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Abstract
Background  In recent years, there has been increasing 
interest in the treatment of patients with rib fractures. 
However, the current literature on the epidemiology and 
outcomes of rib fractures is outdated and inconsistent. 
Furthermore, although it has been suggested that there 
is a large heterogeneity among patients with traumatic 
rib fractures, there is insufficient literature reporting on 
the outcomes of different subgroups.
Methods  A retrospective cohort study using the 
National Trauma Data Bank was performed. All adult 
patients with one or more traumatic rib fractures or 
flail chest who were admitted to a hospital between 
January 2010 and December 2016 were identified by the 
International Classification of Diseases Ninth Revision 
diagnostic codes.
Results  Of the 564 798 included patients with one or 
more rib fractures, 44.9% (n=2 53 564) were patients 
with polytrauma. Two per cent had open rib fractures 
(n=11 433, 2.0%) and flail chest was found in 4% 
(n=23 388, 4.1%) of all cases. Motor vehicle accidents 
(n=237 995, 51.6%) were the most common cause of 
rib fractures in patients with polytrauma and flail chest. 
Blunt chest injury accounted for 95.5% (n=5 39 422) 
of rib fractures. Rib fractures in elderly patients were 
predominantly caused by high and low energy falls 
(n=67 675, 51.9%). Ultimately, 49.5% (n=2 79 615) of 
all patients were admitted to an intensive care unit, of 
whom a quarter (n=146 191, 25.9%) required invasive 
mechanical ventilatory support. The overall mortality rate 
was 5.6% (n=31 524).
Discussion  Traumatic rib fractures are a marker of 
severe injury as approximately half of patients were 
patients with polytrauma. Furthermore, patients with 
rib fractures are a very heterogeneous group with 
a considerable difference in epidemiology, injury 
characteristics and in-hospital outcomes. Worse 
outcomes were predominantly observed among patients 
with polytrauma and flail chest. Future studies should 
recognize these differences and treatment should be 
evaluated accordingly.
Level of evidence  II/III.

Introduction
Thoracic trauma is a frequently encountered injury, 
comprising 10%–15% of all trauma-related hospital 
admissions.1 Currently, it is responsible for approxi-
mately 35% of all trauma-related deaths in the USA, 
making it one of the leading causes of death among 

the trauma population after cardiovascular injury 
and traumatic brain injury.2 3

Traumatic rib fractures represent the most 
common injury sustained following thoracic trauma 
and are often caused by a high impact force to the 
chest wall. Rib fractures are clinically relevant inju-
ries as they are associated with significant pulmo-
nary morbidity, mortality and decreased long-term 
quality of life.4 5 Prompt evaluation with pre-emptive 
pain control, pulmonary hygiene and timely respi-
ratory support is essential in the management of rib 
fractures.6 7

Fractured ribs can occur as simple isolated injury 
or as part of more extensive thoracic and extratho-
racic injuries. Previous studies implied that rib frac-
tures should be considered as a marker of severe 
injury, as >90% of patients have severe concomi-
tant injuries mostly involving head, abdomen and 
extremities.1 8

The clinical significance of the number of frac-
tured ribs has been debated in the literature. Several 
studies have suggested that there is a direct correla-
tion between an increased number of rib frac-
tures and pulmonary morbidity and mortality.5 9–13 
Furthermore, other studies have reported that age, 
associated injuries and polytrauma might be better 
predictors for morbidity and mortality.14 15

A systematic review and meta-analyses reported 
an age of 65 years or more, three or more rib frac-
tures and the presence of pre-existing disease, espe-
cially cardiopulmonary disease, to be risk factors 
for mortality following blunt chest wall trauma. 
In addition, the development of pneumonia post-
injury was a significant risk factor for mortality. 
However, the results of the review were limited by 
the small number and variable quality of studies 
included.14 Different subgroups of patients with 
traumatic rib fractures are at risk of developing 
complications, however, currently no guidelines 
exist to assist in the recognition of these high-risk 
patient populations.

