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BACKGROUND: Current evaluation of rib fractures focuses almost exclusively on flail chest with little attention on bicortically displaced fractures.
Chest trauma that is severe enough to cause fractures leads to worse outcomes. An association between bicortically displaced rib
fractures and pulmonary outcomes would potentially change patient care in the setting of trauma. We tested the hypothesis that
bicortically displaced fractures were an important clinical marker for pulmonary outcomes in patients with nonflail rib fractures.

METHODS: This nine-center American Association for the Surgery of Trauma multi-institutional study analyzed adults with two or more rib
fractures. Admission computerized tomography scans were independently reviewed. The location, degree of rib fractures, and pul-
monary contusions were categorized. Univariate and multivariate logistic regression analyses were performed to identify indepen-
dent predictors of pneumonia, acute respiratory distress syndrome (ARDS), and tracheostomy. Analyses were performed in
nonflail patients and also while controlling for flail chest to determine if bicortically displaced fractures were independently asso-
ciated with outcomes.

RESULTS: Of the 1,110 patients, 103 (9.3%) developed pneumonia, 78 (7.0%) required tracheostomy, and 30 (2.7%) developed ARDS.
Bicortically displaced fractures were present in 277 (25%) of patients and in 206 (20.3%) of patients without flail chest. After
adjusting for patient demographics, injury, and admission physiology, negative pulmonary outcomes occurred over twice as fre-
quently in those with bicortically displaced fractures without flail chest (n = 206) when compared with those without bicortically
displaced fractures—pneumonia (odds ratio [OR], 2.0; 95% confidence interval [CI], 1.1–3.6), ARDS (OR, 2.6; 95%CI, 1.0–6.8),
and tracheostomy (OR, 2.7; 95% CI, 1.4–5.2). When adjusting for the presence of flail chest, bicortically displaced fractures re-
mained an independent predictor of pneumonia, tracheostomy, and ARDS.

CONCLUSION: Patients with bicortically displaced rib fractures are more likely to develop pneumonia, ARDS, and need for tracheostomy even
when controlling for flail chest. Future studies should investigate the utility of flail chest management algorithms in patients with
bicortically displaced fractures. (J Trauma Acute Care Surg. 2020;89: 658–664. Copyright © 2020 American Association for the
Surgery of Trauma.)

LEVEL OF EVIDENCE: Prognostic and epidemiological study, level III.
KEYWORDS: Rib fracture; bicortical displacement; chest trauma; trauma.

R ib fractures are identified in 10% to 25% of all trauma eval-
uations with an overall mortality of 10% to 16%.1–6 The ob-

served mortality may, in part, be related to frequently associated
injuries including pulmonary contusion (17%), hemothorax
(10%–27%), pneumothorax (28%–37%), blunt cardiac injury,
great vessel injury, and intra-abdominal injury (9%–11%).1,6–9

The observed mortality and morbidity may be due to rib fractures
and associated lung injury including pneumonia, acute respiratory
distress syndrome (ARDS), developed need for tracheostomy,
and prolonged ventilation.2,7

Currently, there are three small randomized controlled tri-
als (RCTs) evaluating surgical fixation versus nonoperative
management for rib fractures.10–12 These only include patients
with flail chest and make no mention of those patients with
bicortically displaced fractures. Radiological flail chest is de-
fined as two fractures on three or more consecutive ribs, where
clinical flail is paradoxical movement of the fractured segments

with respirations.13 Overall, these RCTs demonstrated decreased
rates of pneumonia and shorter total ventilator time in patients
with flail chest treated with surgical fixation when compared with
no surgical intervention. Meta-analyses of these RCTs and other
studies have also demonstrated reduced risk of pneumonia and
decreased ventilator days.8,14–16 In addition, there seems to be
a reduced risk of death when surgical fixation is employed.15

None of these trials looked exclusively at patients with
multiple displaced fractures that do not meet the definition of flail
chest (radiological or clinical). Qiu et al.17 evaluated a subgroup of
patient with multiple fractures without flail chest. Those with mul-
tiple fractures who underwent surgical fixation had fewer hospital
days (11.09 ± 1.88 vs. 15.93 ± 2.75 days, p = 0.013), decreased
pain scores, and shorter time to return to normal activity. However,
they did not specifically define degree of fracture displacement
or quantify fracture pattern beyond nonflail rib fractures.

