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Trauma patient adverse outcomes are independently
associated with rib cage fracture burden and
severity of lung, head, and abdominal injuries
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Abstract: Objective: We hypothesized that lung injury and rib cage fracture quantification would be associated with
adverse outcomes. Subjects and methods: Consecutive admissions to a trauma center with Injury Severity Score
> 9, age 18-75, and blunt trauma. CT scans were reviewed to score rib and sternal fractures and lung infiltrates.
Sternum and each anterior, lateral, and posterior rib fracture was scored 1 = non-displaced and 2 = displaced. Rib
cage fracture score (RCFS) = total rib fracture score + sternal fracture score + thoracic spine Abbreviated Injury
Score (AIS). Four lung regions (right upper/middle, right lower, left upper, and left lower lobes) were each scored
for % of infiltrate: 0% = 0; <20% = 1, < 50% = 2, > 50% = 3; total of 4 scores = lung infiltrate score (LIS). Results:
Of 599 patients, 193 (32%) had 854 rib fractures. Rib fracture patients had more abdominal injuries (p < 0.001),
hemo/pneumothorax (p < 0.001), lung infiltrates (p < 0.001), thoracic spine injuries (p = 0.001), sternal fractures (p
= 0.0028) and death or need for mechanical ventilation > 3 days (Death/Vdays > 3) (p < 0.001). Death/Vdays > 3
was independently associated with RCFS (p < 0.001), LIS (p < 0.001), head AIS (p < 0.001) and abdominal AIS (p <
0.001). Of the 193 rib fracture patients, Glasgow Coma Score 3-12 or head AIS > 2 occurred in 43%. A lung infiltrate
or hemo/pneumothorax occurred in 55%. Thoracic spine injury occurred in 23%. RCFS was 6.3 + 4.4 and Death/
Vdays > 3 occurred in 31%. Death/Vdays > 3 rates correlated with RCFS values: 19% for 1-3; 24% for 4-6; 42% for
7-12 and 65% for > 13 (p < 0.001). Death/Vdays > 3 was independently associated with RCFS (p = 0.02), LIS (p =
0.001), head AIS (p < 0.001) and abdominal AIS (p < 0.001). Death/Vdays > 3 association was better for RCFS (p
= 0.005) than rib fracture score (p = 0.08) or number of fractured ribs (p = 0.80). Conclusion: Rib fracture patients
have increased risk for truncal injuries and adverse outcomes. Adverse outcomes are independently associated
with rib cage fracture burden. Severity of head, abdominal, and lung injuries also influence rib fracture outcomes.

Keywords: Rib fractures, CT imaging, hospital mortality, mechanical ventilation, pneumonia, intensive care, lung
injury, head injuries, abdominal injuries

Introduction evidence that an association does not exist [7,

8, 10]. Similarly, some investigators have found

Approximately 10% of patients admitted to a
trauma center in the USA have one or more rib
fractures [1, 2]. Substantial controversy exists
regarding the impact of multiple rib fractures
on patient outcomes such as mortality, need
for mechanical ventilation, development of pul-
monary complications, and hospital length of
stay. While some investigations have demon-
strated that the number of ribs fractured is
associated with increased mortality [2-6], a
lack of correlation with mortality has been
shown by others [7-10]. As well, certain studies
have presented evidence that the number of
ribs fractured correlates with the need for
mechanical ventilation [3, 4, 8], others provide

an association between the number of frac-
tured ribs and hospital length of stay [3, 7, 8,
11-13], whereas other investigators failed to
find an association [7, 8, 10]. Of interest are 3
studies that have shown mortality to have a uni-
variate correlation with the number of ribs frac-
tured, yet the number of ribs fractured failed to
be an independent risk for death [2, 3, 5]. All 3
studies included the Injury Severity Score (ISS)
in the mortality model and showed that ISS was
an independent correlate. Readers may be left
with the impression that the number of ribs
fractured is not clinically important as a risk
condition. Further, practitioners primarily man-
age patients in concordance with conditions
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that are practically complex, as opposed to an
ordinal rank estimate of overall “injury seve-
rity”.

The current study is a retrospective investiga-
tion of patients admitted to a Level | trauma
center without and with rib fractures. We
hypothesized that a rib cage fracture score
(RCFS) would better correlate with clinical out-
comes, when compared to a rib fracture score
(rib fx score), that quantifies each individual rib
fracture, or the number of ribs fractured. We
also conjectured that associated injuries (head,
lung, and abdomen) would be independently
associated with outcomes. Because the litera-
ture is sparse and clinical perspective is often
informative, we compared rib fracture patient
outcomes to those without a rib fracture.

