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Abstract. - OBJECTIVE: This study aims to
retrospectively investigate the imaging features
of patients with sternum fracture (SF) and con-
comitant organ injuries. We also aimed to eval-
uate the potential prognostic effect of skele-
tal muscle area (TMA) and muscle attenuation
(MuA) values.

PATIENTS AND METHODS: Computed to-
mography (CT) images of patients with SF were
re-evaluated by two observers (Observer-1 and
2). Observer-3 has measured TMA and MuA val-
ues. Observer-1 has repeated the measurements
blindly to the first measurement results to evalu-
ate the inter-observer agreement. The length of
hospital stay, death, hemiplegia, or quadriplegia
were investigated from the archives. Mann-Whit-
ney U-test or Student’s i-test was used to investi-
gate the relationship between linear variables. The
intraclass correlation coefficient (ICC) score was
used to evaluate the interobserver agreement. Lo-
gistic regression analysis was used to estimate
the relative effect of variables by calculating unad-
justed odds ratios (ORs) for categorical outcomes.

RESULTS: Sixty-five patients had SF and 53
patients had SF and concomitant organ inju-
ries. The most common injuries accompanying
SF were rib fracture (73.58%) and lung contusion
(60.38%). Manubrium fracture was the most com-
mon fracture location (52.3%), and 18 patients
(27.7%) had displaced SF. Eight patients (15.1%)
were discharged with plegia and five (9.4%) died.
Hemothorax, displaced SF and decreased MuA
were predictors of prolonged hospital stay, and
the presence of cardiac contusion, displaced SF,
hemothorax, and vertebra body fracture were in-
dependent factors for death.

CONCLUSIONS: The presence of a displaced
SF and decreased MuA value are important prog-
nostic factors in patients with SF.
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Introduction

Sternal fractures (SFs) are rarely seen in trau-
ma patients and 3% to 8% of blunt trauma vic-
tims'. SF is usually associated with high energy
trauma and other organ injuries*®. Isolated SF
is rare and usually of no clinical significance
and is treated conservatively®. The presence of
accompanying organ injuries in a patient with
SF should be carefully investigated on comput-
ed tomography (CT) and clinical examination
because there is a high probability of other or-
gan injuries.

Sarcopenia means a decrease in skeletal mus-
cle mass (SMM), function, and strength, and it
is related to aging, increased catabolism, and
cachexia®. It has been shown that sarcopenia or
decreased SMM are associated with poor prog-
nosis in many populations, including patients
with cancer or trauma, patients in intensive
care, and patients undergoing various surgi-
cal procedures®’. Cross-sectional total skele-
tal muscle area (TMA) and muscle attenuation
(MuA) values at the L3 vertebra level on com-
puted tomography (CT) have been shown to be
good indicators of SMM. Decreased cross-sec-
tional TMA and MuA on CT are strongly asso-
ciated with poor outcomes in the postoperative
or trauma period in elderly patients®?. However,
to the best of our knowledge, the effect of TMA
and MuA values regardless of age in trauma pa-
tients is unknown.

Herein, we aimed to retrospectively investi-
gate the imaging features of patients with SF
and concomitant organ injuries. We also aimed
to evaluate the potential prognostic effect of
TMA and MuA values at the L3 vertebra level
on CT in patients with SF due to blunt trauma.
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Patients and Methods

The Institutional Review Board (IRB) ap-
proved this retrospective, cross-sectional study
(IRB approve number: 60116787-020/78468), and
IRB waived the informed consent requirement.

Study Population

Patients admitted to the Emergency Depart-
ment between January 2010 and June 2019 and
underwent a full-body CT scan due to major blunt
trauma were retrospectively investigated from the
hospital archive. These patients who underwent
full-body CT and had the words “sternum frac-
ture” in the official radiology reports were reeval-
uated. The study did not include patients under
18 years, patients referred to the external center,
patients with incomplete CT images, or non-di-
agnostic CT image quality. Patients with lesions
obscure skeletal muscles in the lumbar region
(such as mass or hematoma) were excluded from
the study.

CT Protocols

All CT scans of the full-body were performed
using a multi-detector CT scanner (16 detector
rows, Brilliance; Philips Healthcare, Best, Neth-
erlands). CT protocol parameters are specified in
Table I. The tube voltage and tube current were
adjusted to the patient’s body weight. The intra-
venous non-ionic iodinated contrast agent (350
mg/100 ml, iohexol) was used at a 1 ml/kg dose in
patients with normal serum creatinine levels and
no history of iodinated contrast agent allergy. CT
images were obtained without intravenous con-
trast medium in patients with contraindications
for an iodinated contrast agent.