Bicortically displaced fractures refer to fractures that are
severe enough to fracture through the entire rib but do not meet
the criteria of flail segments. Bicortically displaced fractures in-
clude those severe fractures in only one location on the rib but
may include multiple ribs that are fractured. Despite the pain
and potential compromise in respiratory mechanics, there has
been limited evaluation of bicortically displaced rib fractures
without a flail segment. One recent prospective trial compared
surgical fixation to nonoperative management in patients with
rib fractures.9 They included patients with flail chest and those
with three or greater bicortically displaced rib fractures. These
authors found decreased rates of pulmonary failure in the oper-
ative group (48.6% vs. 71.4%, p = 0.05) and decreased rates
of tracheostomy in those patients who had surgical fixation.
However, they did not evaluate those patients with nonflail frac-
tures separately, making it difficult to know if this patient popu-
lation (nonflail) is at greater risk than those with simple less
severe fractures or if they might benefit from surgery. Their re-
sults suggest that patients with other patterns of rib fracture
may benefit from repair.
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Several scoring systems have been created to help predict
complications in patients with rib fractures.18–21 However, these
have yet to be validated or gain widespread acceptance. Of these
scoring systems, only RibScore addresses displacement of the
fracture as a factor associated with worse outcomes. The authors
determined that, if three or more ribs were displaced, there was
significantly greater risk of pneumonia, tracheostomy, and respi-
ratory failure. The authors of the RibScore system suggest that
patients with bicortically displaced rib fractures have high risk
of adverse outcomes, even without the severity of flail chest.

There are currently no RCTs of outcomes in patients with
bicortically displaced fractures. A recent review from de Moya
et al.22 suggests surgical fixation should be considered in pa-
tients with three or more severely displaced rib fractures
(bicortical displacement); however, this is currently based on ex-
pert opinion. Given the paucity of data regarding nonflail severe
rib fractures, we aimed to determine if there is an association be-
tween bicortically displaced fractures and pulmonary outcomes
such as pneumonia, ARDS, and need for tracheostomy, because
this may represent a subgroup of patients who benefit frommore
aggressive therapy. We hypothesize that bicortically displaced
rib fractures are an important clinical marker for pulmonary out-
comes separate from flail chest.

PATIENTS AND METHODS

Data Collection
In this retrospective cohort study, data were contributed

from nine level I and level II US adult trauma centers. After each
site obtained institutional review board approval, deidentified
data of admissions from 2011 to 2016 were uploaded to the
American Association for the Surgery of Trauma’s web-based
data repository. All patients who were 18 years or older sustain-
ing blunt chest trauma causing two or more rib fractures based
upon admission chest computerized tomography (CT) scan were
included. Admission CT scan was defined as a chest CT per-
formed within 24 hours of injury. Patients were not included if
they did not survive at least 48 hours from time of admission. Pa-
tients with nonsurvivable head injuries, prolonged intracranial
pressure management of more than 3 days, or those who re-
quired emergent craniotomy were excluded because these

patients likely would require prolonged mechanical ventilation
for their traumatic brain injury, which would confound the rela-
tionship between rib fracture extent and pulmonary outcomes.

