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Purpose: Research on rib fracture management has exponentially increased. Predicting fracture 
patterns based on the mechanism of injury (MOI) and other possible correlations may improve re-
source allocation and injury prevention strategies. The Chest Injury International Database (CIID) 
is the largest prospective repository of the operative and nonoperative management of patients with 
severe chest wall trauma. The purpose of this study was to determine whether the MOI is associated 
with the resulting rib fracture patterns. We hypothesized that specific MOIs would be associated 
with distinct rib fracture patterns. 
Methods: The CIID was queried to analyze fracture patterns based on the MOI. Patients were strat-
ified by MOI: falls, motor vehicle collisions (MVCs), motorcycle collisions (MCCs), automobile-pe-
destrian collisions, and bicycle collisions. Fracture locations, associated injuries, and patient-specific 
variables were recorded. Heat maps were created to display the fracture incidence by rib location. 
Results: The study cohort consisted of 1,121 patients with a median RibScore of 2 (range, 0–3) and 
9,353 fractures. The average age was 57±20 years, and 64% of patients were male. By MOI, the num-
ber of patients and fractures were as follows: falls (474 patients, 3,360 fractures), MVCs (353 patients, 
3,268 fractures), MCCs (165 patients, 1,505 fractures), automobile-pedestrian collisions (70 patients, 
713 fractures), and bicycle collisions (59 patients, 507 fractures). The most commonly injured rib 
was the sixth rib, and the most common fracture location was lateral. Statistically significant differ-
ences in the location and patterns of fractures were identified comparing each MOI, except for 
MCCs versus bicycle collisions. 
Conclusions: Different mechanisms of injury result in distinct rib fracture patterns. These different 
patterns should be considered in the workup and management of patients with thoracic injuries. 
Given these significant differences, future studies should account for both fracture location and the 
MOI to better define what populations benefit from surgical versus nonoperative management. 
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INTRODUCTION

Background 
Rib fractures remain among the most common injuries after 
blunt trauma. They are documented in approximately 40% of all 
blunt trauma cases and they are a significant cause of morbidity 
and mortality associated with blunt force trauma [1–3]. Increas-
ing morbidity and poor outcomes are generally associated with 
older age and a greater number and extent of fractures [4–6]. Rib 
fractures are generally diagnosed during the initial trauma work-
up, utilizing chest x-rays and computed tomography (CT). Even 
with modern computerized reconstructions, however, up to 30% 
of rib fractures are missed on initial imaging [7,8]. Significant 
concomitant injuries, such as traumatic diaphragmatic injury, 
can also be missed on CT [1]. The mechanism of injury (MOI) is 
an important predictor of the extent of injury in trauma patients 
[9–11]. Incorporating the MOI early in the triage process leads to 
better outcomes [9,10]. 

Once rib fractures are diagnosed, morbidity can be reduced by 
promptly initiating the appropriate treatment. Multidisciplinary 
clinical pathways have been utilized to reduce ventilator-depen-
dent days, length of stay, infectious morbidity, and mortality 
[6,12], and high-volume institutions have created chest wall inju-
ry and reconstructive centers to improve patient outcomes [13]. 
However, a proper diagnosis can be challenging, even with cur-
rent CT technology. The limits of current technology can lead to 
delays in diagnosis and thus treatment. If the injury pattern and 
severity could be anticipated based on the MOI, fewer injuries 
would be missed, and earlier intervention likely would improve 
patient care. The MOI could be added to rib fracture protocols, 
aiding in the identification of patients appropriate for nonopera-
tive management, locoregional anesthesia, or early surgical stabi-
lization of rib fractures (SSRF), where improved outcomes have 
been shown with earlier fixation [14]. 

Objectives 
The purpose of this study was to analyze fracture patterns based 
on different MOIs, including falls, motor vehicle collisions 
(MVCs), motorcycle collisions (MCCs), automobile striking a 
pedestrian (automobile-pedestrian collisions), and bicycle colli-
sions. This study investigated whether the fracture location was 
associated with the MOI. We hypothesized that specific MOIs 
would be associated with distinct fracture patterns. This informa-
tion will provide further insight into anticipating patient needs 
for other associated injuries, treatment pathways, critical care, 
and disposition. 

