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INTRODUCTION
In Blunt Chest Trauma (BCT), injury occurs in the thoracic area 
without penetrating the skin or chest wall, and it is most often 
caused by the impact of a car crash, a fall from a tower, a physical 
assault, or a dangerous sporting moment [1]. BCT accounts for 
more than 15% of all trauma admissions to emergency departments 
worldwide [2]. Contrary to penetrating injuries, BCT does not involve 
injury to the chest wall by a physical object, but can cause significant 
internal damage, such as rib fractures, pulmonary contusions, 
pneumothorax, haemothorax, cardiac injury, and injury to great 
vessels [1,3]. The danger in the blunt trauma patient is that the 
presentation is often misleading; patients may present stable but 
are at risk for rapid clinical decompensation, often due to unknown 
underlying thoracic injuries that may cause significant injuries, 
decompensation, and/or death [2,4]. The present review aimed to 
provide a comprehensive narrative overview of the mechanisms, 
clinical features, diagnostic strategies, and management approaches 
for BCT, while highlighting emerging advances that can improve 
early recognition and outcomes.

Discussion

Clinical Manifestations and Symptoms of BCT
The BCT refers to a spectrum of injuries sustained from non 
penetrating forces to the torso or thorax [5]. The initial signs and 
symptoms may be subtle, or none at all; however, eventually, the 
patient may manifest signs of injury, including chest pain, dyspnoea, 
and hypoxia [2,5]. In severe forms of BCT, there can be complex 
cardiac arrhythmias, hypotension, or distended jugular veins as 
potential markers of there being some cardiac compromise [6]. 
Pulmonary contusions, another common finding of BCT, can 
result in impaired gas exchange, facilitating the development of 
cyanosis, tachypnoea, or decreased breath sounds; symptoms 
that may manifest over 24-48 hours following injury, highlighting the 
importance of continued surveillance [7,8].

Injuries to the tracheobronchial tree, though less frequent, present with 
distinctive signs such as subcutaneous emphysema, haemoptysis, 
and sternal tenderness [7,9]. Radiographic evaluations may 
reveal pneumothorax or pneumomediastinum, which necessitate 
prompt intervention [10]. Myocardial contusions are also serious 

complications, which can further manifest as cardiogenic shock or 
arrhythmias [11,12]. Chronic chest pain, usually neuropathic in type, 
continues to persist in many patients, even months after the initial 
injury [13]. Respiratory disabilities such as persistent dyspnoea 
and decreased pulmonary function may also occur in patients with 
previous conditions, such as smoking-related lung issues [13,14].

Coronary artery injury (with possible dissection or thrombosis) is a 
rare complication of BCT that can cause a myocardial infarction 
in severe cases [15]. Chylothorax is another rare manifestation 
characterised by the accumulation of lymphatic fluid in the pleural 
space [16]. Symptom onset may be delayed by up to 11 weeks 
post-injury [16]. In addition, tension pneumopericardium, which 
results from air in the pericardial sac, mimics cardiac tamponade and 
requires prompt recognition and treatment [14,17]. Subarachnoid-
pleural fistulas, although exceedingly rare, involve the leakage of 
cerebrospinal fluid into the pleural cavity, leading to respiratory 
distress and necessitating high clinical suspicion for the diagnosis of 
BCT [18]. In addition, BCT may lead to valvular injuries, manifested 
by tricuspid valve rupture that routinely presents as either severe 
regurgitation or heart failure symptoms [19]. Mitral perivalvular leaks 
can also occur, sometimes years after the initial injury [2,19]. Rare as 
these injuries may be, they serve as a reminder to evaluate thoroughly 
and maintain a high index of suspicion for any complications with 
a history of BCT, even if the initial manifestations may be vague or 
delayed [7,19].

Aetiology and Mechanism of BCT
The predominant cause of BCT is motor vehicle accidents, which 
expose the chest to significant deceleration and compressive 
forces, causing many different types of thoracic injuries [20,21]. 
Falls, particularly from a substantial height, are also significant 
causes of BCT, which is especially relevant for the older population 
due to lower bone density and an increased risk of fractures [22]. 
Mechanisms and causes of BCT has been described in [Table/
Fig-1] [20-28].

