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Abstract 
Background: The aim of this study is to investigate the usability of Cardiac Myosin Binding Protein C (cMyBP-C) as a mark-
er in demonstrating cardiac damage in the blunt thoracic trauma model.

Methods: It was provided in the trauma groups bilateral blunt thoracic trauma (3.31 joules to the low-energy trauma group, 
6.62 joules to the medium-energy trauma group, 9.93 jouls to the high-energy trauma group). Blood samples were taken 0th, 
12th and 24th hours to examine cMyBP-C levels from the subjects. At the end of the experiment (24th hour), lung tissues 
were taken from the subjects for histopathological examination. 

Results: The mean cMyBP-C levels of the trauma groups at the 24th hour were statistically significantly higher than the 
control group (p=0.02). The mean cMyBP-C levels at the 24th hour of the low-energy trauma group, the 0th hour of the 
medium-energy trauma group, and the 12th and 24th hours of the high-energy trauma group were significantly higher than 
the control group (p=0.004, 0.007, 0.02, 0.03 respectively). A significant positive correlation was found in the bilateral corre-
lation analysis between the contusion levels at 0th and 24th hours and cMyBP-C levels of the trauma groups (Spearman’s 
ρ= 0.396, p=0.04, spearman’s ρ= 0.473, p=0.01, respectively) . It was determined that the 24th hour cMyBP-C values (ng/ml) 
the sensitivity and specificity was 83.3% at the cut-off value of 11,150.

Conclusion: cMyBP-C levels increase in cardiac contusion due to blunt thoracic trauma. However, more comprehensive 
experimental and clinical studies are required for the use of cMyBP-C as a biomarker in the diagnosis of cardiac contusion 
due to blunt thoracic trauma. 
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INTRODUCTION

Cardiac contusion is a cardiac injury due to blunt thorac-
ic trauma. Mild cardiac contusions usually heal without 
fatal or prolonged complications. Severe cardiac con-
tusion is a serious medical problem that may result in 
death (1-4). 

Cardiac myosin-binding protein C (cMyBP-C) is a cardiac 
muscle-specific thick filament protein associated with the 
thick filament, a signaling node in cardiac myocytes that 
contributes to maintaining sarcomeric structure and regu-
lating contraction and relaxation. Serum cMyBP-C levels 
have been determined to be elevated in the early stages 
of myocardial infarction (MI) as an indicator of myocar-
dial damage. Moreover, some studies have reported that 
circulating cMyBP-C levels increase cardiovascular stress 
and cardiovascular diseases other than MI and that it is a 
sensitive indicator of cardiovascular diseases (5).

The study aimed to measure cardiac cMyBP-C levels in 
serum and investigate the diagnostic value of this bio-
marker in diagnosing cardiac contusion in mild, mod-
erate, and severe blunt thoracic trauma models experi-
mentally induced in rabbits.

MATERIALS AND METHODS

The study was conducted with the approval of the eth-
ics committee of the Selçuk University Experimental 
Medicine Research and Practice Center with the date of 
26.03.2021 and decision number 2021-28.

A total of 27 New Zealand rabbits between one and 
two years of age were used in the study. The subjects 
were divided into four groups: control (n=7), low-en-
ergy trauma (n=7), moderate-energy trauma (n=7), and 
high-energy trauma groups (n=7). 

Rabbits in the control group were not traumatized. After 
anesthesia (intramuscular 40 mg/kg Ketamine HCl and 
10 mg/kg Xylazine HCl), 5 ml of blood was collected 
from the catheterized dorsal auricular artery to evalu-
ate cMyBP-C levels. Then, 5 ml isotonic NaCl was given 
from the catheterized dorsal auricular vein for replace-
ment. Subjects in this group were sacrificed 24 hours lat-
er with high-dose ketamine (60-80 mg/kg). Lung tissues 
were sampled for histopathologic examination.