Evaluation of CT Images

Consensus by two observers (Observer 1 and
2) reviewed the patients’ full-body CT scans with
sternal fractures. The presence of sternal fracture
(yes/no), localization of the sternal fracture (ma-
nubrium, upper or lower half of sternal body), and

Table I. The imaging parameters of the full-body CT scan.

the degree of displacement (non-displaced, mild-
ly displaced, or displaced) were investigated. The
SF was evaluated as non-displaced if there was
no dissociation, mild displaced if <3 mm dissoci-
ation, and displaced if > 3 mm dissociation (Fig-
ures 1 and 2).

The presence of rib fracture, pulmonary contu-
sion or laceration, and aortic injury were investi-
gated on chest CT exams. The presence of cardi-
ac contusion was evaluated using CT, laboratory
results, and echocardiography findings. More-
over, the presence of pneumothorax, hemothorax,
pneumomediastinum, and retrosternal hematoma
(if present, the maximum thickness of hematoma
was measured in the sagittal plane) were inves-
tigated. Moreover, the presence of solid abdom-
inal organ or intestinal injuries was evaluated
according to the American Association for Sur-
gery of Trauma-Injury Scoring Scale'®!!. If the
patient’s cranial and cervical CT is also available,
the presence of fractures (in the neurocranium or
viscerocranium), intracranial hemorrhage (sub-
dural, epidural, subarachnoid hemorrhage), verte-
bral fracture (body fracture or posterior elements
fracture), and spinal cord injury were investigated
on CT exams (Table II).

Quantitative Muscle Area and
Attenuation Measurements

Before quantitative tissue evaluation, all CT
images were utterly anonymized. Quantitative
TMA and MuA values were measured at the low-
er part of the third lumbar vertebra (L3) on the
axial CT images using a freely accessible DICOM
viewer (Osirix v11.0; Pixmeo SARL, Bernex,
Switzerland) by a trained and board-certified ra-
diologist (Observer 3) who blinded to the clinical
information and body CT findings. Hounsfield
unit (HU) thresholds for skeletal muscle (-29 to
+150 HU) were determined, and the TMA, as de-
scribed in previous studies'!®. Besides, the mean
MuA values were noted in HU according to TMA
measurements (Figure 3). Observer-1 has mea-
sured the TMA and MuA values blindly to the

mA kV Matrix Rotation Time Slice of Thickness
Head CT 188 120 512x512 0.75s 1.5 mm
Cervical Vertebra CT 131 120 512x512 0.75s 1.5 mm
Chest CT 119 120 512x512 0.75s 1.5 mm
Abdominal CT 119 120 512x512 0.75s 1.5 mm

mA; milliampere, kV; kilovoltage, CT; computed tomography.
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Table IlI. Full-body CT Scan Indications According to Injury Severity Score'!2.

Trauma patients with one of the following parameters at hospital arrival

* Respiratory rate >30/min or <10/min

* Pulse >120/min ¢ systolic blood pressure <100 mmHg
* Estimated exterior blood loss >500 ml

* Glasgow Coma Score <13

* Abnormal pupillary reaction

OR Patients with a clinical suspicion of one of the following diagnoses

* Fractures from at least two long bones

* Flail chest, open chest or multiple rib fractures

* Severe abdominal injury

* Pelvic fracture

* Unstable vertebral fractures/spinal cord compression

OR Patients with one of the following injury mechanisms

* Fall from a height (>3 meters/>10 feet)
* Ejection from a vehicle

* Death of occupant in same vehicle

* Severely injured patient in same vehicle
» Wedged or trapped chest/abdomen

first measurement results using the same method
to evaluate the inter-observer agreement.

Clinical Assessment

The length of hospital stay, death within the
hospitalization period, presence of dependency
(hemiplegia, quadriplegia) during or after dis-
charge were retrospectively investigated from the
clinical archives.

