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Abstract: Background and Objectives: The objective of this retrospective study was to investigate the
association between acetabulum fractures; the mechanism of injury; and variables such as BMI,
duration of hospital stay, blood loss, and surgery time. By exploring these factors, we aim to
enhance our understanding of them and their impact on the healing process and the subsequent
management of pelvic fractures. Materials and Methods: This study included 67 of 136 consecutive
patients who were admitted for pelvic ring fracture surgery between 2017 and 2022. The data
were collected prospectively at a single trauma center. The inclusion criteria were acetabulum
fractures and indications for operative treatment. The exclusion criteria were non-operative treatment
for acetabular and pelvic ring fractures, fractures requiring primary total hip arthroplasty (THA),
and periprosthetic acetabular fractures. Upon admission, all patients underwent evaluation using
X-ray and computed tomography (CT) scans of the pelvis. Results: The present study found no
statistically significant differences between the examined groups of patients with pelvic fractures
in terms of BMI, surgery duration, length of hospital stay, and blood transfusion. However, two
notable findings approached statistical significance. Firstly, patients who experienced a fall from
height while sustaining a pelvic fracture required a higher number of blood transfusions (2.3 units)
than those with other mechanisms of injury which was close to achieving statistical significance
(p = 0.07). Secondly, patients undergoing posterior wall stabilization required a significantly lower
number of blood transfusions than those with other specific pelvic injuries (0.33 units per patient),
approaching statistical significance (p = 0.056). Conclusions: The findings indicated that factors such
as BMI, time of surgery, blood loss, and the duration of hospital stay were not directly correlated
with the morphology of acetabular fractures, the presence of additional trauma, or the mechanism of
injury. However, in the studied group, the patients whose mechanism of trauma involved falling
from height had an increased number of blood transfusions compared to other groups. Moreover, the
patients who had surgery due to posterior wall acetabulum fracture had decreased blood transfusions
compared to those with other Judet and Letournel types of fractures. Additionally, they had the
shortest duration of surgery.
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1. Introduction

Pelvic fractures pose significant challenges for orthopedic surgeons, requiring exten-
sive knowledge and experience to navigate safely among the organs, vital vessels, and
nerves located in the pelvic bone area [1-4]. The surgical treatment of these fractures
is complicated by the frequent occurrence of additional injuries, many of which can be
fatal [5-9]. This is primarily due to the high-energy nature of these traumas [10-14]. Given
these challenges, it is crucial to identify and manage concomitant injuries, consider the
mechanism of trauma, and take into account personal details such as body mass index
(BMI) to ensure appropriate treatment.

Previous studies have demonstrated that obese patients have higher rates of complica-
tions and longer hospital stays following pelvic fractures [15]. However, conflicting results
exist regarding the association between decreased BMI and increased failure of internal
fixation. Additionally, the duration of hospitalization after sustaining a pelvic fracture can
vary significantly, with a time period of a few days to several weeks [16-18].

The aim of this retrospective study was to investigate the association between acetabu-
lum fractures; the mechanism of injury; and variables such as BMI, duration of hospital
stay, blood loss, and surgery time. By exploring these factors, we aim to enhance our
understanding of these accompanying factors of pelvic fractures and their impact on the
healing process and the subsequent management.

2. Materials and Methods
2.1. General Characteristics

This study included 67 of 136 consecutive patients who were admitted for pelvic ring
fracture surgery between 2017 and 2022. Patients included in the study who suffered from
acetabular fractures qualified for operative treatment. The data were collected prospectively
at a single trauma center. All patients underwent operative treatment using De Puy Synthes
implants for pelvic fixation. Upon admission, all patients underwent evaluation using
X-ray and computed tomography (CT) scans of the pelvis.

