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Abstract. This retrospective study aimed to assess the 
outcome of a modified Stoppa approach using an anatomically 
precontoured plate for the treatment of acetabular fractures. In 
total, 30 patients (mean age 50.3 years; 25 men and 5 women) 
with acetabular fractures were treated between January 1, 2018 
and December 31, 2019. In all 30 cases, fracture reduction was 
performed through a modified Stoppa approach and fixed 
with the omega plate. In specific fracture patterns, additional 
approaches were needed (lateral window in 4 cases and poste-
rior Kocher‑Langenbeck approach in 7 cases). Patients were 
assessed for restoration of the hip joint congruency, compli-
cations, and overall fracture reduction. Quality of reduction 
was categorized based on Matta's radiological principles and 
to assess functional outcome the Merle d'Aubigné‑Postel and 
Harris hip score was used. The average anesthesia time was 
253.6 min, the mean intraoperative blood lost was 266.6 ml 
and the mean intraoperative fluoroscopy dose was 3.21 mGy. 
According to Matta criteria for reduction quality, anatomical 
reduction was recorded in 22 cases, imperfect reduction in 
6 cases and 2 cases had poor reduction. The average follow‑up 
was 22.5 months. Malunion, loss of reduction or implant loos-
ening were not recorded. Late complications included one case 
of avascular necrosis of the femoral head and post‑traumatic 
arthritis changes in 5 cases. At the final follow‑up, a mean 
Merle d'Aubigné‑Postel score of 13.26±4.46 and a mean 
Harris score of 86.03±13.37 were recorded. The possibility 

of an anatomically precontoured plate with subsequent lower 
operative time combined with stable fixation of the primary 
acetabular fracture fragments and the quadrilateral plate 
makes the omega plate a viable option for treating acetabular 
fractures with a very low complication rate and good to 
excellent results in 89% of the cases. 

Introduction

Acetabular fractures are intra‑articular fractures, in general 
due to high energy trauma, and are frequently associated 
with major organ injuries. Consequently, they remain a major 
challenge for the orthopedic surgeon. The gold standard for 
the treatment of displaced and unstable acetabular fractures 
is surgery. Only anatomic reduction with stable fixation 
and early rehabilitation lead to optimal results (1). Several 
approaches are available such as the Kocher‑Langenbeck 
(K‑L), iliofemoral, ilioinguinal, combined anterior and 
posterior approaches, extended iliofemoral, transtrochan-
teric, and triradiate approaches (2). Each of these approaches 
have their own advantages depending on the fracture pattern, 
but despite the improvements in operative treatment, the 
complication rate remains high leading to poor long‑term 
outcome (3,4). 

Since it was initially described by Letournel in 1961, the 
ilioinguinal approach has been the only intrapelvic approach 
employed (5). The limitation of the approach is that it offers 
a limited view to the quadrilateral plate, lack of direct visu-
alization of the acetabular surface and control in severely 
displaced posterior column fractures. In addition, a high 
rate of postoperative infection and iatrogenic injury to the 
ilio‑femoral vessels and femoral nerve is common (6‑9). 

Over the years, changes have been made to the ilioinguinal 
approach to reduce morbidity. In 1994, Cole and Bolhofner 
described the modified Stoppa approach as an alternative to 
the ilioinguinal approach as causing least tissue damage (10). 
The most important difference between the two approaches is 
that the modified Stoppa approach avoids the ‘middle window’, 
thereby having less incidence of damage to the ilio‑femoral 
vessels and femoral nerve. Additionally, it offers a good view 
of the quadrilateral plate and the medial aspect of the posterior 
column. However, it does not offer good exposure to the iliac 
wing, and for this reason, especially in high anterior column 
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fractures, additional lateral (iliac wing) window opening is 
necessary (11,12).

Usually, reduction and stabilization of the quadrilateral 
plate fragment is challenging. Different types of implants have 
been developed over time, and, among these, anatomical plates 
that stabilize both the primary fracture and quadrilateral plate 
fragment have become more popular.

In this study, we aimed to assess the outcome of a modified 
Stoppa approach using an anatomically precontoured plate in 
the treatment of acetabular fractures.

