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Purpose: Open pelvic bone fractures are relatively rare and are considered more severe than closed 
fractures. This study aimed to compare the clinical outcomes of open and closed severe pelvic bone 
fractures. 
Methods: Patients with severe pelvic bone fractures (pelvic Abbreviated Injury Scale score, ≥4) ad-
mitted at a single level I trauma center between 2016 and 2020 were retrospectively analyzed. Pa-
tients aged <16 years and those with incomplete medical records were excluded from the study. The 
patients were divided into open and closed fracture groups, and their demographics, treatment, and 
clinical outcomes were compared before and after 1:2 propensity score matching. 
Results: Of the 321 patients, 24 were in the open fracture group and 297 were in the closed fracture 
group. The open fracture group had more infections (37.5% vs. 5.7%, P<0.001) and longer stays in 
the intensive care unit (median 11 days, interquartile range [IQR] 6–30 days vs. median 5 days, IQR 
2–13 days; P=0.005), but mortality did not show a statistically significant difference (20.8% vs. 
15.5%, P=0.559) before matching. After 1:2 propensity score matching, the infection rate was signifi-
cantly higher in the open fracture group (37.5% vs. 6.3%, P=0.002), whereas the length of intensive 
care unit stay (median 11 days, IQR 6–30 days vs. median 8 days, IQR 4–19 days; P=0.312) and mor-
tality (20.8% vs. 27.1%, P=0.564) were not significantly different. 
Conclusions: The open pelvic fracture group had more infections than the closed pelvic fracture 
group, but mortality was not significantly different. Aggressive treatment of pelvic bone fractures is 
important regardless of the fracture type, and efforts to reduce infection are important in open pel-
vic bone fractures. 
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INTRODUCTION  

Background 
Severe pelvic fractures pose a high risk of mortality and morbidi-

ty, necessitating rapid treatment with a multidisciplinary ap-
proach for effective management [1–3]. While the mortality rate 
associated with pelvic fractures has improved following the es-
tablishment of trauma centers, it remains high, exceeding 40% in 
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cases of closed pelvic bone fractures accompanied by shock [4]. 
Open pelvic bone fractures are uncommon, accounting for 2% 

to 5% of all pelvic bone fractures [5–7]. Open pelvic bone frac-
tures usually involve soft tissue disruption and internal organ 
damage; hence, they are susceptible to infection. Consequently, 
open pelvic bone fractures generally have poor outcomes, with a 
mortality rate that can range widely, from 6% to 58% [7–9]. This 
rate is notably higher than the mortality of all pelvic bone frac-
tures, which ranges from 5% to 10% [10–12]. However, the inclu-
sion and exclusion criteria are heterogeneous among studies, and 
severe pelvic bone fractures with shock also have a high mortality 
rate of approximately 32% to 46% [4,11,13]. The mortality rate of 
severe pelvic bone fractures is similar to that of open pelvic frac-
tures, and it remains unclear whether an open pelvic fracture is 
an independent risk factor for mortality. 

Objectives 
Due to the relative rarity of open pelvic bone fractures and the 
wide-ranging mortality rates reported in the literature, further re-
search is required into whether the fractures type (open or 
closed) is related to mortality. The aim of this study was to com-
pare the outcomes of open and closed pelvic bone fractures after 
adjusting for injury severity. 

METHODS 

Ethics statement 
This study was approved by the Institutional Review Board of 
Ajou University Hospital (No. AJIRB-MED-MDB-21-683). The 
need for informed consent was waived due to the retrospective 
nature of the study. 

Study design and patients 
Ajou University Hospital (Suwon, Korea) operates a level I re-
gional trauma center, with > 2,500 trauma patients admitted an-
nually. For this study, patients with severe pelvic bone fractures 
admitted to the center between January 2016 to December 2020 
were included. During the study period, a multidisciplinary ap-
proach was adopted at our center. 

