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A B S T R A C T

Purpose: Evaluate MDCT findings in patients with blunt chest trauma with a demographic evaluation of number
and percentage of each pattern over 6 months at University Hospital.
Patients and methods: This study involved 125 patients, including 90 males and 35 females with a mean age of
51.4 years. They were exposed to blunt chest trauma and were referred to the emergency radiology department.
All patients were subjected to clinical examinations with medical history interview, plain chest X-ray, and MDCT
of the chest with 3D reconstruction.
Results: Road traffic accidents were the most common mechanism of trauma, accounting for 56.8% of the 125
cases. Chest pain was the most common clinical presentation, observed in 76%. Both sides of the body were
affected in 41.6%; the right side was affected in 29.6%; and the left side was affected in 28.8%. Radiological
findings among the patients in the order of frequency were pleural injuries in 72% of the patients, parenchymal
lung injuries in 56.8%, chest wall injuries in 40.8%, mediastinal injuries in 11.2%, diaphragmatic injuries in
4.8% and tracheo-bronchial injuries in 1.6% of the patients.
Conclusion: Chest trauma may cause significant morbidity, and MDCT could lead to critical changes in a patient's
management.

1. Introduction

Multi-detector computed tomography (MDCT) is the preferred
imaging modality for the evaluation of poly-trauma patients. It offers
multi-planar and three-dimensional reconstructions and is generally
more sensitive and specific than chest radiography. It has been shown
to change patient management in up to 20% of patients with abnormal
initial chest radiography [1].

MDCT can be used to evaluate a wide variety of thoracic injuries,
including chest wall bony injuries such as rib fractures, which are the
most common injuries in blunt chest trauma; clavicle fractures with or
without sternoclavicular dislocation [2]; fractures resulting from high-
energy deceleration, such as sternal and scapular fractures [3]; and
dorsal spine fractures, in which MDCT plays a major role in guiding
clinical management [4].

Chest wall soft tissue injuries include surgical emphysema [5] and
soft tissue contusion, which may result in arterial or venous haema-
toma, with the latter often being self-limiting and slow-growing [6].

Pleural space injuries include haemothorax with arterial bleeding
causes more significant progressive increase in volume and mass than
venous haemorrhage [7], pneumothorax, which is the second most
common finding in cases of blunt chest trauma [8], and hydro-pneu-
mothorax, which is the concurrent presence of a pneumothorax and a
hydrothorax (i.e., air and fluid) in the pleural space [9].

Injuries of the lung parenchyma appear as pulmonary contusions,
which are the most common lung injury [10]; pulmonary lacerations,
which are obvious tears in the lung parenchyma, and rare complica-
tions such as lung torsion and lung herniation can also be detected [11].
Injuries of the trachea and bronchi are also rare findings [12].

Diaphragmatic injuries can be caused by chest or abdominal trauma
[13]. CT scan sensitivity for blunt diaphragmatic injury can be im-
proved from approximately 60% with conventional CT scans to
77–100% with MDCT, with a specificity of approximately 93–98%
using MDCT [14].

Mediastinal injuries can cause pneumo-mediastinum [15] and
mediastinal haematoma; rarely, blunt oesophageal trauma can also

https://doi.org/10.1016/j.ejrnm.2018.04.009
Received 21 November 2017; Accepted 15 April 2018

Peer review under responsibility of The Egyptian Society of Radiology and Nuclear Medicine.
⁎ Corresponding author at: Diagnostic Radiology and Intervention Department at Cairo University Medical School, Kasr-Alainy Hospital at Kasraliny Street, Radiology Department,

Egypt.
E-mail address: yyysabri@hotmail.com (Y.Y. Sabri).

The Egyptian Journal of Radiology and Nuclear Medicine 49 (2018) 638–644

Available online 23 June 2018
0378-603X/ © 2018 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/0378603X
https://www.elsevier.com/locate/ejrnm
https://doi.org/10.1016/j.ejrnm.2018.04.009
https://doi.org/10.1016/j.ejrnm.2018.04.009
mailto:yyysabri@hotmail.com
https://doi.org/10.1016/j.ejrnm.2018.04.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejrnm.2018.04.009&domain=pdf


occur [16].
Pericardial injuries, such as haemopericardium [17] and pneumo-

pericardium, are rarely seen with blunt chest trauma, but if they are
extensive, they may cause cardiac tamponade [18].

The aim of this study was to evaluate the findings of MDCT in pa-
tients with blunt chest trauma in conjunction with a demographic
evaluation of the number and percentage of each pattern over 6months
at Kasr Al-Ainy University Hospital.

