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Abstract

Background: Several Arab countries as well as many parts of the world are currently involved in armed conflicts.
Characterization and documentation of combat-related injury patterns and their impact on healthcare are a difficult
challenge. However, it is crucial in planning and developing of strategies capable of addressing the demands of ill-
equipped medical facilities. The aim of this study was to record the different patterns of combat-related injuries
sustained by civilians transferred to Egyptian tertiary hospitals for further investigation and definite treatment after
primary stabilization by an emergency trauma team in their countries.

Results: Metallic foreign bodies were detected in different body locations in 49.1% of patients, while bullets were
identified in 12.3%. Injuries involving the musculoskeletal system of the extremities were the most frequent (77.2%),
followed in descending order by maxillofacial injuries (41%), thoracic injuries (32.1%), cranial injuries (31%),
abdominal injuries (21.1%), spinal injuries (8.8%), and vascular injuries (4.7%). Among the extremities injuries, bone
fractures were the most common (68.5%).

Conclusion: Radiological assessment aids in the evaluation of patients coming from conflict zones pre- and postoperatively,
to recognize the precise sites and types of their injuries, the number and location of metallic shrapnel or bullets, and
detection of possible associated complications, which aid in accurate demonstration of the extent and patterns of combat-
related injuries and guide the management plan.
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Background
Several Arab countries as well as many parts of the world
are currently involved in armed conflicts. War causalities
impose a substantial burden on healthcare systems, espe-
cially in developing countries, because of resources con-
straints and scarcity of highly trained medical personnel.
Characterization and documentation of armed conflict in-
jury patterns and their impact on healthcare are difficult
challenges. However, it is crucial in planning and develop-
ing of strategies capable of addressing the demands of ill-
equipped medical facilities [1, 2].

Trauma is the most eminent health risk in war-time.
The Arab world’s ongoing conflicts are marked by mili-
tary engagement in civilian centers making civilians
more susceptible to injury [2].
Combat-related trauma injuries incorporate blast in-

juries and gunshot wounds. Blast injuries compromise
any injury caused by an explosion; they are usually se-
vere inducing serious morbidities with a high mortality
rate. Gunshot wounds are inflicted by the discharge of a
loaded weapon, most commonly, firearms [3].
The management of combat-related injuries is an im-

mensely complicated job. Many countries in the Arab
world lack the proper facilities to treat such injuries, and
so, patients are transferred to neighboring countries to
receive the necessary medical care [3].
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The aim of this study was to record the different pat-
terns of combat-related injuries sustained by civilians
transferred to the Egyptian tertiary hospitals for further
investigation and definite treatment after primary
stabilization by an emergency trauma team in their
countries.

Methods
Study population
Local institutional review board approval was granted
before conducting this case series study, and written in-
formed consent was obtained from all patients or their
authorized representatives.
We included all 171 consecutive civilian patients suffer-

ing from combat-related injuries caused by bombs blast or
gunshots, transferred to Egypt after primary stabilization
by an emergency trauma team at their countries, admitted
to 3 Egyptian multi-specialty tertiary-care hospitals during
the period from March 2019 to September 2019, and re-
ferred to the Radiology Department to assess the pattern
and full extent of their injuries before receiving definitive
treatment. One hundred six patients were included from
one hospital, 58 patients from another hospital, and 7 pa-
tients from the third hospital. All were males with an age
range of 19–83 years and a mean age of 28.9 years.

Imaging techniques
Patients were scanned with the following scanners: Sie-
mens Somatom Definition Flash CT 256 slice, Philips In-
genuity CT 128 slice, Philips Ingenia MRI 1.5 T,
Siemens Magnetom Aera 1.5 T, Siemens Axiom Iconos
R200, and Philips DigitalDiagnost.
Different imaging modalities were used to identify the

various injuries according to clinical context including
X-ray, CT, MRI, and CT angiography. The types of im-
aging techniques used and the numbers of performed
scans are listed in Table 1.
Three hundred twelve X-ray scans of the skull, chest,

spine, pelvis, and extremities were performed in 123 pa-
tients to spot possible fractures and to detect and locate
shrapnel.
One hundred twenty unenhanced CT scans of the brain,

facial bones, chest, abdomen, and pelvis were performed
in 84 patients to explore internal injuries; post-contrast
CT scans were obtained when indicated to evaluate poten-
tial complications of these injuries through administration
of oral and IV non-ionic contrast. One hundred sixty-
eight CT scans of the spine and extremities were also per-
formed in 87 patients for further detailed assessment fol-
lowing X-ray imaging.
CT Scanogram was performed in 6 patients to esti-

mate limb foreshortening as a complication of bone
fractures.