Rabbits in the low-energy trauma group underwent 
low-energy (3.3 joules) blunt thoracic trauma after an-
esthesia. Rabbits in the moderate-energy trauma group 

received moderate-energy blunt thoracic trauma (6.62 
joules) after anesthesia. Rabbits in the high-energy trau-
ma group were subjected to high-energy blunt thorac-
ic trauma (9.93 joules) after anesthesia. Blood samples 
were taken from the subjects in the trauma groups to 
evaluate cMyBP-C levels at 0th, 12th, and 24th hours of the 
experiment. Subjects who completed the observation pe-
riod and were alive at the end of 24th hours were sacri-
ficed with high-dose anesthesia. Thoracotomy was per-
formed on the sacrificed subjects, and lung tissues were 
obtained for histopathologic examination.

With the bilateral blunt thoracic trauma apparatus, 
250 g, 500 g, and 750 g weights for low, moderate, and 
high-energy trauma, respectively, were dropped on the 
anterior thoracic wall from a height of 0.62 meters after 
anesthesia. The resulting energy was calculated with the 
formula E= mgh (E: energy, g: gravity; 10 m/s2 was tak-
en, h: height; 62 cm and m: weight dropped; 0.25 kg, 0.50 
kg, and 0.75 kg). Since the weights used were 250 g, 500 
g, and 750 g and the height was 0.62 meters, the energy 
transferred to the thoracic wall was calculated as 3.31 
joules (low-energy), 6.62 joules (moderate-energy), and 
9.93 joules (high-energy), respectively. 

Serum samples obtained from the subjects bloods were 
studied using with rabbit cMyBP-C Elisa kit and the 
ELISA method. Blood samples could not be taken at the 
24th hour because one subject in the high-energy trauma 
group died at the 14th hour, one subject died at the 20th 
hour, and one subject died at the 21st hour.

Immunohistopathologic investigation was made with 
Tunel Andy FluorTM 488 Apoptosis Detection Kit 
(ABP Biosciences, Cat No. a050, Lot No. AB2150A2). 
TUNEL-labelled cells and DAPI-labelled nuclei were 
counted for evaluation of TUNEL labelling by Image J 
program (National Institutes of Health, Bethesda, MD, 
USA), and Apoptotic Index [(number of TUNEL posi-
tive cells /DAPI positive nuclei) x 100] was used to eval-
uate TUNEL labeling.

Statistical analyses were performed using SPSS 21.0 
(IBM Inc, Chicago, IL, USA). Descriptive statistics of nu-
merical and categorical data obtained in the study were 
analyzed, numerical parameters were expressed as IQR 
(median, minimum, and maximum), and categorical 
variables were expressed as frequency. Shapiro-Wilk 
test, histogram analysis, and Q-Q plot graphs were used 
to conform numerical variables to normal distribution. 
Furthermore, Levene’s test was used to analyze the ho-
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mogeneity of the numerical parameters. Since the nu-
merical data did not show normal distribution charac-
teristics and the assumptions of homogeneity between 
groups were not met, non-parametric tests were pre-
ferred as statistical methods. The correlation relations 
between the numerical data were analyzed using Spear-
man’s correlation coefficient.  Friedman’s test was used 
to compare the means of multiple dependent groups. 
Kruskal Wallis-H test was used to compare multiple 
means of independent groups, and the Mann-Whit-
ney U test was used for pairwise comparisons. Binary 
logistic regression was used to determine the prognostic 
factors, and the regression fit of the models was tested 
using the Box-Tidwell test. The accuracy of the bina-
ry relationships and the analyses in the models were 
confirmed by the Hosmer-Lemeshow Test. Significant 
parameters affecting prognosis were subjected to ROC 
analysis, and diagnostic data were presented. The re-

lationships between categorical groups and numerical 
parameters were summarized with boxplot graphs. The 
type-I error rate was taken as 5% in the whole study, and 
p<0.05 was accepted as significant.  