Demographic data were collected, including sex, age (in years), body mass index
(BMI), date of injury, type of fracture, mechanism of trauma, concomitant trauma in other
regions and the pelvic ring, date of surgery, surgical approach with stabilization methods,
surgery duration, blood transfusions, and number of days spent in the hospital. Acetabu-
lum fractures were classified according to the Letournel and Judet system (A+T—anterior
column with posterior hemi-transverse fracture, AC—anterior column, BC—both column,
PC—posterior column, PC+W—posterior column+posterior wall, PW—posterior wall,
T—transverse, and T+P—transverse with posterior wall fracture), while pelvic ring frac-
tures were classified according to the Young and Burgess system (LC—lateral compression,
APC—anterior-posterior compression, and VS—vertical shear). The surgical approaches
used for acetabulum fractures were the ilio-inguinal and Kocher-Langenback approaches.
The ilio-inguinal approach was mainly used in the anterior wall and anterior column fixa-
tion. In the posterior wall and posterior column fixation, the Kocher-Langenback approach
was mainly used. In the case of one patient with anterior and posterior wall/column
fractures, both approaches were used during a single operation.

2.2. Inclusion Criteria

The inclusion criteria were acetabulum fractures and indications for operative treat-
ment, namely instability (hip dislocation associated with posterior wall or column dis-
placement and anterior wall or column displacement) and incongruity (fractures through
the roof or dome; displaced dome fragment; transverse or T-type fractures; both column
types with incongruity; retained bone fragments; soft-tissue interposition). Patients who
suffered from acetabular fractures with intra-articular displacement <3 mm were initially
qualified for conservative treatment. The exclusion criteria were non-operative treatment
for acetabular and pelvic ring fractures, fractures requiring primary total hip arthroplasty
(THA), and periprosthetic acetabular fractures.
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2.3. Ethics

The study was conducted in accordance with the Declaration of Helsinki guidelines for
human experiments. Prior to the study, permission was obtained from the local Bioethics
Committee (approval number KB 645/2022). Written informed consent was obtained
from all patients or their relatives upon admission to the hospital to include them in
scientific studies.

2.4. Statistical Analysis

All group comparisons and statistical analyses were conducted by two independent
investigators using Prism 9 software (GraphPad). A p-value of less than 0.05 was considered
statistically significant. Nominal variables were described by the number of observations
and their distribution. The normality of variables was assessed using the Shapiro-Wilk
test. Relationships between the studied parameters were evaluated using Spearman’s rank
correlation coefficient. Non-parametric tests, such as the Mann-Whitney U test and analysis
of variance, were used to compare the data.

3. Results

Out of the initial 136 patients who underwent operative treatment for pelvic ring
fractures between 2017 and 2022, a total of 67 patients fulfilled the inclusion criteria and
were included in this study. The inclusion criteria required patients to have an acetabulum
fracture, either with or without concomitant pelvic ring injury.

The studied cohort had a mean body mass index (BMI) of 26.25 (ranging from 18 to
39). The mean duration of surgery was 153 min, ranging from 60 to 270 min. The average
number of blood transfusions received was 1.58 units, with a range of 0 to 5 units. The
mean length of hospital stay was 5.25 days, ranging from 2 to 34 days.

In the study cohort, 15 patients (22.3%) were female, and 52 patients (77.6%) were male.
Statistical analysis showed no significant differences between male and female populations
in terms of BMI (p = 0.11), duration of surgery (p = 0.92), blood transfusion (p = 0.31), and
length of hospital stay (p = 0.47) (Figure 1A-D).

In the female subgroup, the mean BMI was 27.87 (ranging from 21 to 39), while in
the male subgroup, it was 25.79 (ranging from 18 to 32). The average surgery duration
for females was 152 min (varying between 60 and 245 min), and for males, it was 153.5
min (range of 65 to 270 min). The mean length of hospital stay for females was 7.26 days
(ranging from 2 to 34 days), whereas for males, it was 4.67 days (ranging from 2 to 31 days).
Additionally, the mean amount of blood transfused for females was 1.86 units (ranging
from 0 to 4 units), while for males, it was 1.5 units (ranging from 0 to 5 units).

The participants were categorized into various groups based on the mechanism of
injury and the type of fracture according to the Judet and Letournel classification (Tables 1
and 2). Within the studied population, there were 3 patients with anterior column with
posterior hemi-transverse fractures, 14 patients with anterior column fractures, 11 patients
with both column fractures, 10 patients with posterior column fractures, 4 patients with
posterior column and posterior wall fractures, 6 patients with posterior wall fractures, 10
patients with transverse acetabulum fractures, and 9 patients with transverse fractures with
posterior wall involvement.

Table 1. Characteristics of pelvic fractures classified according to the Judet and Letournel systems,
including BMI, length of hospital stay, blood transfusion, and surgery duration.

