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Abstract

Aim: To investigate the value of intercostal muscle density measured at the primary
trauma site in predicting subsequent thoracic injuries, unexpected injuries, and poor clin-
ical outcomes in patients with isolated blunt thoracic trauma, and to evaluate the relation-
ship between muscle density and trauma characteristics, treatment modalities, and the
follow-up process. Methods: This single-center, retrospectively designed study included
124 patients. The primary trauma site was determined by combined assessment of patient
history, physical examination, and thoracic computed tomography (CT) findings. The
density of the intercostal muscles corresponding to this site was measured and averaged.
Results: Hounsfield unit (HU) values were significantly higher in patients with subse-
quent injury (n=14, 11.3%), unexpected injury (n=12, 9.7%), and poor outcome (n=30,
24.2%) (p=0.001, p=0.005, and p<0.001, respectively). HU value significantly predicted sub-
sequent injuries (AUC=0.773, cutoff=56.0 HU, p=0.001), unexpected injuries (AUC=0.754,
cutoff=56.0 HU, p=0.004), and poor outcome (AUC=0.746, cutoff=54.95 HU, p<0.001). On
multivariate analysis, intercostal muscle density (OR=1.041, p<0.001) and number of rib
fractures (OR=1.885, p<0.001) were identified as independent predictors of poor outcome.
Age and sex were not significantly associated with poor outcome (p=0.767 and p=0.920,
respectively). Conclusions: Intercostal muscle density measured at the primary trauma
site, which can be obtained from routine thoracic CT without additional cost, may repre-
sent a potential, complementary imaging parameter that could help predict and may pro-
vide a complementary contribution to existing risk assessment methods.
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1. Introduction

Blunt thoracic trauma accounts for the large majority of thoracic injuries. It ranges
from simple chest wall injuries to life-threatening conditions such as hemothorax, pneu-
mothorax, and pulmonary contusion!?. In some patients without evident pathology on
initial evaluation, new thoracic injuries may emerge during follow-up, or the clinical se-
verity of existing injuries may increase'3".

Numerous clinical parameters, including age, trauma mechanism, number of rib
fractures, associated intrathoracic injuries, and various trauma scores, are currently used
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to predict the severity and prognosis of thoracic trauma®’. However, most of these varia-
bles reflect the anatomical damage that occurs after trauma and do not directly assess the
patient's biological response to trauma or the structural characteristics of the chest wall®.
Furthermore, the fact that subsequent injuries can develop in some patients who initially
appear to be at low risk suggests that current risk assessment methods are not sufficient
on their own*°.

Muscle density obtained from computed tomography (CT) images has increasingly
attracted attention in recent years as an objective imaging biomarker reflecting the struc-
tural integrity and quality of skeletal muscle'®!l. Particularly in abdominal and oncologic
surgery, low muscle density has been shown to be associated with sarcopenia, increased
complication rates, and poor prognosis'?!®. However, a limited number of studies in
trauma patients have assessed muscle characteristics by focusing on general muscle
groups and examined their relationship with trauma'41. To date, no study has evaluated
the relationship between intercostal muscle density at the trauma site and clinical out-
comes in patients with thoracic trauma. The potential role of the imaging characteristics
of the intercostal muscle at the trauma site in predicting subsequent thoracic injuries or
poor clinical outcomes remains unknown.

The primary aim of this study is to investigate the value of intercostal muscle density
measured at the primary trauma site in predicting subsequent thoracic injuries and poor
clinical outcomes in patients with isolated blunt thoracic trauma. The secondary aim of
the study is to evaluate the relationship between intercostal muscle density and trauma
characteristics, the treatment methods applied, and the patient follow-up process.

2. Materials and Methods

This study was designed as a single-center, retrospective study and was approved
by the local ethics committee (Decision No: 2026.03.22). Patients aged 18 years and older
who were evaluated for isolated blunt thoracic trauma between October 2024 and March
2026, and who had complete clinical follow-up, radiological, and treatment data, were
included in the study (n=124). Patients with penetrating thoracic trauma, concomitant ex-
trathoracic injury, age under 18 years, unavailable thoracic CT images, or incomplete clin-
ical follow-up and treatment data were excluded from the study.