METHODS 

Ethics statement 
This study was approved by the Institutional Review Board of St. 
Francis Medical Center (No. 22-47). Informed consent was 
waived due to the retrospective nature of the study. 

Study design and setting 
We performed a retrospective analysis of de-identified, prospec-
tively collected data contained within the Chest Injury Interna-
tional Database (CIID), an international database of the Chest 
Wall Injury Society (CWIS). The CIID is a Health Insurance Por-
tability and Accountability Act (HIPAA)-compliant, cloud-based 
data repository for the members of the CWIS to support interna-
tional research collaboration. The CIID contains over 100 stan-
dardized datapoints per patient, with a granular dataset including 
fracture patterns and chest injury–specific outcomes (Table 1). 
CIID contains both operative and nonoperative patients. The 
data are volunteered from CWIS-member institutions and en-
tered by verified individuals at each site. The criteria for entering 
a patient are specific to each site, with some institutions entering 
all patients with rib fractures, while others enter only patients 
who undergo SSRF. There is no cost for the contribution or data 

Table 1. Data points collected by the Chest Injury International Data-
base (Chest Wall Injury Society) 

Category Type
Demographic data Sex (male, female)

Race (White, Black, Hispanic, other, unknown)
Occupation
Insurance
Height
Weight
Body mass index
Glasgow Coma Scale score

Medical history Hypertension
Smoker
Past tobacco use
Asthma
Pneumonia
Chronic obstructive pulmonary disease
Diabetes
Steroid
History of cancer
Osteoporosis
Anticoagulation
Antiplatelets

(Continued on the next page)
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Category Type
Trauma-associated  

injury
RibScore
BPC18 score
Injury Severity Score
Intracranial hemorrhage 
Face fracture
Clavicle fracture
Scapula fracture
Spine fracture
Spinal cord injury
Pelvis fracture
Long bone fracture
Solid organ injury
Blunt cerebrovascular injury
Hemothorax
Pneumothorax
Emergent laparotomy 
Emergent thoracotomy 
Emergent craniotomy 
Emergent pelvic stabilization
Emergent revascularization

Rib fracture Rib number
Rib side
Location
Fracture type

Management Rib/sternal fixation
Bronchoscopy
Chest tube
Evacuated hemothorax
Subcutaneous drain
Lung isolation
Intraoperative thoracoscopy
Intraoperative irrigation
Local pain control
Pain control option

Intra-operative Rib 
Data

Rib plate
Rib number
Rib side
Location
Fracture type

Inpatient pain  
medication

Daily narcotic equivalents
Tylenol
NSAID
Ketamine
Gabapentin
Lidocaine
Other
Local pain control

Category Type
Outpatient pain  

medication
Daily narcotic equivalent
Tylenol
NSAID
Ketamine
Gabapentin
Lidocaine
Other
Local pain control

Inpatient narcotics Drug
Dose
Unit
Route
Equivalent dose

Outpatient narcotics Drug
Dose
Unit
Route

Outcome Hospital admission
Hospital length of stay
ICU length of stay
Mortality
Readmission
Readmit diagnosis
Readmit length of stay

Inpatient daily  
outcome

Pain
Agitation
Spirometry volume
Spirometry %
Respiratory rate
Cough
O2 requirement
Anti-coagulation
Coagulation controls
Anti-platelet
Platelet control

Inpatient other  
outcome

Mechanical ventilation
Tracheostomy
Pneumonia
ICU
Death
Other surgeries
Adverse events

Inpatient PFT FVC
FEV1

FEV1/FVC
PEFR
PIFR
Other

(Continued on the next page)
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clature [15]. This includes the following: anterior, anterolateral, 
lateral, posterolateral, and posterior (Fig. 2) [16]. Further extract-
ed data are presented in Table 1. 