2. Patients and methods

This study involved 125 patients, including 90 males (72%) and 35
females (28%) with an age range of 2–75 years (mean
age= 51.4 years). Most of the patients were in the age group of
21–40 years (n= 74 patients, 59.2%).

They were exposed to blunt chest trauma and referred to the
Emergency Radiology Department at Kasr Al-Ainy Hospital for MDCT of
the chest over a period of 6months from September 2016 to February
2017, with the following inclusion and exclusion criteria.

2.1. Inclusion criteria

All cases with blunt chest trauma as either the sole presentation or
as part of poly-traumatic insults were included in this study.

2.2. Exclusion criteria

Patients requiring emergency surgery and patients who were hae-
modynamically unstable were excluded.

This study was conducted according to the guidelines of the ethics
committee of Cairo University and was approved by our institutional
review board. Informed written consents were obtained from the re-
latives of all participants in this study.

2.3. Methods

All patients were subjected to the following:

(1) A thorough clinical examination with a medical history review and
general and chest evaluations.

(2) Plain chest X-ray with anteroposterior (AP; supine) views.
(3) Non-contrast MDCT of the chest was performed in all patients in the

Emergency Radiology Unit using a 16-multislice GE bright speed CT
scanner with the following parameters: helical acquisition, 120 kV,
25mA, helical thickness of 1.25mm, 1-mm interval, FOV of
351mm down from the level of the renal arteries up to the root of
the neck, and total exposure time of 0.8 s during a breath
hold.Mediastinal window and lung window axial images with cor-
onal and sagittal reconstruction were obtained. Oral contrast was
given in cases of suspected oesophageal injuries.

(4) Virtual CT bronchography: three-dimensional reconstructions based
on surface and volume renderings were conducted for two patients
with suspected tracheo-bronchial injuries.

(5) Associated injury assessment by abdominal ultrasound (US) or
brain CT according to the patient’s condition.

3. Results

The most common mechanisms of blunt chest trauma were road
traffic accidents in 56.8% (n= 71 patients) of the cases, followed by
falling from height in 40% (n=50 patients) of the cases and direct
blow to the chest in 3.2% (n= 4 patients) of the cases.

Interventions that were applied included endotracheal tube inser-
tion in the Emergency Department in 20 patients (16%), chest tube
placement prior to MDCT scan in 34 patients (27.2%), and central ve-
nous line placement and nasogastric feeding tube insertion in 24
(19.2%) and 12 (9.6%) patients, respectively.

The most common clinical presentations were chest pain (n=95
patients) (76%), dyspnoea (n=88 patients) (70.4%), local chest ten-
derness (n= 30 patients) (24%) and haemoptysis (n= 25 patients)
(20%). More than one presentation was encountered in some patients.

Regarding the affected side, both sides were affected in 52 patients
(41.6%), the right side was affected in 37 patients (29.6%), and the left
side was affected in 36 patients (28.8%).

The positive radiological findings among the patients in the order
of frequency (Fig. 1) were pleural injuries in 90 patients (72%), par-
enchymal lung injuries in 71 patients (56.8%), chest wall injuries in 51
patients (40.8%), mediastinal injuries in 14 patients (11.2%), dia-
phragmatic injuries in 6 patients (4.8%) and tracheo-bronchial injuries
in 2 patients (1.6%). The numbers and percentages of MDCT findings in
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Fig. 1. Number of positive radiological findings among patients.
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125 blunt chest trauma patients are displayed in Table 1.

3.1. Chest wall injuries were detected in 51/125 (40.8%) patients

3.1.1. Bony chest wall injuries
Rib fractures (Fig. 2a) were detected in 28 patients (22.4%), in-

cluding 15 patients with right-sided fractures (53.6%), 11 patients with
left-sided fractures (39.3%) and 2 patients with fractures on both sides
(7%). Rib fracture was detected in only one patient in the childhood age
group.

Sternal fracture was detected in 2 patients (1.6%), clavicular frac-
tures (Fig. 4b) were detected in 3 patients (2.4%), including two cases
with left-sided fractures and one case with a right-sided fracture, and
scapular fractures (Fig. 3a) were detected in 5 patients (4%, three cases

with right-sided fractures and two cases with left-sided fractures). All
scapular fractures were located at the scapular body and did not reach
articular surfaces. Dorsal spine fractures (Fig. 3b) were detected in 3
patients (2.4%; in two cases, a compression fracture occurred at the
level of T12/L1; retro-pulsion causing spinal cord compression and
neurological deficits was detected in only one case).