RESULTS

The 24th hour cMyBP-C level of the trauma group was sta-
tistically significantly higher than the 24th hour cMyBP-C 
level of the control group (p<0.05, Table 1). When the 
cMyBP-C levels (ng/ml) of the high-energy trauma 
group at 0th, 12th, and 24th hours were compared with the 
control group, it was determined that the cMyBP-C levels 
at 12th (49.09 ng/ml, p=0.02) and 24th hours (38.54 ng/ml, 
p=0.03) of the high-energy trauma group were statisti-
cally and significantly higher than the control group. No 
statistically significant difference was observed between 
these two groups for 0th hour cMyBP-C levels (Table 2).

Table 1. Comparison of mean cMyBP-C levels of trauma and control groups at 0th, 12th, and 24th hours.

Sample Group

pControl Group 
(n=7, %22.3)

Trauma Group 
(n=21, %77.7)

Parameter (ng/ml)

Median (min-max)

0th hour cMyBP-C 18.44 (9.19-60.75) 25.31 (6.25-168.26) 0.69 

12th hour cMyBP-C 16.72 (13.24-51.79) 24.52 (7.15-83.04) 0.28

24 hours cMyBP-C 8.20 (6.29-16.04) 16.31 (8.39-199.98) 0.02

Table 2. Comparison of Trauma and Control Groups cMyBP-C (ng/ml) Levels at 0th, 12th and 24th hours.

Control
(n=6)

Low Energy
(n=7)

p Moderate Energy
(n=7)

p High Energy
(n=4)

p

cMyBp-C 
(ng/ml)

Median 
(min-max)

Median 
(min-max)

Median 
(min-max)

Median 
(min-max)

0th 
hour 18.44 (9.19-60.75) 18.79 (6.25-50.38) 0.62 107.67 (30.40-168.26) 0.007 30.37 (10.08-130.18) 0.47

12th 
hour 16.72 (13.24-51.79) 20.19 (7.15-25.67) 0.99 33.82 (18.51-46.34) 0.06 49.09 (19.02-82.04) 0.02

24th 
hour 8.20 (6.29-16.04) 46.98 (14.96-88.70) 0.004 11.37 (8.39-15.52) 0.20 38.54 (14.42-199.98) 0.03
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nificant positive correlation was determined between 
cMyBP-C levels and contusion grades of the trauma 
groups at the 12th hour (Spearman’s ρ= 0.473, p=0.01) 
(Table 3). There was no significant correlation between 
the cMyBP-C levels at the 24th hour and the contusion 
grades in the trauma groups (Table 3).

In the Spearman’s correlation analysis performed to de-
termine the correlation between cMyBP-C levels at 0th, 
12th, and 24th hours of trauma and the contusion grades 
in all trauma groups, a significant positive correlation 
was determined between both parameters at the 0th hour 
(Spearman’s ρ= 0.396, p=0.04) (Table 3). Moreover, a sig-

Table 3. Correlation between cMyBP-C levels at 0th, 12th, and 24th hours and contusion grades of trauma groups.

Correlation Analysis Model*

0th hour

Contusion grade cMyBP-C (ng/ml)

ρ P ρ P

0th
 h

ou
r Contusion grade - - 0.396 0.04

cMyBP-C (ng/ml) 0.396 0.04 -
-

12th hour

Contusion grade cMyBP-C (ng/ml) 

ρ P ρ P

12
th

 h
ou

r Contusion grade - - 0.473 0.01

cMyBP-C (ng/ml) 0.473 0.01 -
-

24th hour

Contusion grade cMyBP-C (ng/ml) 

24
th

 h
ou

r Contusion grade ρ P ρ P

cMyBP-C (ng/ml) - - 0.176 0.41

0.176 0.41 -
-
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the sensitivity and specificity of 24th h cMyBP-C levels 
(ng/ml) were determined to be 83.3% at a diagnostic cut-
off value of 11,150. Besides, cMyBP-C was determined to 
have significant marker properties in terms of prediction 
of trauma (AUC=0.861, p=0.009) (Table 4, Figure 1).