Statistical Analysis

In the statistical analyses, IBM SPSS ver.
21.0 (IBM Corp., Armonk, NY, USA) and Med-
Calc (MedCalc Software Ltd, Ostend, Belgium)
statistical software were used. Continuous vari-
ables were shown as mean and standard deviation
(SD) or median and interquartile ranges (IQR)
in normal and abnormally distributed data. Cat-
egorical variables were shown as percentages.
Mann-Whitney U-test or Student’s #-test was used
to investigate the relationship between TMA,
MuA values, localization of the sternal fracture,
and degree of displacement of the sternal fracture
concomitant injuries. The intraclass correlation
coefficient (ICC) score was used to evaluate the
interobserver agreement. An ICC score < 0.4 was
accepted as poor agreement, 0.4-0.75 as moderate,
0.75-0.9 as good agreement, and > 0.9 as excellent
agreement. Spearman correlation coefficients (r)
and linear regression analyses were used to evalu-
ate the correlation between continuous variables.
Correlation coefficients between 0.2 and 0.4 were
considered weak correlations, between 0.4 and
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0.6 as a medium, between 0.6 and 0.8 as strong,
and > 0.8 as an excellent correlation. Univariate
analysis was used to estimate the relative effect
of variables (length of hospital stay, plegia, and
death), and odds ratios (ORs) were calculated for
categorical outcomes.

Results

A total of 2957 patients underwent a full-body
CT scan for major blunt trauma between January
2010 and June 2019. Sixty-five of these patients
(2.2%) had the terms “sternal fracture” in their
official radiology reports, and two observers re-
evaluated CT images of those patients. These 65
patients were confirmed to have a sternal fracture
on re-evaluation. The most common mechanism
of injury was motor vehicle collisions (n = 54,
83.1%), six patients (9.2%) had SF due to falling
from the height, and four patients (6.2%) had a
crushing injury, and a patient (1.6%) had an as-
sault by a blunt object. Isolated sternal fractures
were detected in 18.46% (n = 12) of the patients,
and 53 patients (34 male; mean age, 50.7 + 18.1
years; range, 19-85 years) had SF and concomi-
tant injuries (Figure 4). The most common inju-
ries accompanying sternum fractures in 53 pa-
tients were rib fracture (n=39, 73.58%) and lung
contusion (n=32, 60.38%). The other concomitant
injuries are shown in Table III.

Fifty-three of the 65 patients (81.54%) had a
measurable retrosternal hematoma, and the mean
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Table Ill. Concomitant injuries in patients with sternal fracture (SF)''2.

Total Population Male (n = 34) Female (n = 19)
(n=53) n (%) n (%)
Retrosternal Hematoma 42 (79.25) 30 (88.24) 12 (63.16)
Lung Contusion 32 (60.38) 23 (67.65) 9 (47.37)
Lung Laceration 7(13.21) 6 (17.65) 1(5.26)
Pleural Effusion (<20 HU) 6(11.32) 4 (11.76) 2 (10.53)
Pericardial Effusion (<20 HU) 3 (5.66) 1(2.94) 2 (10.53)
Rib Fracture 39 (73.58) 27 (79.41) 12 (63.16)
Single 13 (24.53) 9 (26.47) 4 (21.06)
Multiple 26 (49.06) 18 (52.94) 8 (42.11)
Pneumothorax 22 (41.5) 17 (50) 5(26.32)
Cardiac Contusion 4 (7.55) 4 (11.76) 0
Pneumomediastinum 9 (16.98) 7(20.59) 2(10.53)
Hemothorax 18 (33.96) 14 (41.18) 4 (21.006)
Vertebral Fracture® 26 (49.06) 18 (52.94) 8 (42.11)
Stable 16 (30.19) 12 (35.29) 5(26.32)
Unstable 10 (18.87) 6 (17.65) 3(15.79)
Scapula Fracture 9 (16.98) 6 (17.65) 3 (15.79)
Clavicula Fracture 16 (30.19) 12 (35.29) 4 (21.06)
Renal Injury? 4(7.55) 4 (11.76) 0
Mild 3 (5.66) 3(8.82)
Severe 1(1.89) 1(2.94)
Bowel Injury 1(1.89) 1(2.94) 0
Liver Injury? 2(3.77) 1(2.94) 1(5.26)
Mild 1(1.89) 0 1(5.26)
Severe 1(1.89) 1(2.94) 0
Spleen Injury** 9 (16.98) 6 (17.65) 3 (15.79)
Mild 5(9.43) 3(8.82) 2 (10.53)
Severe 4(3.77) 3(8.82) 1(5.26)
Neurologic Disability 8 (15.09) 6 (17.65) 2 (10.53)
1(5.26)
1(5.26)
Quadriplegia 3 (5.66) 2 (5.88)
Paraplegia 5(9.43) 4 (11.76)
Pelvic Fracture 4 (11.76) 2 (5.88) 2 (10.53)
Fracture in Head CT 13 (24.53) 9 (26.47) 4 (21.06)
Neurocranium 4(7.55) 3(8.82) 1(5.26)
Viscerocranium 9 (16.98) 6 (17.65) 3 (15.79)
Intracranial Hemorrhage*** 8 (15.09) 6 (17.65 2 (10.53)
Extraparenchymal 6(11.32) 4 (11.76) 4 (11.76)
Intraparenchymal 2(3.77) 1(2.94) 1(5.26)

