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Rib fracture characteristics
increasing the risk of hemothorax:
a multicenter study
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The precise assessment of hemothorax risk resulting from a rib fracture is not feasible. CT images,
patient characteristics, and clinical experience are utilized in daily practice to assess risk intuitively.
This study aimed to identify specific markers on CT images that can predict the risk of hemothorax. The
study was retrospectively conducted between May 2021 and December 2023 at three different centers.
Patients diagnosed with hemothorax at the initial assessment or during follow-up were identified
among those being followed for rib fractures. An investigation was carried out to examine the
relationship between the number of rib fractures, displacement status, and the location of the fracture
on the rib arch with the risk of hemothorax. Of the 273 patients included in the study, 201 (73.6%)
were male. The mean age was 53.9+17.27 (19-93) years. Lateral (p =0.029) and posterior (p < 0.001)
location of the fracture and displacement of at least one fracture (p = 0.003) were associated with an
increased risk. There was a significant correlation between the number of rib fractures and the risk

of hemothorax (p < 0.001). The optimal cut-off for the number of rib fractures associated with a high
risk of hemothorax was determined to be 4. Anatomical characteristics of a rib fracture can be useful
to assess the risk of hemothorax practically in patients with thoracic trauma especially in emergency
rooms. Patients with four or more rib fractures, at least one displaced rib fracture, and lateral and
posterior rib fractures should be followed more carefully for hemothorax.
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Rib fracture is a common pathologic finding after blunt thoracic trauma'. Although most cases can be treated with
basic medical care, some cases may develop vascular injury, parenchymal laceration, and hemopneumothorax
that require significant intervention?. Due to the varying clinical course, it is essential to accurately identify the
risk factors, especially for hemothorax, a potentially life-threatening condition.

Approximately 33% of blunt trauma patients develop hemothorax following a rib fracture. Hemothorax
typically originates from damage to intercostal or parenchymal vascular structures caused by a rib fracture’.
Although this connection is well known, there are few studies on the risk of hemothorax caused by local factors
associated with rib fractures®®. It is still uncertain whether a single displaced rib fracture or consecutive non-
displaced fractures pose a greater risk, and the preferred method is to evaluate each patient individually.

This study focused on identifying the independent factors that contribute to an increased risk of hemothorax
in patients who experience rib fractures following blunt thoracic trauma. The goal is to offer a practical method
for identifying patients at high risk for hemothorax by analyzing tomography images in busy work environments
like emergency departments.

Methods

The study was a multicenter retrospective investigation conducted by the thoracic surgery departments of
three training and research hospitals. It was initiated with the decision of the hospital ethics committee dated
29.05.2024 and numbered 2024/285. We retrospectively recorded the data of patients who were observed in
the thoracic surgery clinic for thoracic trauma from May 2021 to December 2023. The study involved patients
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who were admitted to the emergency department following blunt thoracic trauma. All patients underwent
thoracic tomography upon admission and were diagnosed with a rib fracture. All patients were hospitalized in
the thoracic surgery inpatient clinic and followed up. Excluded from the study were patients who had radiologic
evidence of injury affecting multiple systems upon admission, who had no thoracic tomography, patients with
various types of bone fractures (such as those involving the thoracic vertebrae) that could potentially result
in hemothorax, patients with indications of significant damage to large blood vessels, patients who presented
with penetrating injuries, patients who were under the age of 18. Following the initial screening, the following
patients were excluded from the study in order to create an isolated group:

« 33 patients with bilateral rib fractures,

o 17 patients with fractures in different regions of the same rib,

« 17 patients taking medication that could potentially disrupt the balance of bleeding-coagulation.
« 15 patients with sternum fracture,

« 8 patients who were admitted more than 24 h following the trauma,

« 6 patients who could potentially have pleural effusion based on their clinical history.

