
INTRODUCTION 

Rib fractures are common injuries, occurring in 10% to 15% of 
all trauma patients [1,2]. Rib fractures are often associated with 
polytrauma and may occur alongside head, abdominal, chest 
wall, pulmonary, or spinal injuries, which can complicate the 
management of these patients [1–4]. Research suggests that older 
patients are at significantly higher risk of mortality and morbidity 
associated with rib fractures [5–7], although the age at which the 
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risk increases is still unclear. Researchers have suggested that in-
juries experienced by those older than 65 years [6,8], 55 years [9], 
and 45 years [10] can be defined as “elderly rib fractures.” As ag-
ing research continues, it is becoming clear that age is, in fact, 
“only a number,” and that the overall health status, degree of frail-
ty, and number of comorbidities of patients present at the time of 
their rib fractures may better explain poor outcomes than patient 
age. Therefore, treatment for rib fractures must be tailored to 
each patient. Treatment guidelines are often based on a simplifi-
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cation of risk factors, especially based on age, and overall adher-
ence to guidelines tends to be poor [11]. In a study of geriatric 
patients with multiple rib fractures, Shi et al. [12] found that, 
among those who had not been directly admitted to the intensive 
care unit (ICU), 9% had an unplanned admission; however, they 
did not observe an associated difference in outcomes in patients 
who experienced unplanned ICU admission. 

Patients over 65 years of age with rib fractures, patients with 
three or more rib fractures, and patients with polytrauma are 
recommended to be transferred to a trauma center for care. 
However, data on the outcomes of transfer patients are lacking. 
Our trauma center, Essentia Health-St. Mary’s Medical Center 
(Duluth, MN, USA), serves a large, rural area, and a sizable 
proportion of our patient population is transferred to us for 
treatment. The goals of this study were threefold: (1) to de-
scribe the population of patients admitted to our trauma center 
with rib fractures; (2) to compare demographic and injury-re-
lated characteristics as well as the outcomes of patients who 
were directly admitted to our center and patients who were 
transferred to our center; and (3) to identify possible risk fac-
tors for increased mortality. 

METHODS 

Ethical statements 
This study was reviewed, approved, and monitored throughout 
by the Institutional Review Board of Essentia Institute of Rural 
Health. Due to the retrospective nature of the study, informed 
consent was waived. 

Patient selection 
We performed a retrospective observational study of all trauma 
patients admitted from January 1, 2008 to December 31, 2018 to 
Essentia Health-St. Mary’s Medical Center (SMMC-EH), a single 
trauma center, located in northeastern Minnesota, which serves a 
large area of rural communities. SMMC-EH was a level II Amer-
ican College of Surgeons (ACS) verified adult and pediatric trau-
ma center throughout the majority of the study period and was 
reclassified as a level I ACS adult trauma center in September 
2018. Since SMMC-EH is a large referral center serving an ex-
pansive area spanning three states, many patients are transferred 
to our hospital after an initial evaluation at a local hospital. Most 
hospitals that refer patients to SMMC-EH are located in rural ar-
eas, based on Rural-Urban Commuting Area codes [13], and 
many are critical access hospitals (CAHs) [14]. We included all 
patients admitted after a traumatic injury with at least one rib 

fracture during the study period who met the National Trauma 
Data Standard patient inclusion criteria [15]. The only exclusion 
criteria were patients who elected not to participate in research at 
our institution. 