Patients' demographic data, physical examination findings at presentation, thoracic
CT images, diagnostic process data, treatment methods applied, intensive care unit ad-
mission, length of intensive care unit stay, length of hospital stay, and mortality data were
retrospectively obtained from the hospital information management system. All data
were recorded after patient identification information was anonymized.

To standardize the assessment, if the trauma was detected within 24 hours of occur-
rence it was classified as "day 1"; if detected between 24-48 hours, as "day 2"; if detected
between 48-72 hours, as "day 3"; and if detected after 72 hours, as "subsequent days."

Although various approaches to dividing the thorax into different regions have been
reported in studies on thoracic trauma, there is not yet a single standardized classification
system for this purpose!®'”. In this study, the regional division was based on the anatom-
ical areas that patients described in their own words as the location of pain or trauma
during physical examination. Each hemithorax was divided into four regions, for a total
of eight regions (right upper anterior, right lower anterior, right upper posterior, right
lower posterior, left upper anterior, left lower anterior, left upper posterior, left lower pos-
terior). For these regions, the boundaries on thoracic CT were determined as the fifth rib
for the upper and lower regions and the midaxillary line for the anterior and posterior
regions. The "primary trauma site" was determined by a thoracic surgeon based on the
patient's history, tenderness and ecchymosis over the chest wall, and thoracic CT findings.
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Intercostal muscle density was assessed on noncontrast thoracic CT images (axial
plane, 0.5-1 mm slice thickness, soft tissue window [WW 400, WL 40]) corresponding to
the primary trauma site. Measurements were performed using the Picture Archiving and
Communication System (PACS). To minimize the influence of surrounding bony struc-
tures, pleural tissue, and subcutaneous fat, circular or oval regions of interest (ROI) with
a standard diameter of 3-6 mm were used in all patients. At least one and at most three
separate measurement points were obtained from each intercostal muscle within the pri-
mary trauma site on the CT slices, and the mean of the resulting Hounsfield unit (HU)
values was recorded as the patient's intercostal muscle density. All HU measurements
were performed by a single thoracic surgeon to ensure methodological consistency.

Patients were hospitalized if they had injuries such as three or more rib fractures,
hemothorax, pneumothorax, pneumomediastinum, contusion, or sternal fracture, and if
the trauma was detected on day 1 or day 2. Otherwise, patients were discharged from the
emergency department. If surgical procedures such as tube thoracostomy were not per-
formed and no clinical or radiological deterioration occurred during follow-up, patients
were discharged after 48 hours of hospitalization. In other cases, and in patients admitted
to the intensive care unit, the length of hospital stay was longer. In these patients, the
decision to discharge was made once clinical and radiological improvement was ob-
served.

Injuries in patients who were discharged after hospitalization, or who presented to
the hospital after day 1 or day 2 following trauma were defined as "subsequent injury."
Injuries in patients who were discharged from the emergency department and later re-
quired hospital admission were defined as "unexpected injury." Poor clinical outcome was
defined as present in any patient who had intensive care unit admission, underwent tube
thoracostomy, underwent emergency thoracotomy, had a subsequent injury, had an un-
expected injury, or experienced mortality. This composite outcome was constructed to
capture any deviation from an uncomplicated clinical course, ranging from the need for
additional intervention to mortality. However, we acknowledge that the individual com-
ponents of this composite outcome differ substantially in terms of clinical severity.