A study was conducted on 273 patients to analyze the relationship between age, gender, trauma mechanism,
number of rib fractures, displacement of the fracture (displaced-nondisplaced), location of the fracture on the rib
arch (anterior-lateral-posterior), and the occurrence of hemothorax. The trauma mechanisms were documented
based on the patient’s statement. The fall mechanism, which has the potential to disrupt the standardization
of trauma energy, was divided into two distinct classifications. A simple fall was defined as a fall that occurs
from the patient’s current level. Falls from heights were categorized as traumas occurring at a vertical distance
between 1 and 3 m. Since the study exclusively focused on patients who were observed in the inpatient ward and
not in the intensive care unit, there is a lack of data regarding patients who suffered trauma exceeding a distance
of 3 m. Accidents that people have while in a car are defined as in-vehicle traffic accidents. The term out-of-
vehicle traffic accident is used when a vehicle hits a pedestrian. All radiologic evaluations were performed by a
single thoracic surgeon with 10 years of experience. The term “displaced fracture” is used to describe a situation
where more than 50% of the ribs thickness is moved out of its normal position (Fig. 1a). A modification was
made to the previously used method in the literature to precisely determine the location of the rib fracture®. An
imaginary line was drawn from the back rib plane to the centerline of the sternum. The thorax was divided into
three equal parts, each separated by 60-degree angles, starting from the midpoint of the line. The areas were
classified as anterior, lateral, and posterior according to their respective positions (Fig. 1b).

All measurable fluids that could be associated with the trauma mechanism, side and observed on the side of
the rib fracture were considered as hemothorax (Fig. 2). Patients who did not initially present with hemothorax
but later developed a blunt costophrenic sinus and a decrease in hemogram during follow-up were also
categorized as patients with hemothorax. An investigation was conducted to analyze the relationship between
local factors associated with rib fractures and the likelihood of hemothorax.

Ethical consideration
The ethical research board committee of Izmir Democracy University Buca Seyfi Demirsoy Education and
Research Hospital approved the research (REF. 2024/285). All study participants provided informed consent

Fig. 1. (a) Displaced fracture of a rib in the right side of the chest (b) The method to define the localization of
the rib fracture (x: anterior posterior distance of the thorax, x/2: midpoint of the anterior posterior distance of
the thorax, A: area defining the anterior rib fracture when the hemithorax is divided into three equal parts, L:
lateral area, P: posterior area).
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Fig. 2. Hemothorax less than 10 mm due to the rib fracture in the right hemithorax.

to use their medical and surgical data in this study. This study was carried out in accordance with the Helsinki
Declaration’s contents.

Statistical analysis

In descriptive statistics, number and percentage values for categorical variables and mean + standard deviation,
min-max values for numerical variables were presented. The normality assumption of the quantitative data was
assessed with the Shapiro-Wilk test. Comparison of numerical variables with normal distribution in two groups
was performed with Independent sample t-test. The comparison of categorical variables between two groups was
analyzed by Pearson Chi-square test. In these univariate tests, variables with a p value of <0.10 and considered
to be clinically important were included in the Multiple Logistic Regression model and analyzed whether they
were risk factors for hemothorax. Odds ratio and 95% confidence intervals were calculated for each risk factor.
The diagnostic performance of the number of rib fractures for the risk of hemothorax was evaluated by Receiver
Operator Characteristic (ROC) curve. In addition, the AUC (Area Under the Curve) value, which reflects the
ability of the test to discriminate between individuals with and without hemothorax diagnosis, was used. In the
ROC analysis, the optimal cut-off value that maximizes the sensitivity and specificity of the test was calculated
with the Youden index. IBM SPSS Statistics 25.0 (IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY:
IBM Corp.) package program was used to analyze the data obtained from the study. The significance level was
set as 0.05 in all analyzes.

Results

The study included a total of 273 patients, with 201 (73.6%) being male. The mean age was 53.9+17.27 (19-93)
years. The predominant mechanism of trauma observed was a simple fall, accounting for 99 cases (36.3%). The
next most common causes were falls from high places, which accounted for 54 cases (19.8%), in vehicle traffic
accidents, which accounted for 31 cases (11.4%), and descending stairs in a tumbling fashion, which accounted
for 30 cases (11%). The occurrence of injuries to the right and left hemithorax following trauma was almost
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equal, with an incidence of 50.2% and 49.8% respectively. The median number of rib fractures was 3 (1-10).
Patients most presented with 3 rib fractures (27.5%), followed by two (21.6%), four (16.8%) and one (12.1%),
respectively. A total of 169 patients (61.9%) had at least one displaced rib fracture. The rib fracture was most
frequently located posteriorly, accounting for 129 cases (47.3%). There were 102 cases (37.4%) with measurable
hemothorax following trauma.

After analyzing the demographic characteristics of the patients, it was determined that age did not have a
significant impact on the risk of hemothorax (p=0.296). The prevalence of hemothorax was significantly higher
in male patients, accounting for 82.4% of cases (p=0.012). The mechanism of trauma was not identified as a
prognostic factor for the risk of hemothorax (p=0.173) (Table 1).