Data collection 
All patient data were electronically extracted from the SM-
MC-EH trauma registry and electronic health records. Patient 
demographics included age at admission, sex, race, ethnicity, 
Charlson Comorbidity Index (CCI) score, alcohol use, tobacco 
use, and the number of unique rib fracture hospitalizations 
during the study period. Hospitalization-related variables in-
cluded the mechanism of injury, number of ribs fractured, Inju-
ry Severity Score (ISS), ICU admission (and whether it was 
planned upon initial examination or unplanned), length of ICU 
stay, mechanical ventilator use and duration of use, rib fixation, 
noninvasive ventilation use (bilevel positive airway pressure or 
continuous positive airway pressure), and the use of epidural or 
catheter-based anesthesia for pain control. Outcome variables 
included the length of hospital stay, in-hospital complications 
(e.g., pneumonia or sepsis), discharge disposition, 30-day inpa-
tient readmissions, 30-day emergency department admissions, 
and mortality. Patient transfer status was determined for all hos-
pitalizations (i.e., if patients were admitted directly after present-
ing at the SMMC-EH emergency department or were admitted 
after being transferred from another hospital). For patients who 
were transferred to our facility, the ACS’s trauma designation 
(level II, III, or IV, or undesignated) and whether they were des-
ignated by the Centers for Medicare and Medicaid Services as a 
CAH were collected from all transferring hospitals. The CAH 
designation is designed to support rural hospitals, reduce finan-
cial strain, and improve access to care by enabling access to 
healthcare services in rural areas. To meet CAH definitions, 
hospitals must (1) have 25 or fewer inpatient beds, (2) be more 
than 35 miles from other hospitals, (3) have an average length of 
stay of fewer than 96 hours for inpatients, and (4) provide emer-
gency care services 24 hours a day and 7 days a week [14]. The 
duration of time spent at the local hospital (defined as the time 
of admission to the local hospital to discharge from the local 
hospital) and the transfer time (the time from discharge from 
the local hospital to the time of admission at the trauma center) 
were calculated for all patients transferred to our hospital. 
During the final years of the study period (August 2017 to Au-
gust 2018), our standard clinical practice was to assess all pa-
tients admitted to our center who were aged 65 years and older 
using the Edmonton Frailty Scale [16]. This scale was adminis-
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tered by trauma team staff through patient or caretaker inter-
views, and the data were recorded in the patients’ charts. The 
scores were then abstracted via a chart review. Frailty data were 
only available for a subset of patients since, prior to August 2017, 
these data were not collected. 

Data analysis 
Our primary outcome measures were in-hospital complications, 
median length of stay in the hospital, discharge disposition, and 
mortality (in the hospital, within 30 days, and within 1 year). All 
analyses were performed in IBM SPSS ver. 23.0 (IBM Corp., Ar-
monk, NY, USA). We reported the demographics of patients as 
medians and ranges for all continuous variables, since they were 
not normally distributed, or as the number of patients and per-
centages. Descriptive statistics were used to examine the study 
population. Demographic comparisons between directly admit-
ted and transfer patients were made using the chi-square test (or 
the Fisher exact test when cell counts were < 5) and the 
Mann-Whitney U-test. Since some patients had more than one 
hospitalization for a rib fracture during the study period, some 
analyses were performed using the first admission only. When all 
admissions were analyzed, bivariate and multivariate generalized 
estimating equations were employed when comparing outcomes 
between transferred and directly admitted patients, since patients 
could have been included in one of the groups multiple times for 
separate admissions. generalized estimating equations included 
negative binomial and binary logit-linked models with unstruc-
tured correlation matrices. Binary logistic regression was also 
used to make comparisons between unique patients. In these 
analyses and tables, we clearly outlined when only the first rib 
fracture admission and when all rib fracture admissions were in-
cluded. A P-value of less than 0.05 was considered to indicate sta-
tistical significance. 

RESULTS 

During the study period, 1,649 patients were admitted for rib 
fractures, with 1,671 unique rib fracture hospital admissions. 
The majority of patients were Caucasian (92.6%), followed by 
American Indian/Alaska Native (4.9%) and Black (0.5%). Pa-
tients were more likely to be male than female (male patients, 
71.2%; female patients, 28.8%). Patients experienced between 
one and three unique rib fracture hospital admissions during 
the study period. The median age at hospitalization was 57 
years (range, 2–98 years), and the median ISS was 14 (inter-
quartile range [IQR], 9–18). The median number of rib frac-
tures was 3 (IQR, 2–5). Among the total hospitalizations, 592 
hospitalizations (36%) related to rib fractures required an ICU 
stay, with 10% requiring transfer to the ICU after floor admis-
sion. The most common mechanism of injury was falling, fol-
lowed by motor vehicle, all-terrain vehicle, and motorcycle 
crashes; however, the mechanism of injury varied greatly based 
on the age group (Fig. 1). In the pediatric age group, vehicle-re-
lated injuries (whether motor vehicle, all-terrain vehicle, mo-
torcycle, or other) accounted for 100% of rib fractures. As age 
increased, the number of injuries caused by falls also increased. 
Alcohol use was common, with 26% of admissions being asso-
ciated with alcohol use on the day of injury. Active tobacco use 
was also high at 27.8%.  

