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Purpose: Obese trauma patients face a higher risk of mortality, prolonged ICU stays, and more complications than non-obese
patients. However, some studies suggest that obesity might provide protective benefits in high-impact trauma situations through the
“cushion effect”. This study will examine whether obesity influences fracture occurrence, injury severity, and clinical outcomes in
motor vehicle accidents (MVA).

Methods: A retrospective study of 555 adult patients who presented to a Level 1 Trauma Center following a MVA from 2010-2022.
Patients with a Body Mass Index (BMI) greater than or equal to 30 kg/m® were categorized as obese (178 patients, 32.6%), and those
with a BMI less than 30 kg/m? were classified as non-obese (377 patients, 67.4%). Incidence of bone fractures and injury severity were
compared between both groups using injury severity score (ISS) and abbreviated injury scale (AIS). For variables significant on
univariate analysis, binary logistic regression models were used to control age, gender, restraint use, and airbag deployment.
Results: The mean number of fractures (0.62 vs 0.46, p=0.096) and ISS (4.55 vs 4.51, p=0.703) were similar between the obese and
non-obese groups. However, obese patients were more likely to experience upper extremity fractures (7.3% vs 3.4%, p=0.045) and
lower extremity fractures (7.3% vs 2.7%, p =0.01), particularly fractures of the tibia/fibula (5.6% vs 1.6%, p=0.008). No significant
differences were found in the incidence of head, thoracolumbar, or pelvic fractures between the two groups. After controlling for age,
gender, restraint use, and airbag deployment, obesity remained an independent predictor of lower extremity fracture (aOR) 2.62 (95%
CI: 1.01-6.56), p = 0.04).

Conclusion: Obesity is an independent predictor of lower extremity fractures following a MVA. Clinicians should acknowledge
potential differences in fracture occurrence and patterns between obese and non-obese patients during triage.
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Background

Obesity is an increasingly significant healthcare concern, affecting approximately 40% of adults in the U.S.'* Obesity tends
to negatively impact multiple clinical contexts, including heart disease, diabetes, and trauma.'*’ Meta-analyses have
demonstrated that obese trauma patients have an increased risk of mortality, longer ICU stays, and higher complication
rates compared with non-obese patients.* Similarly, morbidity and mortality have been found to be higher in obese patients
who underwent orthopedic surgery following trauma.” However, some studies have shown conflicting results regarding the
notion that obesity might offer protection in specific trauma situations by providing a “cushion effect”.*® This concept was
first introduced by Arbabi et al, who suggested that increased visceral adipose tissue may provide a “cushion” following
blunt abdominal trauma.” This study was the first to support an abdominal cushioning effect, finding that an “overweight”
cohort (BMI 25 to 30) had a significantly decreased abdominal AIS score compared to a lean cohort (BMI <25) following
a MVA.” Similarly, Wang et al studied the effect of subcutaneous fat, measured using abdominal CT scan, on adult injury
patterns in motor vehicle collisions and found that increased subcutaneous fat depth was associated with decreased injury
severity to the head and abdominal regions but increased injury severity to the lower extremities® Meanwhile, a meta-

analysis investigating obesity in the setting of MVAs found no significant difference between obese and non-obese cohorts
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for abdominal injury, refuting the idea of a protective “cushioning effect”.® Interestingly, all three aforementioned studies
found that obesity was associated with increased lower extremity injuries.®®

There is a plethora of data on MVA risk factors, including age, gender, and seat belt use, and their effect on clinical
outcomes.” ! For example, it has been found that the risk of injury following an MVA is higher in the young, while the
risk of mortality is greater in males and the elderly.'® However, less is known about obesity as a risk factor, especially in
the setting of orthopedic injury. A 2020 meta-analysis found a direct relationship between increased BMI and injury
severity and mortality following an MVA; however, it did not examine orthopedic injury or fracture patterns.'? An earlier
2014 meta-analysis by Desapriya et al examined lower extremity injuries more closely and found that obese individuals
had a higher risk of lower extremity and pelvic fractures following MVAs; however, fracture patterns in other body
regions were not assessed.'® Given the paucity of data and conflicting findings surrounding the “cushion effect”, as well
as limited knowledge with respect to orthopedic injury pattern, we aim to investigate if there is an association between
obesity and orthopedic trauma severity following a MVA.