For the cMyBP-C levels of the traumatized subjects, ROC 
analysis was performed regarding the control group, 
and diagnostic significance values were determined in 
terms of trauma prediction. The cut-off and predictive 
values of cMyBP-C (ng/ml) levels were determined at 
the 0th, 12th, and 24th hours. As a result of the evaluation, 

Table 4. ROC curve data and diagnostic values of cMyBP-C prediction of cardiac trauma, cardiac contusion and 
contusion grade.

Tr
au

m
a 

G
ro

up
*

AUC (95% CI) Cut-off p Sensitivity (%) Specificity (%)

cM
yB

P-
C

  
(n

g/
m

l)

0th hour
0.630 (0.399-0.861) 17.00 0.35 72.2 50.0

12th hour †

0.704 (0.443-0.964) 21.74 0.14 66.7 83.3

24th hour †

0.861 11.150 0.009 83.3 83.3

Contusion Grade 0.873 (0.729-1.000) 2.05 0.006 90.5 83.3

AUC: Area under curve, ROC: Receiver operating characteristic, CI: Confidence Interval 
*It refers to all subject groups that were subjected to low, moderate, and high trauma energy and for which contusion is predicted 
to occur. Reference Category: Control Group. 
† Based on Youden’s index.

*Reference Category: Control Group. AUC: Area under curve, ROC: Receiver operating characteristic, CI: Confidence Interval  
¥ Cut-off value prediction was based on Youden’s Index.

Figure 1: cMyBP-C ROC Curve (0th, 12th, 24th hours)
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diagnostic approach. Clinically, dyspnea, chest pain, 
and dysrhythmias are observed in patients with cardiac 
contusion (1-4). 

CK-MB and troponin serum levels, which are markers of 
myocardial damage, are used in diagnosing cardiac con-
tusion. Abnormal ECG findings are present in 40-83% 
of patients. Since the right ventricle is closer to the ster-
num, the right bundle branch block is the most common 
ECG finding. However, the left bundle branch block is 
less common. Diffuse ST-T wave changes and patho-
logic Q waves may be seen in left ventricular contusion. 

DISCUSSION

The most common form of cardiac injury due to blunt 
thoracic trauma is cardiac contusion. Mild cardiac con-
tusion heals spontaneously without any long-term com-
plications. Severe cardiac contusion is a serious problem 
that can result in long-term complications and death. 
Cardiac contusion and other cardiac injuries due to 
blunt thoracic trauma are reported to be rare. However, 
the reason for this is thought to be that most cardiac con-
tusions are missed or misdiagnosed. Diagnosis of cardi-
ac contusion is difficult because there is no standardized 

contusion grade was determined to be diagnostically 
significant (p=0.006 AUC=0.87 Sensitivity=90.5% Speci-
ficity=83.3%). Furthermore, the cut-off value for the con-
tusion grade was determined as 2.05 (Table 4, Figure 2).

Taking the control group as reference, the contusion 
grade for the trauma group was subjected to ROC anal-
ysis, and the diagnostic value of the contusion grade 
was investigated. According to the statistical results, the 

Figure 2: ROC Curve and AUC for contusion grade
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As a biomarker, cMyBP-C has been used for diagnosis 
and follow-up in some cardiac pathologies such as acute 
heart failure, acute MI, aortic stenosis and aortic fibrosis, 
hypertrophic cardiomyopathy, and cardiac diastolic dys-
function. However, a study investigating cMyBP-C level 
in cardiac contusion is not yet available in the literature. 
As a biomarker, cMyBP-C has mostly been investigated 
in ischemic cardiac events and heart failure. Apart from 
these studies, cMyBP-C levels in the postoperative pe-
riod were investigated in a clinical study conducted by 
Chen et al. in patients who underwent cardiac surgery 
(13). The study included 151 patients who underwent 
cardiac surgery. Blood cMyBP-C levels were determined 
before surgical intervention, at the 0th hour after cardi-
ac intervention, between the 2nd and 48th hours during 
intensive care unit follow-up, and before discharge. In 
the study, it was observed that the cMyBP-C level in-
creased 3.8 times at the 0th hour after surgical interven-
tion compared to the preoperative period and reached a 
peak level. During the follow-up of the patients, it was 
reported that cMyBP-C levels decreased rapidly with-
in 24 hours but remained elevated until discharge, and 
cMyBP-C levels correlated with high sensitive troponin 
T (hs-cTnT), CK-MB, and myoglobin levels. This study 
also stated that cMyBP-C was elevated at different levels 
according to the surgical procedure performed on the 
patients. The researchers reported that cMyBP-C levels 
were less elevated in patients undergoing coronary by-
pass surgery and much higher in patients undergoing 
valve replacement. The study concluded that cMyBP-C 
is a promising biomarker for monitoring cardiac surgi-
cal injury in patients undergoing cardiac surgery. When 
we consider cardiac surgery as an iatrogenic trauma to 
the myocardium, the results obtained in this study are 
similar to those of our study.