Transfer status  
During the study period, 894 patients (54%), representing 902 
hospital admissions, were transferred to our trauma center from 
other hospitals for definitive care. Most patients were initially 
evaluated as having been transferred from an ACS level IV trau-
ma center (67%), followed by undesignated trauma centers 
(20%) and level III centers (13%). Eighty-two percent of patients 
were transferred from CAHs. The median time spent at the ini-

█ Fail █ Motor vehicle crash █ All-terrain vehicle crash █ Motorcycle crash █ Other transportation injury █ Other

Fig. 1. Injury mechanism associated with rib fracture by age group: (A) <18 years (n=45), (B) 18–44 years (n=412), (C) 45–64 years (n=651), (D) 
65–84 years (n=450), and (E) ≥85 years (n=115).
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Table 1. Patient demographics, injury characteristics, and hospital data for all trauma admissions with rib fractures between January 1, 2008, and De-
cember 31, 2018

Variable Total 
(n=1,671)

Direct admissions 
(n=769)

Transfer patients 
(n=902) ExpB (95% CI) P-value

Male sex 1,190 (71.2) 519 (76.5) 671 (74.4) 0.72 (0.58–0.88) 0.001
Age (yr) 57 (43–70) 58 (44–72) 56 (42–68) 0.97 (0.94–0.99) 0.028
Injury cause
 Fall 608 (36.0) 330 (43.0) 278 (31.0) 0.60 (0.49–0.72) <0.001
 Motor vehicle crash 383 (23.0) 155 (20.0) 228 (25.0) 1.34 (1.06–1.68) 0.013
 All-terrain vehicle 188 (11.0) 70 (9.0) 118 (13.0) 1.58 (1.08–2.02) 0.015
 Motorcycle accident 152 (9.0) 77 (10.0) 75 (8.0) 0.81 (0.57–1.14) 0.218
 Other transport 140 (8.0) 42 (6.0) 98 (11.0) 2.07 (1.43–3.01) <0.001
Alcohol use-related rib fracture injury 440 (26.0) 172 (22.0) 268 (30.0) 1.39 (1.10–1.74) 0.006
Current tobacco use 467 (28.0) 195 (25.0) 272 (30.0) 1.01 (1.00–1.01) 0.012
No. of rib fractures 3 (2–5) 3 (2–5) 3 (2–5) 0.99 (0.93–1.06) 0.790
Injury Severity Score 14 (9–18) 13 (9–17) 14 (10–19) 1.09 (1.02–1.18) 0.017
 >15 645 (39.0) 276 (36.0) 369 (41.0) 1.25 (1.02–1.52) 0.031
Charlson score 0 (0–0) 0 (0–1) 0 (0–0) 0.56 (0.44–0.70) - 
Hospital LOS (day) 4 (2–8) 4 (2–8) 4 (2–8) 1.04 (0.90–1.19) 0.605
ICU admissions
 No ICU stay 1,063 (64.0) 502 (65.0) 561 (62.0) 0.79 (0.61–1.04) 0.089
 Directly admitted to ICU (planned) 431 (26.0) 198 (28.0) 233 (26.0) 1.00 (0.81–1.25) 0.976
 Unplanned ICU 177 (11.0) 69 (9.0) 108 (12.0) 1.99 (1.03–3.85) 0.041
Total ICU LOS (day) 2 (1–6) 2 (1–6) 2 (1–6) 1.05 (0.81–1.36) 0.692
Ventilator use 301 (18.0) 124 (16.0) 177 (20.0) 1.00 (0.99 –1.01) 0.213
 On ventilator (day) 4 (2.0–10.0) 5 (2.0–10.8 ) 4 (2.0–9.5) 0.91 (0.60–1.37) 0.646
Rib fixation 40 (2.0) 19 (3.0) 21 (2.0) 0.94 (0.50–1.76) 0.849
BiPAP/CPAP 21 (1.0) 8 (1.0) 13 (1.0) 1.39 (0.57–3.37) 0.465
Catheter-based pain control 21 (1.0) 10 (1.0) 11 (1.0) 0.94 (0.40–2.22) 0.884
Pneumonia 42 (3.0) 21 (3.0) 21 (2.0) 0.99  (0.98–1.01) 0.319
Discharge disposition
 Home with or without home health services 1,047 (63.0) 477 (62.0) 570 (63.0) 0.89 (0.66–1.20) 0.449
 Skilled nursing facility or rehab 528 (32.0) 240 (31.0) 288 (32.0) 1.30 (0.90–1.88) 0.168
 Hospice 6 (0.4) 4 (0.5) 2 (0.2) 0.43 (0.08–2.33) 0.324
Mortality
 Deceased on arrival 10 (0.6) 8 (1.0) 2 (0.2) 0.21 (0.05–0.99) 0.050
 In-hospital 68 (4.1) 32 (4.2) 36 (4.0) 0.99 (0.99–1.01) 0.549
 30-Day postdischarge 13 (0.8) 10 (1.3) 3 (0.3) 0.25 (0.07–0.92) 0.037
Values are presented as number (%) or median (interquartile range). Patients with more than one unique hospitalization with rib fracture could 
be in both the direct admission and transfer groups. Analysis was performed using bivariate generalized estimating equations. Directly admitted 
patients were the comparison group.
ExpB, exponentiation of the B coefficient in binary logistic regression; CI, confidence interval; LOS, length of stay; ICU, intensive care unit; BiPAP, 
bilevel positive airway pressure; CPAP, continuous positive airway pressure.

