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Abstract We report our experience in implementing CT
multiplanar reformats (MPRs) to demonstrate the trajectory
of penetrating trauma. It is an easily learned tool that can be
conveniently and speedily applied in the fragments injury.
We describe the detailed technique of performing MPRs,
depicted by various examples. Furthermore, benefits and
limitations of the technique (such as numerous fragments,
change in position and respiratory phase, and embolization
of fragments) are presented. We conclude that MPRs in the
fragments trajectory can be helpful for accurate and fast
diagnosis of injury. In addition, MPRs serve as a vivid
presentation of injured and spared organs.
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Introduction

Multidetector CT (MDCT) has been reported to be of the
high value in diagnosis of an injury caused by penetrating
trauma [1, 2] including terror bombings [3]. Increasingly
more CT studies are now performed with 16 or more
detectors scanners in the isotropic or nearly isotropic
acquisition mode that allows performance of multiplanar
reformats (MPRs). MPRs have been shown to be very

useful in variety of diagnostic challenges, such as diagnosis
of urinary stones [4], small bowel obstruction [5], acute
appendicitis [6], and staging of rectal cancer [7]. In trauma
settings, MPRs are reported to be used for diagnosing acute
vertebral fractures [8], right hemidiaphragmatic rupture [9],
and in the forensic investigation of penetrating projectile
[10, 11] and non-projectile [12] injury.

Here, we report our experience in implementing CTMPRs
to demonstrate the trajectory of penetrating trauma. We show
how this technique helps in understanding the trauma
mechanism, leading to a more focused evaluation of structures
in the presumed proximity of the trauma trajectory.

Shrapnel or penetrating fragment injury

The word shrapnel is derived from the name of Major-
General Henry Shrapnel (1761–1842), an English artillery
officer, who developed a new type of artillery shell. The
term originally referred only to the spherical shot or musket
balls dispersed when a shrapnel shell bursts, and this is still
the strict technical definition of the term. However,
“shrapnel” is now commonly used to describe all types of
high-velocity fragments thrown out from an explosion and
does not differentiate among the processes that create them.

The shrapnel or penetrating fragment injury (technically the
correct term) is a subset of a blast injury. It may be both high
and low energy injury—depending on the shape, size, weight
of the fragment, and distance from the explosion. The initial
velocity of the fragment is up to 1,800 m/s, but it decreases
rapidly due to irregular shape and lack streamlining [13].

Propagation of a fragment traveling in the body depends on
the tissue resistance. Most of the fragments travel in relatively
straight fashion, rarely deflecting significantly, unless they
meet a bony surface [14]. As an entry and exit wound (or
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alternatively a retained fragment in the body) can be usually
identified,MPR along the fragment trajectory can be performed.

During second Israel Lebanon war, most of the civilian
injuries and large part of military casualties were caused by
explosives (locally called “Katyusha” [1]) that contained
numerous small lead balls (Fig. 1). As our hospital cared
for most casualties during the war, we acquired a significant
experience with the fragment trauma. We found that
performance of MPRs in the trajectory of penetrating
trauma allowed fast and accurate delineation of injured
organs, in addition to vivid presentation of fragment
trajectory to the treating physician.

Case series—patients and methods

This study was approved by Institutional Ethics Review
Committee with a waiver of informed consent.

The cases were gathered during the days of second
Israel–Lebanon war in July–August of 2006. Our hospital
received both civilian and military casualties. Five hundred
eleven injured patients were treated at our hospital. Of the
404 patients who underwent radiological investigation as
part of their trauma workup, 173 (43%) underwent total
body CT that included head, cervical spine, chest, and
abdomen CT.

CT studies were performed on a Brilliance 16-MDCT
scanner (Philips Medical Systems, Best, The Netherlands),
with intravenous injection of 120 ml nonionic iodinated
contrast material [Iomeron (iomeprol), 300 mg I/ml,
Bracco] at a rate of 3–4 ml/s using a power injector. The
CT scan was acquired with detector collimation of 16×
0.75 mm and slice thickness reconstruction of 3 mm with
1.5 cm overlap. CT angiography studies were done to rule
out arterial injury with detector collimation of 16×0.75 mm
and slice thickness reconstruction of 2 mm with 1 cm
overlap. No oral contrast was administered.