World Health Organization’s International Classification
of Diseases, Ninth Revision, codes from 807.0 to 807.19 and
807.4 were used to identify patients with closed or open rib frac-
tures specified by number or unspecified as well as those coded
as flail chest in site trauma registries. Patient demographics, in-
jury mechanism, comorbidities, substance use, admission phys-
iology, initial resuscitation, injury severity, and regional
Abbreviated Injury Scale (AIS) scores were collected retrospec-
tively at the specific site and uploaded to the American Associ-
ation for the Surgery of Trauma repository. Admission CT scans
were uploaded in Digital Imaging and Communications inMed-
icine format to theweb-based portal and independently reviewed
by two coauthors (Y.B. and M.B.) at the primary site to catego-
rize the number, severity, and location (anterior, posterior, and
lateral) of rib fractures as well as pulmonary contusion using a
standardized template.23 The diagnosis of flail chest was deter-
mined by the coauthors based on these CT scan reviews. Frac-
tures were defined as bicortically displaced if the displacement
was at least the thickness of the rib. Operative fixation was deter-
mined through medical record review. Patient outcomes col-
lected included mortality, pneumonia, ARDS, ventilator days,
intensive care unit (ICU) length of stay, and need for tracheos-
tomy. Pneumonia and ARDS were defined based on individual
site definitions, yet all sites are within the Trauma Quality Im-
provement Project (TQIP). Currently, TQIP defines pneumonia
in line with the Infectious Disease Society of America defini-
tions of pneumonia; therefore, the criteria for pneumonia is con-
sistent across the participating hospitals.24

Statistical Analysis
Data were expressed as mean with standard deviation for

normally distributed data or median with interquartile range (IQR)
for nonnormally distributed continuous variables. Student’s t test
was used to assess differences in means for continuous variables,
and Pearson’sχ2 was used to assess for differences in proportions
in categorical variables. Patients were stratified into those with
any bicortically displaced fractures versus no bicortically displaced
fractures. Because the variables collected in this analysis are part

Figure 1. Diagram of patients included in analysis.
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of registry required submissions to local, regional, and national
data sets collected close to real time by trauma registrars, there
were no missing data with respect to the outcomes of interest,
and because all patients included required a chest CT scan as
part of their inclusion criteria and all scans were reviewed and
categorized, there were no missing data regarding the designa-
tion of flail chest and/or bicortically displaced rib fractures. Sep-
arate regression models were developed for pneumonia, ARDS,
and the placement of tracheostomy using backwards stepwise
method maintaining confounders if they resulted in more than
a 10% change in the odds of association with the outcome of in-
terest, had a p value of <0.1, or were thought to be clinically rel-
evant. The treating facility was included in the multivariate

analysis and was not found to alter the results and therefore was
excluded from the final models. The analysis was repeated ex-
cluding flail chest patients from the analysis to obtain a true
measure of the effect of bicortically displaced rib fractures
on outcome in the absence of flail chest. When creating new
models for the analysis of patients without flail, chest age
was not a significant predictor of outcome and actually re-
duced the model accuracy from 0.774 to 0.763 and so was
not included in these models (Table 3). Pulmonary contusion
was included in the model to determine the contribution of rib
fracture severity beyond the effect of pulmonary contusion
on pulmonary related outcomes. Receiver operating curves
with their 95% confidence intervals (CIs) for the models

TABLE 1. Characteristics of Patients With Flail Chest, Patients With Bicortically Displaced Fractures Without Flail and Patients With
Neither Flail or Bicortically Displaced Fractures

Characteristic + Flail Chest (n = 89)

Flail Chest
+ Bicortically Displaced

Fracture (n = 208)

Flail Chest
− Bicortically Displaced

Fracture (n = 813)

Age (IQR) 57.3 (19.0)* 58.4 (18.2)*,** 55.2 (19.5)**

Male, n (%) 61 (70) 140 (68.0) 550 (67.9)

Mechanism of injury

Motor vehicle crash 40 (46.0%) 84 (40.8%) 387 (48.1%)

Fall 30 (34.5%) 75 (36.4%) 278 (34.5%)

Auto vs. pedestrian 4 (4.6%) 21 (10.2%) 58 (7.2%)

Other 13 (15.0%) 26 (12.6%) 82 (10.2%)

Body mass index (SD) 27.8 (7.5)† 28.2 (6.9) 27.8 (6.4)†

Comorbidities n = 76 n = 159 n = 594

Myocardial infarction 5 (6.6%) 5 (3.1%) 19 (3.2%)

Stroke 4 (5.5%) 5 (3.1%) 18 (3.0%)

Congestive heart failure 3 (4.0%) 6 (3.8%) 21 (3.5%)

Chronic obstructive pulmonary Disease 4 (5.3%) 9 (5.7%) 37 (6.2%)

Home oxygen use 1 (1.3%) 1 (0.6%) 6 (1.0%)