Heat maps were generated to display the location of the frac-
tures and the individual number of fractures in each location. 
Heat map explanations are provided in Fig. 3. The data were 
stratified based on MOI. Our primary endpoint was to assess 
chest wall injuries and match the clinical injury to the mecha-
nism based on observed distribution patterns. The STROBE 
(Strengthening the Reporting of Observational Studies in Epide-
miology) guideline was used to ensure proper reporting of the 
methods, results, and discussion. 

Statistical analysis 
Statistical analysis comparing the MOI and patterns of rib frac-
ture injury was carried out with IBM SPSS ver. 26.0 (IBM Corp). 
Continuous variables were assessed with the Student t-test when 
normally distributed and the Wilcoxon signed rank sum test 
when skewed. The Mann-Whitney U-test was used to assess 
rank sums of data without a normal distribution. We defined sta-
tistical significance as a P-value of ≤ 0.05 in all statistical analyses. 
We did not include missing data in the analysis. 

RESULTS 

Demographic data 
The study population was 64% male, with an average age of 57 

Category Type
Outpatient PFT FVC

FEV1

FEV1/FVC
PEFR
PIFR
Other

Outpatient quality of 
life

Working before
Working now
Work option
Rib pain
Health prior
Health after
Chest tightness
Stairs shortness of breath
Mucus
Cough
Sleep
Energy
Leaving home
Emotional stop
Physical stop

BPC18, Blunt Pulmonary Contusion 18; NSAID, nonsteroidal an-
ti-inflammatory drug; ICU, intensive care unit; PFT, pulmonary func-
tion test; FVC, forced vital capacity; FEV1, forced expiratory volume 
in 1 second; PEFR, peak expiratory flow rate; PIFR, peak inspiratory 
flow rate.

Table 1. (Continued)

collaboration for centers that participate in CIID. 

Patients 
We included all patients over the age of 18 with rib fractures who 
were admitted to the hospital. We excluded any patient less than 
18 years old. Trauma MOIs were categorized as automobile-pedes-
trian collisions, falls, bicycle collisions, MCCs, or MVCs (Fig. 1). 

We did not include patients with missing data in the analysis. 
At the time of data extraction, there were 1,601 patients in the 
database. Only 1,121 had a complete dataset for this analysis. The 
patients with missing data were from data imports of individual 
data registries from different centers. These patients’ data were 
imported but did not contain all the data points of the CIID; 
therefore the data were excluded from the analysis dataset. For 
the 1,121 patients included in the study, there were no missing 
data points in the variables analyzed. Matching was not necessary 
since a complete dataset was analyzed, and the authors did not 
want to create data for the missing variables. 

The extracted data consisted of fracture patterns based on 
MOI, and the locations of fractures as defined by CWIS nomen-

Patient data in CIID

Age ≥18 yr

Age <18 yr

Included in study

≥1 Rib fracture present on 
admission

No rib fracture on admission

MOI: auto vs. pedestrian, fall, 
bicycle, MCC, or MVC

MOI unknown or other

Fig. 1. Flowchart of inclusion and exclusion criteria. CIID, Chest 
Injury International Database; MOI, mechanism of injury; MCC, 
motorcycle collision; MVC, motor vehicle collision.
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Fig. 2. Taxonomy of rib fractures. Reprinted from Sarani et al. [16], 
with permission from Wolters Kluwer Health Inc.

Fig. 3. Heat map explanation. (A) Image of the fractures of a patient. (B) The fractures of a patient are entered into the database. (C) Heat maps 
are created with the combined fractures from our sites. St, sternum; P, posterior; PL, posterolateral; L, lateral; AL, anterolateral; A, anterior.

years (Table 2). The median RibScore was 2 (range, 0–3) and 
there were 9,353 individual fractures noted in 1,121 patients. 