As obesity rates continue to rise, projections indicate that nearly half of the adult population will be classified as
obese by 2030.'* Therefore, it is essential to investigate the relationship between obesity and motor vehicle accident
(MVA) outcomes, as obesity is a modifiable risk factor. This study aims to compare the incidence of fractures and injury
patterns between obese and non-obese patients involved in MVAs. Specifically, it will explore whether obesity influences
fracture incidence, injury severity, and clinical outcomes in patients involved in motor vehicle collisions. Gaining
a deeper understanding of how obesity impacts MVA outcomes, alongside other known risk factors, would enable
various stakeholders—including vehicle manufacturers and healthcare providers—to anticipate injury patterns and devise

strategies to improve outcomes.

Methods

Patient Population

This retrospective study was conducted at Richmond University Medical Center (RUMC), a Level 1 Trauma Center in
Staten Island, NY. Data were collected from the electronic medical records (EMR) of patients who presented to the
trauma center between January 2010 and 31, 2022. The study was approved by the Institutional Review Board of
New York Medical College School of Medicine, our affiliate medical school (Protocol Number# 21575).

The primary objective of this study was to compare fracture occurrence and body region distribution in obese and
non-obese patients following a MVA. Secondary objectives were comparing injury severity and clinical outcomes among
both groups. Obesity was defined as BMI > 30 kg/m?, according to the National Institutes of Health (NIH) and World
Health Organization (WHO) guidelines.'>'® Adult patients presenting to our Level 1 trauma center during the study
period following a MVA were included. Patients younger than 18 and those with missing height/weight or BMI

information were excluded from analysis.

Data Source

The analyzed data points included patient demographics (age, race, ethnicity, sex), BMI, ISS, AIS by body region,
Intensive Care Unit (ICU) length of stay, hospital stay, and in-hospital mortality (death). Fractures were categorized into
five body regions, each comprising bones that anatomically correspond to that region. The five regions were the Head
(cranium, facial bones), Upper Extremities (humerus, radius/ulna, hand), Thoracolumbar (ribs/sternum/clavicle/scapula,
spine), Pelvis (hip bone, sacrum/coccyx), and Lower Extremities (femur/patella, tibia/fibula, foot). This classification of

13 11
713 as well as a separate study focused on fractures.

body regions aligns with other studies examining trauma,

The AIS is an injury severity scoring system that classifies each injury by body region (head, face, thorax, abdomen,
spine, extremity, or pelvic girdle, and unspecified) on a 14-point scale. An AIS score greater than 3 for any region was
considered a serious injury.'” The ISS is an anatomical scoring system that grades patients with multiple injuries with an
overall score. To calculate this score, the highest AIS score in each body region is used. The three most severely injured

body regions have their score squared and added together to produce the ISS score.'’

186 https: Open Access Emergency Medicine 2025:17



Japa et al

Statistical Analysis

Statistical analysis was carried out using IBM SPSS 28.0. Data points for continuous variables were plotted to assess
distribution. Univariate analyses for continuous variables were compared using a ¢-test if normally distributed or a Mann—
Whitney U-test for non-parametric distribution. Categorical data was compared using the y2-test or Fisher’s exact tests.
A p-value of <0.05 was considered statistically significant. Risks were reported as odds ratios (OR) with 95% confidence
intervals (CI). In order to determine if obesity is an independent predictor of the primary outcome (fracture occurrence),
body regions that were statistically significant on univariate analysis were tested using logistic regression models control-
ling for age, gender, restraint use, and airbag deployment. We chose to control for these variables as they have been
identified as possible confounders that could impact fracture and injury occurrence/severity independent of obesity.'"*'?
Variables on multivariable regression were reported as adjusted odds ratios (aOR) with a 95% confidence interval.

The approximate number of patients was anticipated by IBM SPSS. We performed an a priori power analysis. Based
on data from Gilbert et al'® that evaluated altered lower extremity fracture characteristics in obese pediatric trauma
patients, we estimated a small-medium effect size (w=0.02) when considering the effect of obesity on fracture
occurrence. Using their data and assuming a “two-tail test” with at least 80% power and alpha=0.05, we estimate that
a total of 321 patients would provide sufficient power.

