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Purpose: The aim of this study was to determine which factors contribute to the sur-

gical treatment outcomes of acetabular fractures. Simultaneously, we aim to report on 

the treatment results after our hospital was designated as the focused training center for 

trauma.

methods: We conducted a retrospective review of all patients who experienced acetab-

ular fractures from January 1, 2014 to May 1, 2017 and visited our hospital. Patients who 

had associated pelvic ring fractures or were lost to the one-year follow-up were excluded; 

a total of 37 fractures were evaluated. We evaluated the clinical results using the scoring 

system of Merle d’Aubigné (MDA) and grade of Brooker for heterotopic ossification.

results: Thirty-seven patients (31 men and 6 women) were identified. The mean inju-

ry severity score (ISS) was 8.7, with 32.4% of patients having a score >15. The average 

blood transfusion in the first 24 hours was 0.54 pints. Falling was the most common in-

jury mechanism (32.4%). Chest injury was the most common associated injury (16.2%), 

followed by head injury (13.5%). The posterior wall and both column fracture were the 

most common (37.8%) fracture patterns. Excellent and good clinical grades of MDA in-

cluded 28 patients (75.6%) and fair and poor grades included nine (24.3%), respectively. 

Four patients were diagnosed with a post-operative infection (10.8%); one out of four 

patients who had co-morbidity died (2.7%), and another patient underwent a replace-

ment surgery (2.7%). Multivariate analysis showed that age and operation time were 

associated with MDA. In addition, operation time and ISS were significant co-factors of 

the Brooker grade.

Conclusions: Korea University Guro Hospital showed similar treatment results of ac-

etabular fractures compared to other publications. The age and operation time were 

co-factors of the clinical outcome of this fracture. Additionally, increased operation 

time and injury severity score were suggested to increase the Brooker grade.

Keywords: Fractures, Acetabulum; Associated injuries; Injury severity score; Risk factors
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INTRODUCTION

Management of acetabular fractures is challenging for 

surgeons because they are uncommon and have complex 

anatomy [1-3]. Moreover, this injury is usually caused 

by high-energy trauma, so there is a high risk of multi-

ple associated injuries. Associated injuries are the major 

factor of the mortality in pelvic and acetabular fractures 

[4]. However, the mortality of acetabular fractures is sig-

nificantly lower than that of pelvic ring injuries, making 

it difficult to study the relationship between the mortality 

and associated injuries in acetabular fracture [2]. On the 

other hand, factors related to the functional outcome are 

well established. Many authors reported that the quality 

of reduction and the fracture type are the main factors for 

the functional outcome of this fracture [5,6]. Most of these 

studies have focused on the fracture itself or the surgical 

technique. We reasoned that associated injuries of this 

fracture could be related with functional outcomes; there-

fore, is worth investigating the predictability of associated 

injuries for the functional outcome from a multi-disci-

plinary perspective. In this study, we reviewed our 3-year 

history of acetabular fractures, since Korea University 

Guro Hospital was designated as the focused training cen-

ter for trauma and analyzed factors that can influence the 

short-term results of this fracture.

METHODS

The study was conducted at Korea University Guro 

Hospital, which had the focused training center of trau-

ma (FTCT). The approval of institution’s ethical review 

board was obtained prior to initiation of the study. We 

retrospectively reviewed 47 patients who were diagnosed 

with acetabular fractures from January 1, 2014 (beginning 

of the FTCT) to May 1, 2017 for 1-year mortality. The 

approach that was used depended on the fracture pat-

tern. Patients who had associated pelvic ring injury [7], 

periprosthetic fracture [1] and those lost to follow-up [2] 

were excluded and a total of 37 patients were enrolled in 

our study.