The most significant results of the study are shown in the heat-
maps comparing the MOI and rib fracture injury patterns (Figs. 
4, 5). Overall, based on the study results, the fifth and sixth ribs 
were fractured the most at the lateral portion of the rib with fre-
quencies of 4.34 and 4.56, respectively. The lowest number of 
fractures was recorded for lateral rib fractures in the first and 
twelfth ribs, with frequencies of 0.30 and 0.06, respectively. 
MCCs showed a pattern with the highest fracture rate in the lat-
eral position of the fifth and sixth ribs, with frequencies of 4.19 
and 4.45, respectively. Falls demonstrated a pattern where the 
highest fracture rate was in the lateral positions of the sixth and 
eighth ribs, with frequencies of 4.94 and 4.94, respectively. Auto-
mobile-pedestrian collisions showed a pattern with the highest 
fracture rate in the lateral positions of the fifth and sixth ribs, 
with frequencies of 4.21 and 4.07, respectively. On average, 

AA
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CC
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Table 2. Demographic data presented as proportions out of the total number of patients 

Variable
Proportion of patients (%)

Automobile-pedestrian 
collision (n=70)

Fall  
(n=474)

Bicycle  
(n=59)

Motorcycle collision 
(n=165)

Motor vehicle collision 
(n=353)

Sex
 Male 68 59 82 88 57
 Female 29 41 16 11 41
Race
 White 57 79 84 76 67
 Black 18 7 0 5 14
 Hispanic 11 4 4 7 10
 Other 6 1 4 1 4
 Unknown 8 9 9 10 5
Medical history
 Hypertension 25 60 19 23 27
 Smoker 36 20 11 34 35
 Past tobacco use 4 21 14 13 9
 Asthma 7 8 11 4 9
 Pneumonia 0 1 2 0 1
 COPD 11 17 2 4 9
 Diabetes 8 22 9 10 13
 Steroid 0 5 0 0 2
 Cancer 1 15 9 1 5
 Osteoporosis 3 10 2 0 1
Medical history data pertains to each patient’s health at the time of the trauma.
COPD, chronic obstructive pulmonary disease.

Fig. 4. Mechanism of injury (MOI) and rib fracture incidence. (A) All MOI. (B) Motorcycle collisions. (C) Falls. (D) Automobile-pedestrian col-
lisions. (E) Motor vehicle collisions. (F) Bicycles. Each cell represents the frequency of fractures in each location (number of fracture / total frac-
tures): anterior, anterolateral, lateral, posterolateral, or posterior for each rib level. Red indicates a greater number of fractures, and blue indicates a 
smaller number of fractures.
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P-valueBicycle

Fig. 5. Mechanism of injury compared. (A) Falls versus automobile-pedestrian collisions. (B) Falls versus motor vehicle collisions (MVCs). (C) 
Falls versus bicycles. (D) Falls versus motorcycle collisions (MCCs). (E) MCCs versus MVCs. (F) MCCs versus MCCs. (G) MCCs versus bicycles. 
(H) Bicycles versus automobile-pedestrian collisions. Each cell represents the frequency of fractures in each location (number of fracture/total 
fractures): anterior, anterolateral, lateral, posterolateral, or posterior for each rib level. Red indicates a greater number of fractures, and blue indi-
cates a smaller number of fractures. Statistically significant differences in location and pattern of fracture were identified comparing each mech-
anism of injury except for MVCs versus bicycle. The P-values are represented here as well. Red represents a nonstatistically significant difference, 
while blue represents a difference approaching or reaching statistical significance between the rib fracture patterns.
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1 0.39 0.18 0.12 0.48 1.04  1 1.00 0.47 0.20 0.80 1.46  1 0.002 0.089 0.382 0.141 0.001 

2 0.98 1.07 0.92 0.60 0.98  2 1.00 1.99 1.46 1.40 1.59  2 0.459 0.002 0.023 0.001 0.002 

3 1.25 1.88 2.59 1.13 1.31  3 1.20 3.06 2.66 2.33 1.93  3 0.726 0.001 0.186 0.001 0.008 

4 1.25 2.59 3.33 1.67 1.64  4 1.46 3.19 4.05 3.12 2.13  4 0.267 0.025 0.002 0.001 0.061 

5 1.34 2.89 4.61 1.88 2.23  5 1.46 2.92 4.19 3.32 2.66  5 0.275 0.192 0.456 0.001 0.006 
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Fig. 5. (Continued).
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MVCs and MCCs had nine fractures per patient, while bicycle 
collisions had 8.5, automobile-pedestrian collisions had 10, and 
falls had seven fractures per patient. MVCs demonstrated a pat-
tern with the highest fracture rate in the lateral position of the 
sixth rib and in the anterolateral position of the fourth rib, with 
frequencies of 4.50 and 4.35, respectively. Lastly, bicycle collisions 

demonstrated a pattern where the highest fracture rate was in the 
lateral positions of the fourth and sixth ribs, with frequencies of 
4.14 and 4.54, respectively (Fig. 4). 