Materials and methods
Ethics statement

This study was approved by the Humility of
Mary Health Partners Institutional Review Bo-
ard for Human Investigations. The Institutional
Review Board waived the need for written
informed consent from the patients, due to the
retrospective nature of the investigation.
Patients included were those with age > 18
years, blunt trauma mechanism, and ISS > 9.
Patients were excluded from analysis if they
died in the trauma resuscitation room, had a
preinjury hospice-status, were transferred to
another hospital or left against medical advice
within 24 hours, or had unhealed preinjury rib
fractures. Data obtained from the trauma regis-
try included ISS, admission Glasgow Coma
Score (GCS), head Abbreviated Injury Scale
Score (AIS), abdominal AlS, chest AlS, thoracic
spine AlIS, days of mechanical ventilation, ICU
stay, and hospital stay, and pneumothorax-
hemothorax, thoracic spine fracture or disloca-
tion, mortality, and pneumonia status.

When a chest CT scan had been performed at
admission, the scan was reviewed to determine
whether a rib fracture, a sternal fracture, or
lung infiltrate was present. Rib fractures were
categorized as to the total number of fractured
ribs, whether they were unilateral or bilateral,
and according to anatomic location (anterior,
lateral, or posterior). When reviewing the CT
scan, the anterior, lateral, and posterior seg-
ments of each rib were assessed for the pres-
ence of a rib fracture. The absence of a rib frac-
ture was scored as O, the presence of a fracture
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without displacement or comminution was
scored as 1, and the presence of a fracture
with displacement or comminution was scored
as 2. The rib fx score was the sum of all the
individual rib segmental scores. Sternal frac-
tures were scored as a O when absent, a 1
when a fracture was present and without dis-
placement or comminution, and 2 when a frac-
ture was present and had either displacement
or comminution. The RCFS was the sum of the
rib fx score, the sternal fracture score, and the
thoracic spine AIS. The lung windows of each
CT scan were assessed for the presence of a
lung infiltrate and scored according to the mag-
nitude of infiltrate. The following 4 lung regions
were assessed: right upper/middle lobe, right
lower lobe, left upper lobe, and left lower lobe.
Each lung region was scored according to the
magnitude of the infiltrate: O was 0% infiltrate,
1 was < 20% infiltrate, 2 was < 50% infiltrate,
and 3 was > 50% infiltrate. The lung infiltrate
score (LIS) was the sum of the 4 lung region
infiltrate scores.

Primary outcome variables were death or
mechanical ventilator days > 3 (Death/
Ventilator Days > 3), death or ICU days > 7
(Death/ICU Days > 7), death or hospital days >
10 (Death/Hospital Days > 10), and pneumo-
nia. Associations between potential risk condi-
tions and the primary outcome variables were
evaluated for all of the patients included in the
investigation and then for the subset with rib
fractures.

Statistical analysis

Data were entered into a Microsoft Excel® 2010
spreadsheet and imported into a SAS System
for Windows, release 9.2 (SAS Institute Inc.,
Cary, NC, USA), for statistical analyses. For con-
tinuous variable cohort data, standard devia-
tion was used to complement the mean. Non-
parametric analysis was used to compare
continuous data results between two groups.
Fischer’s exact testing was used to assess the
relationship of two dichotomous variables.
Multivariate logistic regression analysis was
performed to assess independent variable
relationships with a dependent variable that
was dichotomous.

Results

All injury severity score > 9 patients

Eleven patients were excluded from the analy-
sis due to death in the trauma resuscitation
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Table 1. Comparison of Patients without and with Rib Fractures

No Rib Fracture Rib Fracture P-value

Number 406 (67.8%) 193 (32.2%)

Injury Severity Score > 15 129 (31.8%) 106 (54.9%) < 0.0001
Admission GCS 3-12 54 (13.9%) 31(16.9%) 0.3519
Head AIS > 2 216 (53.2%) 76 (39.4%) 0.0016
Abdominal AIS > 2 24 (5.9%) 40 (20.7%) < 0.0001
Chest CT scan 242 (59.6%) 193 (100%) < 0.0001
Pneumothorax-Hemothorax 13 (3.2%) 88 (45.6%) < 0.0001
Lung infiltrate 31 (7.6%) 64 (33.2%) < 0.0001
Thoracic spine injury 51 (12.6%) 44 (22.8%) 0.0013
Sternal fracture 9 (2.2%) 15 (7.8%) 0.0028
Ventilator Days > 3 43 (10.6%) 55 (28.5%) < 0.0001
Mortality 12 (3.0%) 9 (4.7%) 0.2883
Death/Ventilator Days > 3 51 (12.6%) 60 (31.1%) < 0.0001
Death/ICU Days > 7 56 (13.8%) 63 (32.6%) < 0.0001
Death/Hospital Days > 10 80 (19.7%) 82 (42.5%) < 0.0001
Pneumonia 32 (7.9%) 29 (15.0%) 0.0069

GCS, Glasgow Coma Score; AlS, Abbreviated Injury Scale score; ICU, intensive
care unit.