Classification Systems in BCT
The BCT encompasses all thoracic injuries resulting from non 
penetrating forces, and its classification is crucial for designing 
effective management and predicting outcomes. The American 
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ABSTRACT
Blunt Chest Trauma (BCT) is an essential and often seen clinical entity in emergency and trauma surgical medicine, primarily 
associated with road traffic accidents, falls, and directs impacts during sports and warfare. BCT includes a variety of injuries 
(ranging from rib fractures, pulmonary contusion, pneumothorax, haemothorax, cardiac injury, and injuries that involve the great 
vessels). If these injuries can be recognised and treated rapidly, morbidity and mortality associated with BCT can be reduced. 
It is also essential to assess the advances in both conservative and surgical management, ranging from new minimally invasive 
endoscopic techniques to comprehensive treatment pathways. Early presentation, multidisciplinary team management, and 
establishing pathways based on high-quality evidence will lead to the best results. This narrative review examines the aetiology, 
mechanisms, classification, clinical features, and the role of imaging and modern biomarker technology in the diagnosis of BCT.
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The extended Focused Assessment with Sonography for Trauma 
(eFAST) can provide a rapid bedside assessment for pneumothorax 
and haemothorax, and is particularly valuable in haemodynamically 
unstable patients [34]. Furthermore, some promising developments 
in Artificial Intelligence (AI) will enhance imaging interpretation, as 
AI may help recognise thoracic injuries such as rib fractures and 
pulmonary contusions that can assist clinicians with critical decision-
making once diagnosed [35]. Also, AI architectures that merge 3D 
segmentation with 2D convolutional and Recurrent Neural Networks 
(RNN) are being tested for injury assessment in abdominal trauma, 
and those will be applied to thoracic injuries [35,36]. Conventional 
imaging remains the foundation of evaluation; however, novel 
modalities, such as Electrical Impedance Tomography (EIT) and more 
advanced ultrasound, are becoming increasingly common [37]. EIT 
is a non invasive bedside device with potential for identifying post-
trauma pneumothorax and assessing it in real-time without radiation 
[37]. The diagnostic approach to BCT is described in [Table/Fig-2].

Association for the Surgery of Trauma (AAST) Thoracic Injury 
Scale is one of the most commonly known scales. It anatomically 
classifies thoracic injuries from Grade 0 (no injury) to Grade V 
(most severe injury) depending on the location and severity of 
damage to thoracic structures such as lung parenchyma, heart, 
great vessels, diaphragm, and chest wall [29]. However, there are 
a few limitations in predicting outcomes. When directly compared 
with other trauma scoring systems, AAST-based scales, such 
as the Lung Injury Scale (LIS), were outperformed by composite 
models,  including the  Trauma and Injury Severity Score (TRISS) 
and  the LIS, for mortality and morbidity prediction, respectively 
[29]. A recent review identified both the Thoracic Trauma Severity 
Score (TTSS) and the Score for Trauma Triage in the Elderly 
(STUMBL) as demonstrating better discrimination and external 
validation than many other models; however, both still require 
recalibration and further evaluation for broader clinical and cost-
effective applicability [30].

The most common injury, pulmonary contusion, can be classified 
based on the amount of lung involved [31]. This classification 
has precise clinical application, as contusions involving over 18-
24% of the lung volume are associated with increased morbidity 
and mortality [31]. Myocardial contusions, a serious injury due to 
blunt cardiac injury, have also been classified using stages from 
0 (suspected) to IV (catastrophic), a system with advantages in 
both clinical monitoring and medico-legal evaluation, but one that 
remains limited by the variable sensitivity of diagnostic tools [32]. 
Pulmonary lacerations, are classified according to mechanism 
and imaging into four types: Type 1 (compression-rupture), Type 2 
(compression-shear of the spine), Type 3 (rib penetration adjacent 
to fractures), and Type 4 (adhesion tears due to shearing at sites 
of pleuropulmonary adhesion) which aids in radiologic diagnosis, 
surgical planning, and prognostic assessment, though variability 
in imaging interpretation may restrict universal application [32]. 
Overall, these classification systems improve diagnostic precision, 
communication, and structured treatment planning, but also have 
limitations in predictive validity and external generalisability. This 
highlights the need for integrated models combining anatomical 
severity with physiological and demographic factors to optimise 
outcome prediction for BCT [29].