The primary aim of this nationwide database 
study was to determine the epidemiology, injury 
characteristics and in-hospital outcomes of patients 
with traumatic rib fractures. Secondarily, all data 
were presented for patients with polytrauma, 
elderly, isolated thoracic trauma, flail chest and type 
of injury to describe the differences among these 
subgroups. Finally, we sought to determine factors 
associated with mortality.

http://gut.bmj.com
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Methods
Study design and participants
A study using the National Trauma Data Bank (NTDB) was 
performed. The NTDB, maintained by the American College of 
Surgeons, is the largest trauma registry of the USA and contains 
prospectively gathered data regarding trauma admissions at 
level I–V trauma centers from over 900 registered US trauma 
centers.16 Patients were identified using the International Clas-
sification of Diseases Ninth Revision (ICD-9) diagnosis codes 
807.00–807.09 for closed rib fractures, 807.10–807.19 for 
open rib fractures and 807.4 for flail chest. In addition, patients 
were screened for the presence of concomitant sternum fractures 
using ICD-9 diagnosis codes 807.3 and 807.4. To identify key 
interventions, the following ICD-9 procedure codes were used: 
03.91 and 03.92 for epidural analgesia, 34.02 for exploratory 
thoracotomy and 34.79 and 79.39 for rib fixation. All patients 
aged 18 years or older, with one or more traumatic rib fractures 
or flail chest who were admitted to hospital between January 
2010 and December 2016 were eligible for inclusion.

Patient characteristics and outcome measures
Patient demographics and injury-related characteristics that 
were obtained from the database included age, sex, mechanism 
of injury (motor vehicle accident, fall from heights/stairs, pedes-
trian, assault, struck-by and other), type of injury (blunt or pene-
trating), Abbreviated Injury Scale (AIS), Injury Severity Score 
(ISS), Glasgow Coma Scale (GCS), pre-existent comorbidities 
(congestive heart failure, hypertension, diabetes mellitus and 
respiratory disease), current smoking status, obesity, number of 
rib fractures, presence of a flail segment and presence of sternum 
fracture. The key interventions included epidural analgesia, 
thoracotomy and rib fixation.

The in-hospital outcomes included mortality, length of stay 
(LOS), admission to the intensive care unit (ICU), ICU length of 
stay (ILOS), need and duration of invasive mechanical ventila-
tion (IMV) and complications. Complications that were retrieved 
included pneumonia, pneumothorax, acute respiratory distress 
syndrome, venous embolism and thrombosis of deep vessels of 
lower extremity, pulmonary embolism, and acute myocardial 
infarction. All pre-existent comorbidities and complications 
were also identified with the corresponding ICD-9 codes.

Statistical analysis
The in-hospital outcomes LOS, admission to ICU, ILOS, need 
and duration of IMV and the incidence of complications are 
presented as descriptive data. Stratification into patient groups 
was performed to describe the difference in demographics, 
injury-related characteristics and in-hospital outcomes for: (1) 
patients with polytrauma, (2) elderly patients, (3) patients with 
isolated thoracic trauma and (4) patients with a flail chest. In 
addition, subgroup analysis was performed according to the type 
of injury (blunt vs penetrating chest injury). Elderly patients 
were defined as all patients aged 65 years or older. Patients with 
polytrauma were defined as all patients with an ISS score of 16 
or higher. Patients with isolated thoracic trauma were defined as 
those patients in which the AIS was the highest for the thoracic 
domain. In addition, patients were excluded if they had an AIS 
higher than two in one or more of the other AIS domains.

Categorical and dichotomous variables were presented as 
numbers with percentages (%). Continuous variables were 
expressed as means with SD for normally distributed data, or 
as median with IQR for non-normally distributed data. The 
Shapiro-Wilk test and Q-Q plots were performed to determine 

the distribution of the continuous variables. Categorical vari-
ables were compared using the χ2 test, as appropriate. For 
the comparison of dichotomous and continuous variables, the 
Mann-Whitney U was used. Multivariable binary logistic regres-
sion analyses were performed to identify factors that were asso-
ciated with the in-hospital mortality and presented as OR with 
95% CI. The covariates to adjust for in the multivariable binary 
logistic regression analyses were selected a priori based on clin-
ical relevance and directed acyclic graphs.