Table 1 Types of imaging techniques used to assess injuries
and number of performed scans

Imaging techniques Number Percentage

X-ray

Skull 3 1.8%

Chest 27 15.8%

Cervical spine 12 7%

Dorsal spine 6 3.5%

Lumbar spine 6 3.5%

Pelvis 24 14%

Shoulder 39 22.8%

Arm 6 3.5%

Elbow 21 12.3%

Forearm 24 14%

Wrist 18 10.5%

Hand 24 14%

Thigh 27 15.8%

Knee 21 12.3%

Leg 12 7%

Ankle 30 17.5%

Foot 12 7%

CT

Brain 30 17.5%

Maxillofacial 36 21.1%

Chest 30 17.5%

Abdomen & pelvis 24 14%

Cervical spine 15 8.8%

Dorsal spine 12 7%

Lumbar spine 18 10.5%

Shoulder 24 14%

Elbow 12 7%

Forearm 9 5.3%

Wrist 18 10.5%

Hand 9 5.3%

Bony pelvis 12 7%

Thigh 6 3.5%

Knee 18 10.5%

Ankle 12 7%

Foot 3 1.8%

CT scanogram 6 3.5%

MRI

Shoulder 3 1.8%

Knee 6 3.5%

Wrist 3 1.8%

CT angiography

Upper limb 9 5.3%

Lower limb 6 3.5%
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MRI scans of the shoulder, knee, and wrist joints were
performed in 12 patients without free metallic fragments
to depict possible ligament, muscle, or bone marrow
injuries.
CT angiography of the upper or lower limb vessels

was performed in 15 patients to delineate vascular injur-
ies via injecting 100 ml of non-ionic contrast medium by
a pump injector at a rate of 4 ml/sec through a cannula
inserted in the right or left antecubital vein.

Imaging analysis
Two radiologists independently reviewed each study. In
case of discrepancy, studies were re-reviewed and the
final decision was reached in consensus.
All scans were analyzed to detect the presence and the

site of retained metallic or bullet fragments as well as to
assess different organ injuries according to anatomical
location. For example, brain scans were assessed for
intra-axial or extra-axial hemorrhage, calvarial or skull
base fractures, and pneumocephalus. Maxillo-facial scans
were examined for facial or orbital fractures, optic nerve
or extra-ocular muscle injuries, globe perforation, hemo-
sinus, and surgical emphysema. Chest scans were
inspected for chest wall fractures, lung contusions or
lacerations, pleural effusion, pneumothorax, pneumome-
diastinum, and surgical emphysema. Abdominal scans
were evaluated for solid or hollow organ injury, hemo-
peritoneum, retroperitoneal hematoma, abdominal wall
hematoma, and pneumoperitoneum, as well as possible
associated complications (e.g., superadded infection).
Spine and extremities scans were checked for fractures
and potential associated muscle or ligament injury.
Angiography scans were reviewed for vascular stenosis,
occlusion, transection, or dissection.

Statistical analysis
The collected data were tabulated and introduced to a
personal computer using “Microsoft Office Excel Soft-
ware” program (2016) for Windows. All results were de-
scribed as frequency and percentage. No complex
statistical analysis was required.

Results
This study included 171 male patients presented to the 3
Egyptian tertiary hospitals with a history of exposure to
blast or firearm combat-related injuries. The imaging
findings of their injuries are reported in Table 2.
In 84 (49.1%) patients, metallic foreign bodies were de-

tected in different locations including intra-cranially,
while in 21 (12.3%) patients, bullets were identified
lodged in the lungs, intra-peritoneal, within the eth-
moidal sinus (Fig. 1a), embedded at the para-vertebral
muscles and at the subcutaneous tissue.

Table 2 Imaging findings of conflict-related injuries encountered
in our study population

