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ABSTRACT

Background: Background: Rib fractures rank among the most common conditions in thoracic traumas. 
Chest radiography is often insufficient for diagnosing rib fractures. Therefore, the study aimed to 
evaluate the success of thoracic ultrasonography (US) in diagnosing rib fractures.

Materials and Methods: Patients over 18 years of age who were hospitalized in our clinic due to trauma-
related rib fractures between 2022 and 2023, were included. All patients had chest radiography and computed 
tomography (CT) scans during their emergency admission, as per the routine operation of the emergency 
department. Chest radiography and CT images were evaluated by the thoracic surgery clinic, and CT images 
were also examined through the radiology reports. Thoracic US was performed on all patients by the same 
radiologist the day after admission to the clinic. The patient's demographic characteristics, chest radiography, 
chest CT, and thoracic US findings were recorded, and the data were compared statistically.

Results: A total of 58 cases were included in the study, 42 (72.4%) males and 16 (27.6%) females. The 
mean age of the study population was 60.55 ± 15.71 years. When evaluated regarding trauma types, 
42 (72.4%) patients had a fall, 15 (25.9%) had a traffic accident, and 1 (1.7%) patient had a history 
of battery. In addition to rib fractures, hemothorax was detected in 67.2% of the cases, pneumothorax 
in 27.6%, and pulmonary contusion in 19.0%. In radiological imaging, while 246 rib fractures were 
reported according to CT, 136 rib fractures were detected in USG and 140 in direct radiography. 
Considering CT imaging is the gold standard, 114 of 246 rib fractures (46.3%) could be detected with 
ultrasound imaging, while 127 (51.6%) were determined with direct radiography.

Conclusions: When chest CT is considered the gold standard, direct radiography, and thoracic US have 
no general superiority over each other.
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Introduction 

Trauma is the third most common cause of death among 
all deaths and the most common in people over the age 
of 40 [1]. A rib fracture is the most frequent skeletal 
system pathology in blunt thoracic trauma. It occurs 
in approximately 25% of blunt thoracic traumas [2,3]. 
The most commonly used diagnostic methods for di-
agnosing rib fractures are physical examination and 
chest radiography; approximately 49% of rib fractures 
can be detected with these methods. Nevertheless, frac-
tures, especially those occurring in the costal cartilage, 
cannot be determined by chest radiography [2-4]. This 
situation causes some rib fracture diagnoses to be over-
looked with direct radiography.

In thoracic traumas, computed tomography (CT) is a 
superior examination compared to plain radiography in 
evaluating chest wall pathologies [5]. This approach al-
lows for revealing almost all trauma-related conditions 
with detailed images. However, in trauma patients, CT 
is an appropriate examination only for hemodynami-
cally stable patients, as the patient is separated from the 
trauma team during the imaging [6]. In addition, there 
are disadvantages, such as high radiation intake for 
pregnant patients and high cost [5]. Thus, thoracic ul-
trasonography (US) is sometimes used as an alternative 
to chest CT [7]. Although ultrasonography is not widely 
used to diagnose traumatic rib fractures, various studies 
have been conducted in the literature [2,3,8,9].

This study aimed to determine the effectiveness of 
ultrasonography in diagnosing rib fractures by compar-
ing chest CT, thoracic US, and plain radiography results 
in trauma patients.

Materials and Methods

Patients over the age of 18 who were hospitalized in 
our clinic due to trauma-related rib fractures between 
October 20, 2022, and July 01, 2023, were included in 
the study. All patients included in the study had chest 
radiography and chest computed tomography (CT) dur-
ing their emergency admission, as per the routine opera-
tion of our emergency department. Chest radiography 
and CT images were evaluated by the thoracic surgery 
clinic, and CT was also assessed through the radiology 
reports. Thoracic US was performed on all patients by 
the same radiologist the day after admission to the clin-
ic. The radiologist was not informed about the patient's 
clinic or other imaging findings. The patients' demo-

graphic information, chest radiography, CT, and thorac-
ic US findings were recorded, and the data obtained was 
compared statistically. Our study was conducted with 
decision number 2019/45 of Balıkesir University Clini-
cal Research Ethics Committee.

Statistical Analyses

The data obtained were analyzed statistically using the 
SPSS program (Statistical Package for the Social Sci-
ences Version 22.0; SPSS Inc. Chicago, IL, USA). Cat-
egorical data were presented as numbers (n) and per-
centages (%), and continuous data as mean ± standard 
deviation (SD) values. Sensitivity, specificity, negative 
predictive value, positive predictive value, and accu-
racy calculations were calculated with 95% confidence 
intervals using the MedCalc program (MedCalc Soft-
ware Ltd- version 20.015).  