tial hospital was 2.71 hours (IQR, 1.60–4.07 hours), and the me-
dian transportation time from the initial hospital to the trauma 
center was 1.18 hours (IQR, 0.68–1.57 hours). Compared to di-
rect admission, transfer patients were more often male and more 
often sustained their injuries due to high-impact mechanisms 

such as motor vehicle or all-terrain vehicle crashes. As shown in 
Table 1, transfer patients tended to be younger, more likely to ac-
tively use tobacco, and sustain injuries associated with alcohol 
use than directly admitted patients. Transfer patients were less 
likely to have a CCI score of 2 or more (10.5% for transfer pa-
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tients vs. 19.5% for directly admitted patients). The median ISS 
was higher for transfer patients. The median number of rib frac-
tures was similar between groups. Approximately one-third of all 
patients in both groups were admitted to the ICU; however, 
transfer patients were significantly more likely to experience un-
planned ICU admission (12% for transfer patients vs. 9% for di-
rectly admitted patients; P = 0.041). The rate of pneumonia did 
not differ between the groups. 

In-hospital mortality 
All in-hospital mortality analyses were performed using the in-
formation on each unique patient information for their first rib 
fractures as opposed to data on all hospitalizations. The total 
number of unique patients was 1,649. One patient died during 
their second admission and was not included in this mortality 
analysis. In-hospital mortality was 4.1% and did not significantly 
differ between directly admitted patients (4.2%) and transfer pa-
tients (3.9%). Patients who required ICU admission had a higher 
in-hospital mortality rate compared to those who did not require 
ICU admission (7.3% and 2.2%, respectively; P< 0.001), but there 
was no significant difference between patients with planned and 
unplanned ICU admissions (7.1% vs. 7.6%; P = 0.92). Patients 
who died in hospital (median age, 64 years; IQR, 47–80 years) 
tended to be significantly older than survivors (median age, 56 
years; IQR, 43–69 years; P= 0.013). However, age was not an ef-
fective predictor of mortality, and in a receiver operating charac-
teristic curve, the area under the curve was only 0.60 (95% confi-
dence interval, 0.52–0.68) (Fig. 2A). Similar to age, the number 
of rib fractures and the CCI score were poor predictors of mor-
tality using receiver operating characteristic curves (Fig. 2A). ISS 
was a better predictor of in-hospital mortality. Table 2 depicts the 
odds ratios and adjusted odds ratios of in-hospital mortality for 
age, number of rib fractures, CCI score, and ISS calculated using 
univariate analysis and binary logistic regression. 