Table 2. Fracture Correlations with Death or Need for Mechani-
cal Ventilation-All ISS > 9 Patients

Lived/Vent Death/Vent

Days < 3 Days > 3 Prvalue
Number 488 111
Total ribs fractured 1.1+£22 29+3.8 < 0.0001
Rib Fracture Score 1.3+2.8 39+53 < 0.0001
Rib Cage Fracture Score 1.7+3.0 4.7+5.6 < 0.0001
Sternal fracture 13 (2.7%) 11 (9.9%) 0.0003
Thoracic spine AIS 0.3+0.9 06+1.2 0.0263
Chest AIS 1.0+1.4 22+18 < 0.0001

ISS, Injury Severity Score; Vent, ventilator; AlS, Abbreviated Injury Scale score.

Table 3. Risk Condition Correlations with Death or Need for
Mechanical Ventilation-All ISS > 9 Patients

Lived/Vent  Death/Vent Pvalue
Days < 3 Days > 3
Number 488 111
Rib Cage Fracture Score 1.7+ 3.0 4.7+5.6 < 0.0001
Lung Infiltrate Score 0.2+0.6 1.6+24 < 0.0001
Head AIS 1.3+15 2.7+19 < 0.0001
Abdominal AIS 0.2+0.6 09+15 < 0.0001

ISS, Injury Severity Score; Vent, ventilator; AlS, Abbreviated Injury Scale score.

eated in Table 1. Rib fracture
patients had more truncal inju-
ries (lung, abdomen, and thorac-
ic spine injuries, sternal fractu-
res, pneumothorax-hemothorax),
higher Injury Severity Scores,
and a greater percent of chest CT
scanning. Rib fracture patients
were just as likely to have altered
cognition (GCS 3-12), but had
slightly fewer anatomic head inju-
ries (head AIS > 2). An increased
rate of Death/Ventilator Days >
3, Death/ICU Days > 7, Death/
Hospital Days > 10, and pneumo-
nia were also seen in rib fracture
patients. Among the 599 pati-
ents, age had no correlation with
mortality (p = 0.7917), ventilator
days (p = 0.4628), or pneumonia
(p = 0.9982) and a marginally
significant inverse relationship
with Death/Ventilator Days > 3 (p
= 0.0478). The presence of a
lung infiltrate was independently
associated with admission GCS
3-8 (p < 0.0001), RCFS (p <
0.0001), and pneumothorax-
hemothorax (p < 0.0001).

Death/Ventilator Days > 3 had
univariate associations with total
ribs fractured, rib fx score, RCFS,
sternal fracture, thoracic spine
AIS, and chest AIS (Table 2).
Death/Ventilator Days > 3 was
independently associated with
RCFS (p = 0.0270), but not with
the number of ribs with a frac-
ture, rib fx score, sternal fracture,
or thoracic spine AIS (p > 0.05).
The stepwise logistic regression
procedure selected only RCFS (p
< 0.0001), when considering
these 5 variables. Relative to
Death/Ventilator Days > 3, the
stepwise logistic regression pro-
cedure selected rib fx score (p <
0.0001) over the number of ribs
fractured (p = 0.5649). Death/

room, preinjury hospice-status, transferred to
another hospital or left against medical advice
within 24 hours, or had unhealed preinjury rib
fractures. A comparison of the 599 patients,
according to their rib fracture status, is delin-

48

Ventilator Days > 3 was independently associ-
ated with RCFS (p = 0.0097) and chest AlS (p <
0.0001). Univariate analysis demonstrated
that Death/Ventilator Days > 3 had associa-
tions with RCFS, LIS, head AIS, and abdominal
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Table 4. Unilateral and Bilateral Rib Fracture Patient

Outcomes

Rib Fracture Unilateral Bilateral

Patients
Ventilator Days 3.3+6.5

Pneumonia 21 (12.8%)
Death/Ventilator Days >3 48 (29.3%)

8.6+ 13.7
8 (27.6%)

164 (85.0%) 29 (15.0%)

12 (41.4%)

0.0001), and abdominal AIS (p <

0.0001).
P-value .