All statistical analyses were performed using Stata V.13.0 
(StataCorp, College Station, Texas, USA). A two-sided p value of 
<0.05 was considered as statistically significant.

Results
Demographics
A total of 564 798 patients with one or more traumatic rib 
fractures or flail chest were included from the NTDB. The 
overall median age was 53 (IQR 39–67) years and the majority 
(n=390 101, 69.1%) were male. Subgroup analyses identified 
253 564 (44.9%) patients with polytrauma, 161 579 (28.6%) 
elderly patients, 350 898 (62.1%) patients with isolated thoracic 
trauma and 23 388 (4.1%) with flail chest. Blunt chest injury 
accounted for 95.5% (n=539 422) of rib fractures, penetrating 
chest injury accounted for 2.9% (n=16 179). The demographic 
characteristics for the entire group and subgroups are enumer-
ated in table 1.

Injury-related characteristics
Motor vehicle accidents were the most common mechanism of 
injury for rib fractures (n=237 995, 51.6%). Even higher rates 
of motor vehicle accidents were observed in the subgroups of 
patients with polytrauma (n=130 039, 62.4%) and flail chest 
(n=11 458, 60.3%). The most common mechanism of injury 
in elderly patients were falls from heights or stairs (n=67 675, 
51.9%), assault accounted for all penetrating chest injury.

Among all patients, the most common concomitant pulmo-
nary injury was pneumothorax (n=148 216, 26.2%) followed by 
pulmonary contusion (n=143 096, 25.3%) and then hemothorax 
(n=35 898, 6.4%). Concomitant pulmonary injuries were also 
more prevalent in patients with polytrauma, flail chest and after 
blunt chest trauma.

Of the entire cohort, the median number of rib fractures was 
3 (IQR 2–6). Two per cent (n=11 433) had open rib fractures 
and in 4.1% a manifest flail chest was present. The number of 
patients with a flail chest was higher in the polytrauma group 
(n=18 227, 7.2%), compared with the non-polytrauma group 
(n=5161, 1.7%). After penetrating chest injury, the majority of 
patients sustained 1 (n=9401, 58.4%) or 2 (n=3617, 22.5%) 
fractured ribs. The injury characteristics and the distribution of 
the number of rib fractures are shown in table 1.

Interventions
Epidural analgesia was administered in 0.4% (n=2505) of all 
patients and a thoracotomy was performed in 0.8% (n=4397). 
Rib fixation was performed in 4.5% (n=25 388) of the entire 
cohort, with a higher incidence observed among patients with 
polytrauma (n=17 102, 6.8%), and those who sustained a flail 
chest (n=2939, 12.6%) (table 1).

In-hospital outcomes and complications
Overall, the median LOS was 5 (IQR 3–9) days and 279 615 
patients (49.5%) were admitted to the ICU, with a median ILOS 
of 4 (IQR 2–8) days. Among these patients, 146 191 (25.9%) 
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required IMV, with a median duration of 4 (IQR 2–11) days. The 
in-hospital mortality rate was 5.6% (n=31 524) and the most 
common complication encountered in this cohort was pneu-
monia (n=28 841, 5.1%). The in-hospital outcomes and compli-
cations are presented in tables 2 and 3, respectively.

With respect to our subgroups, patients with polytrauma as 
well as patients with a flail chest were more likely to be trans-
ferred to the ICU. In the polytrauma group, 69.1% (n=175 120) 
of patients were ultimately admitted to the ICU, while this was 
33.7% (n=104 772) in the non-polytrauma group. The inci-
dence of ICU admission among patients with flail chest was 
71.4% (n=16 695) and 48.6% (n=263 197) for those without. 
The incidence of ICU admission was higher after penetrating 
chest injury (n=9769, 60.4%), compared with blunt chest injury 
(n=265 716, 49.2%).