2.1. Statistical Analysis

Data were analyzed using IBM SPSS Statistics Standard Concurrent User V 27 (IBM
Corp., Armonk, New York, USA). Descriptive statistics were presented as mean + stand-
ard deviation for normally distributed data, and as median (M), interquartile range (IQR),
minimum (min), and maximum (max) for non-normally distributed data. Normality of
distribution of numerical variables was assessed using the Shapiro-Wilk test. Homogene-
ity of variances was assessed using Levene's test. When analyzing the relationship be-
tween numerical variables, the Spearman correlation test was used if any variable was
non-normally distributed. For comparisons of numerical variables between two categori-
cal groups, the independent samples t-test was used for normally distributed data, and
the Mann-Whitney U test was used for non-normally distributed data. For comparisons
of numerical variables among more than two categorical groups, one-way analysis of var-
iance was used for normally distributed data. The Chi-square test based on the exact
method was used for comparisons between categorical variables. When the Chi-square
test result was significant, subgroup analyses were performed using the Bonferroni-cor-
rected two-proportion z-test. The performance of intercostal muscle density in predicting
subsequent injuries, unexpected injuries, and poor clinical outcomes was evaluated using
Receiver Operating Characteristic (ROC) curve analysis. In the ROC analysis, the area un-
der the curve (AUC), 95% confidence interval (95% ClI), sensitivity (Sen), and specificity
(Spe) values were calculated. Optimal cutoff values were determined using the Youden
index. Multivariate binary logistic regression analysis was performed to identify
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independent risk factors associated with poor clinical outcome. Variables considered clin-
ically significant or found significant in univariate analyses were included in the model.
HU was included because it was the primary variable of interest. The number of rib frac-
tures was included because it was significant in the univariate analysis and is a well-es-
tablished prognostic factor in the literature. Age and sex were also included in the model
because, although they were not significant in the univariate analysis, they are widely
recognized as classical prognostic and potential confounding variables in the trauma lit-
erature. Results were presented as odds ratio (OR) and 95% CI. Model fit was assessed
using the Hosmer-Lemeshow goodness-of-fit test. A p-value <0.05 was considered statis-
tically significant in all comparisons.

3. Results
3.1. General Information about the Patients

The study included a total of 124 patients, 60 (48.4%) female and 64 (51.6%) male. The
mean age of the patients was 53.6 + 17.0 years. The most common cause of blunt thoracic
trauma was traffic accident (n=54, 43.5%). The most frequently detected thoracic injury
was superficial chest wall injury (n=57, 36.3%). Subsequent injury was present in 14 pa-
tients (11.3%), with pneumothorax being the most common finding in this group (n=8,
57.1%). The number of patients with unexpected injury was 12 (9.7%). Mortality occurred
in a total of two patients (1.6%). One of these patients died during hospitalization, and the
other died within the first 30 days after discharge. The cause of death in the patient who
died during hospitalization was renal failure secondary to comorbid conditions, while the
cause of death in the patient who died after discharge was pulmonary thromboembolism
(Table 1).

Table 1. General information about the patients

n(%)
Gender
Female 60(48.4)
Male 64(51.6)
Age, (year) xxSD 53.6+17.0
Type of trauma
Animal kick 1(0.8)
Assault 29(23.4)
Fall 40(32.3)
Traffic accident 54(43.5)
Injuries
Flail chest 3(1.9)
Contusion 4(2.5)
Pneumomediastinum 7(4.5)
Sternal fracture 8(5.1)
Hemothorax 10(6.4)
Pneumothorax 13(8.3)
Rib fracture 55(35)
Superficial chest wall injury 57(36.3)
Injury side
Bilateral 11(8.9)
Right 52(41.9)
Left 61(49.2)
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n(%)

Primary trauma site

Left upper-posterior 5(4)

Left upper-anterior 5(4)

Right upper-anterior 13(10.5)

Right upper-posterior 13(10.5)

Left lower-posterior 17(13.7)

Right lower-anterior 31(25)

Left lower-anterior 33(26.6)
Density of the primary trauma sites, (HU) x=SD 56.3 +£28.9
Day of injury detection

Day 1 110 (88.7)

Day 2 2(1.6)

Day 3 5(4)