Comparisons of each MOI were made. For statistical purposes, 
falls were set as the standard for comparison, as this tends to be 
the most common recent MOI in trauma centers. When com-
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Fig. 5. (Continued).
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paring falls versus automobile-pedestrian collisions, statistically 
significant differences were seen for anterior second to sixth and 
eighth ribs and posterior first to third ribs. When comparing falls 
versus bicycles, significant differences were seen for anterior first 
and second ribs, anterolateral first to third ribs, posterolateral 
second to fifth ribs, posterior first to fifth ribs, and posterior 
ninth to twelfth ribs. When comparing falls versus MCCs, signif-
icant differences were seen for posterolateral second to sixth ribs, 
posterolateral eleventh rib, and posterior first to seventh ribs. 
When comparing falls versus MVC, significant differences were 
seen for anterior first to seventh ribs and anterolateral first to 
eighth ribs (Fig. 5). 

We then sought to compare separate mechanisms. When com-
paring MVCs versus MCCs, significant differences were seen 

with anterior second and fifth ribs and posterolateral second to 
sixth ribs. When comparing MCCs versus bicycles, no statistical-
ly significant differences were observed between these two 
groups. When comparing bicycle versus automobile-pedestrian 
collisions, significant differences were seen for anterior third to 
sixth ribs (Fig. 5). 

DISCUSSION 

There is little information linking the MOI with rib fracture pat-
terns, specifically at the level of detail that is captured within 
CIID. We sought to investigate whether certain MOIs correlate 
with certain fracture patterns so that we may specifically target 
imaging, accelerate diagnosis, and more carefully identify other 
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surrounding at-risk structures based on the fracture pattern. It is 
well documented in the literature that CT scans miss rib fractures 
[14,15,17,18]. It is also well documented in the literature that rib 
fractures are associated with other injuries, but we do not know if 
the MOI is associated with rib fractures and other injury patterns 
[19–20]. If a specific injury pattern could be predicted based on 
the MOI, focused imaging modalities such as three-dimensional 
(3D) rendering and use of arterial phase CT scans could be tai-
lored to the correct mechanism. In patients too unstable for im-
aging who proceed directly to the operating room, the MOI 
could be used to predict rib fractures and injuries to nearby 
structures in the neck, chest, or abdomen. These predictions po-
tentially could guide operative decision-making when time is 
critical. 

The major finding of this investigation is that there is a signifi-
cant association between the MOI and rib fracture pattern. This 
is demonstrated by the statistically significant differences among 
the different MOIs and rib fracture patterns in the associated lo-
cations. To our knowledge this is the first such investigation eval-
uating the MOI and fracture patterns in living patients 
[16,17,21]. Lateral rib fractures were, as expected, the most com-
mon location for fractured ribs. MVCs showed a trend toward 
anterior, while falls trended toward posterior rib fractures (Fig. 
4). Clinically, this makes sense, as high-impact MVCs involve 
passive and active restraint devices and usually a frontal impact, 
while patients who fall often land on their backs or tucked arms. 

We also hypothesize that mechanisms with similar levels of en-
ergy seem to be associated with similar injury patterns. MVCs 
and MCCs on average had nine fractures per patient, while bicy-
cle collisions had 8.5, automobile-pedestrian collisions had 10, 
and falls had seven fractures per patient; thus, falls exhibited few-
er similarities in rib fracture patterns compared to automo-
bile-pedestrian collisions, MCCs, and MVCs and on average had 
fewer ribs fractured (Fig. 4). MVCs and MCCs had statistical dif-
ferences in the posterolateral location (Fig. 4). This could be 
largely due to the mechanism of impact, considering both are 
higher velocity impacts. These novel findings will enable radiolo-
gists and surgeons to target their radiologic workup more specifi-
cally, as to identify rib fractures and associated injuries more 
quickly and with greater reliability. In turn, we hope this will al-
low providers to act more promptly in the care of patients with 
blunt force trauma and suspected rib injuries. For instance, a pa-
tient presenting after MCC can be examined more closely physi-
cally and via imaging, looking for posterior rib fractures and con-
comitant injuries to the aorta. 