Imaging findings Number Percentage

Cranial injuries 53 31%

Cerebral contusion 8 4.7%

Calvarial fracture 9 5.3%

Skull base fracture 3 1.8%

Subdural hematoma 11 6.4%

Subgaleal hematoma 16 9.4%

Encephalomalacia 2 1.2%

Pneumocephalus 4 2.3%

Maxillofacial injuries 70 41%

Nasal bone fractures 15 8.8%

Zygomatic fracture 2 1.2%

Maxillary fracture 3 1.8%

Orbital fracture 6 3.5%

Globe rupture 12 7%

Hemosinus 4 2.3%

Soft tissue edema 23 13.5%

Surgical emphysema 5 2.9%

Thoracic injuries 55 32.1%

Chest wall fractures 21 12.3%

Lung contusion/laceration 12 7%

Pleural effusion 6 3.5%

Pneumothorax 9 5.3%

Surgical emphysema 7 4.1%

Abdominal injuries 36 21.1%

Solid organ injury 12 (9 liver–3 renal) 7%

Bowel perforation 3 1.8%

Hemoperitoneum 9 5.3%

Retroperitoneal hematoma 4 2.3%

Abdominal wall hematoma 2 1.2%

Surgical emphysema 5 2.9%

Abscess formation 1 0.6%

Spine injuries

Fractures 15 8.8%

Extremity injuries 132 77.2%

Upper limb fractures 69 40.4%

Lower limb fractures 48 28.1%

Muscle injury 6 3.5%

Ligament injury 3 1.8%

Marrow contusion 6 3.5%

CT scanogram

Foreshortening 6 3.5%

Vascular injuries

Vascular occlusion 8 4.7%
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Brain scans showed evidence of cranial injuries in 53 (31%)
of patients in the form of either early injuries, e.g.,
hemorrhage, or late injuries, e.g., encephalomalacia (Fig. 2).
Maxillo-facial injuries were depicted in 70 (41%) of pa-

tients; most commonly in the form of facial or orbital
bone fractures and most seriously in the form of globe
rupture. Associated injuries were also depicted, e.g.,
hemosinus (Fig. 1).
In chest scans, chest wall fractures were the most

commonly observed injury (Fig. 3a), followed by

lung contusion or laceration and pneumothorax (Fig.
3c and d).
Reviewing abdominal scans revealed solid organ injur-

ies (n=12, 7%) to be the most common combat-related
abdominal injury, more frequently involving the liver
(n=9, 5.3%) (Fig. 3a, and b), followed by the kidneys (n=
3, 1.8%), Associated late complications, e.g., intramuscu-
lar abscess formation (Fig. 4a, and b) were also detected.
Spinal fractures were recognized in 15 (8.8%) patients

(Fig. 4c), upper limb fractures in 69 (40.4%) of patients

Fig. 1 CT scan of the facial bones of a 22-year-old male. a, b Axial bone window showing a bullet at the ethmoidal air cells and right medial
orbital wall fracture associated with hemosinus. c Coronal bone window showing right medial orbital wall fracture and intra-orbital shrapnel. d
Axial soft tissue window showing ruptured right eye globe with vitreous hemorrhage

Fig. 2 CT scan of the brain of a 43-year-old male. a Axial and b sagittal soft tissue window showing left frontal bone fracture with underlying
shrapnel and encephalomalacia. c Axial bone window showing associated left frontal hemosinus
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(Figs. 3e and 5), and lower limb fractures in 48 (28.1%)
of patients (Fig. 3f), making fractures the most frequent
combat-related injury by far. Associated injuries, e.g.,
muscle injury (Fig. 6), were also encountered.
In 8 (4.7%) patients, vascular abnormalities were iden-

tified in the form of abrupt vascular occlusions (Fig. 7),
while metallic fragments with no related vascular abnor-
malities were detected in 7 (4.1%) patients.

Discussion
Over the past few years, our Egyptian tertiary hospitals
have received many injured patients from nearby coun-
tries where wars are rising.
The ongoing conflicts in these countries do not only

impact military personnel, but also have an immeasur-
able effect on the civilian population. Since many hospi-
tals across these countries have been hit and are now

Fig. 3 Male patient 30 years old. a, b Axial contrast-enhanced CT of the abdomen showing a bullet at the hepatic dome and shrapnel at the
right diaphragmatic copula associated with comminuted fracture of the right 10th rib (blue arrow), liver laceration (red arrow), and subcapsular
hematoma. c Chest X-ray posteroanterior view and d CT chest axial lung window of the same patient showing a bullet at the right lung apex
associated with hydro-pneumothorax. e Right forearm X-ray of the same patient in posteroanterior (left) and lateral (right) views showing
comminuted fracture of the distal ulna. f Right leg X-ray of the same patient in antero-posterior view showing comminuted fracture of the fibular
shaft and shrapnel

Grace et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:126 Page 5 of 10



semi-functional or destroyed [4], patients are transferred
to more secure and more efficiently equipped nearby
countries, such as Egypt.
Being a rising subject in the last few years, only a few

researchers studied the firearm and missile injuries in
conflict zones; either focusing on the cranial and max-
illofacial injuries as in Pabuscu et al. study [5] or de-
scribing the types and patterns of injuries as in Wild
et al. study [2], yet, not from a radiological point of view
as in our study.
Our role as radiologists is to determine the exact sites

and types of combat-related injuries, the associated soft
tissue, bone, or vascular injuries, as well as the possible
delayed or postoperative complications.
According to the study conducted by Wild et al., pa-

tients with conflict-related injuries were predominantly
males, and most of them were of young age with a mean
age of 26 years [2].
Also, Bodalal and Mansor found that the incidence