Subsequent days 7(5.6)
Subsequent injury

Present 14(11.3)

Absent 110(88.7)
Unexpected injury

Present 12(9.7)

Absent 112(90.3)
Number of rib fractures, (n) M(IQR, min-max) 0(2,0-11)
Side of rib fracture

Bilateral 4(7.3)

Right 25(45.4)

Left 26(47.3)
Treatment

Tube thoracostomy 14(11.3)

Conservative 110(88.7)
ICU admission

Present 12(9.7)

Absent 112(90.3)
Discharge status

After hospital admission 37(29.8)

After emergency department evaluation 87(70.2)
Mortality

Present 2(1.6)

Absent 122(98.4)
Poor outcome

Present 30(24.2)

Absent 94(75.8)

n: Number of patients, %: percentage of patients, x: mean, SD: standard deviation, HU: Hounsfield unit, M: Median, IQR: interquartile range,
min: minimum, max: maximum, ICU: intensive care unit.

3.2. Analyses Related to HU

HU value was significantly higher in patients with subsequent injury compared with
other patients (p=0.001). Similarly, HU value was also higher in patients with unexpected
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injury (p=0.005). HU value was significantly higher in hospitalized patients compared
with other patients (p<0.001). No significant difference in HU values was found between
patients with and without intensive care unit admission (p=0.534). Although HU value
was lower in patients with mortality, this difference was not statistically significant
(p=0.392) (Table 2).

HU values differed significantly according to the day on which the injury was de-
tected (p=0.002). In post-hoc analyses, HU values were significantly higher in patients
whose injury was detected on day 2 compared with those detected on day 1 (p=0.026).
Similarly, HU values were higher in the group whose injury was detected on subsequent
days compared with the day-1 group (p=0.043). HU value was significantly higher in pa-
tients who underwent tube thoracostomy compared with those who received conserva-
tive treatment (p<0.001). A significant positive correlation was found between HU value
and length of hospital stay (r=0.323; p<0.001). In contrast, no significant correlation was
found between HU value and number of rib fractures (r=0.081; p=0.372) or length of in-
tensive care unit stay (r=0.079; p=0.384) (Table 2).

Table 2. Analyses related to HU

HU Test value P Cohen’sd %95 CI
Subsequent injury
Present 79.58+22.02 3.313 0.001t 0.94 0.37-1.51
Absent 53.42+28.44
Unexpected injury
Present 78.35+23.13 2.848 0.005t 0.87 0.26-1.47
Absent 54.01+28.58
Hospitalization
Present 72.32+27.79 4275 <0.001t 0.84 0.44-1.24
Absent 49.59+26.80
ICU admission
Present 61.33+24.33 0.624 0.534t 0.19 -11.95-22.94
Absent 55.84+29.43
Mortality
Present 38.90+8.20 -0.860 0.392t -0.61 -2.01-0.79
Absent 56.66+29.08
Day of injury detection 0.002f
Day 1a 52.97+28.17 0.026ab*
Day 2b 89.04+11.82 0.743ac*
Day 3c 72.90+2.82 5.094 0.043ad*
Subsequent daysd 81.67+26.65 0.897bc*
0.968bd*
0.979cd*
Primary trauma site
Left upper-posterior 57.94+25.67
Left upper-anterior 64.04+33.28
R?ght upper-anterl(.)r 66.78+29.07 1.149 0.338f
Right upper-posterior 57.94+25.67
Left lower-posterior 60.40+£25.01
Right lower-anterior 49.59+30.16
Left lower-anterior 50.36+28.32
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HU Test value P Cohen’sd %95 CI

Type of trauma

Animal kick 89.10sNA

Assault 60.14+31.55 1.522 0.212f

Fall 49.39+21.56

Traffic accident 58.89+31.68
Treatment

Tube thoracostomy 97.63+19.66 -6.562 <0,001t -1.86 -2.46—1.26

Conservative 51.12+25.54
Length of hospital stay 0.323 <0.001r
Number of rib fractures 0.081 0.372r

0.079 0.384r

Length of ICU stay

Numerical values are presented as mean + standard deviation. HU: Hounsfield unit, ICU: intensive care unit, CI: confidence interval, tindepend-
ent samples t-test, FANOVA,r Spearman correlation test, *Tukey post-hoc, NA: Not available. The letters a, b, ¢, and d were used to indicate the
p-values from the pairwise comparisons among the parameters.