Additionally, the need for intubation with subsequent IMV 
was higher among the patients with polytrauma (41.3% vs 
13.3%), and patients with flail chest (47.7% vs 24.9%). The total 
length of ICU stay and duration of IMV was prolonged in the 
flail chest group, while no differences were found between other 
subgroups. The highest mortality rate was found in patients with 
flail chest (n=3039, 13.0%), polytrauma (n=26 898, 10.6%) 
and elderly patients (n=12 239, 7.6%). The mortality rate after 
blunt chest injury was 5.3% (n=29 014), while this was 12.1% 
(n=1964) after penetrating chest injury. A lower mortality rate 
was observed in patients with isolated thoracic trauma (n=7347, 
2.1%).

The overall incidence of complications was also higher in 
both patients with polytrauma and flail chest. The most frequent 
complication was pneumonia with 5.1% (n=28 841) in the total 
cohort. Higher rates were observed among patients with poly-
trauma (8.9% vs 2.0%) and patients with flail chest (13.7% vs 
4.7%). A lower incidence of pneumonia was observed among 
patients with isolated thoracic trauma (2.6% vs 9.2%). There 
was no clear difference in the occurrence of complications in 
the elderly.

Multivariable analyses
The results of multivariable logistic regression on mortality are 
shown in table 4. Variables that were independently associated 
with a higher risk of mortality were: age, male sex, ISS score, 
GCS score, pre-existing comorbidity (congestive heart failure, 
diabetes mellitus, respiratory disease and obesity), number of 
rib fractures, open rib fractures, the presence of a concomitant 
hemothorax or sternum fracture and thoracotomy. Patients who 
underwent a thoracotomy had a 3.92 times higher mortality risk 
(OR 3.92, 95% CI 3.45 to 4.32, p<0.001). Patients with open 
rib fractures had a 1.84 times higher mortality risk compared 
with patients with closed rib fractures (OR 1.84, 95% CI 1.69 
to 2.01, p<0.001). Patients with congestive heart failure had 
a 1.85 times higher mortality risk (OR 1.85, 95% CI 1.72 to 
1.99, p<0.001), and the presence of a concomitant hemothorax 
was associated with a 1.41 times higher mortality risk (OR 1.41, 
95% CI 1.34 to 1.48, p<0.001). A lower mortality risk was 
observed among patients who received rib fixation (OR 0.18, 
95% CI 0.16 to 0.21, p<0.001) and epidural analgesia (OR 
0.49, 95% CI 0.35 to 0.68, p<0.001).

Discussion
The present study aimed to describe the epidemiology, injury 
characteristics and in-hospital outcomes of patients with trau-
matic rib fractures. Data were reported for polytrauma, elderly, 
isolated thoracic trauma, flail chest and type of injury (blunt vs 
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Table 4  Multivariable analysis on mortality

Variable OR 95% CI P value

Age (years)

 � 18–29 Ref – – – –

 � 30–39 1.09 1.03 – 1.16 0.005

 � 40–49 1.35 1.28 – 1.43 <0.001

 � 50–59 1.91 1.80 – 2.02 <0.001

 � 60–69 2.98 2.81 – 3.17 <0.001

 � 70–79 5.58 5.24 – 5.94 <0.001

 � 80–89 10.7 10.1 – 11.4 <0.001

Male sex 1.19 1.16 – 1.24 <0.001

ISS 1.07 1.06 – 1.07 <0.001

GCS score 1.28 1.28 – 1.29 <0.001

Comorbidity

 � Congestive heart failure 1.85 1.72 – 1.99 <0.001

 � Hypertension 0.88 0.85 – 0.92 <0.001

 � Diabetes mellitus 1.24 1.18 – 1.30 <0.001

 � Respiratory disease 1.35 1.28 – 1.43 <0.001

 � Obesity 1.17 1.09 – 1.25 <0.001

Smoker 0.66 0.62 – 0.69 <0.001

Number of rib fractures 1.05 1.04 – 1.06 <0.001

Open rib fractures 1.84 1.69 – 2.01 <0.001

Concomitant injuries –

 � Pulmonary contusion 0.94 0.91 – 0.97 <0.001

 � Pneumothorax 0.85 0.82 – 0.88 <0.001

 � Hemothorax 1.41 1.34 – 1.48 <0.001

 � Sternum fracture 1.15 1,20 – 1.21 <0.001

Rib fixation 0.18 0.16 – 0.21 <0.001

Thoracotomy 3.92 3.45 – 4.32 <0.001

Epidural analgesia 0.49 0.35 – 0.68 <0.001

CI, Confidence Interval; GCS, Glasgow Coma Scale; ISS, Injury Severity Score.

penetrating) as it was hypothesized that these subgroups should 
be considered as different entities. To our knowledge, with the 
inclusion of 564 798 patients using the NTDB, this study consists 
of one of the largest cohorts to establish normative data and 
in-hospital outcomes of patients with traumatic rib fractures.