Results

Patient Demographics

In the period between 01 January 2010 and 31 December 2022, a total of 555 adult patients involved in MVAs presented
to the trauma center. Those with a BMI greater than or equal to 30 kg/m” were categorized as obese (178 patients, 32.6%)
and those with a BMI less than 30 kg/m” were classified as non-obese (377 patients, 67.4%). The mean (standard
deviation) BMI of the obese group compared to the non-obese groups was 34.3 (4.8) kg/m2 vs 25.6 (3.0) kg/mz, p<0.001.
Both groups exhibited similarities in age, sex, and race/ethnicity (Table 1). Race distribution was similar between the
obese and non-obese group (p=0.971), with a majority of patients being non-Hispanic White, followed by non-Hispanic

Table | Patient Demographics

Characteristic BMI > 30 BMI <30 p-value
(n=178) (n=377)

Age, mean (STD) 452 (16.0) | 44.2 (20.2) | 0.552

Sex, n (%) 0.641

Male 103 (57.9%) | 226 (59.9%) | -

Female 75 (42.1%) 151 (40.1%) | -

BMI, mean (STD) 34.3 (4.7) 24.6 (3.0) <0.001*

Race, n (%) 0917

Non-Hispanic White 71 (39.9%) 145 (38.5%) | -

Non-Hispanic Black 54 (30.3%) 112 (29.7%) | -

Asian 7 (3.9%) 19 (5%) -

Native Hawaiian or Pacific Islander | 0 (0%) 1 (0.3%) -

Hispanic 35 (19.7%) 70 (18.6%) -

Unknown I (6.2%) 30 (8%) -

Vehicle Safety Feature Use

Restraint Use, n (%) 122 (76.7%) | 278 (81.0%) | 0.263

Airbag Deployment, n (%) 105 (63.6%) | 230 (68.2%) | 0.303
(Continued)
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Table | (Continued).

Characteristic BMI > 30 BMI <30 p-value
(n=178) (n=377)

Hospital Stay

Length of Stay, mean (STD) 2.8 (5.4) 2.2 (5.0) 0.132
ICU Length of Stay, mean (STD) 0.8 (4.3) 0.5 (3.1) 0.141

Note: *Statistically significant.
Abbreviation: ICU, Intensive Care Unit.

Black (Table 1). Restraint use (76.7% vs 81.0%, p=0.263) and airbag deployment (63.6% vs 68.2%, p=0.303) were

similar between both groups, respectively (Table 1).

Fracture Occurrence and Location

The mean number of fractures was similar between obese and non-obese patients (0.62 (1.21) vs 0.46 (0.99), p=0.096).
Open fractures occurred at a similar rate (2.2% vs 0.8%, p=0.153), respectively. With respect to location, obese patients
were more likely to sustain a fracture of the upper extremity (7.3% vs 3.4%, p=0.045) and lower extremity (7.3% vs
2.7%, p =0.01) regions. Within the lower extremity region, fractures were more likely to involve the tibia/fibula (5.6% vs
1.6%, p=0.008). However, incidences of fractures involving the femur, patella, and foot were similar. For fractures
involving the upper extremity, there were no specific bony locations (humerus, radius/ulna, hand) that were more likely to
be fractured (Table 2). Additionally, there were no differences in head (cranium/facial bones), thoracolumbar (ribs/
sternum/clavicle/scapula, spine), or pelvic (hip, sacrum/coccyx) fracture occurrence between the two groups (Table 2).

Table 2 Obese and Non-Obese MVA Outcomes

BMI >30 BMI <30 pvalue | OR | 95%ClI
(n= 178) (n=377)

Iss
ISS, Mean (SD) 46 (1.5) 45(72) 0.703 . -
ISS 215, n (%) 11 (6.2%) 21 (5.6%) 0.774 112 | 052-237

AIS Score > 3, n (%) . -

Head 3 (4.2%) 19 (10.9%) 0.093 0.36 0.10-1.25

Face 2 (7.4%) 1 (0.8%) 0.087 9.52 0.83-109.10

Neck 0 0 - -

Thorax 12 (46.2%) 14 (24.1%) 0.044* 2.69 1.01-7.16

Spine 3 (13.0%) 10 (25.0%) 0.259 0.45 0.11-1.84

Upper Extremity | (2.3%) 1 (1.3%) 0.66 1.86 0.11-30.45

Lower Extremity 6 (13.0%) 5 (6.5%) 0.218 2.16 0.62-7.53

External 0 0 - -

Fractures

Mean Number of Fractures, mean (SD) 0.6 (1.2) 0.5 (1.0) 0.096 - -

Number of Open Fractures, n (%) 4 (2.2%) 3 (0.8%) 0.153 2.87 0.64-12.94
(Continued)
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Table 2 (Continued).