rates of gunshot injuries indicate strong male predilec-
tion with males being over 20 times more likely to be

shot during the war than females and that the average
age of gunshot patients was 28.32 years [6].
This was more or less consistent with our study in

which all patients were males with a mean age of 28.9
years.
In Pabuscu et al. study, bullets and metallic foreign

bodies were identified in 70.7% of patients wounded by
gunshots and fragmentation bombs [5], whereas in our
study, 61.4% of patients displayed bullets and metallic
foreign bodies of different sizes and shapes in different
locations of the body, but in the remaining 38.6%, the
bullet or the metallic fragments did not lodge in the pa-
tients’ bodies.
Wild et al. stated that the extremities were the most

common anatomical regions involved by combat-related
injuries composing 33.5% of them, followed by head and
neck injuries in 18%, and soft tissue wounds in 14%,
while thoracic and abdominal injuries were less common
and accounted for 10.4 and 7.5%, respectively [2].
Similarly, Bodalal and Mansor declared that 68.9% of

gunshot injuries occurred in the limbs with the lower

Fig. 4 Male patient 23 years old. a Axial and b coronal contrast-enhanced CT of the abdomen showing marginally enhancing intra-muscular
abscess at the left back muscles. c Sagittal (left) and axial (right) CT bone window of the lumbar spine of the same patient showing fracture of L4
left transverse process (red arrow)
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limbs most commonly affected, followed by the upper
limbs and the chest [6].
In concordance with these studies, injuries involving

the musculoskeletal system of the extremities were the
most frequent in our patients representing about 77.2%,
followed by maxillofacial injuries in 41%, chest injuries

in 32.1%, cranial injuries in 31%, and abdominal injuries
in 21.1% of patients.
Among the extremity injuries, fractures were the most

common comprising about 68.5%. In fact, bone fractures
were by far the most prevailing type of injury across all
systems in our study as upper limb fractures were

Fig. 5 Male patient 25 years old. a Left elbow X-ray lateral view, b left forearm X-ray posteroanterior (right) and lateral (left) views, c sagittal, and
d axial CT bone window of the left elbow showing anterior dislocation of the left radial head and left ulnar shaft comminuted fracture. e Coronal
and f sagittal CT bone window of the left hand of the same patient showing left index finger proximal phalanx comminuted fracture

Grace et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:126 Page 7 of 10



encountered in 69 (40.4%), lower limb fractures in 48
(28.1%), maxillo-facial fractures in 26 (15.2%), spinal
fractures in 15 (8.8%), chest wall fractures in 21 (2.3%),
and calvarial fractures in 9 (5.3%) patients.
Comparing combat-related civilian injuries to military

personnel injuries from literature revealed similar injury
patterns between the two groups, as the consensus
through current war trauma literature is that between 65
and 70% of war wounds involve the musculoskeletal sys-
tem [7]. Also, Cameron and Owens state that the burden
of musculoskeletal combat-related wounds in military
personnel is very high with extremity wounds represent-
ing 54% of all wounds [8].
Likewise, Griffiths and Clasper declare that 70% of

all wounds encountered during combat induced by
various mechanisms such as bomb blasts and bullets
affect the extremities with the lower limb predomin-
antly affected [9].

In addition, Chandler et al. 2017 found that combat
injuries more commonly involve the extremities than
other body parts with fractures being the most fre-
quently recorded injury and the lower limbs the most
frequently involved site [10].
Similarly, Maričević and Erceg described the highest

percentage of all combat injuries to the extremities ac-
counting for 75% with bone fractures seen in 62% of the
patients and the lower extremities the most commonly
involved [11].
Although in Bodalal and Mansor study vascular lesions

were very common, they were the least frequent type of
injury in our study detected only in 4.7% of patients [6].
However, this was in similarity to military injuries de-

scribed by Maričević and Erceg showing that gunshot
wounds and fractures were relatively rarely associated
with vascular injuries, although soft tissue wounds were
frequently present [11].

Fig. 6 Male patient 22 years old. a X-ray anteroposterior view and b coronal CT bone window of the right shoulder showing proximal right
humeral shaft fracture. c Coronal STIR and d axial gradient of the right shoulder of the same patient also showing the proximal right humeral
shaft fracture with surrounding bone marrow edema and associated deltoid muscle partial tear (red arrows)
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Conclusion
In conclusion, radiological assessment aids in the evalu-
ation of patients coming from conflict zones pre- and
postoperatively to recognize the precise sites and types
of their injuries, the number and location of metallic
shrapnel or bullets, and detection of possible associated
complications, which aid in accurate demonstration of
the extent and patterns of combat-related injuries and
guide the management plan.
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