, good in 21 cases, general in 5 cases, and poor in 3 cases, and the excellent and good rate was 78.95% according to the Merled' Aubigne and Postel hip score standards.

With regard to the incidence of perioperative complications in the present study, two patients developed DVT and two patients developed obturator nerve palsy.

In concordance with our findings, (23) reported 17 patients with a mean follow-up of 3.2 years. Ten patients were operated via surgical hip dislocation, two patients with a Stoppa approach, and five using a combined or alternative approach. Complications comprised one obturator nerve palsy in patients with Stoppa approach.

Overall, we can conclude that the advantage of Stoppa approach are:

· Relatively easy anatomical dissection in comparison to the ilioinguinal approach

· Offers the surgeon better visibility than the classic ilioinguinal approach of all anterior elements, especially the quadrilateral plate

· Direct control over the corona mortis

· Direct visualization and approach to the posterior column

· Enables fixation and medial buttressing of the quadrilateral plate with a reconstruction plate, placed directly and medially to the hip joint, this has not been previously described in the ilioinguinal approach
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