When examining the impact of rib fracture characteristics on hemothorax, it was observed that patients with
hemothorax had a mean of 4+2 (1-10) rib fractures, while patients without hemothorax had a mean of 3+ 1.4
(1-8) rib fractures. An increased number of rib fractures was determined to be a significant contributing factor
in terms of the risk of hemothorax (p <0.001). Among the patients diagnosed with hemothorax, a displaced rib
fracture was observed in 80.4% of cases. Based on this finding, the occurrence of a displaced rib fracture was
determined to be a significant risk factor for hemothorax (p <0.001). When the location of the rib fracture was
evaluated, it was found that the most common location of the fracture was posterior with a rate of 59.8% in
patients with hemothorax (p <0.001) (Table 1).

A multiple logistic regression model was constructed by including gender, number of rib fractures, location of
the fracture on the rib arch, and displacement status, all of which were determined to have statistical significance
in the univariate analyses. Based on this model, the hemothorax was significantly affected by the number of
rib fractures, the displacement of the fractures, and the location of the fracture on the rib. According to the
regression analysis, each additional rib fracture was associated with a 38% higher risk of hemothorax (p <0.001).
There was a 2.7-fold higher risk of hemothorax (p=0.003) when at least one rib fracture was displaced. The
risk of hemothorax was 2.7 times higher for lateral rib fractures and 5.8 times higher for posterior rib fractures
compared to anterior rib fractures (p=0.029, p<0.001, respectively). Table 2 presents a summary of the data
from the multiple regression analysis. The most effective cut-off for determining the presence of hemothorax
based on the number of rib fractures was found to be 4, with a sensitivity of 55.0% and specificity of 71.0%. The
area under the curve (AUC) value, which represents the accuracy of the diagnostic test, was calculated to be 0.65
(95% CI: 0.59; 0.72).

Hemothorax (n/mean) Significance
Patient characteristics None Exist General pxx
Age™™ 53.1+17.4(19-93) | 55.3+17(19-87) | 53.9+17.3 (19-93) | 0.296
Gender
Male 117 84 201
Female 54 18 72 0.012
Mechanism
Simple fall 63 36 99
Fall from height 31 23 54
IVTA* 22 9 31
Stairway fall 23 7 30 0.173
Assault 11 12 23
OVTA* 8 11 19
Others 13 4 17
Side
Left 89 47 136
Right 82 55 137 0340
Number of rib fracture** 3+1.4(1-8) 442 (1-10) 3.4+1.8(1-10) <0.001
Displaced rib fracture
None 84 20 104
Exist 87 82 169 <0001
Location of the fracture on the rib
Anterior 44 9 53
Lateral 59 32 91 0.001
Posterior 68 61 129

Table 1. Univariate analyses and significance values on the development of hemothorax. Statistically
significant p-values are highlighted in bolditalics. * IVTA: In-vehicle traffic accident, OVTA: Out-vehicle traffic
accident ** Numerical data are presented as mean, categorical data are presented as number (n). ***Variables
with significant p value were included in multiple regression analysis.
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95% CI for OR
OR | Lower | Upper | p
Gender 1.698 | 0.881 3.271 | 0.114

Number of rib fracture | 1.383 | 1.161 1.647 | <0.001
Displacement status 2.650 | 1.407 4.992 | 0.003
Lateral rib fracture 2.734 | 1.112 6.724 | 0.029
Posterior rib fracture | 5.830 | 2.434 | 13.965 | <0.001

Table 2. Results of the multiple regression analysis. Statistically significant p-values are highlighted in
bolditalics.

Discussion

Traumatic hemothorax is a commonly encountered and potentially fatal condition in the practice of thoracic
surgery. It can occur as a result of penetrating trauma or blunt trauma. While injuries like vertebral fracture and
pulmonary parenchymal laceration can contribute to the development of hemothorax following blunt thoracic
trauma, the primary issue in the majority of cases is rib fracture and its associated secondary pathologies®’~.
According to Yu et al.?, 33% of patients who experienced blunt thoracic trauma and had rib fractures developed
hemothorax. Put simply, while most patients can complete treatment without any hemothorax being detected,
around 30% of patients will experience a hemothorax that requires further monitoring. Currently, identifying
the patients who are at greater risk to develop hemothorax will help direct the treatment.