The number of fractured ribs correlat-
0.0506 ed with Death/Hospital Days > 10 (p <

05 0.0001). The stepwise logistic regres-

0.0502 sion procedure selected rib fx score (p
0.1940

Table 5. Isolated Anterior-Lateral and Isolated Posterior

Rib Fracture Comparisons

< 0.0001) over the number of ribs frac-
tured (p = 0.1755) and RCFS (p <
0.0001) over the rib fx score (p
0.1712). Death/Hospital Days > 10

. was independently associated with
Rib Fracture ALr:g:(a)lr- Posterior  P-value RCFS (p < 0.0001), LIS (p = 0-0092%
head AIS (p < 0.0001), and abdominal
Patients 88 48 AIS (p < 0.0001).
Fractured ribs 3.6+2.2 35+22 0.7932
Rib Fracture Score 41+25 4.0+27 0.9377 Of the 599 total patients, 61 (10.2%)
Rib Cage Fracture Score 45+27 51+31 0.2540 developed pneumonia with a mean
Lung Infiltrate Score 06+15 11+23 0.1453 mechanical ventilation duration of
Pneumothorax-Hemothorax 39 (44.3%) 15 (31.3%) 0.1366 13.8 ‘?'a}’s- Pngumonia _had univariate
Thoracic spine fracture 14 (15.9%) 19 (39.6%) 00021  associations with total ribs fractured (p
Injury Severity Score 179106 202+103 02343 C?:'g 2(562' c;'_g JZYS)?()L:‘; ((Z B g:gégi;:
Pneumonia 9 (10.2%) 9(18.8%) 0.1610 head AIS (p < 0.0001), and abdominal
Death/Ventilator Days >3 19 (21.6%) 17 (35.4%) 0.0807

AIS (p < 0.0001). The stepwise logistic

Table 6. Fracture Correlations with Death or Need for

Mechanical Ventilation-Rib Fracture Patients

regression procedure selected the rib
fx score (p < 0.0001) over the number
of ribs fractured (p = 0.9305) as a cor-

Lived/Vent Death/Vent

relate with pneumonia. RCFS was a

Days < 3 Days > 3 P-value ge(;gaiopreiictor of pne(;;monri]a ('f) f=
Number 133 60 . ), when compared to t «_e rib fx
. score (p = 0.0983). Pneumonia was
Total ribs fractured 40+24 54+36 0.0077 . . .
independently associated with RCFS (p
Rib Fracture Score 49+34 T72+53 0.0024 = 0.0197), LIS (p = 0.0498), head AIS >
Rib Cage Fracture Score  5.4+3.5 82:55  0.0004 2 (p < 0.0001), and abdominal AIS > 2
Sternal fracture 7(5.3%) 8(13.3%) 0.0534 (p = 0.0137).
Thoracic spine AIS 04+10 08zx14 0.0463
Chest AIS 28+09 34+11 <0.0001 Rib fracture patients

Vent, ventilator; AIS, Abbreviated Injury Scale score.

AIS (Table 3). Death/Ventilator Days > 3 was
independently associated with RCFS (p <
0.0001), LIS (p < 0.0001), head AIS (p <
0.0001), and abdominal AIS (p < 0.0001) (r? =
0.3608).

The number of ribs fractured correlated with
Death/ICU Days > 7 (p < 0.0001). The stepwise
logistic regression procedure selected the rib fx
score (p < 0.0001) over the number of ribs frac-
tured (p = 0.2713) and RCFS (p < 0.0001) over
the rib fx score (p = 0.0936). Death/ICU Days >
7 was independently associated with RCFS (p <
0.0001), LIS (p < 0.0001), head AIS (p <

49

Of the 193 rib fracture patients, ster-

nal fractures were present in 15
patients, the total rib with one or more frac-
tures was 854, the sum of the rib fx score was
1,077, mean ribs fractured was 4.4 + 2.9 (1-20),
mean rib fx score was 5.6 + 4.2 (1-22), and
mean RCFS was 6.3 + 4.4 (1-23). Rib fracture
patient initial clinical condition rates were
admission GCS 3-12 or head AIS > 2 in 83
(43.0%); abdominal AIS > 2 in 40 (20.7%),
hemothorax, pneumothorax, or lung injury in
107 (55.4%); and thoracic spine fracture/dislo-
cation or spinal cord deficit in 45 (23.3%). Of
the 29 (15.0%) patients who developed pneu-
monia, the mean mechanical ventilation dura-
tion was 16.3 days. Age had no correlation with
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mortality (p = 0.4009), ventilator days (p =
0.8666), pneumonia (p = 0.4445), or Death/
Ventilator Days > 3 (p = 0.1185).

A comparison of unilateral and bilateral rib frac-
ture outcomes are in Table 4. The overwhelm-
ing majority of rib fractures were unilateral.
Bilateral rib fracture patients showed a trend
toward greater ventilator days and more pneu-
monia, when compared to unilateral fractures.
However, the Death/Ventilator Days > 3 rates
were similar.

A comparison of patients with isolated anterior-
lateral rib fractures (no posterior fracture) and
isolated posterior rib fractures (no anterior-lat-
eral fracture) is in Table 5. Rib fracture quantifi-
cations, LIS, pneumothorax-hemothorax, and
ISS were similar; however, patients with poste-
rior rib fractures had more thoracic spine frac-
tures. Pneumonia rates were similar for the
posterior rib fractures and anterior-lateral rib
fracture groups. However, patients with a pos-
terior rib fracture had a trend toward a higher
rate of Death/Ventilator Days > 3.