Chronic renal failure 0 (0.0%) 2 (1.3%) 4 (0.7%)

Liver disease 1 (1.3%) 5 (3.1%) 17 (2.9%)

Insulin dependent diabetes mellitus 6 (7.9%) 19 (12.0%) 51 (8.6%)

Non–insulin dependent diabetes mellitus 6 (7.9%) 9 (5.7%) 38 (6.4%)

Malignancy 4 (5.3%) 10 (6.3%) 23 (3.9%)

Preinjury warfarin 5 (6.6%) 10 (6.3%)** 5 (0.8%)**

Smoker (n = 834) 14 (18.4%) 37 23.3%) 160 (26.9%)

AIS

Head 0 (0–3) 0 (0–2) 0 (0–2)

Chest 3 (3–4)*† 3 (3–3)*,** 3 (2–3)**†

Abdomen 0 (0–2) 0 (0–1) 0 (0–0)

Spine 0 (0–2) 0 (0–1) 0 (0–2)

Lower extremity 0 (0–2) 0 (0–1) 0 (0–1)

ISS (IQR) 18 (14–24)*† 14 (10–22)*,** 14 (9–19)**†

No. packed red blood cells in first 24 h (IQR) 0 (0–0) 0 (0–0) 0 (0–0)

Liters crystalloid first 24 h, mean (SD) 1 (0–4) 0 (0–2) 1 (0–3)

Admit heart rate, mean (SD) 94 (21) 89 (20) 89 (20)

Admit systolic blood pressure, mean (SD) 136 (30) 135 (26) 137 (28)

Admission oxygen saturation (IQR) 97% (93%–99%) 97% (95%–99%) 97% (95%–99%)

Admission lactate (IQR) 3.0 (2.3–4.6) n = 34 2.6 (1.7–3.9) n = 75 2.2 (1.4–3.2) n = 222

Admission hematocrit, mean (SD) 39.1 (5.4) 39.1 (5.9) 39.4 (6.1)

*Statistically significant difference (p < 0.05) between + flail chest/− bicortically displaced fracture and − flail chest/+ bicortically displaced fracture groups.
**Statistically significant difference (p < 0.05) between − flail chest/+ bicortically displaced fracture and − flail chest/− bicortically displaced fracture groups.
†Statistically significant difference (p < 0.05) between + flail chest/− bicortically displaced fracture and − flail chest/− bicortically displaced fracture groups.
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and Hosmer-Lemeshow test for goodness of fit were per-
formed to assess model calibration.

RESULTS

A total of 1,110 patients met the inclusion criteria and had
admission CT scans (Fig. 1). The population was older
(mean, 59.9), predominantly male (68%), and moderately in-
jured (mean Injury Severity Score [ISS], 15.8), and the mortality
rate was 3.4% (n = 38). Comorbidity burden was relatively low
for this patient population; however, 212 (25.4%) were smokers,
and 51 (6.1%) had chronic obstructive pulmonary disease
(Table 1). Of the entire population of patients (N = 1,110), 81
(7.3%) had a unilateral flail chest, 8 (0.7%) had bilateral flail
chest, and 277 (25%) had at least one bicortically displaced rib
fracture. Of the 1,021 patients who had no flail chest, 208
(20.3%) had at least one bicortically displaced rib fracture. Not
surprisingly, the number of patients who had flail chest but did
not have bicortically displaced rib fractures was small (n = 20),
and so this population was not considered for any subanalyses
but were included in the flail chest population for analyses related
to flail chest. Pulmonary contusion was present in 405 patients
(37.2%) and was bilateral in 188 (17.3%). Intubation was required
within 24 hours of admission or at admission in 205 patients
(18.5%), and an additional 55 patients required intubation after
24 hours. For those intubated within 24 hours of admission,
the median number of ventilator days was 6 (IQR, 2–11). Com-
pared with patients with less displaced rib fractures, those with
bicortically displaced rib fractures (excluding flail chest) were
slightly older, tended to have a higher rate or history of malig-
nancy (not statistically significant, p = 0.07), had a higher chest
AIS score, and had a higher ISS score but were otherwise similar
in terms of comorbidities, admission physiology, and other re-
gional abbreviated injury scores. Among nonflail chest patients
who had bicortically displaced rib fractures, the average number
of bicortically displaced rib fractures did not differ between
those who did or did not develop pneumonia (pneumonia,