In this study, we demonstrated that traumatic rib fractures 
must be considered as a surrogate marker of severe injury, as 
about half of our cohort consisted of patients with polytrauma. 
Among these patients, significant worse outcomes were observed 
with respect to mortality, number of complications and other 
in-hospital outcomes, such as admission to the ICU and need 
for mechanical ventilation. These results are in accordance with 
previous studies. As stated in a study by Ziegler and Agarwal, 
rib fractures are a reflection of severe chest trauma, and of 
associated injuries.1 In their study, they reported that 96% of 
the 7147 patients had associated extrathoracic injuries. Addi-
tionally, a large multicenter study by Chrysou et al reported 
that the mortality in patients with polytrauma with blunt chest 
trauma was predominantly determined by the severity of associ-
ated head injuries.7 No correlation was found between severity 
of chest injury and mortality. In line with these findings, our 
results showed that about 20% of the patients with polytrauma 
had a GCS score lower than 8, corresponding to severe head 
injury. Therefore, the mortality in patients with thoracic trauma 
appears to be highly dependent on the severity of the extratho-
racic injuries. Furthermore, a large prospective cohort study by 
Lin et al, including 1333 patients, described that the associated 

injuries in patients with polytrauma with flail chest were of a 
greater importance than the thoracic factors, with respect to 
ICU admission and prolonged duration of ICU care.15 As shown 
in our study, patients with isolated thoracic trauma had signifi-
cantly better outcomes regarding mortality and complications, 
compared with our polytrauma group. Consequently, as previ-
ously emphasized by Sirmali et al, the ISS seem to be of great 
importance for the evaluation of trauma severity as well as for 
the accurate decision making in the subsequent treatment.17

The estimated mortality among patients with traumatic rib 
fractures varies within the current literature, ranging from 10% 
to 25%.1 18 In our study, we described an overall unadjusted 
mortality rate of 5%. As we pointed out, there was a vast differ-
ence in mortality rates between the different subgroups that we 
studied. The highest mortality rate was observed among patients 
with flail chest (13.0%), followed by patients with polytrauma 
(10.6%) and elderly patients (7.6%). Furthermore, with this 
study we emphasized the increased lethality of penetrating chest 
injury. The difference in mortality between these subgroups 
might explain the varying mortality rates reported within the 
current literature (10%–25%).1 18 Future research could compare 
treatment outcomes and mortality rates according to different 
age groups, flail chest and severity of associated injuries, to 
determine the optimal treatment of patients with traumatic rib 
fractures.

Over the past years, several studies have reported risk factors 
that are associated with mortality in patients with rib fractures 
after blunt chest trauma.14 However, the current literature is 
inconclusive, as contradictory outcomes have been reported. In 
the current study, age, male gender, ISS, GCS score, pre-existent 
comorbidities, number of rib fractures, open rib fractures, 
thoracotomy and the presence of a concomitant hemothorax or 
sternum fracture were independently associated with a higher 
risk of mortality in our multivariable regression model. With 
respect to these findings, it should be noted that several factors 
had relatively small ORs. So, although statistically significant 
in our analysis, the clinical relevance might be debatable and 
should be seen in a wider context.

An unexpected finding in our analysis was that the risk 
factors of smoking, pulmonary contusion and pneumothorax 
were inversely correlated with mortality. This could be due to 
potential confounding or collinearity between our included vari-
ables. Another explanation is that there might be an increased 
vigilance for patients with concomitant pulmonary injuries 
resulting in more intensive monitoring or care. Furthermore, 
it has been described that smoking might significantly reduce 
the number of complications and mortality in severely injured 
patients, which is known as the ‘smoker’s paradox’.19 Similar 
outcomes have been described among patients with cardiovas-
cular disease.20 However, the potential protective mechanisms 
behind this phenomenon and its clinical implications are not 
well established.