The MPRs were performed by the board-certified
radiologist and the resident in the last year of training
according to flow chart (Fig. 2). The MPR injury depiction
value was graded 1–5 (Table 1), 1 adding no value and 5
contributing excellent value, in two profiles—diagnostic
and demonstrative. For the diagnostic grading, 1 meant no
additive diagnostic value of MPR due to superficial injury,
or when injury occurred in axial plane, blast injury, and
numerous fragments. Grade 3 was given when injury tract
was in two planes and was reasonably well depicted at axial
planes, but there was some additive diagnostic value of
MPR images. Grade 5 was given when the injury occurred

Fig. 1 Lead balls from the filling of theKatyusha in the hand of a bystander

Fig. 2 Flow chart of MPR
technique for identification
of the shrapnel injury trajectory
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in three planes, was a deep injury, and included numerous
organs. For the demonstrative profile, grade 1 was given

when no additive presentation value was acquired from
MPR images; grade 3 showed the mechanism of injury, but

Table 1 Grading system of multiplanar reconstructions in two profiles: diagnostic and demosntrative

Diagnostic profile Demonstrative profile

Grade 1 No additive value (due to superficial injury, or when injury
occurred in axial plane, blast injury, and numerous fragments)

No additive demonstrative value

Grade 2 Small parts of injury tract require MPRs to rule-in/rule-out damage
along the injury tract

Parts of injury tracts can be demonstrated,
but not entire tract in one image

Grade 3 Injury tract reasonably well depicted at axial plane with some
additive diagnostic value of MPR images

Mechanism of injury is demonstrated, but not
inclusive of all damage

Grade 4 Helpful to elucidate on mechanism of injury Good demonstration of injury mechanism, but plane
of imaging is difficult to understand

Grade 5 Excellent value (injury in three planes, deep injury,
include numerous organs)

Excellent value (clear depiction of mechanism
of injury and all damage)

Table 2 Clinical description of 27 patients with penetrating shrapnel trauma and grading of MPR value for the depiction of injury trajectory

Age Sex Shrapnel
parts (s, single;
m, multiple)

Injury sites MPR injury
depiction value (1–5:
1, none, 5, excellent)

Lungs Liver GU GI MSK Subcutaneous
tissues

Muscles Blood
vessels

Other Diagnostic Demonstrative

1 40 f s No No No No No No Yes No No 1 1

2 22 m m No No Testes No No Yes No No Yes 3 4

3 28 m s No No No No No Yes No No No 1 1

4 36 m m No No No No No Yes No No No 1 1

5 51 m m No No Testes Yes No No No No No 1 1

6 19 m s Yes No No No Scapula No No No No 5 4

7 6 f m No No No No No No No No No 1 1

8 45 m m Yes No Testes No Ribs No No Yes No 5 5

9 20 m m Yes No No No Chest wall No No No No 5 4

10 25 m m No No No No No No Yes No Yes 1 1

11 24 m s No No No No No Yes Yes No No 1 1

12 22 m s No No No No No Yes Yes No No 1 1

13 21 m m No No No No No Yes No Yes Yes 1 1

14 38 m s No No No No No Yes Yes No No 1 1

15 32 m m Yes No No No Ribs Yes No No No 5 5

16 21 m m No No Testes No No Yes Yes No Yes 1 1

17 24 m m No Yes No No Ribs Yes Yes Yes No 5 4

18 27 m m No No Testes No No No No No Yes 3 4

19 36 m m Yes Yes Kidney No ribs Yes No Yes Yes 5 5

20 20 m s No No No Rectum No No No No No 2 5

21 32 m s No No No No Chest wall No No Yes No 5 4

22 33 f s No No No No Spine No No No No 1 1

23 24 m s Yes No No No No No No No No 3 3

24 40 m m Yes No No No Ribs No No No No 5 5

25 45 m m Yes Yes Kidney No Spine Yes No No Diaphragm,
adrenal

5 5

26 23 m m No No No No Scapula,
spine

Yes No No No 5 4

27 27 m m No No No No No Yes Yes No Yes 1 1
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may be not inclusive of all damage; grade 4 was given
when MPR shows well the mechanism of injury, but may

be difficult to understand due to unfamiliar imaging plane;
and grade 5 represented “one image demonstrate all injury”
with clear depiction of the mechanism of injury.