Results

A total of 58 cases were included in the study, 42 of which 
(72.4%) were male and 16 (27.6%) were female. The 
mean age of the cases was 60.55 ± 15.71 years. When 
the symptoms were examined, it was observed that 51 
patients (87.9%) had only chest pain complaints, while 
7 (12.1%) had chest pain with shortness of breath. When 
evaluated regarding trauma types, 42 (72.4%) patients 
had a fall, 15 (25.9%) had a traffic accident, and 1 (1.7%) 
patient had a battery history. In addition to rib fractures, 
hemothorax was detected in 67.2% of the cases, pneu-
mothorax in 27.6%, and pulmonary contusion in 19.0%. 
The numbers and locations of rib fractures detected in the 
cases according to the data obtained from all three radio-
logical examinations are presented in Figure 1.

Figure 1. Numbers and locations of rib fractures detected by radio-

logical imaging methods.
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In radiological imaging, while 246 rib fractures were 
reported according to CT, 136 rib fractures were detected 
in USG and 140 in direct radiography. Considering CT 
imaging is the gold standard, 114 of 246 rib fractures 
(46.3%) could be detected with ultrasound imaging, 
while 127 (51.6%) were determined with direct radiog-
raphy. Of the 246 rib fractures, 123 (50.0%) were ob-
served in the right hemithorax and 123 (50%) in the left 
hemithorax. The distribution and relationship analysis of 
rib fractures detected by USG and direct radiography ac-
cording to CT results are summarized in Tables 1 and 2.

 The evaluations revealed that the first and sec-
ond rib fractures in both the right and left hemitho-
rax could not be visualized with thoracic US. It was 
observed that chest CT detected significantly more 

rib fractures, especially between the 4th and 9th ribs, 
where traumatic rib fractures are most common. We de-
termined that direct radiography and thoracic US could 
detect fewer rib fractures than CT, but they did not have 
a significant advantage over each other. 

 Considering chest CT as the gold standard in 
diagnosing rib fractures, the sensitivity of thoracic US 
was 46.34%, while the sensitivity of direct radiogra-
phy was 51.63%. The specificity was determined to be 
31.25% for thoracic US and 59.38% for direct radiog-
raphy. Rib fractures were further grouped according to 
their locations as anterior, posterior, and lateral, and va-
lidity analyses of US and direct radiography were per-
formed by excluding cases with multiple localizations 
from the analysis (Table 3).
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Table 1. Distribution of rib fractures detected on US and direct radiography compared to CT results.
Rib fractures according to fracture location
All cases Right hemithorax Left hemithorax
CT (+) CT (-) CT (+) CT (-) CT (+) CT (-)

US (+) 114 (46.3%) 22 (68.8%) 55 (44.7%) 15 (68.2%) 59 (48.0%) 7 (77.8%)
(-) 132 (53.7%) 10 (31.3%) 68 (55.3%) 7 (31.8%) 64 (52.0%) 2 (22.2%)

Direct radiography (+) 127 (51.6%) 13 (40.6%) 57 (46.3%) 11 (50.0%) 70 (56.9%) 2 (22.2%)
(-) 119 (48.4%) 19 (59.4%) 66 (53.7%) 11 (50.0%) 53 (43.1%) 7 (77.8%)

Table 2. Validity analysis of US and direct radiography according to CT results.
Fracture location
All cases 
% (95% CI)

Right hemithorax 
% (95% CI)

Left hemithorax 
% 95% CI)

US

Sensitivity 46.34 (39.98-52.79) 44.72 (35.75-53.94) 47.97 (38.88-57.16)
Specificity 31.25 (16.12-50.01) 31.82 (13.86-54.87) 22.22 (2.81(60.01)
Negative predictive value 7.04 (4.28-11.37) 9.33 (5.19-16.22) 3.03 (0.90-9.69)
Positive predictive value 83.82 (79.83-87.15) 78.57 (72.17-83.83) 89.39 (85.03-92.60)
Accuracy 44.60 (38.67-50.66) 42.76 (34.59-51.23) 46.21 (37.50-55.10)

Direct radiography Sensitivity 51.63 (45.19-58.02) 46.34 (37.31-55.56) 56.91 (47.68-65.80)
Specificity 59.38 (40.64-76.30) 50.0 (28.22-71.78) 77.78 (39.99-97.19)

Table 3. Validity analysis of US and direct radiography according to fracture location.
Fracture location
Anterior
% (95% CI)

Posterior
% (95% CI)

Lateral
% (95% CI)

US

Sensitivity 39.47 (24.04-56.61) 44.62 (35.90-53.58) 57.58 (39.22-74.52)
Specificity 0.0 (0.0-60.24) 27.27 (10.73-50.22) 0.0 (0.0-97.50)
Negative predictive value 0.0 (0.0-0.0) 7.69 (3.98-14.37) 0.0 (0.0-0.0)
Positive predictive value 78.95 (71.67-84.75) 78.38 (72.48-83.31) 95.0 (93.41-96.22)
Accuracy 35.71 (21.55-51.97) 42.11 (34.15-50.37) 55.88 (37.89-72.81)