BMI =30 BMI <30 p-value OR 95% CI
(n=178) (n=377)

Fracture Incidence by Anatomical Region

Head, n (%) 11 (6.2%) 24 (6.4%) 0.933 0.97 0.46-2.02
Cranium 2 (1.1%) 7 (1.9%) 0.521 0.60 0.12-2.91
Facial Bones Il (6.2%) 20 (5.3%) 0.675 1.18 0.55-2.51

Upper Extremity, n (%) 13 (7.3%) 13 (3.4%) 0.045* 2.21 1.01-4.86
Humerus 3 (1.7%) 2 (0.5%) 0.179 321 0.53-19.41
Radius/Ulna 6 (3.4%) 7 (1.9%) 0.271 1.84 0.61-5.57
Hand 3 (1.7%) 4 (1.1%) 0.538 1.60 0.35-7.22

Thoracolumbar, n (%) 27 (15.2%) 58 (15.4%) 0.947 0.98 0.60—1.62
Ribs, Sternum, Clavicle, Scapula 17 (9.6%) 38 (10.1%) 0.846 0.94 0.52-1.72
Spine 14 (7.9%) 30 (8%) 0.97 0.99 0.51-1.91

Pelvis, n (%) 3 (1.7%) 4 (1.1%) 0.538 1.60 0.35-7.22
Hip 3 (1.7%) 4 (1.1%) 0.538 1.60 0.35-7.22
Sacrum/Coccyx 0 1 (0.3%) 0.495 1.00 0.99-1.00

Lower Extremity, n (%) 13 (7.3%) 10 (2.7%) 0.01* 2.89 1.24-6.73
Femur/Patella 4 (2.2%) 4 (1.1%) 0.274 2.14 0.53-8.67
Tibia/Fibula 10 (5.6%) 6 (1.6%) 0.008* 3.68 1.32-10.29
Foot 3 (1.7%) I (0.3%) 0.065 6.45 0.67-62.41

Note: *Statistically significant.
Abbreviations: ISS, Injury Severity Score; AlS, Abbreviated Injury Scale.

Injury Severity

Mean ISS score was similar for obese and non-obese patients (4.55 (7.46) vs 4.51 (7.20), p=0.703). Obese patients were
more likely to have a severe thorax injury (Thorax AIS score > 3) (46.2% vs 24.1%, p=0.044). However, severe injury in
other body regions (Head, Face, Neck, Spine, Upper Extremity, Lower Extremity) was similar between both groups
(Table 2).

Patient Outcomes

Mean Length of Stay (LOS) in the hospital (2.83 (5.36) days vs 2.16 (5.02), p=0.132) and mean length of ICU stay (0.75
(4.34) days vs 0.49 (3.06), p=0.141) were similar between obese and non-obese patients. None of the individuals in our
study population experienced in-hospital mortality (death) during their index hospital admission.

Regression Analysis
For lower extremity fracture, binary logistic regression analysis was conducted to control for patient gender, age, use of
restraint, and airbag deployment. Our model (x* (5, N=555) =13.41, p=0.02) outperformed the null model and demon-
strated that obesity (aOR 2.62 (95% CI: 1.01-6.56), p = 0.04) retained statistical significance, indicating that it was an
independent prediction of lower extremity fracture. Similarly, for tibial/fibular fractures, controlling for the same
variables, our model (x* (5, N=555) =22.09, p<0.001) outperformed the null model (aOR 3.20 (95% CI: 1.01-9.47),
p = 0.004) and demonstrated that obesity was independent predictor of a fracture involving the tibia or fibula.