Patients with severe pelvic bone fractures (Abbreviated Injury 
Scale [AIS] score updated 2008, ≥ 4) were included in the study. 
The exclusion criteria comprised patients under 16 years of age 
and those for whom a precise Injury Severity Score (ISS) could 
not be calculated, such as those who were declared dead on arriv-
al or died in the emergency room without a definite diagnosis. 
The patients were divided into open and closed fracture groups, 

and their clinical data, treatment procedures, and outcomes were 
compared. Since open fractures are rare, 1:2 propensity score 
matching was used to adjust for the severity of injury, and com-
parisons were made after matching (Fig. 1). 

The primary outcome was the mortality rate for open and 
closed fractures. The secondary outcomes were the infection rate, 
length of stay in the intensive care unit, and duration of hospital 
stay. The operational definition for infection was “sepsis” or 
“wound infection or surgical site infection” directly related to the 
fracture; however, superficial infections were not counted.  

Treatment  
Treatment for fractures included, angiography, preperitoneal 
packing (PPP), or resuscitative endovascular balloon occlusion of 
the aorta (REBOA) regardless of the fracture type; however, in 
open fractures additional prophylactic antibiotics (usually 
first-generation cephalosporin if there was no gastrointestinal or-
gan injury) were administered in the trauma bay. Large open 
wounds were usually managed using negative pressure wound 
therapy [14]. 

Statistical analysis 
After assessing the data for normality using the Kolmogor-
ov-Smirnov test, continuous variables were compared between 
the two groups using the Mann-Whitney U-test, and the data 
were presented as medians with interquartile ranges (IQRs). Cat-
egorical variables were compared between the two groups using 
the chi-square test or the Fisher exact test. Propensity scores were 
estimated using age, initial and lowest systolic blood pressure, 
initial heart rate, ISS, lactate level, and pelvic AIS score, which 
were selected as variables for propensity score matching. After 
matching, the Mann-Whitney U-test, chi-square test, or Fisher 

343 Pelvic bone fractures 
(Abbreviated Injury Scale ≥4)

22 Excluded
 13 Incomplete records

 9 Age ≤16 yr

24 Open fractures

24 Open fractures

297 Closed fractures

48 Closed fractures

1:2 Propensity score 
matching

321 Included

Fig. 1. Flowchart of the study.
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exact test was used. All analyses were performed using IBM SPSS 
ver. 23.0 (IBM Corp). 

RESULTS 

Of the 343 patients selected for the study, 321 patients were in-
cluded in the final analysis. In total, 297 cases involved closed 
fractures and 24 involved open fractures. The open fractures had 
significantly higher lactate levels (7.13 mmol/L [IQR, 5.09–10.33 
mmol/L] vs. 3.85 mmol/l [IQR, 2.46–6.62 mmol/L], P < 0.001) 
and proportion of AIS score 5 fractures (75.0% vs. 50.8%, 
P<0.001). The lowest systolic blood pressure in the trauma bay 
was also significantly lower in the open fracture group (60 mmHg 
[IQR, 48–79 mmHg] vs. 86 mmHg [IQR, 63–106 mmHg], 

P=0.001) (Table 1). This group had more transfusions and more 
frequently underwent aggressive treatment methods (angiogra-
phy, PPP, and laparotomy); however, the mortality rate was not 
significantly different (20.8% vs. 15.5%, P=0.559) (Table 2). 

After 1:2 propensity score matching, 24 open fracture patients 
were compared with 48 patients in the closed fracture group. Af-
ter matching, patients’ characteristics and treatment methods 
were not significantly different between the two groups (Table 3). 

After matching, no significant differences were seen in mortal-
ity (20.8% vs. 27.1%, P = 0.564), length of stay in the intensive 
care unit (11 days [IQR, 6–30 days] vs. 8 days [IQR, 4–19 days], 
P = 0.312), and duration of hospital stay (49 days [IQR, 20–73 
days] vs. 28 days [IQR, 15–58 days], P= 0.127). However, the in-
fection rate was significantly higher in the open fracture group 

Table 1. Patients’ characteristics before 1:2 propensity matching (n=321) 