It is a plausible theory that increasing the number of broken ribs increases the risk of hemothorax.
Increasing the number of broken ribs may also lead to damage to more intercostal structures and damage to
more parenchymal structures. Furthermore, ribs have the potential to cause bleeding independently, without
causing harm to nearby structures. These theories have served as a source of motivation for numerous studies,
leading to the inclusion of rib fractures in trauma scoring systems'®-'2. Our study provided concrete evidence
of this relationship, demonstrating that each additional rib fracture increased the risk of hemothorax by 38%.
Furthermore, the analysis revealed that the cut-off value for rib fractures was determined to be 4. While this
analysis does not specify the appropriate setting for follow-up care (outpatient, inpatient, or intensive care unit)
for a patient with four rib fractures, it does suggest that patients with four or more rib fractures require more
vigilant monitoring.

The second specific data identified in our study was the correlation between displaced rib fractures and
the occurrence of hemothorax. Typically, the term displaced rib fracture is used to refer to a serious fracture
that indicates a higher risk of fatal injuries and complications like hemothorax. Although these significant
characteristics exist, there are numerous definitions for displaced rib fracture in the literature!®. Chien CY (10)
et al. have defined a displaced rib fracture as a fracture line that is displaced by a minimum of half the thickness
of the fractured rib. Chapman BC et al.!* coined the term “severe displaced rib fracture” to describe a condition
where the rib is displaced by a distance greater than its width, with no connection between the proximal and
distal ends. While there may be varying definitions for displaced rib fracture, it is generally agreed upon that it
signifies a significant trauma. Our study clearly demonstrated a concrete relationship, showing that the presence
of at least one displaced rib fracture increased the risk of hemothorax by a factor of 2.7.

In our study, we clearly demonstrated the correlation between the location of rib fractures and the occurrence
of hemothorax. While rib fractures often cause damage to intercostal vascular structures and nearby organs, there
are also instances where they lead to significant injury to large blood vessels. Aortic injury has been reported in
both the early and late periods, particularly in rib fractures located towards the back!'>!6. Our study excluded
cases with major vascular structure injuries, as we focused specifically on investigating the characteristics of
rib fractures. Our study aligns with the existing literature in demonstrating that anterior rib fractures have the
lowest risk of hemothorax when considering the clinical reflection of anatomical features. Lateral rib fractures
were identified as having the greatest risk. That study focused exclusively on the midline ribs and established a
distinct categorization for the upper and lower ribs!’. In our study, we classified the data into anterior, lateral,
and posterior categories, without considering any differences in levels. Based on the data, it was found that lateral
rib fractures were 2.7 times more likely to result in hemothorax compared to anterior rib fractures (p=0.029).
Similarly, posterior rib fractures were 5.8 times more likely to result in hemothorax compared to anterior rib
fractures (p <0.001). The fact that intercostal arteries originate from the aorta and gradually become relatively
thinner in size throughout their course may support the finding that posterior fractures have a higher bleeding
tendency compared to anterior fractures.

The occurrence of hemothorax has been linked to the nature and intensity of trauma in numerous studies
documented in the literature. High-energy traumas are expected to cause more extensive tissue damage
and an increased risk of hemothorax compared to traumas like simple falls. Our study found no statistically
significant correlation between the mechanism of trauma and the occurrence of hemothorax. This difference
may be explained by the exclusion criteria. Our study aimed to thoroughly investigate the correlation between
rib fracture and hemothorax. Consequently, patients with other factors contributing to the development of
hemothorax, such as vertebral fracture or diaphragmatic injury, were deliberately excluded from the study. As
a secondary consequence of these exclusion criteria, multi-systemic trauma patients were also excluded from
the study and only patients with minor injuries from high-energy trauma patients such as vehicular traffic
accidents could be included in the study. While initially seen as a disadvantage, this feature is actually crucial
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for standardizing studies. The study’s retrospective nature poses a drawback in terms of data collection. The
inclusion of 3 different centers in our study enhances the data’s security and the variety of cases. However, the
implementation of rigorous standardization resulted in the exclusion of some major trauma cases. Our study
suggests that the risk of hemothorax is influenced by the local characteristics of the rib fracture, regardless of
the severity of trauma. We believe that our study may be a step towards providing a practical view on the risk of
hemothorax.

Conclusions

Our study concluded that there is a significant increase in the risk of hemothorax associated with more rib
fractures and specifically more posterior rib fractures. This risk remains consistent regardless of factors such
as trauma mechanism, age, and gender. We discovered that the displacement of even a single rib fracture
significantly increased the risk of hemothorax. There is currently insufficient data in thoracic surgery practice
to determine which patients should be prioritized for follow-up. According to our results, we recommend that
physicians evaluating trauma patients should follow up more closely and carefully patients with posterior rib
fractures, at least one displaced rib fracture and more than four rib fractures within their capabilities and by
utilizing their clinical experience.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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