For upper extremity fracture, our model (y* (5, N=555) =25.96, p<0.001) outperformed the null model. Although
obesity increased the likelihood of upper extremity fracture, it fell short of statistical significance (aOR 2.33 (95% CI:
0.97-5.59, p = 0.058), indicating that other predictor variables (gender, age, restrain use, and airbag deployment) may

also influence the occurrence of upper extremity fractures.
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Discussion

The role of obesity in orthopedic trauma following MVAs has not been studied extensively, as most research involving
obese cohorts has concentrated on other clinical outcomes after MVAs. This study analyzed the connection between
obesity, fracture patterns, and injury severity in MVAs. On univariate analysis, we discovered that obese patients
experienced a higher incidence of upper and lower extremity fractures compared to non-obese patients. After adjusting
for gender, age, restraint use, and airbag deployment, obesity was identified as an independent predictor of lower
extremity fractures.

The higher incidence of lower extremity fractures observed in the obese cohort aligns with the meta-analysis by
Desapriya et al, which reported that obese individuals had a 39% increased risk of sustaining a lower extremity fracture
compared to non-obese patients in the context of MVAs.'? Furthermore, the analysis revealed that obese patients
experienced a 33% reduced risk of head injuries and were no more likely to suffer pelvic fractures or abdominal injuries
compared to their non-obese counterparts.'®> Additional studies have also indicated a reduced incidence of head injuries
in obese trauma patients.'*'> For instance, in a study involving blunt trauma patients, Boulanger et al found that skull
fractures and cerebral injuries, defined by intracranial traumatic lesions on CT scans, were less frequent in obese
patients.'> Consistent with these findings, we observed a trend favoring reduced head injury severity between obese
and non-obese groups (4.2% vs 10.9%, p=0.09). However, it did not achieve statistical significance. The reason for the
lower incidence of head injury in obese patients remains unclear, but it may be associated with a reduced head-to-torso
ratio.'® Future studies are necessary to enhance understanding in this area.

Kent et al utilized simulated cadaver crashes to investigate injury patterns and identified possible mechanisms for
greater injury risk to the lower extremities. The study found that obese individuals, by virtue of larger mass, have greater
hip excursion and less torso-forward pitch during impact, resulting in higher injury risk to the thorax but lower injury risk
to the head.'” The greater hip excursion also causes an increased excursion of the lower extremities, where they are more
likely to collide with the vehicle’s instrument panel.”’' While our study did not find a difference in injury severity to the
lower extremities between the two groups, we did observe a greater incidence of lower extremity fractures in the obese
group, and it stands to reason that this same mechanism may be responsible. Another study examining the effect of age,
BMI, and gender on outcomes of serious to fatal MVA injuries specifically described that increased hip excursion in
obese individuals predisposes them to knee-thigh-hip fractures and below-the-knee injuries.'® In concordance with these
observations, we found that obese individuals were more likely to have a greater incidence of tibia/fibula fractures.
Several other studies have found similar associations between obesity and lower extremity injuries.?' 2

Our study found a greater incidence of upper extremity fractures in obese individuals. Similarly, in a retrospective
study of 13,470 occupants sampled from the US National Automotive Sampling System, Joodaki et al compared MVA
injuries across different BMI categories and found that a BMI of 35-40 was associated with an increased risk of upper
extremity injury.?’ Furthermore, this study found radial fractures to be amongst the most common injuries in those with
BMI >30. A study by Kent et al that conducted frontal impact sled tests using obese and non-obese human cadavers
postulated some possible mechanisms to explain the upper extremity findings. The study suggested that a reduced
forward pitch of the torso in obese individuals makes airbag deployment less likely.'” Additionally, the study noted
a delay in seatbelt activation in obese passengers. The delay occurs because the belt must initially cause a deformation in
the adipose tissue before encountering the hard, bony structures of the pelvis and chest that ultimately trigger
activation.'” These mechanisms may lead to upper extremity injuries by allowing the torso to launch more forward
into the vehicle’s interior.