Fig. 5 A 36-year-old injured soldier (patient 19 of the study list).
Axial CT slice (a) shows large piece of shrapnel medial and posterior
to right kidney. An MPR image (b) shows the shrapnel trajectory
through subcutaneous tissues of the right lateral chest wall, costo-
phrenic angle of right lung, liver, and upper pole of right kidney. Note
the unaligned trajectory lines for liver and kidney due to the different
respiratory phases during injury and CT scanning

Fig. 4 A 20-year-old soldier (patient 9 of the study list) with
extensive injury to his right chest. Axial CT image (a) shows
extensive lung contusion, minimal pneumothorax with chest tube in
pleural cavity, numerous fractured ribs, and large subcutaneous
emphysema with small bits of shrapnel both in the chest wall and
possibly in the lung. The imaging findings are consistent with both
blast and penetrating injuries. Such devastating penetrating injury
would have caused serious injury at the point of entry. An MPR image
(b) easily identifies the point of entry and extent of injury. Another
MPR image (c), slightly off the trajectory site, identifies the
subclavian artery, which was uninjured, even though it is surrounded
by numerous bits of shrapnel

Fig. 3 A 23-year-old soldier (patient 26 of the study list) wounded
during active duty. Axial CT slice (a) shows piece of shrapnel at right
lateral chest wall. There are no clues as to where the shrapnel came

from. MPR image (b) shows that the same piece caused fracture of the
scapula body, thus pointing to a point of entry that is posterior and
lateral, far from the big vessels and other vital structures

46 Emerg Radiol (2012) 19:43–51



Case series—results

Twenty-seven patients had penetrating torso trauma out of
173 patients that underwent total body CT (Table 2). These
cases were identified through the review of CT reports of
all trauma patients scanned during the time period of the
war. In ten cases (37%), a single fragment was identified,
and in 17 (63%) cases, multiple fragments were seen. In ten
cases (37%), MPRs along the injury trajectory were found
to add information about the mechanism of injury, its exact
trajectory, and injured or spared organs, and in six cases
(22%), MPRs were found to provide the treating physician
a vivid and intuitive demonstration of the injury. The cases in
whichMPRswere found to be less contributive included cases
with superficial injury, mostly muscle and subcutaneous tissue
injury, multiple fragments, and injury occurring in the axial
plane. Some of the cases are presented in Figs. 3, 4, 5, 6, 7, 8,
and 9).

Technique—an isotropic dataset

As prerequisite for diagnostically acceptable MPRs, a CT
study should be acquired in an isotropic manner, meaning
that an image voxel has equal and sufficiently small width,
height, and depth [15–17], thus producing MPR images

without artifacts. In our hospital, at the time of the second
Israel–Lebanon war, we had a 16-slice CT. Trauma studies
were acquired with the above-described technique, which
produced voxel size of 1.5×0.78×0.78 mm for regular
trauma studies and voxel size of 1×0.78×0.78 mm for CT
angiography studies. Even though both datasets are not
fully isotropic, we have found that it was possible to
produce diagnostic MPRs with minimal artifact. With the
widely available 64-slice CT machines, acquiring isotropic
data is a routine, thus allowing better performance with
MPR.

Technique—identification of entry point

A thorough search should be undertaken to identify all
entry points, which are usually smaller than the exit wound
[10]. When a fragment passes through the bone, identifying
the direction of injury is easier as it will cause beveling in
the direction of travel (Fig. 7b), meaning that the entry site
is sharp edged, while the exit side shows large inward-
sloped bevel [18]. It is important to use a wide window
level (soft tissue or lung window) to identify interruptions
of the skin and soft tissues (Fig. 4b), findings that may
point to the entry site. In many cases, the entry area will
be obvious due to the significant disturbance of the tissue,

Fig. 6 A 45-year-old civilian
(patient 25 of the study list)
injured by a falling rocket while
driving his car. Scout view
shows a small piece of shrapnel
medial to spine in right
upper abdomen (a). Axial CT
image (b) shows an irregular bit
of shrapnel just lateral to
the aorta. An MPR image (c)
shows the exact details of
the trajectory: subcutaneous
tissues of the right lateral chest
wall, possibly right costophrenic
sinus, liver, right adrenal,
and right diaphragmatic crus
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but the exact entry point needed to perform accurate
reconstructions of the shrapnel trajectory will be difficult
to locate.