In patients with rib fractures, Death/Ventilator
Days > 3 had univariate associations with
RCFS, rib fx score, total ribs fractured, thoracic
spine AlS, and chest AIS and a trend for signifi-
cance with sternal fracture (Table 6). The
Death/Ventilator Days > 3 rate was higher
when the number of fractured ribs was > 6
(50.0%), compared to less than 6 fractured ribs
(24.1%; p = 0.0006). When the rib fx score was
> 8 (52.2%), the Death/Ventilator Days > 3 rate
was higher compared to a score less than 8
(24.5%; p = 0.0004). Relative to Death/
Ventilator Days > 3, RCFS was an independent
predictor (p = 0.0048), but the rib fx score was
not (p = 0.0734). When correlating Death/
Ventilator Days > 3, stepwise logistic regres-
sion selected the rib fx score (0.0008) over the
number of ribs fractured (0.7846). Death/
Ventilator Days > 3 had an independent asso-
ciation with RCFS (p = 0.0075) and chest AIS (p
= 0.0071). RCFS categorical values correlated
with rates of Death/Ventilator Days > 3: RCFS
1-3 had a rate of 18.9%, RCFS 4-6 had a rate of
24.3%, RCFS 7-12 had a rate of 41.5%, and
RCFS 13-23 had a rate of 64.7% (p < 0.0001).
The RCFS > 5 group had a higher Death/
Ventilator Days > 3 rate (40.5% [45/111]),
when compared to RCFS 1-4 (18.3% [15/82];
RR 2.0; p = 0.0009).

50

LIS > 2 had a higher Death/Ventilator Days > 3
rate (68.4% [26/38]), when compared to LIS
0-1 (21.9% [34/155]; RR 1.6; p < 0.0001).
Head AIS > 2 had a higher Death/Ventilator
Days > 3 rate (46.1% [35/76]), when compared
to Head AIS 0-1 (21.4% [25/117]; RR 1.7; p =
0.0003). Abdominal AIS > 2 had a higher
Death/Ventilator Days > 3 rate (62.5% [25/40]),
when compared to abdominal AIS 0-1 (22.9%
[35/153];RR 1.5; p < 0.0001). Death/Ventilator
Days > 3 had an independent association with
RCFS (p = 0.0213), LIS (p = 0.0014), head AIS
(p < 0.0001), and abdominal AIS (p = 0.0004)
(r? = 0.3840). A risk condition assessment for
Death/Ventilator Days = 3 was performed and
included the following conditions: RCFS > 5, LIS
> 2, head AIS > 2, and abdominal AIS > 2. Each
risk condition was scored O for no and 1 for yes
with a range of 0-4. As the number of risk con-
ditions increased, so did the Death/Ventilator
Days > 3 rate: O conditions had a rate of 2.4%,
1 condition 18.1%, 2 conditions 50.0%, and 3
conditions 69.6%, and 4 conditions 83.3% (p <
0.0001). Risk conditions with a value of > 2 had
a higher Death/Ventilator Days > 3 rate
(58.2%), when compared to risk conditions with
avalue of Oor 1 (12.3%; RR 3.2; p < 0.0001).

Death/ICU Days > 7 had univariate correlations
with total ribs fractured (p < 0.0001), rib fx
score (p < 0.0001), RCFS (p < 0.0001), LIS (p <
0.0001), head AIS (p < 0.0001), and abdominal
AIS (p < 0.0001). Relative to Death/ICU Days >
7, the rib fx score had an independent correla-
tion (p = 0.0002), when compared with the
number of ribs fractured (p = 0.3915). In turn,
the RCFS had an independent correlation (p =
0.0023), when compared with the rib fx score
(b = 0.3915), relative to Death/ICU Days > 7.
Death/ICU Days > 7 had an independent asso-
ciation with RCFS (p = 0.0038), LIS (p =
0.0016), head AIS (p < 0.0001), and abdominal
AIS (p < 0.0001) (r*> = 0.4183).

Death/Hospital Days > 10 had univariate cor-
relations with total ribs fractured (p < 0.0001),
rib fx score (p < 0.0001), RCFS (p < 0.0001),
LIS (p < 0.0001), head AIS (p < 0.0001), and
abdominal AIS (p < 0.0001). Relative to Death/
Hospital Days > 10, the rib fx score had an inde-
pendent correlation (p < 0.0001), when com-
pared with the number of ribs fractured (p =
0.1956) and the RCFS had an independent cor-
relation (p < 0.0001), when compared with the
rib fx score (p = 0.2818). Death/Hospital Days
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> 10 had an independent association with
RCFS (p = 0.0002), LIS (p = 0.0403), head AIS
> 3 (p = 0.0010), and abdominal AIS > 2 (p =
0.0004) (r? = 0.2822).