Intercostal muscle density showed significant discriminative power in predicting

subsequent injuries (AUC=0.773; 95% CI: 0.650-0.895; p=0.001). For the cutoff value of 56.0
HU determined by ROC analysis, sensitivity was 85.7% and specificity was 65.5% (Figure
1a). It also showed significant discriminative performance in predicting patients with un-
expected injury (AUC=0.754; 95% CI: 0.617-0.892; p=0.004). For the cutoff value of 56.0 HU
determined by ROC analysis, sensitivity was 83.3% and specificity was 64.3% (Figure 1b).
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Fig 1. A) Subsequent injury. AUC=0.773; %95 GA: 0.650-0.895; p=0.001. The optimal cutoff value was 56.0 HU, yielding a
sensitivity of %85.7 and a specificity of %65.5. B) Unexpected injury. AUC=0.754; %95 GA: 0.617-0.892; p=0.004. The optimal
cutoff value was 56.0 HU, yielding a sensitivity of %83.3 and a specificity of %64.3. C) Poor outcome. AUC=0.746; %95 GA:
0.664-0.858; p<0.001. The optimal cut-off value was 54.95 HU, yielding a sensitivity of %80.0 and a specificity of %63.8.

3.3. Analyses Related to Subsequent Injuries

A significant relationship was found between subsequent injury and the day on
which the injury was detected; however, no significant pairwise difference was observed
in post-hoc analyses (p<0.001). A significant relationship was found between trauma
mechanism and subsequent injury (p=0.022). Post-hoc analyses showed that this
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significance originated from a single patient who presented following an animal kick.
Since this involved only one patient, this relationship was not considered clinically mean-
ingful, and no causal or associative interpretation should be drawn between animal-kick
trauma and subsequent injury risk based on this isolated observation. A significant rela-
tionship was found between hospitalization and subsequent injury (p<0.001), but no rela-
tionship was found with intensive care unit admission (p=0.625). A significant relation-
ship was found between treatment method and subsequent injury (p<0.001). No signifi-
cant relationship was found between mortality status and subsequent injury (p=1.000)
(Table 3).

The number of rib fractures was significantly higher in patients with subsequent in-
jury (p=0.043). In addition, length of hospital stay was significantly longer in this group
(p<0.001). In contrast, no significant difference was found between groups in length of
intensive care unit stay (p=0.601) (Table 3).

3.4. Analyses Related to Unexpected Injuries

A statistically significant relationship was found between the day on which the injury
was detected and unexpected injury status (p<0.001). No significant relationship was
found between the primary trauma site and unexpected injury (p=0.776). A significant
relationship was found between trauma mechanism and unexpected injury, but no signif-
icant pairwise difference was observed in post-hoc analyses (p=0.015). A relationship was
found between treatment method and unexpected injury (p<0.001). No significant rela-
tionship was found between intensive care unit admission (p=0.327) or mortality status
(p=0.815) and unexpected injury (Table 3).

The number of rib fractures was significantly higher in patients with unexpected in-
jury compared with those without (p=0.024). Length of hospital stay was significantly
longer in the group with unexpected injury (p<0.001). No significant difference was found
between the two groups in length of intensive care unit stay (p=0.448) (Table 3).