Characteristic Closed fracture (n=297) Open fracture (n=24) P-value
Age (yr) 51 (37–63) 44 (26–61) 0.140
Sex 0.215
  Male 198 (66.7) 13 (54.2)
  Female 99 (33.3) 11 (45.8)
Admission route 0.031
  Direct 155 (52.2) 18 (75.0)
  Transfer 142 (47.8) 6 (25.0)
Initial vital sign
  Systolic BP (mmHg) 118 (96–140)a) 110 (75–130) 0.032
  Diastolic BP (mmHg) 79 (62–95)a) 78 (53–107) 0.915
  Heart rate (beats/min) 97 (82–114)b) 107 (94–128) 0.009
  Respiratory rate (breaths/min) 22 (18–25)b) 24 (20–28) 0.466
  Glasgow Coma Scale 15 (13–15)c) 14 (9–15) 0.069
Lowest systolic BP (mmHg) 86 (63–106)d) 60 (48–79) >0.999
Laboratory data
  Lactate (mmol/L) 3.85 (2.46–6.62)e) 7.13 (5.09–10.33) <0.001
  Hemoglobin (g/L) 11.7 (10.1–13.1)b) 11.9 (10.1–13.1) 0.955
  International normalized ratio 1.24 (1.10–1.40)f) 1.36 (1.16–1.65) 0.055
Injury Severity Score 36 (29–43) 42 (26–50) 0.302
Abbreviated Injury Scale
  Head ≥3 77 (25.9) 4 (16.7) 0.315
  Thorax ≥3 184 (62.0) 15 (62.5) >0.999
  Abdomen ≥3 102 (34.3) 14 (58.3) 0.019
  Extremity (pelvis)
    4 146 (49.2) 6 (25.0) 0.023
    5 151 (50.8) 18 (75.0) <0.001
Amount transfusion in 24 hr
  Packed red blood cell (U) 5 (1–13) 20 (12–31) <0.001
  Fresh frozen plasma (U) 4 (0–14) 19 (11–30) <0.001
  Platelet (U) 0 (0–8) 9 (2–16) <0.001
Values are presented as median (interquartile range) or number (%).
BP, blood pressure.
a)267 Closed fractures. b)289 Closed fractures. c)264 Closed fractures. d)295 Closed fractures. e)291 Closed fractures. f)286 Closed fractures.
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Table 2. Patients’ treatment and outcomes before 1:2 propensity matching (n=321) 

Variable Closed fracture (n=297) Open fracture (n=24) P-value
Treatment
  Preperitoneal packing 62 (20.9) 14 (58.3) <0.001
  Angiography 102 (34.3) 13 (54.2) 0.051
  Laparotomy 48 (16.2) 11 (45.8) 0.001
  External fixation 13 (4.4) 6 (25.0) 0.001
  Internal fixation 107 (36.0) 8 (33.3) 0.791
  Pelvic binder 134 (45.1) 16 (66.7) 0.042
Outcome
  ICU LOS (day) 5 (2–13) 11 (6–30) 0.005
  Hospital LOS (day) 22 (14–38) 49 (20–73) 0.003
  Ventilator use (day) 1 (0–6) 6 (2–23) <0.001
  Mortality 46 (15.5) 5 (20.8) 0.559
  Infection rate (%) 15 (5.1) 9 (37.5) <0.001
  Wound infection 11 (3.7) 9 (37.5) <0.001
  Sepsis 8 (2.7) 6 (25.0) <0.001
Values are presented as number (%) or median (interquartile range).
ICU, intensive care unit; LOS, length of stay.