Diagnostic Strategies and Imaging Innovations in BCT
Chest X-ray is often the first imaging study considered due to the 
speed and availability. X-ray findings of rib fractures, pneumothorax, 
and haemothorax can usually be identified. However, because X-rays 
have limited sensitivity for subtle injuries, Computed Tomography 
(CT) is currently the gold standard for BCT evaluation. CT is more 
sensitive than X-ray in detecting pulmonary contusions, vascular 
injuries, and diaphragmatic ruptures [33].

Causes Description Mechanisms of injury Common resulting injuries

Motor vehicle accidents  
[20-24]

Most common cause; involves rapid 
deceleration and impact with internal 

structures.

Deceleration injury, impact with steering 
wheel/seatbelt

Rib fractures, pulmonary contusions, 
cardiac injuries

Falls [22,25]
Especially relevant in the elderly due to 

frailty and low bone density
Axial loading, impact on hard surfaces

Rib/sternal fractures, haemothorax, 
pneumothorax

Assaults [26,27]
Direct trauma from punches, kicks, or 

blunt objects
Localised blunt force trauma

Contusions, rib fractures, soft-tissue 
injuries

Sports injuries [26,27]
Occurs in contact sports (e.g., football, 

hockey, martial arts)
Collision or impact trauma Pulmonary contusions, rib/sternal fractures

Occupational injuries [25,26]
Trauma from industrial or construction-

related accidents
Fall from height, crush injuries, machinery-

related trauma
Rib fractures, crush chest, pneumothorax

Warfare/explosive injuries [26,28] Military or terrorist-related trauma
Blast wave transmission through the thorax 

without visible chest wall trauma
Pulmonary contusions, barotrauma

Crush injuries [25]
Compression due to heavy objects or 

structural collapse
Direct compressive force on thorax

Flail chest, soft-tissue injury, visceral 
damage

Blast injuries (explosions) [26,28]
Shock waves cause internal injury 

without external signs
Transmission of energy waves through air-filled 

structures (lungs), no visible external trauma
Pulmonary contusion, alveolar 
haemorrhage, pneumothorax

[Table/Fig-1]:	 Mechanisms and causes of BCT [20-28].

[Table/Fig-2]:	 Diagnostic approach to BCT.
CT: Computed tomography; eFAST: Extended focused assessment with sonography for trauma; 
AI: Artificial intelligence; RNN: Recurrent neural networks; EIT: Electrical impedance tomography
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Biomarkers in BCT for Prognostic Implications
Biomarkers are becoming increasingly important in the diagnostic 
evaluation and prognostication of BCT, especially in terms of 
myocardial contusions, as well as pulmonary injury [38]. Cardiac 
troponins, especially I and T, are sensitive and specific markers 
of myocardial injury that have been widely used for BCT [38,39]. 
Troponin elevations correlate with myocardial contusion severity 
and provide predictive value for adverse cardiac events such 
as arrhythmias and cardiogenic shock [39]. Additionally, Brain 
Natriuretic Peptide (BNP) is a marker of cardiac wall stress and may 
have some success in diagnosing blunt cardiac injury as well [39]. If 
BNP is elevated, it can be suggestive of myocardial dysfunction and 
assist in risk-stratifying patients with BCT [39].

D-dimer levels can also help to diagnose thrombotic problems 
(e.g.,  PE), which may complicate severe BCT [40]. Similarly, 
increased C-reactive Protein (CRP) and interleukins may reflect 
the extent of pulmonary contusions and predict pulmonary injury 
complications such as Acute Respiratory Distress Syndrome (ARDS) 
[41,42]. Biomarkers in BCT and their prognostic utility is described 
in [Table/Fig-3].