The data collected for each patient included: demo-

graphics, injury severity score (ISS), mechanism of injury, 

acetabular fracture type, presence of associated injury, 

number of packed red blood cell (pRBC) transfusion, 

intensive care unit care, operation time, intraoperative 

blood loss, clinical outcomes, and mortality. The blood 

transfusion status was checked pre-, intra-, and post-op-

eratively. The Judet and Letournel acetabular fracture 

classification was used. The presence of associated injuries 

was determined by reviewing emergency charts and the 

admission notes of each department. Open reduction and 

internal fixation were performed by two surgeons (J.K.O 

and J.W.C), who have more than 2 years of experience in 

the treatment of this fracture. Modified Stoppa approach 

with lateral window of the ilioinguinal approach and the 

Kocher-Langenbeck approach were used depending on 

the fracture patterns. We used reconstruction plates and 

screws to obtain stable fixation. Evaluation of the quality 

of the reduction was not recorded in this study because 

the correlation with poor clinical outcomes was already 

well-described and the aim of the present study is to iden-

tify the influence of associated injuries [5].

Evaluation of clinical outcomes
We evaluated patient function, post-operative develop-

ment of arthritis, and complications. The clinical infor-

mation of the most recent follow-up visit was used. A 

modified Merle d’Aubigné (MDA) and Postel clinical 

grading scale was utilized for functional outcome. The 

presence of post-operative arthritic changes was evaluated 

radiologically.

Postoperative infection, neurologic sequelae, osteone-

crosis of the femoral head, and heterotopic ossification 

were documented as complications. Postoperative infec-

tion was divided into two groups: superficial and deep 

surgical site infection according to the Centers for Disease 

Control and Prevention/National Healthcare Safety Net-

work (CDC/NHSN) [7]. While a superficial infection only 

involves the skin area, a deep infection involves not only 

the skin, but also the muscles and surrounding tissues. 

Neurologic sequelae was diagnosed by electromyogram. 

The osteonecrosis of the femoral head was confirmed by 

radiograph, magnetic resonance imaging, or bone scan 

if needed clinically. For the radiological assessment of 

the development of heterotopic ossification, the Brooker 

grade was used.
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Statistical analysis
All descriptive results were presented as the mean±stan-

dard deviation. Categorical data were analyzed with Fish-

er's exact test. These factors included ICU care within the 

patient's first 24 hours, presence of a head, chest, intra-ab-

dominal, extremity, or urogenital injury, and femoral 

head fracture. The dependent variables consisted of post-

operative infection, neurological sequelae, osteonecrosis 

of the femoral head, and heterotopic ossification. Other 

numerical data that could be used for multiple logistic 

regression analysis were accounted for simultaneously. 

These factors included patient age, ISS, number of pRBC 

transfusion, operation time, and intraoperative blood loss. 

The dependent variables were MDA and Brooker grade. 

Statistical analysis was performed using SPSS software 

version 20.0 (SPSS Inc., Chicago, IL, USA). A p-value of 

less than 0.05 was considered significant.

RESULTS

Demographic information and trauma scoring is listed 

in Table 1. Mean ISS (range) was 8.70 (2-33) and 5 pa-

tients (13.2%) had results >15 points. The average blood 

transfusion in the first 24 hours was 0.54±1.74 pints. Fall-

ing was the most common injury mechanism (32.4%), 

followed by motor vehicle collision (27.0%). These two 

mechanisms accounted for 59.4% of the total (Table 2). 

Chest injury was the most common associated injury 

(16.2%), followed by head injury (13.5%) and intra-ab-

dominal injury (10.8%) (Table 3). Fracture classifications 

according to Letournel [8] are shown in Table 4. The 

posterior wall and both column fractures were the most 

common (37.8%).

Clinical results
Clinical grades of MDA were: excellent (10; 27%), good 

(18, 48.6%), fair (4; 10.8%), and poor (5; 13.5%). There 

Table 1. Demographic data and trauma scoring

Value

Age (years) 46.86±15.1924 (18-79)

Sex

Male 31 (83.8)

Female 6 (16.2)

ISS 8.70±6.87 (2-33)

pRBCs (within 24 hours) 0.54±1.74 (0-8)

Values are presented as mean±standard deviation (range) or number (%).
ISS: injury severity score, pRBCs: packed red blood cells.