It has been shown previously that fragmentation of high
velocity bullets creates a “snowstorm” appearance on the
radiograph (Fig. 4b), meaning that the area over which
fragments are deposited widens as the distance from the
entry site increases [19–21]. This pattern produces conical
distribution of lead fragments with the cone apex pointing
toward the entry site. This sign, which was first described
on the conventional X-rays, can be used with CT, especially
on MPR images to identify the entry point.

Technique—identifying exit wound or fragment
in the body

When a fragment has low velocity or meets high resistance,
it will stop in the body at some point of its trajectory. It is
easily identified—with a high-density structure, usually

with streak artifact due to its lead content and irregular
when it consists of shrapnel (Fig. 5b) or regular when it
comes from lead balls of the Katyusha’s payload (Fig. 6a).
For the fast search of a retained fragment, a CT topogram
(Fig. 6a) or plain radiograph can be used. It is particularly
useful when there is only one fragment involved. However,
when a number of fragments had inflicted the injury, a
thorough search for multiple exit wounds should be done
with a technique identical to the search of entry wound—
using wide windows to detect interruption of the skin and
attenuation changes in the soft tissues.

When no fragment is identified throughout the body, a search
for exit wound should be performed. The exit wound is usually
larger than the entry wound and show everted edges [22]. The
typical outward beveling of the bone can be seen at the skull
wounds [23]. Similar findings can be seen at times in the soft
tissues. Furthermore, when there is a shower of fragments in
the same direction, one can assume a common path to all of
them, and then there is no need to track each separately.

Technique—fragment trajectory

The next step is to perform MPRs along the presumed
course of the projectile using an imaginary line connecting
the two previously identified points: entry and exit wounds.
When the trajectory of injury is identified, every structure
in the presumed field of injury should be scrutinized for
signs of the injury: slight irregularity in the vessel wall,
signs of active bleeding, lacerations of solid organs, etc.

In many cases, the trajectory will not constitute a straight
line between these two points due to various reasons
explained further. Clues to the accurate fragment trajectory
come from alteration in the tissue attenuation due to local
hemorrhage, gas, and fragments that are left along the track
with their concentration highest along the axis of the injury.

Limitations

Change in body position

Patient may not be in the same position when injured and
imaged. Body CT is performed with the patient in supine
position with arms elevated—unnatural position for civilians in
their daily activities or running from explosion or for soldiers
during active fighting. This may result in a false curved or
truncated appearance of the fragment trajectory at the CT.

Change in inspiratory phase

Patient can be in different inspiratory phase when injured and
imaged. Body, especially chest imaging, aspired to be

Fig. 7 This 40-year-old civilian (patient 24 of the study list) was
wounded by rockets at his workplace. The patient suffered multiple
shrapnel injuries, mostly in his left chest. In addition, another piece of
shrapnel was located at the right lung apex (a). It was vastly important
to identify the origin of this shrapnel in order to rule out its passage
through the mediastinum and possible injury to great vessels. An MPR
image (b) shows that the shrapnel came through the posterior lower
neck and caused some hematoma and subcutaneous emphysema, rib
fracture, and lung contusion
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performed in the end of inspiration [24]. Not every patient will
cooperate: Unconscious patient or patient in pain will not be
able to control respiration as needed. Therefore, it is hard to
predict the respiratory phase of the trauma patient during
imaging. Similarly, the patient can be at any respiratory phase
when injured. Therefore, it is impossible to image the patient
at the same respiratory phase. This will cause truncations and
false alterations of the fragment trajectory (Fig. 5b). This
effect is most accentuated in the organs that move extensively
during respiration—chest and upper abdomen.