Pneumonia had univariate correlations with
RCFS (p = 0.0247), LIS (p = 0.0004), head AIS
(p = 0.0008), and abdominal AIS (p = 0.0027).
Pneumonia did not correlate with the total ribs
fractured (p = 0.2190); however, the rib fx score
approached significance (p = 0.0952). Pneu-
monia had an independent association with
the LIS (p = 0.0092) and head AIS (p = 0.0070).

Discussion
Rib fracture patients

Impaired cognition or anatomic head injury,
abdominal injury, pneumothorax-hemothorax,
lung injury, and thoracic spine injury were found
to be common clinical conditions in the patients
with one or more fractured ribs. Numerous
other investigators have also found rib fracture
patients to frequently have head injuries [1, 2,
14-16], pneumothorax-hemothorax [1, 4, 5, 7,
9, 12, 16-19], lung injury [1, 4-7, 9, 16-19],
abdominal injury [1, 12, 15, 16, 18], and tho-
racic spine injury [4, 8, 10]. The sternal fracture
rate of 7.7% is comparable to that found by
other investigators studying rib fracture pati-
ents [1, 7, 19].

Major adverse outcomes (Death/Ventilator
Days > 3, Death/ICU Days > 7, Death/Hospital
Days > 10 days) occurred in > 30% of rib frac-
ture patients. Further, pneumonia occurred in
15% and was associated with substantial venti-
lator dependency. Several other investigators
have also noted that rib fracture patients com-
monly require mechanical ventilation and have
lengthy ICU and hospital lengths of stay [3, 4, 7,
8, 10]. The literature indicates that rib fracture
associated pneumonia rates have ranged from
2.8%t0 11.3% [3, 5, 9, 19].

Bilateral rib fractures were relatively uncom-
mon and did not lead to significantly worse out-
comes, when compared to unilateral fractures.
Patient outcomes were insignificantly worse
with posterior rib fractures, compared to
anterolateral rib fractures. This may be related
to the higher thoracic spine fracture rate found
in patients with posterior rib fractures.

51

Rib fracture patient correlations

The number of ribs fractured was found to cor-
relate with major adverse outcomes (Death/
Ventilator Days > 3, Death/ICU Days > 7, and
Death/Hospital Days > 10 days). However, mul-
tivariate analyses indicated that the rib fx score
was a better predictor of adverse outcomes,
compared to the number of ribs fractured.
Further, the RCFS was found to be a better
adverse outcome predictor, when compared to
the rib fx score. Pneumonia correlated with the
RCFS, but had no association with either the
number of fractured ribs or the rib fx score.
Although adverse outcomes are related to the
number of fractured ribs, grading the total rib
fracture burden was found to provide a better
predictor. This indicates that rib fracture grad-
ing is a more valid indicator of adverse out-
comes than just counting the number of ribs
fractured. Other investigators have also stud-
ied rib fracture grading and found correlations
with mortality and pneumonia rates [5] and ICU
and hospital lengths of stay [15]. Of greater
importance is the finding that the RCFS better
predicts adverse outcomes, when compared to
the other methods of rib fracture quantification.
These findings indicate that the rib fracture bur-
den should be quantified according to the pat-
tern of each individual rib fracture and contex-
tualized according to the presence and severity
of associated sternal and thoracic spine frac-
tures. That is, an overall rib cage fracture bur-
den is a better indicator of adverse outcomes,
as opposed to only considering rib fractures to
be an isolated thoracic fracture entity. This
notion is corroborated by the finding that
Death/Ventilator Days > 3 had an independent
association with RCFS and chest AlS.

Major adverse outcomes (Death/Ventilator
Days > 3, Death/ICU Days > 7, and Death/
Hospital Days > 10 days) were shown to have
independent associations with RCFS, LIS, head
AIS, and abdominal AIS. These findings further
indicate that the rib-cage fracture burden is a
significant and independent predictor of
adverse outcomes. The data also imply that
concomitant lung injury/infiltrate, head injury,
and abdominal injury also influence the devel-
opment of adverse outcomes. Rib fracture
patients with lung contusion have been docu-
mented to have increased pneumonia [5, 6].
Other studies have shown that pulmonary con-
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tusion size is associated with pneumonia [20],
ARDS [20-22], duration of mechanical ventila-
tion [20, 21], and hospital length of stay [23].
Of relevance, Maxwell et al. have shown that
head AIS, in rib fracture patients, correlates
with ICU and hospital lengths of stay [15]. The
same group also demonstrated that abdominal
injury showed an association with increased
ICU and hospital lengths of stay.