Table 4. Type of acetabular fractures according to the Ju-
det-Letournel classification

Type Value

Elementary 18 (48.6)

Posterior wall 14 (37.8)

Posterior column - (0)

Anterior wall - (0)

Anterior column 3 (8.1)

Transverse 1 (2.7)

Associated 19 (51.4)

Posterior column+posterior wall 2 (5.4)

Transverse+posterior wall 3 (8.1)

T-shaped - (0)

Anterior column+posterior hemitransverse - (0)

Both column 14 (37.8)

Values are presented as number (%).

Table 2. Mechanism of injury

Mechanism Value

Fall 12 (32.4)

Motor vehicle collision 10 (27.0)

Motorcycle collision injury 7 (18.9)

Slip 4 (10.8)

Heavy equipment accident 2 (5.4)

Pedestrian-struck by vehicle 1 (2.7)

Bicycle injury 1 (2.7)

Values are presented as number (%).

Table 3. Associated injuries

Value

Head 5 (13.5)

Chest 6 (16.2)

Intra-abdominal 4 (10.8)

Urogenital 2 (5.4)

Extremities 15 (40.5)

Values are presented as number (%).
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were four patients (10.8%) who were diagnosed with 

post-operative infections; three had a deep infection and 

one had a superficial infection. One patient with a deep 

infection had a co-morbidity of diabetes and chronic renal 

disease and finally died 15 months postoperatively (2.7%). 

The other patient underwent a total hip replacement 

(2.7%) due to postoperative infection 6 months after 

surgery. The remaining patient with a deep infection pre-

sented an improved condition after surgical debridement. 

The patient with a superficial infection also improved by 

receiving medication without surgical management. Two 

patients had neurologic sequelae diagnosed by electromy-

ography (5.4%). Three patients developed osteonecrosis 

of the femoral head after the injury but did not require 

further surgery (8.1%). The amount of heterotopic ossifi-

cation was scored using the method described by Brooker 

et al. [9]. The results were: grade 0 (26; 70.3%), grade I (7; 

18.9%), grade II (2; 5.4%), grade III (2; 5.4%), grade IV (0).

Associated injuries and their outcomes are listed in Ta-

ble 5. Complications were categorized in four areas; post-

operative infection, neurological sequelae, osteonecrosis 

of the femoral head, and heterotopic ossification. Early 

ICU care (first 24 hours) was significantly related with 

heterotopic ossification (p=0.025). Only intra-abdominal 

injury was significantly related with osteonecrosis of the 

femoral head (p=0.029; odds ratio [OR], 30.00). Other-

wise, there was no significant relationship with the out-

comes. Femoral head fracture associated with acetabular 

fracture was significantly related with osteonecrosis of the 

femoral head (p=0.029; OR, 30.00).

Risk factors for functional outcomes (MDA)
The model of the combination of age and operation time 

showed the best correlation with clinical results of the pa-

Table 5. The association between the associated injury and the outcome

Associated injury Postoperative infection Neurological sequelae Osteonecrosis of femoral head Heterotopic ossification

ICU care (first 24 hours)

p-value 0.166 1.000 0.242 0.025a

OR 15.500 7.500

Head

p-value 1.000 1.000 1.000 0.640

OR 1.556

Chest

p-value 0.269 1.000 0.380 0.297

OR 7.250 3.500 4.125

Intra-abdominal

p-value 1.000 1.000 0.029a 0.575

OR 30.000 2.444

Urogenital

p-value 1.000 1.000 1.000 1.000

OR

Extremities

p-value 0.519 1.000 0.306 0.258

OR 1.750 3.818 2.914

Femoral head fracture

p-value 1.000 1.000 0.029a 1.000

OR 30.000 0.700

ICU: intensive care unit, OR: odds ratio.
aStatistically significant.
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tient (Table 6).