3.1.2. Soft tissue chest wall injuries
Surgical emphysema (Fig. 4b) was detected in 34 patients (27.2%;

16 cases on the left side, 12 cases on the right side and 6 cases on both
sides).

Chest wall haematoma was detected in 13 patients (10.4%; 9 cases
on the right side, 3 cases on the left side and one case on both sides). All
cases of chest wall haematomas were related to fractured ribs.

3.2. Pleural space injuries were detected in 90/125 (72%) patients

Pleural fluid collection (Fig. 2c) was detected in 53 patients
(42.4%; 14 cases on the left side, 16 cases on the right side and 23 cases
on both sides).

Pneumothorax (Fig. 4a) was detected in 21 patients (16.8%) and
was classified as follows: simple pneumothorax was detected in 16
patients (7 cases on the left side, 7 cases on the right side and 2 cases on
both sides) and tension pneumothorax was detected in 5 cases (3 cases
on the left side and 2 cases on the right side).

Hydropneumothorax was detected in 21 patients (16.8%; 12 cases
on the left side, 8 cases on the right side and one case on both sides).

3.3. Lung parenchymal injuries were detected in 71/125 (56.8%) patients

Lung contusion (Fig. 4a) was detected in 71 patients (56.8%; 17
cases on the left side, 25 cases on the right side and 29 cases on both
sides). Thirty-two cases presented with consolidation, 27 cases pre-
sented with ground glass opacifications, and 12 cases presented with
both types of lesions. Six cases showed only centrally distributed le-
sions, and the remaining cases showed mainly peripheral lesions.

Lung laceration (Fig. 2b) was detected in 7 patients (5.6%; 4 cases
on the left side and 3 cases on the right side).

Table 1
The numbers and percentages of MDCT findings in 125 blunt chest trauma
patients.

Radiological findings Number and
percentage of cases

Thoracic Wall Injuries: Rib fracture 28 (22.4%)
Sternal fracture 2 (1.6%)
Clavicular fracture 3 (2.4%)
Scapular fracture 5 (4%)
Dorsal spine fracture 3 (2.4%)
Surgical emphysema 34 (27.2%)
Chest wall haematoma 13 (10.4%)

Pleural Injuries Pleural fluid collection
(haemothorax)

53 (42.4%)

Simple pneumothorax 16 (12.8%)
Tension pneumothorax 5 (4%)
Hydropneumothorax 21 (16.8%)

Lung Parenchymal
Injuries

Lung contusion 71 (56.8%)
Lung laceration 7 (5.6%)

Mediastinal Injuries Pericardial collection
(haemopericardium)

3 (2.4%)

Pneumo-pericardium 1 (0.8%)
Oesophageal injuries 2 (1.6%)
Pneumo-mediastinum 8 (6.4%)

Tracheo-bronchial Injuries 2 (1.6%)
Diaphragmatic Injuries 6 (4.8%)

Fig. 2. A 25-year-old male was involved in a motor vehicle accident. He complained of localized chest wall tenderness and dyspnoea and exhibited diminished breath
sounds on the left side. 3D VRT reconstruction of the bony chest wall shows fractures of the left 4th, 5th and 6th ribs (red arrows) (a). Axial MDCT of the lung window
shows left apical lobe lung laceration (b). Axial MDCT of the mediastinal window shows pleural fluid collection on the left side (c).
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3.4. Mediastinal injuries were detected in 14/125 (11.2%) patients

Pneumo-mediastinum was detected in 8 patients (6.4%), hae-
mopericardium (pericardial collection) was detected in 3 patients
(2.4%), pneumo-pericardium was detected in 1 patient (0.8%) and
oesophageal injuries were suspected in 2 patients (1.6%).

3.5. Diaphragmatic injuries (Fig. 5) were detected in 6 (4.8%) patients

Three cases showed left-sided diaphragmatic herniation, and three
cases showed right-sided diaphragmatic herniation.

3.6. Tracheo-bronchial injuries (Fig. 6) were detected in 6 (4.8%) patients
were suspected in 2 (1.6%) patients

One case showed partial avulsion of the right main bronchus, and
another case showed complete avulsion of the left main bronchus with
the fallen lung sign noted. Both cases were confirmed by three-di-
mensional virtual bronchography.