2.1 vs. no pneumonia, 2.0 [not significant]), need tracheos-
tomy (tracheostomy, 2.0 vs. no tracheostomy, 2.0 [not signif-
icant]), or develop ARDS (ARDS, 2.4 vs. no ARDS, 2.0 [not
significant]). Compared with nonflail patients, those with flail
chest had significantly higher chest AIS and overall ISS scores,
tended to have higher lower extremity AIS score, required sig-
nificantly more packed red cell transfusions in the first 24 hours,
had higher admission heart rate, and tended to have a higher lac-
tate (Table 1).

Besides the variable of interest (presence or absence of
bicortically displaced fracture), the variables either resulted in
a greater than 10% change in the odds of pneumonia, tracheos-
tomy placement, or ARDS risk when removed from the model
or were independent predictors of pneumonia and hence retained
in the model. The variables that were significant or affected
model accuracy and thus included in the model were the pres-
ence of flail chest, age, sex, body mass index, preinjury warfarin
use, head AIS, abdomen AIS, spine AIS, admission heart rate,
admission oxygen saturation, and admission hematocrit (Table 2).
Models only incorporated data from those with no missing data
for variables included in the model. The area under the curve
for each of these multivariable models for the individual out-
comes of pneumonia, ARDS, and tracheostomy placement
was 0.77 (95% CI, 0.73–0.84), 0.78 (95% CI, 0.69–0.87), and
0.83 (95% CI, 0.77–0.88), respectively (Hosmer-Lemeshow re-
spectively for each model: χ2 = 739.3, p = 0.39; χ2 = 770.5,
p = 0.14; χ2 = 754.9, p = 0.25).

The odds of pneumonia were higher for patients with
bicortically displaced fractures compared with those without
bicortically displaced fractures while adjusting for the presence
of flail chest (2.0; 95% CI, 1.1–3.4) (Table 2). Given the impact
that flail chest has on this patient population and the resulting
outcomes, regression models were generated while excluding
flail chest from the model. Excluding patients with flail chest
from the analysis resulted in similar risk of pneumonia (2.0;
95% CI, 1.1–3.6) (Table 3). The risk of ARDS for these patients
with bicortically displaced fractures was also increased while
adjusting for flail chest (2.5; 95% CI, 1.0–6.0) and when remov-
ing flail chest patients from the analysis (2.6; 95% CI, 1.0–6.8)
(Tables 2 and 3). Similarly, the risk for tracheostomy was in-
creased while adjusting for flail chest (2.5; 95% CI, 1.3–4.7)

TABLE 2. Associations With Negative Pulmonary Outcomes in
Multivariate Analysis (Flail Chest and Bicortically Displaced
Fracture Patients Combined)

Characteristics

Pneumonia
OR (95% CI)
(n = 742)

Tracheostomy
OR (95% CI)
(n = 742)

ARDS
OR (95% CI)
(n = 742)

Bicortically displaced fracture 2.0 (1.1–3.4) 2.5 (1.3–4.7) 2.5 (1.0–6.0)

Flail chest 2.2 (1.2–4.2) 2.1 (1.0–4.1) 2.9 (1.3–6.2)

Age 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0)

Male 1.7 (1.0–3.1) 1.5 (0.7–2.9) 0.8 (0.3–1.8)

Body mass index
(missing 32.7%)

1.0 (1.0–1.07) 1.0 (1.0–1.1) 1.0 (1.0–1.1)

Preinjury warfarin
(missing 24.9%)

2.4 (1.0–5.6) 1.8 (0.6–5.4) 2.1 (0.5–8.2)

Head AIS 1.4 (1.2–1.6) 1.5 (1.2–1.8) 0.8 (0.6–1.1)

Spine AIS 1.4 (1.2–1.8) 1.8 (1.4–2.3) 1.4 (1.0–1.9)