Patients and methods

Patient data. From January 1, 2018 to December 31, 2019, 61 
consecutive patients with acetabular fractures were treated 
at the Trauma Department of the University Hospital, Iasi, 
Romania. From these 30 patients, 25 were men (83.3%) and 
5 were women with a mean patient age of 50.36±14.47 years 
(range from 19 to 73 years). Inclusion criteria were patients 
>18 years of age, diagnosis of displaced acetabular fractures 
with involvement of the quadrilateral plate, and patients 
suitable for surgical treatment. Exclusion criteria were refusal 
to give informed consent, acetabular fracture which did not 
require reduction and fixation of the quadrilateral plate 
(anterior wall, posterior column and/or posterior wall frac-
tures). The 30 patients underwent open reduction and internal 
fixation (ORIF) of the acetabular fracture via the modified 
Stoppa approach. In these cases, final fixation of the fracture 
was performed using the omega plate (Medin, Nové Město na 
Moravě, Czech Republic).

At admission, plain X‑ray, antero‑posterior (AP) view of 
the pelvis and computed tomography (CT) scan were taken 
for all the patients in the emergency room to assess fracture 
patterns and for preoperative planning. Radiologic images 
were independently assessed for fracture classification and 
parameter measurements by two orthopedic specialists and 
one fellow orthopedic resident using RadiAnt DICOM Viewer 
(Medixant). 

Fracture patterns were assessed according to the Judet 
and Letournel classification (2). Femoral head subluxation 
and/or dislocation, intra‑articular free fragments, comminu-
tion and/or impaction of the acetabular surface, articular 
surface gap and/or step‑off were assessed in each case prior 
to surgery.

All of the surgical procedures were performed by the 
same senior surgeon. All the patients were carefully informed 
regarding the potential risks and benefits of the intervention, 
and their informed consent was obtained (13).

Informed consent was obtained from all the individual 
participants included in the study. The study was conducted 
according to the Helsinki Declaration and was approved by the 
Ethics Committee of the ‘Sf. Spiridon’ Emergency Hospital 
Iasi, Romania.

Preoperative planning. The omega plate was precontoured 
preoperatively according to the patient CT scan images. Based 
on the CT scan, the projection of the pelvic inlet (CTD) was 
traced as described by Taller et al. The inclination of the cut 
on sagittal plane was determined by a line which connects 
the ventral upper edge of the symphysis and sacrum, 10 mm 

below the promontorium (14). Then, on the coronal CT view, 
the line was moved caudally, symmetrically on both sides, 
to be centred in the cranial 1/4 of the femoral heads. In this 
manner we obtained, on the axial CT view, the full contour 
of the pelvic brim. The plate arch was determined according 
to the uninjured side. The plate centre should match the 
acetabular mid‑point, dorsal part of the plate should not cross 
the sacroiliac joint and the ventral part ends in the proximity 
of the pubic symphysis. Then the plate hitches were bent: The 
ventral ones at 80 ,̊ the compression ones at 75˚ and the dorsal 
ones 60˚ in men and 50˚ in women (14) (Fig. 1).

Surgical technique. The patients were positioned supine on the 
radiolucent operating table. Fracture reduction was assessed 
fluoroscopically with C‑arm. The lower abdomen and the 
entire lower limb were draped aseptically. A sandbag was 
placed under the knee to maintain the hip flex and to relax the 
iliopsoas muscle and the iliac neurovascular bundle. A midline 
incision of 12‑15 cm was performed proximal to the pubic 
symphysis. The abdominal fascia was exposed and the linea 
alba was identified. After the incision of the linea alba, the rectus 
abdominis muscle was divided, and the bladder underneath. 
On approaching the inside of the pelvis, blunt dissection of the 
Retzius space was performed, the pubic symphysis was identi-
fied, the dissection was continued, subperiosteally, at the level 
of the pubic ramus. Laterally, the corona mortis was identified 
and ligated. The subperiosteal dissection was performed along 
the pelvis brim to the sacro‑iliac joint. The obturator neuro-
vascular bundle was identified and protected. Extreme caution 
was taken when placing the Hohman retractor underneath the 
iliopsoas muscle to protect the external iliac artery and vein. 
After the fracture site exposure, the reduction was attempted, 
followed by the internal fixation with an omega plate. The 
pre‑contoured plate was applied just caudally of the arcuate 
line and temporally fixed anteriorly with a K‑wire inserted 
through the most ventral hitch into the pubis. Plate position 
and contouring were then checked, and if necessary, additional 
plate contouring or hitch bending were performed. The K‑wire 
was then replaced with a long symphyseal screw, and using a 
pelvic ball‑spike, and the plate was pressed against the quad-
rilateral plate. Additionally, with a second pelvic ball‑spike, 
pressing on the compression hitches, the bone was pressed 
above the arcuate line. In this manner, final realignment of the 
pelvic arch was obtained. Subsequently, a proximal screw was 
placed throughout a proximal hole. Additional screws were 
placed depending on the fracture pattern.