Table 3A. Analyses related to subsequent injuries

Subsequent injury

Present Absent Test value p

Il(o/o) n(%)
Day of injury detection
Day 1 1(0.9) 109(99.1)
Day 2 4(80) 1(20) 106.119 <0.001x2
Day 3 2(100) 0(0)
Subsequent days 7(100) 0(0)
Primary trauma site
Left upper-posterior 0(0) 5(100)
Left upper-anterior 2(40) 3(60)
Right upper-anterior 2(15.4) 11(84.6)

23 513 x2

Right upper-posterior 2(15.4) 11(84.6) 6235 0513 x
Left lower-posterior 2(11.8) 15(88.2)
Right lower-anterior 3(9.7) 28(90.3)
Left lower-anterior 2(6.1) 31(93.9)
Type of trauma
Animal kick 1(100) 0(0)
Assault 5(17.2) 24(82.8) 9.679 0.022 x?
Fall 3(7.5) 37(92.5)
Traffic accident 5(9.3) 49(90.7)
Hospitalization
Present 11(29.7) 26(70.3) <0.001f
Absent 3(3.4) 84(96.6)

1102



J. Cukurova Anesth. Surg. 2026

Subsequent injury

Present Absent Test value P

n(%) n(%)
ICU admission
Present 2(16.7) 10(83.3) 0.625f
Absent 12(10.7) 100(89.3)
Treatment
Conservative 6(5.5) 104(94.5) <0.001f
Tube thoracostomy 8(57.1) 6(42.9)
Mortality
Present 0(0) 2(100) 1.000f
Absent 14(11.5) 108(88.5)
Rib fracture
M (IQR, min-max) 2 (4, 0-6) 0 (2, 0-11) 540.5 0.043u
Length of ICU stay
M (IOR, min-max) 0 (0, 0-4) 0 (0, 0-12) 736.0 0.601u
Length of hospital stay 7(9.2, 0-15) 0(0, 0-18) 409.5 <0.001u

M (IQR, min-max)

n: Number of patients, %: percentage of patients, x: mean, SD: standard deviation, M: Median, IQR: interquartile range, min: minimum, max:
maximum, ICU: intensive care unit, x? Ki-kare testi, f Fisher’s Exact Test, u Mann-Whitney U Test,

Table 3B. Analyses related to unexpected injuries

Unexpected injury

Present Absent Test value p

Il(o/o) n(%)
Day of injury detection
Day 1 1(0.9) 109(99.1)
Day 2 4((80) 1(20) 87.985 <0.001 x?
Day 3 1(50) 1(50)
Subsequent days 6(85.7) 1(14.3)
Primary trauma site
Left upper-posterior 0(0) 5(100)
Left upper-anterior 1(20) 4(80)
Right upper-anterior 2(15.4) 11(84.6)

4.037 776 x?

Right upper-posterior 2(15.4) 11(84.6) 03 0776 X
Left lower-posterior 2(11.8) 15(88.2)
Right lower-anterior 3(9.7) 28(90.3)
Left lower-anterior 1(3.2) 32(97)
Type of trauma
Animal kick 1(100) 0(0)
Assault 4(13.8) 25(86.2) 10.431 0.015
Fall 3(7.5) 37(92.5)
Traffic accident 4(7.4) 50(92.6)
Hospitalization
Present 10(27) 27(73) 0.001 f
Absent 2(2.3) 85(97.7)
ICU admission
Present 2(16.7) 10(83.3) 0.327 £
Absent 10(8.9) 102(91.1)
Treatment
Conservative 5(4.5) 105(95.5) <0.001 f
Tube thoracostomy 7(50) 7(50)
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Unexpected injury

Present Absent Test value P

n(%) n(%)
Mortality
Present 0(0) 2(100) 0.815f
Absent 12(9.8) 110(90.2)
Rib fracture
M (IOR, min-msd 1.5(1.7, 0-2) 0(2, 0-11) 433.0 0.024 u
Length of ICU stay
M (IR, min-max) 0(0, 0-4) 0(0,0-12) 626.0 0.448 u
Length of hospital stay 7(9.7.3-15) 0(0,0-18) 3415 <0001 u