Admission heart rate 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0)

Admission oxygenation
Saturation

1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.1)

Admission hematocrit 0.9 (0.9–1.0) 1.0 (0.9–1.0) 0.9 (0.9–1.0)

TABLE 3. Associations With Negative Pulmonary Outcomes in
Multivariate Analysis (Bicortically Displaced Fracture Patients Only)

Characteristics

Pneumonia
OR (95% CI)
(n = 671)

Tracheostomy
OR (95% CI)
(n = 671)

ARDS
OR (95% CI)
(n = 671)

Bicortically displaced fracture 2.0 (1.1–3.6) 2.5 (1.3–4.7) 2.6 (1.01–6.8)

Male 1.9 (1.0–3.6) 1.5 (0.7–2.9) 1.2 (0.4–3.3)

Body mass index 1.0 (1.0–1.1) 1.0 (1.0–1.1) 1.0 (0.9–1.1)

Preinjury warfarin 2.9 (1.2–7.1) 1.8 (0.6–5.4) 2.1 (0.4–9.8)

Head AIS 1.3 (1.1–1.6) 1.5 (1.2–1.8) 0.8 (0.5–1.2)

Spine AIS 1.4 (1.1–1.7) 1.8 (1.4–2.3) 1.3 (0.8–1.9)

Admission heart rate 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0)

Admission oxygenation
Saturation

1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.1)

Admission hematocrit 0.9 (0.9–1.0) 1.0 (0.9–1.0) 0.9 (0.9–1.0)
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and when patients with flail chest were excluded (2.7; 95% CI,
1.4–5.2) (Tables 2 and 3).

DISCUSSION

In the evaluation and treatment of patients with rib frac-
tures, the number of fractures, the severity of each fracture,
and degree of associated injury clearly has impact on patient out-
comes. However, current research is muchmore densely focused
on flail chest than bicortically displaced rib fractures without
flail. Evaluation of bicortically displaced rib fractures, not just
the presence of flail, in patients with chest trauma is an important
key in the management and treatment of patients with rib frac-
tures because this injury pattern has impact on patient outcomes.
Not surprisingly, elderly patients have greater risk of pulmonary
complications (33%) when compared with younger patients
(12%) with similar injuries.5 As the number of fractures in-
creases, the risk of complications increases as well, but it is often
difficult to determine the degree to which these fractures them-
selves affect outcomes versus the underlying lung injury.3,25

Also, there is no evaluation of bicortically displaced rib fractures
in the elder trauma population.

In 2013, Dehghan et al.26 evaluated the National Trauma
Data Bank and identified 3,467 patients with flail chest. Of these
patients, 82% required ICU stay and spent 12.1 days onmechan-
ical ventilation, indicating high resource utilization. They also
determined that 20.6% developed pneumonia and 13.8% devel-
oped ARDS. There seems to be a breakpoint of patient mortality
that significantly increases when sustaining six or greater frac-
tures; these patients are almost always admitted to the ICU.2

These results remained true when controlling for pulmonary
contusion and flail chest and remained similar when patients
with flail chest were excluded. The current data evaluate the
merit of surgical fixation in patients with flail chest almost ex-
clusively diagnosed on CT. Because the interest of surgical fix-
ation has grown since the 1980s, CT scans have improved to
now show even more subtle findings in chest wall trauma.27–29

The physiologic insult associated with bicortically displaced
rib fracture may not be as severe as flail chest but still predicts
worse outcomes.

Until now, there is very limited evaluation of bicortically
displaced fractures because the focus has been on flail chest ver-
sus no flail, or the overall number of fractures present. It has
been clearly demonstrated that patients with flail chest have in-
creased risk of pneumonia and prolonged ICU stay. Because
our goal was to evaluate patients with bicortically displaced rib
fractures, we used a separate analysis to evaluate for the out-
comes. In one model, we controlled for flail chest within the
model by including it in the model but also analyzed the model
with only those patients with bicortically displaced fractures
without flail chest. The results continued to demonstrate worse
outcomes in these patients. Patients with bicortically displaced
rib fractures have worse outcomes than those without bicortical
displacement. This remains true when both eliminating and con-
trolling for flail chest. Another important finding of our study is
that, although the presence of bicortically displaced rib fractures
correlated with negative pulmonary outcomes, we did not see a
higher number of bicortically displaced fractures in negative
pulmonary outcome patients compared with patients without