In a study conducted with 1330 patients admitted to the 
emergency department with complaints of dyspnea, the 
value of cMyBP-C in diagnosing acute heart failure and 
risk stratification was investigated (14). In the study, 
blood samples were taken from the patients after they 
were admitted to the emergency department, and cMy-
BP-C levels were evaluated. A diagnosis of acute heart 
failure was made in 548 of 1330 patients included in the 
study. The cMyBP-C levels of patients diagnosed with 
acute heart failure (72 ng/L) were significantly higher 
than those of patients diagnosed with other diseases (22 
ng/L) (536 patients). Among patients diagnosed with 
acute heart failure, cMyBP-C levels were reported to be 

Fatal dysrhythmias such as ventricular fibrillation may 
occur in the first 24-48 hours after trauma. The pres-
ence of atrial fibrillation on ECG is an indicator of poor 
prognosis. However, there is no correlation between the 
complexity and number of pathologic findings detect-
ed on ECG and the contusion grade. Echocardiography 
is the most important imaging modality used for diag-
nostic purposes. Echocardiography provides structural 
and functional evaluation of the heart. It also helps to di-
agnose or exclude cardiac pathologies such as valvular 
dysfunction, septal and free wall rupture, and cardiac 
tamponade. Radionuclide imaging may give false nega-
tive results (1,6-12). There is no method or gold standard 
for the definitive diagnosis of cardiac contusion in the 
emergency department (7-12).

In our study, we investigated the diagnostic value of 
cMyBP-C levels in diagnosing cardiac contusion. We in-
vestigated the changes in cMyBP-C levels at the 0th, 12th, 
and 24th hours after trauma in rabbits subjected to dif-
ferent levels of blunt trauma to the thorax. We compared 
the cMyBP-C levels of the trauma groups with each oth-
er and with the control group and evaluated whether 
there was a change according to the severity of trauma. 
We determined that cMyBP-C levels of moderate (64.3, 
66.3, and 89.3 ng/ml according to hours) and high (81.3, 
108.0, and 207.4 ng/ml) energy trauma groups increased 
gradually at the 12th and 24th hours. These findings sup-
port that cMyBP-C is secreted from the damaged heart 
muscle in myocardial injury due to blunt thoracic trauma 
and can be used as a diagnostic marker. In the low-en-
ergy trauma group, we observed that cMyBP-C levels 
increased at the 12th hour compared to the 0th hour and 
decreased slightly at 24 hours (21.6, 219.1, and 149.9 ng/
ml, respectively). The fact that the cMyBP-C level in the 
low-energy trauma group increased at the 12th hour and 
showed a mild downward trend at the 24th hour sug-
gests that this group was able to compensate for mild 
trauma, and the healing process started early. 