The number of rib fractures, as a risk factor that is associated 
with mortality, remains an important topic of discussion.11 13 21 
In previous studies, it has been suggested that the number of 
rib fractures could be considered as an important predictor for 
overall trauma severity and mortality.5 9–13 One of the first NTDB 
studies conducted by Flagel et al reported that the number of 
rib fractures was directly correlated with higher pulmonary 
complications and mortality.13 Six or more rib fractures were 
considered as an important threshold for mortality, since the 
incidence increased from 1.8% to 6.8%. A recent study by Shulz-
henko et al showed similar results and reported that in elderly 
patients the threshold of mortality was eight or more fractured 
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ribs.11 However, other studies have shown opposite results and 
reported that not the number of rib fractures was associated with 
worse outcomes, but that age, ISS or a flail chest were inde-
pendent risk factors for mortality.14 21 22 Whitson et al showed, 
in a large NTDB study, that the total number of rib fractures 
was not an independent predictor for either in-hospital morbid-
ities or mortality.21 Although, the number of rib fractures was 
independently associated with the mortality in our multivariable 
analysis, it did not seem to have a large effect on the overall 
mortality risk (OR 1.05, 95% CI 1.04 to 1.06, p<0.001).

In line with the current literature, our study showed that age 
is an important independent predictor for mortality in patients 
with traumatic rib fractures. However, an interesting and unex-
pected finding of this study was that the total length of hospital 
stay in the elderly patients did not appear to be longer than 
their younger counterparts. Moreover, the need for critical care 
support in the ICU was not higher among the elderly patients, 
and, in fact, it turned out that they were even less likely to be 
mechanically ventilated compared with patients younger than 65 
years (22% vs 27%). This could be explained by the fact that the 
elderly patients less frequently sustained polytrauma and that the 
incidence of concomitant pulmonary injuries was also consider-
ably lower.

Patients with flail chest tend to have significantly worse 
outcomes than those diagnosed with multiple rib fractures.23 24 
The stability of the chest wall appears to be an important prog-
nostic factor for mortality, and flail chest is often associated with 
high impact trauma.23 In accordance with previous results, our 
large-scale data demonstrated that there is a clear difference 
between patients with or without flail chest. The flail chest 
group was associated with a significant higher incidence of respi-
ratory complications, an increased duration of hospital and ICU 
stay and they were more likely to be intubated and mechanically 
ventilated. Furthermore, the mortality rate was nearly 2.5 times 
higher in patients with flail chest than in those without. These 
results explain why studies on patients with flail chest showed 
promising results for rib fixation whereas rib fixation has not 
shown to be beneficial for patients with solely multiple rib frac-
tures yet. Therefore, patients with flail chest should be consid-
ered as an independent entity and surgical treatment might play 
a pivotal role in improving outcome for these patients.25

This study should be interpreted in the light of several 
limitations. First, the NTDB is subject to missing data and 
under-reporting, as it is based on the voluntary supply of the 
contributing trauma centers.26 Hence, complications may have 
been underestimated. Second, interesting information such as 
indication for ICU admission or cause of mortality cannot be 
extracted from the NTDB. Third, although it is well-known that 
adequate pain relief is the cornerstone in the treatment of rib 
fractures, the number of patients with epidural analgesia was 
low. However, we expect that this might be underestimated due 
to miscoding and missing data. Fourth, with this study we could 
only report on the in-hospital outcomes, as we did not have any 
information about the long-term outcomes.

In conclusion, traumatic rib fractures are a marker of severe 
injury as about half of patients were patients with polytrauma. 
Furthermore, half of all patients were admitted to an ICU, with 
a quarter requiring invasive mechanical ventilatory support. This 
study primarily shows that patients with rib fractures are a very 
heterogeneous group with a considerable difference in epide-
miology, injury characteristics and in-hospital outcomes. Future 
studies should recognize these differences and treatment should 
be evaluated accordingly. Worse outcomes were predominantly 
seen in patients with polytrauma and flail chest.
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