these outcomes. We can draw one of two conclusions from
this—either our sample size was inadequate to detect a differ-
ence in mean number of fractures between those with and with-
out negative outcomes, which is likely, or the presence of at least
one bicortically displaced fracture is sufficient to contribute to
the increased risk of negative outcomes more so than any addi-
tive effect of additional bicortically displaced fractures. Further
research is needed to answer this question.

Bicortically displaced fractures independently predict the
need for prolonged mechanical ventilation. This is in the setting
of patients who have significant injury as demonstrated by an
ISS IQR of 10 to 22. Our model included early physiologic
and hematocrit levels, implying therefore that, because
bicortically displaced rib fractures remained an independent pre-
dictor while adjusting for these parameters, there may be need
for increased hospital recourses for these patients even if they
show no significant physiologic derangements. It also may be
that these patients will benefit from surgical fixation and
other aggressive measures that are used for flail chest patients.
Specific evaluation of the patients with rib fractures without
flail chest should be evaluated because these patients still
have high disease burden and the complications comewith se-
vere trauma.

This is a retrospective multi-institutional analysis, which
affords certain strengths and limitations. Given the multiple in-
stitutions, there is likely variability in management of patients
with rib fractures. We attempted to control for institution in the
analysis; however, it is possible that treatment variability across
institutions exists that could affect our results. We believe that
this is unlikely, however, as there would need to be a preponder-
ance of bicortically displaced fractures admitted to a few centers
that would provide less aggressive treatment to those patients
compared with nonbicortically displaced fracture patients for
pneumonia to increase in these patients. The cause of pneumo-
nia is often multifactorial, including injury and timing of intuba-
tion. To minimize bias, we chose a priori to exclude the need for
early intubation from the model. Nevertheless, the variability in
use of antibiotics, weaning protocols, pain management, mobili-
zation, and aggressiveness in tracheostomy placement may in-
fluence the development of negative pulmonary outcomes by
institution. Variability of the definition of pneumonia and ARDS
between providers and hospitals could influence the outcomes,
yet given the consistency of TIQP, this has been minimized. In
an attempt to reduce center bias, we did add hospital into the
model, which did not alter the results. In addition, although we
did not standardize the definitions for pneumonia and ARDS,
all participating sites contribute to the TQIP, so we suspect that
there is reasonable consistency with the use of the standard
TQIP definitions, which should limit center variation. It is pos-
sible that there is differential ascertainment bias if patients with
bicortically displaced fractures were differentially identified as
having complications compared with those who did not. Al-
though this is always possible in retrospective data collec-
tion, those collecting the data were not aware of the nature
of the analysis during the data collection, and therefore, the
collection of negative outcomes should not have been differ-
entially obtained. Finally, any patients with rib fractures have
an element of underlying pulmonary injury that may or may
not be radiographically evident. The early chest CT might
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underestimate the injury to the lung parenchyma and may not
give an accurate clinical picture as the contusion evolves. Fur-
thermore, the radiographic appearance of the injury may not re-
flect patient physiology.

Patients with bicortically displaced rib fractures may be
a population that benefits from surgical fixation. Given that
our sample size of nonflail bicortical displacement patients
who underwent surgical fixation was small (n = 21), we were
unable to determine if fixation was beneficial. Evaluation of
patients with bicortically displaced fracture is an area for fu-
ture research.

CONCLUSIONS

Chest trauma carries significant morbidity and mortality
risk requiring significant resource utilization. It has been well
established that flail chest is associated with worse outcomes;
however, our results show the need to focus on treatment strat-
egies for those with bicortically displaced fracture in the ab-
sence of flail chest. Patients with bicortically displaced rib
fractures are more likely to develop pneumonia, ARDS, and
need for tracheostomy. Future research should determine if sur-
gical fixation is beneficial in patients with bicortically displaced
rib fractures.
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