Advances in Surgical Management of BCT
Surgical stabilisation of rib fractures has increasingly gained 
attention as an essential treatment option for patients requiring 
this procedure after blunt trauma to the chest [49]. This method 
is mainly recommended for individuals with a flail chest or multiple 
rib fractures with displacement, who are experiencing respiratory 
distress [49,50]. Rib fixation enables mechanical stability, pain 
control, early mobilisation, and weaning from mechanical ventilation, 
which may not be possible with non-surgical management [50,51]. 
Because most rib fractures are displaced, if fracture stabilisation is 
to be initiated, rib fixation can increase pain management; however, 
the size of the machines used is still a concern for healthcare 
professionals [50]. Newer plating systems provide an anatomical 
contour to the rib curvature, and stouter hardware is used, resulting 
in reduced complications related to rib fixation hardware [52].

Recently, Robotic-Assisted Thoracic Surgery (RATS) for traumatic 
injury emerged and is being used more frequently with promising 
technology [53]. The improvement of the visual platform through 
the  robotic method enables three-dimensional visualisation 
of organs, greater dexterity not offered by simple instruments, 
and precision that is only limited by the use associated with 
the robotic platform [53]. Although RATS is a relatively new 
process in BCT, early case series reports decreased blood 
loss, improved operative time, and a shorter length of stay or 
more effective postoperative recovery [53]. VATS represents a 
minimally invasive approach to managing retained haemothorax 
and other complications, and appears to reduce hospital length 
of stay and the need for thoracotomy [47,54]. There has been 
a randomised controlled trial looking at an intervention using 
yoga to improve pulmonary function and quality of life in chest 
trauma recovering patients, which suggests that there might be a 
place for complementary care interventions in rehabilitation [55]. 
Surgical interventional strategies for BCT are detailed in [Table/
Fig-4] [47,49-54].

Biomarker
Clinical 

relevance
Prognostic  

implications Limitations

Troponin I 
and T

Specific markers 
of myocardial 
injury

Correlate with 
contusion severity; 
predict arrhythmias, 
cardiogenic shock

Elevated levels may 
occur due to other 
cardiac or traumatic 
causes

BNP
Reflects cardiac 
wall stress

Suggests myocardial 
dysfunction; assists 
in risk stratification

It can be elevated in 
heart failure or other 
systemic conditions

D-dimer
Indicates 
thrombotic 
activity

May detect 
complications like 
pulmonary embolism

Non specific; elevated 
in many inflammatory or 
traumatic states

CRP
Acute-phase 
reactant; marker 
of inflammation

Reflects the extent of 
pulmonary contusion; 
may predict ARDS

Not specific to 
pulmonary injury; 
affected by systemic 
inflammation

Interleukins
Inflammatory 
cytokines (e.g., 
IL-6, IL-8)

Associated with the 
severity of lung injury; 
a predictor of ARDS

Elevated in various 
inflammatory responses, 
not specific to BCT

[Table/Fig-3]:	 Biomarkers in BCT and their prognostic utility.

Management of BCT
The BCT refers to a wide range of injuries. Most injuries can 
be managed with supportive care (pain management, oxygen 
support, and pulmonary hygiene) and typically do not require 
any definitive treatment [43]. It has been stated that multimodal 
approaches to pain management, including epidural analgesia 
and regional nerve blocks, are helpful for BCT [44,45]. Thoracic 
epidural analgesia remains the standard, while new fascial 
plane blocks, such as erector spinae and serratus anterior 
blocks, are emerging, showing reasonable pain relief with fewer 
complications [44].

In addition to managing pain caused by BCT, specific strategies 
are essential. Small, asymptomatic pneumothoraces may be 
managed conservatively with oxygen and close monitoring, while 
larger or symptomatic cases require tube thoracostomy with 
suction drainage [46]. Haemothorax, depending upon volume, 
can be present in a patient. Most cases mandate chest tube 
insertion, with urgent thoracotomy indicated for massive or 
ongoing bleeding, and Video-assisted Thoracoscopic Surgery 
(VATS) favoured for retained collections [47,48]. Pulmonary 
contusions are generally treated supportively with fluid balance, 
oxygen supplementation, and mechanical ventilation as needed 
to prevent progression to ARDS [5,43]. Rib fractures, when they 
are multiple and displaced or cause flail chest, may be treated 
using surgical stabilisation, which provides better pain control, 
facilitates ventilation, and reduces morbidity compared to 
conservative measures [43].