Change of fragment direction

The course of a fragment within the tissues may be irregular
due to tumbling effect or ricochet [25]. In the cases presented
herein, these effects were negligible: The lead balls that filled
Katyusha’s missile were round and regular and thus had
relatively straight trajectory. Nevertheless, these effects can
be more pronounced in the fragments injury.

Small and numerous fragments may ricochet one
from another, inducing additional injury in the tract

Fig. 8 A 24-year-old soldier
(patient 17 of the study list)
with severe multiple injuries. A
large piece of shrapnel was
identified in the left part of the
pelvis with retroperitoneal air
and a little fluid (a). A subcuta-
neous hematoma was surpris-
ingly seen in the right buttock
(arrow). A MPR (e) from three
oblique planes (b–d) was
performed to show the shrapnel
trajectory, indicating the origin
of the retroperitoneal air—
rectum injury. Another severe
injury in this case was an
internal iliac AV fistula, which
was not apparent at the
presentation, even though the
MPR images do suggest this
possibility in retrospect
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itself. Some of them will be deflected from the original
trajectory direction.

Another cause of the change in the fragment direction is
ricochet from the bony surface in the body. All these changes
in injury trajectory can be identified and followed through
alterations in the tissue attenuation, keeping in mind the
above-mentioned mechanisms of the ricochet.

Embolization of fragment

There are a number of reports about embolization of fragments
through a vascular structure [26, 27]. The prerequisite for such
situation is a small fragment that acquires an anatomical
access to the vein or artery. The fragment will be found at the
some distal point of the vessel, after a movement along the
direction of the vessel. If a vein is involved, then the fragment
may be found in the heart chambers or even in pulmonary
arteries. If an artery is involved, then the fragment can be
found in the peripheral artery. We have not encountered such
case in the current case series, but this rare entity should be

kept in mind when injury tract cannot be aligned with the
fragment.

Multiple fragments

The biggest challenge constitutes cases withmultiple fragments.
It can be very hard and virtually impossible to recognize the
entry point and direction of each and every fragment. Intersect-
ing and comingling paths were found to be a major limitation
for the recognition of the gunshot wound direction in the virtual
autopsy series [11]. Still, the general direction of the injury can
usually be outlined, in a similar way as for lone fragment.

Benefits

For radiologist

Trauma CT reading can be very time consuming as well as
challenging and complicated. Usually, rapid reading is needed

Fig. 9 A 45-year-old civilian
(patient 8 of the study list)
injured by a rocket during the
first days of the war. Shrapnel is
seen in the left lower lobe of
lung (a). Traumatic pneumato-
celes (b) along the course of
the shrapnel could be followed
up to the lung apex, where
the first rib fracture was identi-
fied (c). Delineating the shrapnel
trajectory in this case could
be tricky and lengthy, whereas
MPR (d) clearly shows the point
of entry and the end point of
the shrapnel. The entire trajec-
tory does not lie exactly on
the same line due to differences
in breathing and postural
position between time of injury
and CT scanning. An
additional MPR (e), therefore,
completes the picture
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as critically injured patients should be treated and in the
scenario of multiple casualties. Understanding the exact
mechanism of injury is a prerequisite for timely and accurate
diagnosis of the traumatic injury. MPR is an easily learned
tool that can be conveniently and speedily applied in the
fragment injury.

This technique has been used increasingly lately, as it
becomes widely available and easy and fast to use. It
should be noted, however, that the radiologist performing
MPRs for injury trajectory should not neglect regular
reading of the entire CT dataset, scrutinizing all organs
for injury.

For clinician

MPR serves as an immediate and intuitive explanation of the
injury to the treating physician, both depicting injured organs
andmechanism of the injury. MPRs provide three-dimensional
depiction of the injury, similar to the operating field, making
the planning of surgery more efficient. In addition, given the
time constraints of managing trauma patients, everything that
helps to provide prompt diagnosis and thus prompt treatment is
of high value.

For patient

The most important end point is that MPR helps to direct the
surgeon to operate when needed and to avoid deep surgical
exploration when not needed.

Conclusion

Protocol of MPR performance is presented herein. MPRs in
the fragment trajectory can be helpful for accurate and fast
diagnosis of injury. In addition, MPRs serve as vivid
presentation of injured and spared organs to the treating
physician.
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