The increased incidence of severe thoracic injury (AIS> 3) seen in our study may be explained by the additional
forces applied by seatbelts to obese individuals during a MVA."*2° Due to their greater mass, obese individuals will have
greater kinetic energy during a crash and seatbelts will have to apply more force to decelerate the torso and individual.**
Specifically, the greater force would be applied to the lower, more complaint portion of the thorax, which may result in
pulmonary contusion and rib fracture, as cited by Zhu et al.>> This may account for the greater incidence of severe
thoracic injury seen in obese patients in our study. However, this did not result in a greater incidence of rib or

thoracolumbar fractures.
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There is controversy surrounding obesity and its effect on abdominal injuries. Some studies found that obese patients

13 while others found no differences between groups.®'? Studies that found fewer

have fewer severe abdominal injuries,
severe injuries attribute this to the “cushion effect” which posits that greater adiposity seen in obese individuals serves as
an added layer of protection and results in fewer injuries. A study by Zhu et al found a U-shaped relationship, where
being overweight (25 kg/m?’<BMI<30 kg/m?) provided a protective effect, but being obese (BMI>30 kg/m?) increased
the risk of severe abdominal injury (AIS>2). The study suggests that severe abdominal injuries are seen more often in
obese individuals because the greater momentum (mass x velocity) seen at higher BMIs overrides the potential protective
effect of adiposity.> The study by Kent et al mentioned previously investigated the cushion effect directly and did not
find obesity to reduce abdominal injury in cadaveric models.'® While the legitimacy of the cushioning effect remains to
be clarified, another important factor to consider is body fat deposition among individuals, as different patterns of fat
density (central adiposity vs peripheral adiposity) may be protective or may be associated with certain injuries. Further
studies are needed in this area, as BMI alone may not be the best marker for risk stratification in this context.

Our study identified differences between obese and non-obese individuals in MVAs that can guide car manufacturers
and regulatory bodies in developing vehicles and safety measures. These differences arise from the larger body habitus of
obese individuals. Vehicle manufacturers could create vehicles with larger seatbelts and more spacious interiors. More
spacious interiors may reduce the likelihood of an individual’s legs colliding with the interior during an MVA. Reports
indicate that some obese individuals avoid using seatbelts due to poor fit or discomfort.”® Larger seatbelts could help
address this issue, and in terms of car manufacturing, they are significantly easier to implement than redesigning vehicle
interiors. Some car manufacturers have already implemented changes in their cars to accommodate obese individuals. For
example, BMW has instituted a project called “Plump my Ride”, where they test how driving ability is affected by
obesity and implemented ergonomic solutions to accommodate obese drivers.”” Additionally, governing bodies could be
more involved by requiring crash testing across different BMIs. Currently, the standard crash dummy used by the US
Department of Transportation represents a 50th percentile male subject (5 feet 10 inches, 171 pounds).”® Although
smaller dummies are available to replicate women and children, there are fewer options available to represent obese
individuals. While changes to vehicle design and testing are important, they can only go so far; managing obesity itself is
crucial. Healthcare providers recognize the mortality and morbidity associated with obesity and must collaborate with
patients to prevent it. Providing education to patients not only on the commonly recognized medical complications of
obesity but also on the potential risks in the event of an accident is essential to the discussion and prevention of related
issues of obesity.

A significant strength of this study was the inclusion of a large and diverse population of patients from a busy Level 1
Trauma Center in a metropolitan area. This enabled a more accurate representation of the general population, considering
that obesity is prevalent throughout the United States. We also adjusted for gender and age in our multivariate models.
Adjusting for gender may be important due to biological differences in fat distribution, with males typically exhibiting
greater adiposity above the waist and females having more deposition below the waist.

The study’s limitations included its retrospective nature and the emphasis on a single center despite the diversity of its
patient population. Additionally, differences between our findings and existing literature may arise from crash character-
istics that were not examined in this study. These characteristics include crash severity (measured as delta V), impact
direction, vehicle type and size, position in the vehicle (passenger vs driver), and weather conditions. Another important
factor to consider is body fat distribution among individuals since differing patterns of fat density might provide
protection or be associated with specific injuries. Incorporating these factors in future research will either confirm the
associations we discovered or unveil entirely new ones.

Conclusion

Our study aimed to investigate the relationship between obesity and MVA outcomes, and we successfully identified
several associations. We found that obese individuals had a higher incidence of upper and lower extremity fractures,
particularly tibia and fibula fractures in the lower extremity. Additionally, we noted a greater incidence of severe thoracic
injury (AIS>3). Our findings align with prior studies and contribute to the ongoing discussion about obesity and MVAs.
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Future research can expand by examining specific crash parameters and uncovering new connections that automotive

industry and healthcare workers can use to ensure the safety of all patients.
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