Intervention Indications Benefits
Limitations/
Concerns

Surgical 
Stabilisation of 
Rib Fractures 
(SSRF)

Flail chest, multiple 
displaced rib 
fractures with 
respiratory distress 
[49,50].

Mechanical stability, 
pain control, early 
mobilisation, and 
early weaning from 
ventilation [50,51].

Concerns 
regarding 
equipment size 
and usability [50].

Modern rib 
fixation systems

Patients requiring 
SSRF [52].

Anatomical plating 
systems have been 
shown to reduce 
complication rates 
[52]

May not be 
available in all 
settings [52]

Robotic-assisted 
Thoracic Surgery 
(RATS)

Select cases of 
traumatic chest 
injury [53]

3D visualisation, 
enhanced precision 
and dexterity, 
reduced blood loss, 
shorter operative 
time [53]

Limited 
availability; 
operator learning 
curve [53]

Video-assisted 
Thoracoscopic 
Surgery (VATS)

Retained 
haemothorax, 
thoracic 
complications 
[47,54]

Minimally invasive, 
reduced hospital 
stay, avoids open 
thoracotomy [54]

Case selection is 
crucial [54].

[Table/Fig-4]:	 Surgical interventional strategies for BCT [47,49-54].

Tailored Approaches to BCT in Vulnerable Populations
In special populations, such as children, elderly individuals, and 
pregnant women, BCT requires appropriate assessment along 
with proper management approaches [56-58]. Children mostly 
lack rib fractures despite undergoing significant injury because their 
compliant chest wall transmits force to mediastinal structures [58]. 
In older-aged individuals, age ≥65 years itself is an independent 
predictor of worse outcomes. Hence, supporting older patients 
with aggressive analgesia, pulmonary hygiene, and early higher-
acuity monitoring is of utmost important [56]. For pregnant women, 
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the standard Advanced Trauma Life Support (ATLS) protocol can 
be used, along with pregnancy-specific modifications: immediate 
left uterine displacement to mitigate aortocaval compression, 
and chest tube placement 1-2 interspaces higher when indicated 
[57]. Pregnant population with BCT also requires liberal usage of 
necessary imaging despite fetal radiation concerns, continuous 
fetal monitoring once viable, and consideration of resuscitative 
hysterotomy for refractory maternal arrest near 22-24 weeks [57].

Rehabilitation and Long-term Outcomes in BCT
Physiotherapy plays a vital role in the rehabilitation process of 
BCT, which typically begins with early assessment and emergency 
management, followed by acute care planning, patient education, 
and post-acute follow-up to optimise functional recovery [59]. In 
terms of long-term outcomes, survivors frequently experience 
impaired pulmonary function (such as reduced exercise capacity 
and persistent abnormalities on pulmonary function tests and 
imaging) [60]. Long-term follow-up also reveals decreased physical 
performance, including diminished 6-minute walk distance, ongoing 
dyspnoea, and persistent pain or functional limitations that persist 
for one year or more after the injury [13,60]. Future research 
should focus primarily on developing standardised protocols for 
rehabilitation, conducting multicentre validation of scoring systems, 
and integrating modern diagnostic and therapeutic methods to 
achieve better outcomes for patients undergoing BCT.

CONCLUSION(S)
The BCT continues to be an essential contributor to both morbidity 
and mortality in traumatic cases that require prompt recognition and 
timely intervention. A thorough understanding of the mechanisms 
of injury, the clinical presentation of blunt thoracic injuries, and 
the evolution of diagnostic imaging and biomarkers is crucial for 
assessing and managing blunt thoracic injuries. More research 
and training are required to improve prognosis and eliminate the 
complications associated with BCT.
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