A+T AC BC PC PC+W PW T T+P p-Value
Mean BMI (kg/cm?) 26.0 26.5 26.5 24.8 24.8 29.5 26.4 27.4 p = 0.4003
Mean days in hospital (days) 4.0 5.6 3.9 11.6 33 2.8 37 39 p =0.8152
Mean blood transfusion (units) 2.3 1.3 24 1.1 1.7 0.3 1.7 2.0 p = 0.0563

Mean time of surgery (minutes) 145.0 159.6 183.6 119.5 126.3 105.0 186.5 152.8 p =0.0193
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Table 2. Categorization of pelvic fractures classified according to the mechanism of injury with BMI,
length of hospital stay, blood transfusion, and surgery duration.

Fall from . Fall from . Traffic
Height Industrial Standing Height Pedestrian Accident Unknown p-Value
Mean BMI (kg/cmz) 26.6 23.6 26.6 28.5 25.8 26.7 p =0.4752
Mean days in _
hospital (days) 52 3.0 6.9 18.0 4.7 3.1 p=0.2533
Mean blood 23 2.0 11 2.0 1.37 12 p=0.0721
transfusion (units)
Mean time of 172.8 158.3 148.0 1475 157.6 110.0 p =0.1799
surgery (minutes)
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Figure 1. (A) Comparison of BMI between male and female subgroups; (B) comparison of surgery
duration between male and female subgroups; (C) comparison of blood transfusion between male
and female subgroups; (D) comparison of length of hospital stay between male and female subgroups.

The mechanism of injury presented a diverse range, with 16 patients experiencing
falls from height, 3 patients involved in industrial accidents, 10 patients experiencing falls
from standing height, 2 patients with pedestrian injuries, 27 patients involved in traffic
accidents, and 9 patients with an unknown mechanism of injury.
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The classification based on the mechanism of injury did not reveal any statistically
significant differences when analyzing BMI (p = 0.47), length of hospital stay (p = 0.25),
surgery duration (p = 0.17), and blood transfusion (p = 0.07) (Figure 2A-D).
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Figure 2. (A) Comparison of BMI in subgroups with various mechanisms of injury; (B) comparison
of length of hospital stay in subgroups with various mechanisms of injury; (C) comparison of surgery
duration in subgroups with various mechanisms of injury; (D) comparison of blood transfusion in

subgroups with various mechanisms of injury.

However, the variable of blood transfusion approached significance, with falls from
height showing a tendency toward increased blood transfusion requirements (p = 0.07)

(Figure 2D).

When analyzing the population according to the Judet and Letournel classification, no
significant differences were observed in BMI (p = 0.40), length of hospital stay (p = 0.81),
blood transfusion (p = 0.056), and concomitant injury (p = 0.38) within certain subgroups.
However, posterior wall stabilization demonstrated the lowest rate of blood transfusion
and approached statistical significance (p = 0.056) (Figure 3A-E). Notably, the posterior
wall stabilization group exhibited the shortest surgery duration (p = 0.01) (Figure 3D).
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Figure 3. (A) Comparison of BMI according to Judet and Letournel subdivisions; (B) comparison
of length of hospital stay according to Judet and Letournel subdivisions; (C) comparison of blood
transfusion according to Judet and Letournel subdivisions; (D) comparison of surgery duration
according to Judet and Letournel subdivisions; (E) comparison of additional injury in specific Judet
and Letournel subdivisions. * Statistically significant result.

Within the studied cohort, 28 patients had an additional injury. When analyzing the
relationship between acetabular fractures and the additional injuries involving the spine,
head, chest, abdomen, and upper/lower limbs, no significant differences were found in
terms of blood transfusion (p = 0.28), BMI (p = 0.88), length of hospital stay (p = 0.65), and
surgery duration (p = 0.43) (Figure 4A-D).
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Figure 4. (A) Comparison of blood transfusion in patients with acetabulum fractures with or without
concomitant trauma; (B) comparison of BMI in patients with acetabulum fractures with or without
concomitant trauma; (C) comparison of length of hospital stay in patients with acetabulum fractures
with or without concomitant trauma; (D) comparison of surgery duration in patients with acetabulum
fractures with or without concomitant trauma.