Table 3. Patients’ characteristics after 1:2 propensity matching (n=72) 

Characteristic Closed fracture (n=48) Open fracture (n=24) P-value
Age (yr) 46 (35–58) 44 (26–61) 0.671
Sex 0.028
  Male 38 (79.2) 13 (54.2)
  Female 10 (20.8) 11 (45.8)
Admission route 0.850
  Direct 35 (72.9) 18 (75.0)
  Transfer 13 (27.1) 6 (25.0)
Initial vital signs
  Systolic BP (mmHg) 93 (74–112) 110 (75–130) 0.427
  Diastolic BP (mmHg) 59 (45–82) 78 (53–107) 0.068
  Heart rate (beats/min) 118 (108–137) 107 (94–128) 0.122
  Respiratory rate (breaths/min) 25 (21–28) 24 (20–28) 0.350
  Glasgow Coma Scale 10 (7–14) 14 (9–15) 0.093
Lowest systolic BP (mmHg) 59 (47–66) 60 (48–79) 0.269
Laboratory data
  Lactate (mmol/L) 8.55 (6.39–10.91) 7.13 (5.09–10.33) 0.128
  Hemoglobin (g/L) 10.9 (10.0–12.9) 11.9 (10.1–13.1) 0.667
  International normalized ratio 1.40 (1.22–1.71) 1.34 (1.16–1.65) 0.612
Injury Severity Score 43 (34–50) 42 (26–50) 0.396
Abbreviated Injury Scale 
  Head ≥3 9 (18.8) 4 (16.7) >0.999
  Thorax ≥3 33 (68.8) 15 (62.5) 0.596
  Abdomen ≥3 22 (45.8) 14 (58.3) 0.317
  Extremity (pelvis) 0.197
    4 6 (12.5) 6 (25.0)
    5 42 (87.5) 18 (75.0)
Amount transfusion in 24 hr
  Packed red blood cell (U) 15 (11–27) 20 (12–31) 0.451
  Fresh frozen plasma (U) 16 (11–26) 19 (11–30) 0.436
  Platelet (U) 8 (1–12) 9 (2–16) 0.270
Values are presented as number (%) or median (interquartile range).
BP, blood pressure.
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(37.5% vs. 6.3%; P= 0.002) (Table 4). 

DISCUSSION 

In this study, open pelvic fractures were associated with a higher 
infection rate, although the mortality rate did not show a statisti-
cally different difference after propensity matching. Open pelvic 
fractures tend to be more lethal than closed fractures. The aver-
age mortality rate for generalized pelvic bone fractures is 10% 
[12]. However, Dente et al. [8] reported a significantly higher 
mortality rate of 45% for open pelvic fractures, with an average 
ISS of 30. Another comparative study [15] also reported a 50% 
mortality rate in open pelvic fractures compared to 10.5% in 
closed fractures. Despite advancements in treatment methods 
that have improved survival rates, open pelvic bone fractures still 
have a high mortality rate. A review of studies conducted be-
tween 2005 and 2019 [9] revealed that the average mortality rate 
for open fractures was 23.7%. Open pelvic fractures are typically 
the result of a substantial force, such as a severe automobile acci-
dent or a high-level fall, which can cause extensive damage to the 
patient's body [6]. This damage can result in injuries to both in-
ternal organs and tissues, including bone fractures. These inju-
ries, which are exposed to the external environment, can lead to 
complications such as excessive blood loss, infection, and sepsis 
[16,17]. Consequently, open pelvic fractures should be regarded 
as a potentially life-threatening condition. 

In the present study, the mortality rate was found to be higher 

Table 4. Patients’ treatment and outcomes after 1:2 propensity matching (n=72) 

Variable Closed fracture (n=48) Open fracture (n=24) P-value
Treatment
  Preperitoneal packing 25 (52.1) 14 (58.3) 0.616
  Angiography 25 (52.1) 13 (54.2) 0.867
  Laparotomy 17 (35.4) 11 (45.8) 0.393
  External fixation 3 (6.3) 6 (25.0) 0.052
  Internal fixation 13 (27.1) 8 (33.3) 0.582
  Pelvic binder 29 (60.4) 16 (66.7) 0.042
Outcome
  ICU LOS (day) 8 (4–19) 11 (6–30) 0.312
  Hospital LOS (day) 28 (15–58) 49 (20–73) 0.127
  Ventilator use (day) 5 (2–11) 6 (2–23) 0.223
  Mortality 13 (27.1) 5 (20.8) 0.564
  Infection rate (%) 3 (6.3) 9 (37.5) 0.002
  Wound infection 3 (6.3) 9 (37.5) <0.001
  Sepsis 3 (6.3) 6 (25.0) <0.001
Values are presented as number (%) or median (interquartile range).
ICU, intensive care unit; LOS, length of stay.