4. Discussion

Chest trauma is the third most common type of trauma following
trauma to the head and extremities. The most common causes are traffic
accidents, which account for 70–80% of all significant blunt chest
trauma cases, falls and acts of violence [19]. In this study, road traffic

Fig. 3. A 50-year-old male reported falling
from height, with localized dorsal spine
tenderness and limited mobility of the right
upper limb. No neurological deficits were
noted. On MDCT, 3D VRT reconstructed
images show (a) Comminuted fracture lines
at the left scapula reaching its medial and
lateral borders with gapping and displace-
ment at the fracture ends and intact gleno-
humeral and acromioclavicular articulations
with smooth articular surfaces. Sagittal re-
construction MDCT image of the bone
window shows (b) multilevel vertical frac-
ture lines at the middle aspect of the T4
through T7 spinous processes. No evidence
of encroachment upon the spinal canal was
noted.

Fig. 4. A 45-year-old male patient was involved in a motor vehicle accident. He complained of left-sided chest pain and exhibited diminished breath sounds. MDCT
with axial cuts of the (a) lung window show left-sided pneumothorax with posterior relaxation collapse of the corresponding lung and mild shifting of the med-
iastinum to the right side with bilateral basal lobe patchy ground glass opacities primarily on the left side (lung contusions). The mediastinal (b) window shows
surgical emphysema at the root of the neck and fracture of the medial one-third of the left clavicle with a corresponding haematoma.
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Fig. 5. A 30-year-old male with a history of blunt chest trauma presented with complaints of dyspnoea and exhibited diminished breath sounds on the right side. CT
sagittal (a) and coronal (b) reconstruction of the soft tissue window shows herniation of the liver (hump sign on the right image and hour glass sign on the left image)
and presence of the small bowel and most of the large bowel (dependent viscera sign) in the right side of the chest through a diaphragmatic defect, with shifting of the
mediastinum to the contralateral side. A diaphragmatic tear with visceral herniation was noted.

Fig. 6. A 25-year-old male with a history of a severe car accident. A CT scan of the lung window at the level of the carina (a), 2D coronal plane image (b), minimum
intensity projection (c) and virtual bronchoscopy (d) revealed the normal bifurcation of the right and left main bronchi (blue arrows) with partial right main
bronchus avulsion just after the bifurcation (white arrows). Small pin hole connection discovered in virtual bronchography between main stem bronchus and right
lung (black arrow) with good aeration of the lung. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Y.Y. Sabri et al. The Egyptian Journal of Radiology and Nuclear Medicine 49 (2018) 638–644

642



accidents were the most common cause of trauma, accounting for
56.8% of the cases, followed by fall from height, which occurred in 40%
of the patients.

Blunt chest trauma is more common in young males. A total of 70%
of patients exposed to blunt chest trauma were males, and 60% of the
patients were in the age group of 20–40 years [20]. These results are
consistent with those of the present study, as 90 patients (72%) were
male and 35 patients (28%) were female (ratio 2.5:1), with most of the
patients (59.2%) in the age group of 20–40 years (59.2%).

Pulmonary contusions were the most common parenchymal lung
injury detected, with a prevalence of 17–70%. Chest MDCT is highly
sensitive in identifying pulmonary contusions and may help predict the
need for mechanical ventilation [7]. It provides an accurate estimation
of the injury extent. Features on CT are dependent on injury severity:
ground glass opacity is an indication of mainly interstitial damage with
partial alveolar filling, whereas consolidation is indicative of severe
alveolar damage, often associated with lacerations. The distribution
mainly involves peripheral areas of the lung, with no lobar or segmental
boundaries affected [21]. In our study, contusions were found in 71
patients (56.8%). Thirty-two cases presented with consolidation, 27
cases presented with ground glass opacifications and 12 cases showed
both types of lesions. Six cases showed only centrally distributed le-
sions, and the remaining cases showed mainly peripheral lesions.

Parenchymal lung lacerations were found in seven patients (5.6%).
This low percentage is due to possible missed lacerations in the acute
stage, as reported by Miele et al., as blood accumulation at the site of
laceration in the acute stage shows well-defined homogenous opacity
and the density of soft tissue can be masked by associated pulmonary
contusions, which become clearly detectable on serial follow-up ex-
amination [21].

In this study, haemothorax was detected in fifty-three patients
(42.4%). These results coincided with those of Sangster et al. who
stated that haemothorax occurs in 30–50% of patients with blunt chest
trauma [22].

Pneumothorax was detected in forty-two patients (33.6%), simple
pneumothorax was found in 16 patients (12.8%), tension pneu-
mothorax was found in 5 patients (4%), and hydropneumothorax was
found in 21 patients (16.8%). Farooq et al. confirmed that pneu-
mothorax occurs in 30–40% of trauma patients [23].