As the number of discriminate risk conditions
increased, RCFS > 5, LIS > 2, head AIS > 2, and
abdominal AIS > 2, the rate of Death/Ventilator
Days > 3 substantially rose. Death or the need
for > 3 days of mechanical ventilation was sub-
stantially less than 10%, when no such risk
condition was present. The risk for death or the
need for > 3 days of mechanical ventilation was
18% when any one of the risk conditions was
present. Further, the risk for death or the need
for > 3 days of mechanical ventilation markedly
increased when > 2 risk conditions were pres-
ent. These results indicate that rib fracture
patient outcomes vary according to the severity
of rib cage fractures, as well as the presence of
associated injuries (lung, head, and abdomi-
nal). In general, the need for mechanical venti-
lation is dependent on airway compromise
(obstructed or unprotected), inadequate oxy-
genation, and/or inadequate spontaneous ven-
tilator function [24]. Apropos, head injury may
lead to airway obstruction and loss of airway
protection; chest wall fractures can cause an
impairment of spontaneous chest wall excur-
sion; and lung trauma may impair oxygenation
via contusion or impede ventilation from hemo-
thorax or pneumothorax. Further, abdominal
injury may create pulmonary complexity,
because hemorrhage can decrease oxygen car-
rying capacity; abdominal hypertension may
cause lung compression, impairing oxygenation
and ventilation; and abdominal pain can miti-
gate diaphragmatic excursion. Thus the 4 inde-
pendent factors independently statistically
associated with death or need for > 3 days of
mechanical ventilation have a rational clinical
foundation.

The development of pneumonia had univariate
associations with the same 4 clinical risk condi-
tions, RCFS, LIS, head AIS, and abdominal AlS.
Pneumonia was independently associated with
the LIS and head AIS. This indicates that head
injuries, likely due to a risk for pulmonary aspi-
ration, and direct lung trauma create lung injury
that forecasts a risk for pneumonia.
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Rib fracture and non-rib fracture patient com-
parisons

Blunt trauma injuries with ISS > 9 were used as
study selection criteria to exclude patients with
minor injuries. This also helped to standardize
injury severity, with intent to infer the relative
impact of rib fractures on patient outcomes. A
chest CT was performed in 60% of the non-rib
fracture patients and all of those with one or
more rib fractures. Rib fracture patients had
more lung, abdominal, and thoracic spine inju-
ries, sternal fractures, and pneumothorax-
hemothorax, compared to non-rib fracture
patients. In addition to more truncal injuries,
Injury Severity Scores were higher in the
patients with rib fractures. Of interest, rib frac-
ture patients are just as likely to have altered
cognition as patients without rib fractures; how-
ever, anatomic head injury was less common.
Rib fracture patients had increased rates of
Death/Ventilator Days > 3, Death/ICU Days > 7,
Death/Hospital Days > 10 days, and pneumo-
nia. Lung infiltrate was independently associat-
ed with admission GCS 3-8, RCFS, and pneu-
mothorax-hemothorax, indicating that lung
infiltrate was likely related to pulmonary aspira-
tion and or direct lung trauma.

Combined rib fracture and non-rib fracture
patient correlations

Many of the correlations with outcomes in the
combined cohorts of rib fracture and non-rib
fracture patients are comparable to the find-
ings with only the rib fracture patients. That is,
the number of ribs fractured was found to cor-
relate with major adverse outcomes (Death/
Ventilator Days > 3, Death/ICU Days > 7, and
Death/Hospital Days > 10 days). However, the
rib fx score was a better predictor, compared to
the number of ribs fractured.

This indicates that rib fracture scoring is a more
valid predictor of adverse outcomes, than sim-
ply counting the number of ribs fractured.
Further, the RCFS was found to be a better
adverse outcome predictor, when compared to
the rib fx score. Again, this implies that rib cage
fracture burden correlates better with out-
comes, when compared to the number of ribs
fractured or the rib fracture burden resulting
from grading individual fractures.

Analyses in the combined patient cohorts also
showed that adverse outcomes were indepen-
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dently associated with RCFS, LIS, head AIS,
and abdominal AIS. This indicates that rib frac-
ture patient outcomes are related to rib-cage
fracture burden, but are also influenced by
associated lung, head, and abdominal injuries.
Death/Ventilator Days > 3 was independently
associated with RCFS and chest AlS, implying
the clinical validity of this paradigm for model-
ing thoracic boney injury. Of interest, the devel-
opment of pneumonia was also better predict-
ed by RCFS when compared to the other two
methods for quantifying rib fractures. Further,
pneumonia was independently associated with
RCFS and lung, head, and abdominal injuries,
providing additional evidence to validate the
RCFS.