* Vertebral fractures were evaluated according to TLICS score, and four and above were considered unstable fractures.
** Liver, spleen, and kidney injuries were evaluated according to the AAST score. Grades 1 and 2 were considered mild;

grades 3, 4, and 5 were considered severe.

*** One male and one female patient had both extraparenchymal and intraparenchymal bleeding.

hematoma thickness was 10 + 6.5 mm. Manubri-
um fracture was found in 34 patients (52.3%), the
upper half of corpus fracture was found in 13 pa-
tients (20%), and the lower half of corpus in 18
patients (27.7%). Eighteen patients (27.7%) had
displaced SF, 11 patients (16.9%) had minimally
displaced SF, and 36 patients (55.4%) had non-dis-
placed SF (Figures 1 and 2).

The median length of hospital stay was five
days (IQR, 3 —20.5 days), and there was no signif-
icant difference between female and male sexes in

terms of length of hospital stay (p = 0.248, 15.5
+ 18.4 vs. 23.3 £ 35.7 days, respectively). Eight
of the 53 patients (15.1%) were discharged with
hemiplegia (n = 5, 9.4%) or quadriplegia (n = 3,
5.7%). Five of the 53 patients (9.4%) died during
the hospital stay. Three of them died on the first
day, one on the 48" day, and one on the 54" day
of admission. The remaining 40 patients (75.5%)
were discharged without any complications.
TMA values were significantly higher in males
than in females (p = 0.048; 153.8 £+ 45.6 mm? vs.
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Figure 1. Coronal reformatted chest CT image shows the
sternum parts; manubrium, the upper or lower half of the
sternal body.

135 £ 35.9 mm?, respectively). No significant dif-
ference was observed between males and females
for MuA values (p = 0.782; 53.5 + 2.4 HU, 53.3 +
2.2 HU, respectively). There was significant cor-
relation with TMA and MuA values (p = 0.0001,
r = 0.641), and TMA, MuA values showed sig-
nificant negative correlation with age (r = -0.822,
r = -0.860, p = 0.0001 for both). There was ex-
cellent agreement between Observer-3 and Ob-
server-1 for measurements of TMA with ICC of
0.943 (95% CI, 0.926-0.962) and MuA with ICC
of 0.951 (95% CI, 0.930-0.963) (Figure 5).

TMA and MuA values were significantly lower
in patients with retrosternal hematoma, pneumo-
mediastinum, pneumothorax, and rib fractures
than those without (p < 0.04). There was no sig-
nificant relationship between TMA and MuA
values and other concomitant injuries. There was
no relationship between the localization of the
sternal fracture and hospital stay duration, plegia
development, or death (p > 0.05). The presence of
a displacement of more than 3 mm in the sternal
fracture was significantly associated with a hos-
pital stay, plegia, and death (p = 0.012, r = 0.343
for hospital stay; p = 0.033, r = 0.293 for plegia; p
=0.003, r=0.407).

In the univariate analyses, cardiac contusion
(p = 0.013, odds ratio [OR]; 3.6 [95% CI, 2.1 to
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17.3]), hemothorax (p = 0.04, OR; 4.13 [95% CI,
0.92 to 53.4]), and vertebra corpus fracture (p =
0.042, OR; 10.1 [95% CI, 0.91 to 52.1]) were sig-
nificantly associated with death. When a hospital-
ization length of 10 days or longer is considered a
“prolonged hospital stay”, hemothorax (p = 0.008,
OR; 15.8 [95% CI, 2 to 125.4]), displaced sternal
fracture (p = 0.015, OR; 4.1 [95% CI, 1.3 to 12.7]),
and incrementally decreasing MuA values (p =
0.038, OR; 1.36 [95% CI, 0.9 to 2.1]) were sig-
nificantly associated with prolonged hospital stay.
There was no significant relationship between
other factors and death or prolonged hospital stay.