Our data are congruent with the limited literature available, 

and this study’s advantages include a greater sample size, a stan-
dard taxonomy, and more precise information by utilizing the 
CIID [4,22]. The CIID uses the published CWIS taxonomy for 
fractures, which the authors hope will be incorporated in all fu-
ture studies to provide standardization, specificity, and scalability 
to future findings. 

We report here a novel study describing an association be-
tween the MOI and specific rib fracture patterns. These results 
suggest that one may be able to predict the rib fracture pattern 
based on the MOI. This may assist providers to specifically look 
for these predicted fracture patterns with appropriate and fo-
cused radiographic studies, thereby allowing for fewer missed in-
juries and earlier, appropriate intervention (s). This ability to ar-
rive more rapidly at accurate diagnoses could lead to improved 
outcomes for patients who experience thoracic trauma with sig-
nificant rib fractures and associated injuries. 

Linking the MOI and rib fracture injury patterns may help us 
detect various injuries, one in particular has much promise: dia-
phragm injuries. Lower rib fractures are already associated with 
diaphragm injuries. Specific studies have linked low-grade liver 
or spleen injuries with rib fractures to a 20% rate of diaphragm 
injury [23]. Another group [24] performed thoracoscopy to re-
veal diaphragm injuries during SSRF; they found a rate of 16.5%. 
Even when a radiologist reviewed these CT scans, 77% of the dia-
phragm injuries were missed. Being able to link the MOI with rib 
fracture injuries to diaphragmatic injuries may lead us to a new 
algorithm for performing diagnostic laparoscopy in certain pa-
tients. 

Even if these missed rib fractures on CT scans are not clinically 
relevant, patients want to know all their injuries for personal and 
litigation purposes. If we know we are missing rib fractures on 
CT scans based on certain mechanisms, 3D reconstructive imag-
es may be ordered. At certain high-volume centers, 3D recon-
structive images are obtained for all rib fracture patients, but this 
could be a waste of resources; knowing what MOI is associated 
with certain rib fracture patterns could help us to be more selec-
tive when deciding who gets 3D reconstructive images. 

Limitations 
Our study is most significantly limited by its sample population 
of 1,121 patients, primarily from chest wall centers, which may 
introduce a selection bias. The population is further limited by 
variable database-entry criteria at each institution, with some in-
stitutions entering all patients with rib fractures, and others only 
entering patients who undergo SSRF. Patients are only entered by 
chest wall surgeons, meaning the less-injured patient that does 
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not require a surgical consult would not be submitted into the 
registry. As the CIID grows, more sites will be recruited to utilize 
the database, and CWIS hopes to standardize the criteria for 
populating the database across participating institutions. Anoth-
er limitation of the study is the inclusion and exclusion criteria, as 
there may be other variables that influence rib fracture pattern 
and location that were not accounted for in this study. One in 
particular is age. Due to fragility, older patients more easily break 
ribs. Future studies should assess whether the MOI, age, and rib 
fracture injury patterns are related. In the future, we can use 
matched cohorts to control for this potential confounder. 

Conclusions 
Unique rib fracture patterns are generated by different mecha-
nisms of injury. These patterns should be considered when con-
ducting evaluations, assessing the possible use of diagnostic mo-
dalities, and considering the need for potential interventions on 
patients with acute thoracic trauma. Future studies should evalu-
ate additional variables such as age, the Blunt Pulmonary Contu-
sion 18 (BPC18) score factor, and SSRF and their association 
with MOI and fracture pattern. Research focusing on the associa-
tion between MOI and rib fracture patterns, and the implications 
of morbidity and mortality, is ongoing. 
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