In this study, rib fracture was the most common skeletal injury
detected. It was detected in twenty-eight patients (22.4%), corre-
sponding to 68% of all fractures observed, with 53.6% of cases ex-
hibiting right-sided fractures, 39.3% of cases exhibiting left-sided
fractures and 7.1% of cases exhibiting bilateral fractures. Kaewali et al.
stated that rib fractures are the most common type of injury after blunt
chest trauma and occur in approximately 50% of patients [7]. Rib
fracture detection on CT is a challenging task. Missed fractures on CT
are typically located at the anterior arc, and more than 50% of missed
rib fractures have a buckled shape. They appear equally on both sides of
the thoracic cage. Frequently, missed fractures are on the same rib or
the neighbouring rib [24]. Multi-planar reformatting (MPR) supple-
mented by the 3D volume-rendering technique (VRT) is best for iden-
tifying fractures in coronal and sagittal views [25].

Scapular fractures were found in five patients (4%), including one
with severe chest trauma due to a road traffic accident and one who
experienced a fall from height. These fractures are associated with other
injuries, including pneumothorax, haemothorax, pulmonary injuries,
and spinal injuries. These results are consistent with those of Weening
et al., who reported that fractures of the scapula are uncommon, ac-
counting for only 3–5% of all shoulder girdle fractures and occurring in
3.7% of patients with multiple injuries [26], and Veysi et al. reported
that scapular fractures indicate high-force trauma because the scapula
is enveloped and protected by the large muscle masses of the posterior
thorax; therefore, isolated fractures are rare [27].

Clavicular fractures were found in three patients (2.4%);
Scheurecker reported that clavicular fractures from blunt chest trauma

account for 2.6–5% of all fractures [28]. Sternal fractures are also re-
latively rare, appearing in only 3–8% of patients after severe blunt chest
trauma [29]. Sternal fractures were detected in two patients (1.6%) in
this study. These fractures are typically associated with anterior med-
iastinal or retrosternal haematomas [6].

Soft tissue haematomas may occur during direct compression
trauma when rib fractures cause laceration of veins or arteries [30]. All
13 cases of soft tissue chest wall haematoma in this study were related
to rib fractures.

Subcutaneous emphysema was found in thirty-four patients
(27.2%). Trkulja et al. reported that subcutaneous emphysema is pre-
sent in up to 34% of patients after blunt chest trauma [31].

In this study, eight patients showed pneumo-mediastinum (6.4%),
which is similar to the findings of Oikonomou and Prassopoulos, who
reported that pneumo-mediastinum occurs in up to 10% of patients
with blunt chest trauma [30]. Pneumo-mediastinum is attributed to the
Macklin effect caused by alveolar rupture, leading to air dissection
along bronchovascular bundles and diffusion of pulmonary interstitial
emphysema into the mediastinum. Other sources of air are derived from
lung parenchymal, oesophageal, chest wall, neck, and retroperitoneal
injuries [15]. In this study, the Macklin effect was observed in four
patients with pneumo-mediastinum and in two patients with oesopha-
geal injury.

Pneumo-pericardium is a rare finding in blunt chest trauma [31],
and it was detected in only 1 patient (0.8%) in our study.

Oesophageal injury detection by MDCT mainly depends on indirect
findings of oesophageal rupture, such as localized oesophageal wall
thickening, oesophageal haematoma, peri-oesophageal air, oedema,
pneumo-mediastinum, mediastinitis, hydropneumothorax, or leakage
of intraluminal fluid or orally administered contrast medium [32].
Oesophageal injury is very common in penetrating or iatrogenic in-
juries, but it occurs in only 1% of cases of blunt chest trauma [30]. In
this study, oesophageal injury was identified in two patients (1.6%)
who presented with pneumo-mediastinum and peri-oesophageal fluid
and oedema.

In this study, tracheo-bronchial injuries were detected in two pa-
tients (1.6%). Tracheo-bronchial injuries are rare in clinical practice.
Kaewali et al. verified that blunt tracheo-bronchial trauma accounts for
only 0.2–8% of all cases of blunt chest trauma [7].

Diaphragmatic rupture occurs in 0.8–7% of blunt trauma patients.
MDCT can identify herniated fat or viscera and can detect small dia-
phragmatic defects; 77–90% of diaphragmatic ruptures originate on the
left side, as the liver protects the right hemidiaphragm [33]. In this
study, diaphragmatic injury was detected in six patients (4.8%), with
50% of injuries on the left side.

5. Conclusion

Chest trauma may cause significant morbidity, and MDCT could
lead to critical changes in a patient’s management. Therefore, clinicians
and radiologists should be familiar with the most frequent MDCT
findings and their various aspects in this group of patients.
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