Although there was no statistically significant difference 
between the 0th hour (18.44 and 28.31 ng/dl) and 12th 
hour (16.72 and 24.52 ng/dl) cMyBP-C levels of the con-
trol and trauma groups, the trauma groups had high-
er cMyBP-C levels. The cMyBPP-C level of the trauma 
group at the 24th hour (16.31 ng/dl) was statistically 
significantly higher than the control group (8.20 ng/dl) 
(p=0.02). These results again show that it can be used as 
a marker to diagnose cardiac contusion.
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ples taken at the 0th, 12th, and 24th hours after trauma 
in the blunt thoracic trauma group than in the control 
group. In addition, there was a statistically significant 
difference between the cMyBP-C levels that we meas-
ured higher in the trauma group compared to the control 
group at the 12th and 24th hours. This result shows that 
cMyBP-C can be used as a marker in the diagnosis of 
cardiac contusion due to blunt thoracic trauma. We de-
termined a statistically significant and positive correla-
tion between cMyBP-Cd levels measured at the 0th and 
12th hours and contusion grade in the trauma group. 
According to this finding, cMyBP-C level increases as 
myocardial damage increases.

In our study, cMyBP-C levels were monitored until the 
12th hour after trauma. cMyBP-C levels were not evalu-
ated in the subjects’ blood samples at the 24th hour after 
trauma. Because our study was conducted to examine 
changes in cMyBP-C levels in the very early hours fol-
lowing blunt thoracic trauma.

In conclusion; according to the findings obtained in our 
study, cMyBP-C levels increase in cardiac contusion 
due to blunt thoracic trauma in the early hours after the 
trauma, depending on the severity of the trauma. How-
ever, our findings are limited to definitively state that 
cMyBP-C is a diagnostic marker for cardiac contusion 
due to blunt thoracic trauma. More comprehensive ex-
perimental and human studies are needed to conclude 
that cMyBP-C is a biomarker that can be used to detect 
myocardial injury due to blunt thoracic trauma.

much higher in patients with acute heart failure associ-
ated with acute coronary syndrome and pulmonary ede-
ma. A strong correlation was stated between cMyBP-C 
levels and hs-cTnT and N Terminal pro-brain Natriu-
retic Peptide (NT-proBNP) levels in patients diagnosed 
with heart failure. Besides, cMyBP-C had a sensitivity 
of 95%, specificity of 37%, negative predictive value of 
88%, and positive predictive value of 61% (95% confi-
dence interval). In conclusion, it was reported that cMy-
BP-C plasma concentration may be helpful in the diag-
nosis of patients admitted to the emergency department 
with suspected acute heart failure. In our study, the sen-
sitivity and specificity of cMyBP-C in cardiac contusion 
were 66.7% and 83.3% at the 12th hour, and 83.3% and 
83.3% at the 24th hour after trauma (p=0.009). This result 
shows that cMyBP-C is a marker that can be used to di-
agnose cardiac contusion. 

In a study investigating the relationship between se-
rum cMyBP-C levels and myocardial damage, fibrosis, 
and mortality due to aortic stenosis, cMyBP-C levels of 
161 patients with aortic stenosis were compared with 
a healthy control group. In the study, it was reported 
that there was a relationship between cMyBP-C levels 
and left ventricular mass index, cardiac troponin, and 
comorbidity in the patient group. No relationship was 
determined in the healthy control group (15). 

In another study by Kaier et al., prehospital cMyBP-C 
levels and hs-cTnT levels were evaluated in 776 patients 
with suspected acute MI who complained of chest pain 
and/or shortness of breath and who had no known pul-
monary disease (16). Patients were divided into a group 
diagnosed with acute MI and a group with other diag-
noses. The cMyBP-C levels (98 ng/L) of patients diag-
nosed with acute MI (173 patients) were significantly 
higher than those (17 ng/L) of patients without acute 
MI (603 patients). Furthermore, cMyBP-C had a higher 
discriminatory power for acute MI compared to hs-cTnT 
(area under the curve, 0.839 vs. 0.813; P=0.005). In con-
clusion, it was reported that cMyBP-C levels in blood 
taken very early from the onset of symptoms in patients 
with suspected acute MI would significantly improve 
the early diagnosis and triage. 

In our study, unlike the studies mentioned above, we in-
vestigated the diagnostic value of cMyBP-C in myocar-
dial damage due to experimental blunt cardiac trauma 
in rabbits and its relationship with the degree of dam-
age. Levels of cMyBP-C were higher in the blood sam-
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