Recent, large chest injury analysis

Of relevance is a large investigation of major
chest trauma by Huber et al., published 2014,
which states that “chest wall injuries such as
rib fractures or flail chest, existing data remain
controversial as to their prognostic impact”
[25]. Inclusion criteria were chest AIS > 2 and
ISS > 16 with an incidence of rib fractures in
34.5%, lung contusion in 48.0%, and sternal
fracture in 8.6%. Using univariate analyses,
mortality and duration of mechanical ventila-
tion were each shown to increase with the mag-
nitude of lung contusion, head injury, and
abdominal injury, based on AIS scores.
Additionally, mortality was found to be
increased according to the number of rib frac-
tures. Head injury and abdominal injury were
demonstrated to be independent predictors of
mortality. For clinical and statistical reasons,
mortality analyses included death at any time;
however, the duration of mechanical ventilation
examinations excluded patients dying during
the first-two weeks of hospitalization. Similar
motivations prompted us to create a combined
variable, Death/Ventilator Days > 3, as the pri-
mary measure of outcome.

Limitations

Although the study is retrospective, the follow-
ing evidence indicates that common study
weaknesses have been mitigated. Much of the
data results emanated from the trauma regis-
try, where information was obtained from the
Trauma History and Physical form, the Trauma
Tertiary Survey form, the trauma service
Advanced Practice Nurses’ daily work-sheet
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documentation, operative records, radiography
reports, and discharge summaries. The Trauma
History and Physical form is a comprehensive
database completed at the time of patient
admission by the trauma resident and verified
by the attending trauma surgeon. At 24 hours
following admission, a comprehensive Trauma
Tertiary Survey form was completed by a trau-
ma service resident and confirmed by the
attending trauma surgeon. Each day, an
Advanced Practice Nurse updated a work-sheet
that captured initial injuries, injuries with a
delay in diagnosis, and complications. Further,
the Advanced Practice Nurses met weekly with
the surgical attending staff to discuss patient
deaths and all complications. This provided an
opportunity to clarify ongoing patient condi-
tions and outcomes in the nurses’ daily work-
sheet. Accordingly, mechanism of injury, admis-
sion and discharge GCS, preinjury antithrom-
botic agent use, preinjury medical conditions,
patient injuries, and complications were pro-
spectively documented and subsequently
stored in the trauma registry. From injury data,
trauma registry personnel compute Abbreviated
Injury Scale and Injury Severity Score values.
On multiple occasions, American College of
Surgeons’ Trauma Quality Improvement Pro-
gram® personnel have assessed trauma regis-
try data and found it to be accurate and reli-
able, with compliance at all levels. Further, the
State of Ohio Department of Public Safety has
also appraised the trauma registry data and
found it to be reliable. As an attending trauma
surgeon with board certification in surgical criti-
cal care and an extensive history of collabora-
tion with radiologists, the first-author has inter-
preted chest CT images for 30 years. Several
patients without rib fractures did not undergo
chest CT scanning. Typically, the absence of rib
fractures was based on multiple chest x-rays
obtained throughout the hospital course and a
lack of chest wall pain or tenderness. Although
it is possible some of these patients might have
had an occult rib fracture, this is improbable.

We believe that information bias, improper
classification of rib fracture quantification or
outcomes, is minimal, because the data quality
is creditable. We think that selection bias has
been minimized by using the trauma registry to
identify all patients who were age 18-75 and
with an Injury Severity Score > 9.
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Conclusions

Patients with rib fractures have increased torso
injury rates (abdomen, lung infiltrate, hemotho-
rax-pneumothorax, sternal fracture, and tho-
racic spine injuries) and adverse outcomes
(pneumonia, death or ventilator dependence,
and death or lengthy hospital stay), compared
to those without rib fractures. This study inves-
tigated 3 methods for quantifying rib fractures:
1) summing the number of ribs with one or
more fractures, 2) grading each individual frac-
ture and summing their values (rib fx score); 3)
interacting the rib fracture graded sums with
sternal fracture and thoracic spine injury sever-
ity (RCFS). The analyses demonstrate that
adverse outcome rates increase the larger the
number of fractured ribs, rib fx score, and
RCFS. Statistical interrogation also showed
that adverse outcomes best correlated with the
RCFS, and that the rib fx score had superior
associations, compared to the total number of
fractured ribs. Further, adverse outcomes were
independently associated with the RCFS and
the degree of lung infiltrate, head injury, and
abdominal injury. These observations not only
enhance the validity of the RCFS, but also indi-
cate that these injuries are influential in affect-
ing adverse patient outcomes. Apropos, clini-
cians assessing rib fracture patient risk and
potential for rib fracture stabilization should
consider multiple factors: magnitude of the
total rib fracture burden (rib fx score), grade of
sternal fracture and thoracic spine injury, and
associated lung infiltrate, head injury, and
abdominal injury. Based on the aforemen-
tioned, we recommend the RCFS as a quantifi-
cation methodology for risk stratification,
because it provides a comprehensive assess-
ment of the rib cage fracture burden (ribs, ster-
num, and thoracic spine).
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