Patients aged 65 years and older with rib fractures 
In a subgroup analysis, we evaluated 565 hospitalizations of 553 
patients aged 65 years and older, which included a comparison to 
those younger than 65 years of age (Table 3). Falls were over-
whelmingly the most common cause of injury within the older 
group of patients; however, transfer patients were more likely to 
be admitted for injuries caused by other mechanisms (Table 3). 
Transfer patients had a significantly higher median ISS and were 
more likely to be admitted to the ICU upon admission. However, 
even with a higher median ISS and likelihood of ICU admission, 
no significant differences in in-hospital or 30-day postdischarge 

Age (yr) AUC=0.60 (0.52–0.68)
No. of rib fractures AUC=0.55 (0.47–0.63)
ISS AUC=0.74 (0.68–0.81)
CCI score AUC=0.58 (0.50–0.65)
Reference line
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Fig. 2. Receiver operating characteristic curve for (A) all patients, 
(B) patients aged 65 years and older, and (C) patients younger than 
65 years of age, examining the predictive value of age, number of rib 
fractures, Injury Severity Score (ISS), and comorbidities based on the 
Charlson Comorbidity Index (CCI). Diagonal segments are produced 
by ties. AUC, area under the receiver operating characteristic curve.
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mortality were observed between transfer patients and directly 
admitted patients. 

Compared to younger patients, patients older than 65 years of 
age did not have a significantly increased risk of in-hospital mor-
tality (aged ≥ 65 years, 5.8%; aged < 65 years, 4.1%; P= 0.13). Pa-
tients younger than 65 years of age were more likely to require 
ICU admission than older patients (38.6% vs. 30.6%, respective-
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Table 2. Age at the time of injury, number of rib fractures, Injury Se-
verity Score, and Charlson Comorbidity Index score and the risk of 
in-hospital mortality

Variable Unadjusted 
OR (95% CI)

Adjusted 
OR (95% CI)

Age at time of injury (yr) 1.02 (1.03–1.03) 1.03 (1.02–1.05)
No. of rib fractures 1.09 (1.01–1.18) 0.96 (0.87–1.06)
Injury Severity Score 1.09 (1.07–1.11) 1.14 (1.09–1.14)
Charlson Comorbidity Index score 1.21 (1.08–1.37) 1.28 (1.11–1.47)
Unadjusted ORs were calculated using univariate binary logistic re-
gression, and the adjusted ORs (multivariate analysis) were calculated 
using all four variables controlling for sex (the adjusted OR for the 
female sex in the multivariate model was 0.82; 95% CI, 0.46–1.46).
OR, odds ratio; CI, confidence interval.

Table 3. Comparison of injury and hospital data on directly admitted patients and transfer patients for all hospitalizations for rib fractures in patients 
aged 65 years and older

Variable Direct admission (n=280) Transfer admission (n=285) P-value
No. of ribs fractured 3 (1–14) 4 (1–17) 0.207
Mechanism of injury 0.001
 Fall 210 (75.0) 157 (55.0)
 Motor vehicle crash 23 (8.0) 54 (19.0)
 All-terrain vehicle 11 (4.0) 21 (7.0)
 Motorcycle accident 12 (4.0) 5 (2.0)
 Other 24 (9.0) 48 (17.0)
Injury Severity Score
 Median 10 13 <0.001
 >15 58 (21.0) 89 (31.2) 0.005
Intensive care unit admission
 Planned 50 (18.0) 84 (29.5) 0.001
 Unplanned 14 (5.0) 23 (8.1) 0.138
 Length of stay (day)  4 (1–80) 3 (1–28) 0.860
Mechanical ventilation required 28 (10.0) 41 (14.4) 0.150
On ventilator (day)  10 (0–164) 5 (1–44) 0.294
In-hospital mortality 13 (4.6) 19 (6.7) 0.302
Values are presented as median (range) or number (%).

ly; P= 0.001) and were more likely to have an unplanned ICU ad-
mission (12% vs. 6.7%; P< 0.001). Receiver operating characteris-
tic curves predicting mortality were created using age, ISS, num-
ber of rib fractures, and the CCI score for those aged 65 years and 
older and those under 65 years of age, and they are depicted in 
Figs. 2B and 2C. In both groups, age was a poor predictor of 
mortality. ISS was a more specific and sensitive predictor of mor-
tality in younger patients. The number of rib fractures and co-
morbidities were poor predictors of mortality in both groups, but 
they were slightly better predictors in the older age group. 