Risk factors for heterotopic ossification (Brooker grade)
The final multiple regression model has included opera-

tion time and ISS (Table 6).

DISCUSSION

Management of pelvic and acetabular fractures is one 

of the most challenging clinical problems for trauma 

surgeons. The overall mortality of these fractures rang-

es from 10-20%, according to a previous report [1-3]. 

However, acetabular fractures have different natures, like 

pelvic ring fractures, especially in terms of mortality. The 

approximate mortality of acetabular fractures is reported 

to be around 1% [3,10]. Therefore, studies on acetabular 

fractures have focused on factors of surgical treatment 

regarding functional outcome and complications [11-13]. 

Known factors associated with outcomes and complica-

tions include quality of reduction, age, fracture type, dam-

age to the femoral head, associated injury, comorbidity, 

timing of surgery, and surgical approach [5]. Especially, 

quality of the reduction is a crucial factor [5,8,14]. If ana-

tomical reduction is achieved, an excellent or good func-

tional outcome can be estimated in 83-89% of patients 

[5]. However, this injury requires a multi-disciplinary ap-

proach, and we concentrated on other factors that may be 

of interest in non-orthopedic departments and reported 

our treatment results of this injury as the focused training 

center for trauma.

The mean age of the patients was 47.18 (±15.11) years, 

which was slightly higher than that of the previous me-

ta-analysis by Giannoudis et al. [5], and the high propor-

tion of men was similar. The most common injury mech-

anism was falling in our study; this result was different 

from other reports where road traffic accidents were the 

major mechanism in 80.5% of patients [5]. Mean ISS was 

8.58 (±6.82) points and this was about 50% lower than 

in other reports [5,15-18], as we excluded patients with 

associated pelvic ring injuries. Fractures in the posterior 

wall and both columns were the most frequently observed 

in our study, which is in close agreement with studies by 

numerous authors [5,11-14,18-21]. Only one patient died 

because of sepsis and one patient had a co-morbidity of 

diabetes and chronic renal disease. A mortality rate of 2.6% 

was similar to the data of other studies, which was near 3% 

[5]. In total, 24.3% were evaluated with a fair and poor 

grade of MDA, which was similar to other meta-analysis 

results (20.6%) [5].

Fractures of the extremities was the most common 

associated injury followed by chest injury and head in-

jury. This was similar to the report of other publications 

[20,22-24]. Most associated injuries were not associated 

with the outcome, and only intra-abdominal injuries were 

significantly associated with osteonecrosis of the femoral 

head. However, the clinical relevance of the abdominal 

injury and necrosis of the femoral head is poor due to the 

lack of site-to-region associations and lack of reports of 

related studies that have similar conclusions.

ICU care within the first 24 hours had shown statistical 

correlation with heterotopic ossification in our study. 

We postulate that associated injuries that required ICU 

care may have a relationship with heterotopic ossifica-

tion. Ghalambor et al. [25] reported that the presence of 

associated injuries to the abdomen and chest were found 

Table 6. Multiple regression analysis

Model R2 DW B p-value VIF

MDA Constant 23.454 0.000

Age 0.202 Age -0.101 0.000 1.081

Age, operation time 0.391 1.889 Operation time -0.010 0.003 1.081

Brooker grade Constant -1.142 0.001

Operation time 0.402 Operation time 0.005 0.000 1.001

Operation time, ISS 0.496 2.104 ISS 0.038 0.020 1.001

DW: Durbin-Watson, VIF: variance inflation factor, MDA: Merle d’Aubigne and Postel, ISS: injury severity score.
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to highly correlate with grade I ectopic bone formation. 

Damage to the abdomen and chest may lead to an unsta-

ble vital sign that requires ICU care. Thus, these results 

are in close agreement with our result.