M (IQR, min-max)

n: Number of patients, %: percentage of patients, x: mean, SD: standard deviation, M: Median, IQR: interquartile range, min: minimum, max:
maximum, ICU: intensive care unit, x? Ki-kare testi, f Fisher’s Exact Test, u Mann-Whitney U Test,

3.5. Analyses Related to Poor Outcome

Intercostal muscle density was significantly higher in patients with poor outcome
compared with those without poor outcome (75.06+27.35 HU vs. 50.40+26.93 HU; t=-4.350;
p<0.001). The mean difference was 24.66 HU (95% CI: 13.44-35.88), with a large effect size
(Cohen's d=0.912). Intercostal muscle density showed significant discriminative perfor-
mance in predicting poor outcome (AUC=0.746; 95% CI: 0.664-0.858; p<0.001). For the cut-
off value of 54.95 HU determined by ROC analysis, sensitivity was 80.0% and specificity
was 63.8% (Figure 1c). Multivariate logistic regression showed that intercostal muscle
density was independently associated with poor outcome (OR=1.041; 95% CI: 1.020-1.062;
p<0.001). Number of rib fractures was also identified as an independent predictor of poor
outcome (OR=1.885; 95% ClI: 1.407-2.527; p<0.001). No significant relationship was found
between age and sex and poor outcome (p=0.767 and p=0.920, respectively) (Table 4).

Table 4. Analyses related to poor outcome

Variable B SE OR(Exp(B)) %95 Cl1 p
0.040 0.010 1.041 1.020-1.062

HU <0.001
-0.005 0.016 0.995 0.964-1.028

Age 0.767
0.056 0.559 1.058 0.354-3.166

Gender (Female vs Male) 0.920
0.634 0.149 1.885 1.407-2.527

Number of rib fractures <0.001

OR (odds ratio) values represent Exp(B) from multivariate logistic regression analysis. B: regression coefficient, SE: standard error, CI: confidence

interval, HU: Hounsfield unit.

4. Discussion

This study demonstrated that intercostal muscle density measured at the primary
trauma site was significantly associated with subsequent injuries, unexpected injuries,
and poor clinical outcome in patients with isolated blunt thoracic trauma. In addition to
these three outcomes, HU values were also significantly higher in patients who under-
went tube thoracostomy and in those who developed poor clinical outcome. The observa-
tion of significant discriminative performance around similar cutoff values (56.0 and 54.95
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HU) for three distinct but clinically related outcomes suggests that our findings represent
a consistent indicator of clinical severity rather than a coincidental result. According to
conventional AUC interpretation criteria, the values obtained for subsequent injury
(AUC=0.773), unexpected injury (AUC=0.754), and poor outcome (AUC=0.746) corre-
spond to moderate discriminatory performance rather than excellent diagnostic accuracy.
Furthermore, in multivariate logistic regression analysis, intercostal muscle density and
number of rib fractures emerged as independent predictors of poor clinical outcome. We
believe these results indicate that intercostal muscle density may have a practical cutoff
value that could be used for clinical decision support during initial evaluation. However,
given the moderate discriminatory performance and the retrospective, single-center de-
sign of our study, the proposed cutoff values require external validation in independent,
prospective cohorts before they can be recommended for routine clinical decision-making.

The relationship between muscle density and clinical outcome has previously been
examined in the literature in oncologic and abdominal surgery populations, in the context
of myosteatosis, a chronic process. These studies have shown that low muscle density
(increased intramuscular fat infiltration) is associated with sarcopenia, decreased func-
tional capacity, and poor prognosis'®!. In acute trauma, however, an increase in this pa-
rameter has been reported to reflect a different pathophysiology. It has been suggested
that this rise on CT may be an acute imaging finding reflecting the severity of soft tissue
damage in the affected region, related to intramuscular hemorrhage, edema, and inflam-
matory cell infiltration?02!. Consistent with this, HU values in our study differed according
to the day on which the injury was detected. The finding that HU values were higher in
injuries detected on day 2 and thereafter compared with those detected on day 1 suggests
that the increase in density may be related to edema and hemorrhagic changes that de-
velop over time.