Frailty 
Frailty in 76 patients aged 65 years and older was assessed using 

the Edmonton Frail Scale [16]. In this subgroup, 18 patients 
(24%) were considered frail, and 11 (14%) were considered vul-
nerable. There was no significant difference in the frailty rate be-
tween directly admitted patients and transfer patients. In addi-
tion, no significant difference in in-hospital mortality was ob-
served between patients with and without frailty (3.8% vs. 3.7%, 
respectively). However, there was a significant difference in frail 
patients’ 1-year mortality (6 out of 18 patients, 33%) compared to 
patients without frailty (2 out of 57 patients, 4%) and vulnerable 
patients (1 out of 11 patients, 9%). Logit-linked binary general-
ized estimating equations models controlling for age, number of 
rib fractures, ISS, and whether the patient was transferred, 
showed that each 1-point increase in the total frailty score was 
significantly associated with a 1.43 increase (95% confidence in-
terval, 1.01–2.01; P= 0.044) in the adjusted odds of mortality at 1 
year postdischarge. 

DISCUSSION 

Rib fractures, a common injury in trauma patients, present a co-
nundrum for researchers. Rib fractures are often associated with 
other injuries, making analysis and broad treatment recommen-
dations difficult. As this study shows, rib fractures can occur in 
any age group, and injury severity can greatly vary, with ISSs 
ranging from 1 to 75. We also found that the mechanisms of inju-
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ry that led to rib fractures varied greatly between the different age 
groups. Furthermore, as age increased, low-risk mechanisms of 
injury, such as falls, comprised the overwhelming number of ad-
missions. A recent analysis of the National Trauma Data Bank 
examined all patients with rib fractures in the United States from 
2002 to 2006 and reported a mean age of 45.8 years and an over-
all mortality rate of 8% [17]. Our patient population was older 
than this cohort, with a median age of 57 years at the time of hos-
pitalization, and had a lower in-hospital and 30-day mortality 
rate of 4.1%. 

We found few significant differences in outcomes between pa-
tients that presented directly to our trauma center and those who 
were transferred from another hospital. We did find that transfer 
patients had higher risk mechanisms of injury, a higher median 
ISS, and a higher likelihood of injuries associated with alcohol 
use. Our transfer population came from a large rural area that is 
served by many CAHs. It makes sense that transfer patients had a 
higher median ISS since patients with less severe injuries may be 
able to receive effective treatment from lower-level trauma cen-
ters. While no significant differences in in-hospital or 30-day 
postdischarge mortality rates were observed, we did find that pa-
tients transferred from other hospitals were more likely to experi-
ence unplanned ICU admission compared to directly admitted 
patients. While this study was not able to assess the causes for 
this disparity, it is possibly due to a lack of recognition of early 
decompensation or poor pain control or pulmonary care prior to 
transfer. 

Access to trauma care in rural areas is important, and a 
smooth system for transfer after the initial workup is necessary. 
In other studies of less developed trauma systems, transfer status 
was found to be associated with worse outcomes [18]. This study 
is likely biased due to the well-developed trauma system in our 
area. This study also highlights the importance of CAHs, as 82% 
of patients were initially evaluated at a critical access hospital. 
Without these hospitals, access to trauma care would be greatly 
limited. The majority of these CAHs were level III or IV desig-
nated trauma centers and all provide important care to patients 
who otherwise would not have close access to hospital care. Carr 
et al. [19] reported that 29.7 million people in the United States 
lacked access to a level I or II trauma center within 60 minutes 
via an ambulance or helicopter. Significant disparities exist in ar-
eas without this access, since they tend to be rural areas with a 
higher proportion of nonwhite residents and a higher uninsured 
population [19]. CAHs in these underserved areas can provide 
initial support and trauma stabilization for patients and, coupled 
with well-developed trauma systems, save lives. 