in the open fracture group, although the difference was not statis-
tically significant. Prior studies did not adjust for disease severity, 
which could potentially influence variations in mortality trends. 
Given that only severe pelvic bone fractures (AIS score, ≥ 4) were 
included in this study, the mortality rate of closed fractures was 
higher than in previous studies that included all types of pelvic 
bone fractures. Furthermore, Greenspan et al. [18] reported that 
the presence of open wounds in open pelvic fractures was as-
signed a score of 4 in the AIS system, thus categorizing open 
fractures as more severe injuries. Additionally, after matching, 
the mortality rate was higher in the closed fracture group, but the 
difference was not statistically significant. While open fractures 
are associated with high mortality, it appears that a fracture being 
open is not an independent risk factor. 

Several management strategies for pelvic fractures have been 
developed. These include resuscitation treatments such as trans-
fusion and bleeding control, as well as pelvic fracture fixation and 
the management of soft tissue or associated injuries [9]. In cases 
of unstable pelvic fractures, invasive procedures like PPP, pelvic 
angioembolization, and REBOA may be necessary [4]. The same 
treatment approach has been attempted for open pelvic fractures, 
with PPP in particular being a plausible method for controlling 
bleeding and reducing mortality [14]. Hermans et al. [19] report-
ed a mortality rate of only 4% in the open fracture group, which 
had an average ISS of 31, compared to a 14% mortality rate in the 
closed fracture group. In the current study, the closed group in-
cluded fewer transfusions and PPP cases. These were adjusted for 
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using propensity score matching, but the results were not signifi-
cant. 

An open pelvic fracture is a complex musculoskeletal injury 
that involves communication between the skin, rectum, or vagi-
na and the wound. This can lead to an increased risk of infection 
due to contamination from colonized microorganisms present in 
fecal matter [7,20]. The likelihood of infection also hinges on the 
location of the open wound, with the pelvis being particularly 
susceptible to infection [21]. Therefore, careful infection control 
is necessary, taking into account the severity and location of the 
open wounds. A study conducted by Wang et al. [13] found that 
the infection rate was higher in the open pelvic fracture group 
than in the closed fracture group. They categorized pelvic frac-
tures into three types based on the World Society of Emergency 
Surgery (WSES) classification system: minor, moderate, and se-
vere. All three types of open pelvic fractures demonstrated statis-
tically significant tendencies toward infection. These findings 
align with the results of our study, even after propensity score 
matching. 

Limitations 
This study has several limitations. First, the sample size of open 
pelvic bone fractures was relatively small, with only 24 cases in-
cluded. This may have introduced selection bias. However, we at-
tempted to mitigate the impact of this small sample size by em-
ploying 1:2 propensity score matching. Second, in this study, pel-
vic fractures with an AIS score of ≥ 4 were classified as severe, 
but in the updated 2008 version, all open pelvic bone fractures 
are assigned an AIS score of 4. Despite this, all cases included 
were blunt trauma incidents, and no simple open fractures were 
identified. We also used propensity score matching to adjust for 
severity. Third, our definition of infection is narrower than that 
used in other studies. We opted for a more limited definition to 
objectively measure and manage the data. It is important to note 
that apart from pelvic injury infection, sepsis could also arise 
from other conditions such as pneumonia. Fourth, this study did 
not consider the chronic effects or long-term outcomes of pelvic 
bone fractures. Future studies that include regular follow-up, re-
habilitation, and quality of life assessments may help to better un-
derstand the differences between open and closed pelvic bone 
fractures.  

Conclusions  
The type of fracture did not influence treatment outcomes or 
mortality rates after adjusting for injury severity. However, pa-
tients with open pelvic fractures exhibited a higher risk of infec-

tion compared to those with closed fractures. Therefore, judi-
cious management strategies for infection control may be crucial 
for patients with open pelvic fractures. 
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