The positive correlation found between HU value and length of hospital stay, in con-
trast to the lack of significant correlation with rib fracture count and length of intensive
care unit stay, is noteworthy. This finding suggests that intercostal muscle density is not
merely a reflection of structural damage, but rather carries additional prognostic infor-
mation independent of this variable. Furthermore, in multivariate analysis, both variables
were found to be independently associated with poor outcome. Given that number of rib
fractures is a well-established and commonly used parameter for predicting outcome in
thoracic trauma???, this finding supports the consistency of our cohort with the existing
literature and suggests that intercostal muscle density may provide a complementary con-
tribution to existing risk assessment tools.

The lack of a significant association between age and sex and poor outcome in our
study does not fully align with studies in the thoracic trauma literature that have particu-
larly associated advanced age with poor prognosis?*?. This may be attributable to our
limited sample size, the relatively narrow age range of our study population, or the pos-
sibility that part of the age-related risk was accounted for by the inclusion of intercostal
muscle density and number of rib fractures in the model. Similarly, the very small number
of patients with mortality in our study (n=2) is a major limitation, and any apparent rela-
tionship — or lack thereof — between HU and mortality in this cohort should not be gen-
eralized or considered statistically conclusive; this finding requires confirmation in larger
cohorts with a sufficient number of mortality events.

This is the first study to evaluate intercostal muscle density directly at the primary
trauma site, as opposed to general skeletal muscle groups, in patients with isolated blunt
thoracic trauma, and to examine its prognostic relevance across these three clinical end-
points. The strengths of our study include the standardized determination of the trauma
site through combined assessment of the patient's own history, physical examination
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findings, and CT images; the use of a standardized ROI protocol for measurements; and
the evaluation of multiple clinical outcomes with multivariate analyses.

However, our study also has several important limitations. First, the study was de-
signed as single-center and retrospective, and the sample size is limited, particularly for
mortality (n=2) and some subgroups; this reduces the statistical power of some analyses.
Second, the classification system used to divide the thorax into eight regions is based on
an approach that has not yet been standardized in the literature. Third, intercostal muscle
density measurements were performed using a manual ROI method by a single observer.
Neither interobserver nor intraobserver reliability was assessed in this study, and the
measurement method itself is not based on a standardized approach in the literature. This
raises the possibility of measurement variability that could affect the reproducibility of
the reported cutoff values, and future studies should assess inter- and intraobserver agree-
ment using multiple independent observers before these measurements can be adopted
as a standardized clinical tool. Fourth, the composite "poor outcome' endpoint combines
clinically heterogeneous events — ranging from tube thoracostomy, a relatively common
intervention, to mortality, the most severe possible outcome — within a single category.
Although this approach allowed evaluation of any deviation from an uncomplicated
course, it may obscure differences in severity among its components, and future studies
should consider analyzing these events separately or using a weighted/ordinal severity
scale. Fifth, although the primary trauma site was determined using a combination of
physical examination and CT findings, patient-reported pain location constituted one of
the three criteria used in this assessment, which may introduce an element of subjectivity
and recall bias into site determination. Finally, measurements reflect only a single time
point at presentation, and it was not possible to assess the temporal course of changes in
muscle density. Prospective, multicenter studies with larger sample sizes are needed to
validate our findings.

5. Conclusion

In patients with isolated blunt thoracic trauma, intercostal muscle density measured
at the primary trauma site may serve as a promising, but not yet validated, imaging pa-
rameter imaging parameter that helps predict subsequent injuries, unexpected injuries,
and poor clinical outcome, and that can be easily obtained from routine thoracic CT im-
ages without additional cost. When evaluated together with number of rib fractures, in-
tercostal muscle density may provide a complementary contribution to current risk strat-
ification approaches and may highlight the need for close clinical and radiological follow-
up even in patients who initially appear to be at low risk.
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