In cases where a modified Stoppa approach alone was 
insufficient for fracture open reduction and internal fixation 
(e.g., high anterior column fracture), an additional lateral 
window was performed along the iliac crest, and, in fractures 
in which the reduction could not be performed only with the 
anterior approach (e.g., associated posterior wall fracture), 
a second concurrently posterior Kocher‑Langenbeck (K‑L) 
approach was performed. 

After treatment and follow‑up. Only one dose of antibiotics 
(third generation cephalosporin) was used intraoperatively. 
Prophylaxis for thromboembolism was started during admis-
sion using low molecular weight heparin and continued for 
35 days postoperatively. Indomethacin was administered for 
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heterotopic ossification prevention for 2 weeks in patients 
with combined approaches. Drainage was removed 24‑48 h 
after surgery. Physical therapy was started the second day 
after surgery with early out‑of‑bed mobilization and active 
and passive range of motions (ROM). Weight bearing was not 
allowed for the first six weeks postoperatively, followed by 
rapidly progressive weight bearing to full weight bearing at 
10‑12 weeks.

Patients were assessed for restoration of the hip joint 
congruency, complications, and overall fracture reduction 
on plain X‑ray (AP, obturator and iliac views) and CT scans. 
Quality of reduction was categorized based on Matta's radio-
logical principles: Reduction was considered anatomical if all 
five anatomical lines were restored, all fracture gaps and/or 
steps had been removed and the femoral head was centered 
under the acetabular roof (1,15). 

Postoperative clinical and radiological assessment was 
performed at 6 weeks, 3, 6 and 12 months and after 12 months 
using Merle d'Aubigné‑Postel and Harris hip score and Matta 
Criteria (1,15‑17).

Statistical analysis. Data were analyzed using SPSS v18.0 soft-
ware (IBM Corp.). Descriptive statistics and frequency analysis 
were performed for all parameters. The following statistical 
tests were performed: Repeated measures ANOVA test post 
hoc Bonferroni correction, the unpaired Student's t‑test, χ2 test, 
and Pearson correlation. The significance level was set a priori 
at P<0.05. 

The inter‑observability was measured using Cohen's 
κ coefficient (k). We obtained a k=0.90 (almost perfect 
agreement) for fracture classification, and k=0.74 (substantial 
agreement) for other parameters measured. No intra‑observer 
reliability was performed.

Results

Demographic characteristics of the patients. The mean patient 
age was 50.36±14.47 years. Twenty‑five patients (83.3%) were 
men and 5 patients were women (male/female=5/1). Among 
the 30 acetabular fractures, the left side was fractured in 
18 cases (60%) (Table I). All acetabular fractures were due 

to high energy trauma: Falls from a height (50%) or car 
accidents (50%).

According to the Judet and Letournel (2) classification, 
six (20%) fractures were categorized as anterior column 
(AC), one (3.3%) as pure transverse (PT), seven (23.3%) as 
transverse + posterior wall (TPW), eight (26.7%) as anterior 
column + posterior hemitransverse (ACPhT) and eight (26.7%) 
as both column (BC). Additionally, 19 (63.3%) patients 
suffered other accompanying injuries, among these, most 
common were fracture in other areas (12 patients) and thorax 
injuries (11 patients).