While current expert opinion and other low-evidence guide-
lines recommend ICU admission for all patients with rib frac-
tures over the age of 65 years, it is unclear if this cutoff is ideal 
[11]. At our center, we do not currently have an age-based cut-
off for ICU admission with rib fractures. The majority of our 
older patients are admitted to our trauma floor, which is staffed 
by well-trained trauma nurses and many advanced-practice 
providers who make frequent rounds. The entire trauma team 
is responsible for ensuring patients receive aggressive pulmo-
nary hygiene treatment and quickly identifying any decompen-
sation. We found that our rate of unplanned ICU visits was 
higher in patients younger than 65 years of age, further sup-
porting that age is not the only risk factor. This finding is simi-
lar to many other studies that evaluated the outcomes of older 
patients with rib fractures, which raises questions about the ne-
cessity of ICU admission for all older patients with rib fractures 
[12,20]. It is likely that instead of a blanket recommendation for 
all patients of a certain age to be admitted to the ICU, identify-
ing the patients at the highest risk of decompensation and poor 
outcomes is most important. As this study demonstrates, age is 
only a single, nonspecific factor when considering patient out-
comes. 

Frailty and chronic comorbidities likely contribute signifi-
cantly to worse outcomes in older patients with rib fractures. A 
higher number of comorbidities was associated with an in-
creased mortality risk and was a similar predictor to age. In this 
study, we found that patients that were frail or vulnerable had 
similar outcomes in the hospital to other older patients except 
with significantly worse long-term outcomes. Identifying pa-
tients with frailty and chronic comorbidities that place them at 
higher risk may help prevent and treat early problems that lead 
to decompensation, identify modifiable risk factors that can 
improve their outcomes, guide discussions about the goals of 
care, and set patient and family expectations for recovery. Frail-
ty is associated with increased mortality and morbidity and de-
creased independence after a traumatic injury [21]. Frailty rath-
er than age may be the driver for the poor outcomes observed 
in older patient cohorts. 

This study is limited, however, since it was a single-institution 
retrospective study. In addition, we only collected frailty data for 
a small subset of patients. Further research is needed to better 
identify the risks posed by frailty concerning rib fracture out-
comes, as well as to identify ways to modify the frailty level of pa-
tients. Furthermore, we did not collect data on other chest wall 
injuries associated with rib fractures, such as hemothorax, pneu-
mothorax, flail chest, or displaced rib fractures, which likely af-
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fected the patients’ outcomes. This study does have several 
unique strengths, however, since our trauma center covers a 
unique population, serving a large, rural, and primarily elderly 
population. Therefore, this study could provide a predictive 
model for other trauma centers in the coming years as the aging 
population grows. This study raises several important questions 
that must be answered in the coming years. In particular, further 
research is needed to better identify which patients with rib frac-
tures require transfer to trauma centers. In our well-developed 
trauma system, we did not identify any significant differences in 
the outcomes of transfer patients and directly admitted patients. 
We did identify that transfer patients tended to have more severe 
injuries since patients with less complex injuries likely received 
treatment at local hospitals. In addition, further research is need-
ed to devise a detailed and accurate spectrum of risk factors that 
would prompt ICU admission of rib fracture patients. Age alone 
is insufficient, and clinical judgment should be used to ensure 
that limited resources such as ICU beds and nursing staff are not 
overutilized when they are not genuinely needed. Good bedside 
nursing and floor care can incorporate aggressive pulmonary hy-
giene treatment and enable the identification of patients who are 
not progressing as expected. 

Rib fractures can occur in any age group due to a vast array 
of injury mechanisms. The transfer of patients to trauma cen-
ters when appropriate and well-developed transfer plans be-
tween hospitals can ensure good outcomes for all patients, es-
pecially at trauma centers in rural areas. While older patients 
tend to be at risk for worse outcomes than younger patients, age 
is not as clear of a predictor of treatment outcomes as is com-
monly assumed. Frailty and many other complex interactions 
have a more substantial impact on which patients are at the 
highest risk.  
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