Direct radiography

Sensitivity 47.37 (30.98-64.18) 57.69 (48.72-66.30) 48.48 (30.80-66.46)
Specificity 100.0 (39.76-100.0) 54.55 (32.21-75.61) 100.0 (2.50-100.0)
Negative predictive value 16.67 (12.89-21.29) 17.91 (12.42-25.14) 5.56 (4.05-7.75)
Positive predictive value 100.0 (0.0-100.0) 88.24 (82.26-92.38) 100.0 (0.0-100.0)
Accuracy 52.38 (36.42-68.00) 57.24 (48.97-65.22) 50.0 (32.43-67.57)
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Discussion

One of the most common pathologies in blunt thoracic 
trauma is rib fractures. The imaging methods commonly 
used in our country to diagnose rib fractures are direct ra-
diography and chest CT. The literature review has revealed 
that thoracic direct radiography is the first imaging choice in 
cases of blunt chest trauma, and it is recommended by the 
American College of Surgeons Committee (ACSC) [10,11]. 
Przerwa et al have reported in their study that chest CT is 
superior to radiography in revealing injuries due to chest 
trauma [1]. In this study, they made changes in treatment 
management after chest CT in 83% of the patients. Jin et al 
also demonstrated in their study that low-dose CT imaging 
was satisfactorily successful in the diagnosis of rib fractures 
[12]. While chest radiography and CT are primarily used as 
imaging in the approach to trauma patients, bedside US im-
aging may be required in pregnant patients, unstable patients 
who cannot be transferred to the imaging unit, and patients 
with mental problems who cannot lie still during imaging. 
The authors planned the present study based on this idea. 

In their study, Schellenberg et al [10] determined the 
chest CT method as the gold standard method to compare 
imaging methods in evaluating thoracic traumas. In our 
study, we also considered the chest CT method as the gold 
standard method when determining the effectiveness of 
US in the diagnosis of rib fractures. However, there were 
also rib fractures that we observed on US or radiography 
that could not be determined on CT. Sano et al compared 
chest CT and radiography in their study. In their study of 
75 patients, they were able to detect the same rib fractures 
in 56% of the patients with both chest CT and radiography. 
Of the 217 rib fractures detected in their study, they could 
not observe rib fractures in 43 patients with chest radiogra-
phy and in 21 with chest CT [13]. 

Turk et al evaluated 20 patients with blunt chest 
trauma with thoracic US who were symptomatic, but no 
pathology was determined on chest radiography [3]. In 
18 of these patients, 26 rib fractures were detected, and 
thoracic US was demonstrated to be more sensitive than 
radiography. In their review, Battle et al stated that the 
thoracic US was more sensitive than chest radiography 
in diagnosing rib fractures, but there was a risk of bias 
in the studies included [14]. Similarly, a meta-analysis 
published by Yousefifard et al concluded that thoracic 
US was superior to chest radiography in diagnosing rib 
fractures, particularly if the US was performed by a ra-
diologist [15]. The study performed by Hwang and Lee 
emphasized that the thoracic US was an effective method 

in diagnosing rib fractures, but the results obtained were 
insufficient to indicate that it was a more effective ex-
amination compared to direct radiography [16]. Pishbin 
et al performed thoracic US and chest radiography on 61 
blunt thoracic trauma patients and detected a total of 59 
rib fractures in 38 of these patients [2]. While they detect-
ed 58 of 59 rib fractures in 38 patients with thoracic US, 
they could not observe a rib fracture behind the scapula. 
However, they were able to detect 32 rib fractures in only 
20 patients out of 59 rib fractures with chest radiogra-
phy. In their study, thoracic US specificity was 100%, 
and sensitivity was 98.31%, while chest radiography had 
a specificity of 100% and sensitivity of 40.68%. Since 
chest CT was not used in the evaluation, their specificity 
and sensitivity rates were relatively high. In our study, 
since chest CT was used and considered this imaging 
method the gold standard, we determined the specificity 
of US to be 31.25%, its sensitivity to be 46.34%, and the 
specificity of radiography to be 59.38%, and sensitivity 
to 51.63%. In this study, unlike others, the effectiveness 
of thoracic US was demonstrated to be lower than radi-
ography. We believe that the most crucial reason for this 
result was that the use of US in thoracic trauma and rib 
fracture is not commonly accepted by radiologists and 
their reluctance towards the procedure.

The most critical limitation of our study was convinc-
ing the radiologists to study the role of US in rib frac-
tures. Since trauma patients are evaluated with chest radi-
ography and CT in routine practice, thoracic US was not 
willingly performed by the radiology clinic. The study 
could be conducted with only one radiology doctor who 
was persuaded to participate. This condition caused the 
number of patients included in our study to be limited.

In conclusion, the present study indicated that chest 
CT was much superior to direct radiography and thoracic 
USG in diagnosing rib fractures. When chest CT is consid-
ered the gold standard, direct radiography, and thoracic US 
have no general superiority over each other. Thus, consid-
ering the conditions of our country, although radiography 
is still the first choice due to its easy accessibility, thoracic 
US can also be used in special patients or conditions.
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