All the associated femoral head dislocations were reduced 
in emergency, and the acetabular fractures were surgically 
treated on average 4.53 days after injury (range: 2‑10 days). 
In 19  (63.3%) patients the modified Stoppa approach 
alone offered enough exposure for ORIF. Among these 
19 patients, bilateral Stoppa approach was performed in one 
case. In 4 (13.3%) patients, additional opening of the lateral 
window was required, in high anterior column fractures, and 
7 (23.3%) patients required concomitant posterior approach 
(Kocher‑Langenbeck approach), i.e., those with posterior 
wall fracture association. The anesthesia time was on average 
253.6 min (range: 136‑465 min). The mean intraoperative 
blood lost was determined to be 266.6 ml (range: 130‑996 ml) 
and mean intraoperative blood transfusion was 1.1  units 
(range: 0‑3 units). The mean intraoperative fluoroscopy dose 
was 3.21 mGy (range: 1.01‑7.02 mGy).

Surgical technique. Intraoperatively, one patient had an 
obturator vein injury, while another patient had both obturator 
and external iliac vein injury. In both cases, the vascular lesions 
were repaired by the cardiovascular surgeon. Postoperatively, 
the two patients developed superficial wound infection which 
was successfully treated within 1‑2 weeks with debridement, 
antibiotic therapy and vacuum‑assisted closure (VAC). One 
patient developed lateral abdominal wall hernias at 6 months 
after surgery, associated with lateral window approach, which 
was repaired by the general surgeon. No obturator or lateral 
femoral cutaneous nerve palsy was recorded. 

Postoperatively, according to the Matta criteria for reduc-
tion quality, anatomical reduction in 22  cases, imperfect 

Figure 1. Example of the preoperative planning for the treatment of an acetabular fracture with an omega plate. (A) First the inclination of the cut for the 
projection of the pelvic inlet on the sagittal CT scan views was traced. (B) The second step was to center the plane in the cranial ¼ of the femoral head on the 
axial CT scan views. The heart shape of the pelvic inlet, particularly in males, on this image was observed; on the opposite end, the shape for the plate was 
traced. Precontoured omega plate according to the CT scan images [(C) medial view, (D) superior view]. 
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reduction in 6 cases and 2 cases with poor reduction was 
recorded (Fig. 2). 

Follow up. The average follow‑up was 22.5 months (range: 
13‑33  months). Malunion, loss of reduction or implant 
loosening were not recorded. Late complications included 
one case of avascular necrosis of the femoral head (6 months 
after surgery) and post‑traumatic arthritic changes in 5 cases 
(directed correlated with comminuted posterior wall fracture 
associated). Among these, 4 patients, which did not require 
previous plate removal, required total hip arthroplasty and 
they were not included in the follow‑up. 

Evaluating the hip joint function, in the remaining 
group (26 patients), a mean Merle d'Aubigné‑Postel score of 
13.26±4.46 and a mean Harris score of 86.03±13.37 were 
recorded. The clinical outcome was excellent in 17 (65.3%), 

good in 6 (23%), fair in 2 (7.7%) and poor in one (3.8%) 
patient. Radiological grading by Matta criteria was excellent 
in 19 (73%), good in 6 (23%) and fair in one (3.8%) patient.

Discussion 

Fixation of acetabular fractures which are associated with 
severely displaced quadrilateral plate and arcuate line involve-
ment are frequently challenging. Initially, stabilization of the 
quadrilateral plate fractures was based on anterior recon-
struction plates through ilioinguinal approach. Letournel, in 
1993 (18), first described the combination of anterior plate 
with screws into the posterior column with good effects, but 
he could not directly fix the quadrilateral plate fragment. 
Then, numerous techniques, based on the buttress effect of 
the plate were described: One‑third tubular plate, ‘T’ plate, 
‘L’ plate (19‑21).

With the introduction of the modified Stoppa approach, the 
use an infrapectineal plate to stabilize the quadrilateral plate 
become more frequent (22).

As the anatomically shaped plates became more and more 
popular in trauma surgery, they were also introduced in pelvic 
surgery. It is well known that in pelvic surgery the shape of the 
plate needs to be as close as possible as the anatomic shape 
of the bone to achieve good reduction and stabilization. For 
these reasons, there are two problems that need to be taken 
into consideration: Significant variation in the size and shape 
of the pelvic inlet and the use of titanium alloy that could not 
be shaped intraoperatively. Under these conditions the plate 
needs to be shaped for each individual patient. 