Among the participants, only seven patients had an additional pelvic ring injury,
specifically LC II, LC IIL, and APC II injuries. When comparing exclusively acetabulum
fractures with acetabulum fractures accompanied by a concomitant pelvic ring injury, no
statistically significant differences were observed in terms of blood transfusion (p = 0.28),
surgery duration (p = 0.43), BMI (p = 0.75), and length of hospital stay (p = 0.24) between
these two groups (Figure 5A-D).
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Figure 5. (A) Comparison of length of hospital stay in patients with acetabulum fractures with
or without pelvic ring fracture; (B) comparison of BMI in patients with acetabulum fractures with
or without concomitant pelvic ring fracture; (C) comparison of blood transfusion in patients with
acetabulum fractures with or without concomitant pelvic ring fracture; (D) comparison of surgery
duration in patients with acetabulum fractures with or without pelvic ring fracture.

The Spearman rho correlation analysis between BMI and surgery duration (p = 0.31),
blood transfusion (p = 0.42), and length of hospital stay (p = 0.20) did not reveal a statistically
significant relationship (Figure 6A-C).
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Figure 6. (A) Correlation between surgery duration and BMI; (B) correlation between blood transfu-
sion and BMI; (C) correlation between length of hospital stay and BML

4. Discussion

The present study found no statistically significant differences among the examined
groups of patients with pelvic fractures in terms of BMI, surgery duration, length of
hospital stay, and blood transfusion. However, two notable findings approached statistical
significance. Firstly, patients who had experienced a fall from height while sustaining a
pelvic fracture required a higher number of blood transfusions (2.3 units) than those with
other mechanisms of injury (Figure 2D), which was close to achieving statistical significance
(p = 0.07). This finding is likely attributed to the high prevalence of concomitant injuries
associated with falls from height, which are known to be high-energy traumas [18].
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Secondly, patients undergoing posterior wall stabilization required a significantly
lower number of blood transfusions than those with other specific pelvic injuries (0.33 units
per patient), approaching statistical significance (p = 0.056). This result is consistent with
the findings of Magnussen et al., who demonstrated that patients with posterior wall
fractures required fewer blood transfusions than patients with other types of pelvic fractures
classified according to Judet and Letournel [19]. This finding may be linked to the fact that
patients in the posterior wall fracture group had the shortest mean surgery duration of
105 min among the studied population (Table 2). Additionally, the higher BMI observed in
patients with posterior wall fractures could also be a contributing factor. Frisch et al.
demonstrated that a higher BMI significantly reduces the likelihood of perioperative
blood transfusion in total hip arthroplasty and total knee arthroplasty [20]. There are
several current publications concerning BMI, blood loss, and perioperative transfusions
in orthopedic surgeries, and these studies advocate for lower transfusion rates in obese
and overweight patients [21-24]. Thus, our results indicating lower blood transfusion
requirements in the group with the highest BMI align with these previous findings.

Furthermore, an interesting correlation was found between BMI and fracture type
in the Judet and Letournel classification, similar to the findings of Waseem et al. They
also reported that patients with posterior wall fractures had the highest BMI [25]. In our
study, patients with posterior wall fractures had a mean BMI of 29.5, further supporting
this association (Table 1).

It is not surprising that patients with both column fractures required the highest
number of blood transfusions and had longer mean surgery durations (Table 1). Magnussen
et al. also reported that patients with both column fractures required the highest amount of
blood transfusions in their study population [19], which aligns with our findings.

In all patient groups, except for those with industrial injuries, the BMI of our study
population was classified as “overweight.” Therefore, it is important to note that a high BMI
has been associated with various complications in patients with pelvic fractures. Waseem
et al. reported that obese patients with pelvic fractures were at a higher risk of almost
every complication studied, including deep vein thrombosis, iatrogenic nerve injuries,
pneumonia, and wound infection [26]. Similarly, Morris et al. observed that obese patients
treated operatively for pelvic fractures experienced more complications than non-obese
patients, and even among those managed conservatively, obese patients had a higher
percentage of complications [27].

Some of our findings are consistent with the study conducted by Abdelrahman et al.,
which involved 2112 individuals with traumatic pelvic fractures [16]. In both studies, a
higher proportion of males were found to have sustained pelvic fractures compared to
females, with percentages of 22% vs. 78% and 23% vs. 77%, respectively [16]. Similar results
were also reported by Gosh et al. and Cuthbert et al., according to which males accounted
for 75% and 72% of the studied population with pelvic fractures, respectively [10,18].