Avascular necrosis of the femoral head (AVN) is a late 

complication of this injury, and it requires additional 

replacement arthroplasty, that is, long-term failure of 

fixation. Thus, it is crucial to evaluate factors related to 

this. An overall incidence of 5.6% was reported in anoth-

er meta-analysis [5]. In our study, the incidence of AVN 

was 8.1%, which is slightly higher. Multiple factors were 

related to these complications: posterior fracture disloca-

tion at the time of injury, the time interval between dis-

location of the hip, and reduction and delayed operative 

treatment. These factors were not evaluated in this study. 

However, we found a strong correlation between fracture 

of the femoral head itself and AVN. This result is in close 

agreement with those of numerous authors [5,26].

MDA is one of the most commonly used clinical scor-

ing systems for the evaluation of functional results of this 

injury [5]. Many studies have investigated the associa-

tion of MDA with this type of fracture and the quality 

of reduction [5,27-29]. In these papers, simple fractures 

showed a good functional outcome for associate fracture 

patterns and poor functional outcomes when reduction 

was unsatisfactory. We estimated the linear relationship 

between MDA and other numerical data as factors using a 

multiple regression analysis. It appears that the combina-

tion of age and operation time negatively correlated with 

MDA. ISS, intraoperative blood loss, and pints of pRBCs 

were not correlated with MDA. Results of present studies 

correspond with the results of Murphy et al. [14], which 

reported that both increasing age and associated fracture 

type had a strong association with poor outcomes. More-

over, the more complex of the fracture, the longer an op-

eration may take.

The Brooker classification was used to classify hetero-

topic ossification. The Brooker grade of heterotopic ossifi-

cation is associated with clinical outcome. The higher the 

grade, the higher the degree of heterotopic ossification, 

which has been reported to be associated with poor clin-

ical outcomes [9,25,30]. In our analysis, both operation 

time and ISS are associated with this grade. This result 

is in close agreement with those of previous studies. Ac-

cording to a study by Ghalambor et al. [25], grade I ecto-

pic bone formation shows a significant correlation with 

associated injuries to the abdomen and the chest. They 

also reported that the extended approach, the presence of 

multiple perifracture operative findings, and T-type frac-

tures were correlated with grade I heterotopic ossification. 

An ISS of ≥16 (p=0.02; OR, 2.2) was also reported as a 

risk factor for heterotopic ossification in high-energy war-

time extremity wounds in the study by Forsberg et al [31]. 

These results indicate that if a patient with an acetabular 

injury, high ISS, and complex fracture pattern may have 

a poor clinical outcome, especially considering range of 

motion limitations, which have a close relationship with 

heterotopic ossification. 

This study has important limitations; however, most 

come from its small number of patients and retrospective 

design. Relating statistical significance data with the clin-

ical outcomes is difficult in the study of pelvic and ace-

tabular fractures, as already mentioned by Matta [32]. He 

stated that authors should not wrongly include patients 

with inadequate data. Therefore, we tried to enforce strict 

enrollment policies. Patients who did report with the 1 

year of follow-up, or those with missing data, were ex-

cluded. In addition, there were seven patients who experi-

enced pelvic ring fractures associated with acetabular frac-

tures who were excluded, since this can be a considerable 

confounding factor. Another limitation of this study was 

that surgical factors such as quality of reduction, timing of 

surgery, and surgical approach were not included. These 

well-known factors should be considered, which may lead 

to more careful conclusions. This should be complement-

ed by subsequent studies.

CONCLUSION

Fractures of acetabulum are complex and often have 

multiple associated injuries. Despite the high incidence 

of associated injuries, the clinical outcomes were not sig-

nificantly affected. The increase in age and operation time 

was a co-factor that negatively affected the clinical out-

come of this fracture treatment. In addition, the increased 

operation time and injury severity score were suggested to 

increase the Brooker grade, which indicates heterotopic 
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ossification after surgical management of this fracture.
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