In the effort to use a single plate that offers good stability 
of both arcuate line fracture and quadrilateral plate, different 
type of plates were developed. One of these was the omega 
plate. The plate has a relatively large surface area of 20 cm² 
that stabilises the quadrilateral plate and the surrounding 
area around the arcuate line. In a short study of 15 patients, 
the authors concluded that the rigidity of the plate provides 
adequate support for the final reduction by compression 
and prevents further femoral head protrusion into the lesser 
pelvis area (23). In the present study, for 26 patients, the plate 
offered good fixation of different types of acetabular fractures 
associated with quadrilateral plate fracture and no implant 
loosening was observed, which may suggest good stability 
offered by the plate. The clinical and radiological results were 
similar to those reported by the developers. 

Modified Stoppa approach offered us direct visualisation 
of the quadrilateral plate and therefore easier reduction of 
the fracture. The possibility of precise and anatomical plate 
precontouring according to the individual preoperative CT 
scan has led to significant simplification of the reduction 
manoeuvres, and easier pelvic inlet reconstruction which 
finally led to decreased intraoperative irradiation dose, 
lower blood loss and shortening of the overall operative 
time. 

To simplify the pre‑contouring process of the plate, 
according to the developers, the manufacturer offers the 
possibility of precise plate contouring based on the patient 
CT examination (14). This helps during the surgery and is 
also helpful in the future with the possibility of receiving 
precontoured titanium plates.

Table I. Demographic characteristics of the patients.

Characteristics	 Data values

Mean age (years) 	 50.36±14.47
Sex (M/F)	 25/5
Side (L/R)	 18/12
Injury, n (%)
  RTA	 15 (50)
  Fall from height	 15 (50)
Fracture type, n (%)	
  Anterior column	 6 (20)
  Pure transverse	 1 (3.3)
  Transverse + posterior wall	 7 (23.3)
  Anterior column + posterior hemitransverse	 8 (26.7)
  Both columns	 8 (26.7)
Femoral head dislocation, n (%)	
  Posterior	 5 (16.6)
  Medial	 10 (33.3)
Femoral head surface, n (%)	
  Chondral lesion	 8 (26.6)
  Intra‑articular fragments	 8 (26.6)
  Fracture	 1 (3.3)
Acetabular surface, n (%)	
  Chondral lesion	 12 (40)
  Impacted fracture	 9 (30)
Associated injury, n (%)	
  Thorax	 11
  Abdomen	   6
  Genitourinary tract	   2
  Extremities	 12
Time from trauma to surgery (days)	 4.53±2.09
Operative time (min)	 253.6±96.4
Blood loss (ml)	 266.6±248.3
Blood transfusion (units)	 1.1±1.02
Intraoperative x‑ray dose (mGy)	 3.21±1.4

Values are expressed as mean  ±  SD, frequency and percentage (%). 
RTA, road traffic accident; min, minutes; ml, milliliters; mGy, milliGray.
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One of the strengths of the present study is that the surgery 
was performed by the same surgeon and the limitation results 
from the relatively small number of cases and few studies 
reported in the literature for comparison.

The omega plate has a number of characteristics that enables 
primary stability and fixation of the primary acetabular fracture 
fragments and the quadrilateral plate, possibility of a preoperative 
anatomically shaped plate, highly resistant to secondary loss of 
reduction combined with a single anterior, and modified Stoppa 
approach. Thus, the omega plate represents a viable option for 

treating acetabular fractures with a very low complication rate 
and good to excellent results in 89% of the cases. 
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Figure 2. Example of anterior column + posterior hemitransverse acetabular fracture (56‑year‑old man). (A and B) Preoperative 3D CT scan. (C) Axial CT 
scan view center over the cranial ¼ of the femoral head for preoperative plate contouring. Postoperative X‑rays [(D) antero‑posterior, (E) iliac oblique and 
(F) obturator oblique views] ‑ internal fixation with omega plate throughout modified Stoppa approach and additional fixation with a reconstruction plate 
and a screw for the iliac wing (high anterior column) throughout the lateral window. Postoperative CT scan [(G) axial, (H) sagittal and (I) pelvic inlet views] 
‑ articular congruence with anatomical reduction of the acetabular surface (Matta 1), realignment of the pelvic arch. Postoperative CT scan after 14 months 
[(J) axial, (K) sagittal and (L) pelvic inlet views)].
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