Furthermore, our study identified similar leading causes of pelvic fractures as those
reported by Abdelrahman et al., with falls from height, traffic accidents, and pedestrian
incidents being the major causes [16]. Cuthbert et al. also presented comparable results,
highlighting falls from height and pedestrian incidents as the two leading causes of pelvic
fractures [10]. Interestingly, Abdelrahman et al. did not include falls from standing height
as a specific cause of traumatic pelvic injuries requiring surgery in their study, whereas in
our study, this category ranked as the second leading cause (Table 1).

Another interesting finding that contradicts other studies is the duration of hospital
stay. In our studied population, the mean hospital stay for males was 4.8 days, while for
females, it was 7.3 days. In contrast, Abdelrahman et al. reported a mean duration of
15 days in their population [16]. Comparable results were obtained by Gosh et al., with
a mean duration of 14.4 days, although their study included both conservatively treated
pelvic fractures [18].

Regarding the frequency of specific types of fractures in the Judet and Letournel
classification, our analysis revealed a different pattern from that in the current literature.
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Trikha et al. and Fakru et al. reported the posterior wall fracture as the most common type
of acetabular fracture, whereas in our studied population, the dominant injury was anterior
column fractures. This finding is particularly intriguing considering that all three studies
(i-e., our study, Fakru et al.’s study, and Trikha et al.’s study) identified traffic accidents
as the main cause of acetabular fractures [28,29]. Providing a satisfactory explanation for
these discrepancies seems challenging at this point.

On the other hand, Vipulendran et al. found that the leading types of acetabular frac-
tures were anterior column, anterior column + transverse, and both column fractures [30].
This finding is somewhat consistent with our study, where both column and anterior col-
umn fractures were the two leading types. Additionally, posterior column fracture was the
least common type in Vipulendran et al.’s study, which correlates with our results, where it
was identified as the second-to-last type [30]. However, in their studied population, falls
from standing height were identified as the leading cause of pelvic injury (50%), in contrast
to the studies by Trikha et al. and Fakhru et al., where traffic accidents were the main causes
(77.4% and 85.3%, respectively, compared to 30% in our study). These substantial differ-
ences in fracture types among the studied populations may indicate potential problems
with the accurate identification of fracture types. Further studies are needed to investigate
whether this discrepancy is a significant concern.

Nevertheless, it is important to acknowledge the limitations of this study. One lim-
itation is the restricted sample size, primarily consisting of the local population. As a
retrospective study, there may be biases that could influence our results. Additionally, all
data were collected by a single operative team at a single trauma center, and all procedures
were performed by a surgical team consisting of two operators who regularly conducted
pelvic surgeries interchangeably. Since only two operators were performing acetabular
fixations in our studied population, the operators’ bias needs to be strongly addressed.
The lack of a larger number of operators may have limited the breadth of our data to
some extent.

Acetabular surgeries still remain one of the most complex procedures in the orthopedic
field. Therefore, only a few surgeons decide to be trained in this area. The reason why our
trauma center has been performing such a substantial number of pelvic fixation surgeries
is that we agree to admit and treat patients from other major trauma centers. Therefore, a
potential solution to most of the limitations of our study could be to train a greater number
of orthopedic surgeons in pelvic surgeries.

Undoubtedly, further studies, particularly multicenter prospective studies, are neces-
sary to improve our understanding and management of factors that influence appropriate
treatment across a diverse population. Therefore, as a final remark, we emphasize the
importance of a comprehensive evaluation of patients with pelvic fractures to achieve
optimal outcomes.

5. Conclusions

This study provides valuable insights into pelvic fractures and their association with
the investigated factors. The findings indicate that factors such as BMI, time of surgery,
blood loss, and duration of hospital stay are completely correlated with the morphology
of acetabular fractures, the presence of additional trauma, and the mechanism of injury.
However, in the studied group, patients whose mechanism of trauma involved falling from
height had an increased number of blood transfusions compared to other groups. Moreover,
patients who had surgery due to posterior wall acetabulum fractures had decreased blood
transfusions compared to other Judet and Letournel types of fractures. Additionally, they
had the shortest duration of surgery.
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