Discussion

The present study showed that hemothorax and
decreased MuA lead to prolongation of hospital
stay in patients with SF. The presence of cardiac
contusion, hemothorax, and vertebra body frac-
ture were independent factors for death. The pres-
ence of a displacement of more than 3 mm in the
sternal fracture was significantly associated with
a prolonged hospital stay, plegia, and death. Be-
sides, patients with SF and concomitant retroster-
nal hematoma, pneumomediastinum, pneumo-
thorax, or rib fractures had lower TMA and MuA
values than those without.

In the literature, the incidence of sternal frac-
ture has been reported to be about 3% to 8% of
blunt trauma patients'. In line with the literature,
we found the incidence of SF as 2.2% in blunt
trauma patients. Besides, traffic accidents are the
most common type of injury that causes trauma
to SF, and similar to the literature, we found that
in 54 patients (83.1%), the cause of SF was traf-
fic accidents'". It has been shown that the most
common accompanying injury of SF was rib frac-
ture'!5. Similar to the literature, we found that
most patients with SFs had concomitant injuries
(81.54%), and the most frequent concomitant in-
jury was rib fractures (73.58%). Von Garrel et al**
reported that SF’s most common location is the
body of the sternum. However, Scheyerer et al'®
reported the most common SF location as the ma-
nubrium of the sternum. In the present study, we
found that the most common SF location was the
manubrium of the sternum (52.3%). Besides, we
found that displaced sternal fractures are signifi-
cantly correlated with a prolonged hospital stay,
plegia, and death. These findings suggest that dis-
placed fractures are associated with more severe
trauma and concomitant injuries. Therefore, we
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Figure 2. Sagittal reformatted chest CT im-
ages demonstrate the examples of (a) non-dis-
placed, (b) mildly displaced, and (c) displaced
sternum fractures (arrows). Note, (*) indicates
retrosternal hematoma.

recommend that when displaced sternum frac-
tures are detected, CT images should be carefully
examined for other injuries, and patients should
be followed closely.

Sarcopenia and decreased skeletal muscle mass
are associated with poor prognosis and prolonged
hospital stays in elderly trauma patients'®*. In the
present study, trauma patients with sternum frac-
tures did not only comprise of the elderly popula-
tion, and decreased MuA value was significantly
associated with a prolonged hospital stay. Be-
sides, Yoo et al?' reported that low muscle area
values on CT are associated with the increased
mortality rate in trauma patients aged 45 years
and older. However, our study found no statisti-
cally significant relationship between mortality
and TMA values. This may be due to the relative-

Figure 3. Total muscle area and muscle attenuation value mea-
surement at the L3 vertebra corpus level on axial CT image.
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2957 blunt trauma
patients underwent full
body CT

Patients without
sternal fracture
(n=2892)

65 patients (2.2%) with
sternal fracture

12 patients (18.46%0)
with isolated Sternal

fracture

\_.

53 patients (81.54%o)
with sternal fracture
and concomitant injury

Figure 4. Flowchart showing the study population.

ly small number of cases in our study and the low
number of deaths.

There were some limitations of our study. Our
study’s most important limitations were the rela-
tively low number of patients and the study’s retro-
spective nature. However, it is challenging to reach
many patients with SF since sternum fractures are
rarely seen, even in patients with significant trau-
ma. Another limitation of our study was patients’
inclusion with the words “sternum fracture” only
in official radiology reports. Therefore, our study
may not include patients with a sternal fracture but
not specified in the official radiology report. Final-
ly, there are many factors in the prognosis of pa-
tients with polytrauma. According to the American
Association for Surgery of Trauma-Injury Scoring
Scale, we evaluated the injuries only.

Conclusions
The skeletal MuA value is an important prognos-

tic factor in patients with SF. The presence of a dis-
placement of more than 3 mm in the sternal fracture
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Figure 5. Bland-Altman plots show the agreement of the TMA and MuA measurement results between observers.
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was significantly associated with a prolonged hos-
pital stay, plegia, and death. Moreover, prospective
studies with a larger population are needed.
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