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ABSTRACT
Civilian gunshot injuries from handgun and rifle ammunition vary in severity depending on the

anatomic location involved and the different effects from the ballistic properties of the penetrating
projectiles. Ballistic factors such as the impact velocity and energy should not be considered in
isolation, as their specific effects are determined by the interaction between the projectile and
tissues. Increased tissue damage can result from tumbling of non-deforming rifle bullets and
deformation of expanding bullets. Both of these mechanisms increase substantially the energy
transfer to the wound and its diameter, also producing a pulsating temporary cavity associated
with pressure changes within tissue.

extentin connection to ballistic aspects

Kneubuehl [11] in Europe, and Vincent DiMaio[12] in the US.

ballistics”[1,2]

indicating the study of the wounding mechanisms of

missiles

[3] ,

with major

contributions by two influential forensic scientists, Beat

1. Introduction
Since the introduction of the term “wound

[9-10],

extensive experimental research on this

field has beenconductedby investigators with a military
background [4-7]. In the context of wound ballistics, the

term missile is used to denote various types of small

projectiles, such as bullets and fragments, that have
enough kinetic energy to penetrate a living

target [8].

Civilian gunshot injuries have been studied to a lesser
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W hereas the severity of any penetrating injury is

eventually related to the vicinity of the wound track to vital

organs and large vessels, the nature of gunshot wounds

(GSW)is

influenced by the dynamics of the projectile and

the local reaction of the penetrated tissue [13-16].These two

aspects reflect the complex projectile-tissue interaction

which takes place during the penetration process

[14,17,18],

accounting for the scientific approach to these injuries
both from a physical (ballistic) and biological (“wound”)

point of view[16]. Therefore, a complete understanding of

this process requires a basicknowledge of the ballistic
factors implicated in tissue wounding. T his paper

reviews ballistics of GSW inflicted by handgun and rifle

ammunition. S hotgun injuries are not included in the
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present discussion as they differ from bullet injuries from
a ballistic point of view.

(Figure 1),

which improves their ballistic performance at

the supersonic velocity range. With the exception of the

newest lead-free designs, these bullets have the typical

composition of a lead (“soft”) core protected against friction

from the barrel by a shell (“jacket”) of harder metal such

2. Ballistic behavior of the bullet
The common characteristic of all firearms is a tube of

variable length called barrel, with a chamber attached that

as a copper alloy or plated steel, which completely covers

the lead core at the nose (but remains open at the base for
manufacturing purposes) in order to prevent deformation

receives the cartridge (the unit of ammunition) containing

during soft tissue penetration, a construction designated

accelerated down the barrel to a final muzzle velocity

have round or flat nose.

the bullet, the propellant, and the primer. The bullet is
under the high pressures built up by the expanding gases
from the combustion of the propellant

[19,20].

as full metal-jacketed (FMJ)

[13,20,25].

FMJ handgun bullets

During this

phase, the bullet attains a simultaneous rotatory movement

(spin)

as it is engaged by the spiral grooving of the interior

of the gun barrel. T his is an important feature called
rifling, which necessitates that the diameter (caliber) of the

bullet matches the internal diameter of the barrel. Since

bullets are essentially axisymmetric bodies designed to

afford the minimum area of presentation combined with

the maximum possible mass, the spin is necessary for
appropriate orientation of the bullet during flight with its

tip (nose) pointing forward [2].

Projectiles are customarily classified as “low-“ or “high-

velocity”, roughly corresponding to the two main categories

of small arms, handguns and rifles [4,21]. While low velocity
is generally considered synonymous to subsonic ( less

is considered to start approximately at 600-700 m/s, above

Figure 1. Examples of modern military rifle cartridges: 7.62 mm
NATO (left), 5.56 mm NATO (chambered in the M16 rifle) (middle),
7.62 × 39AK-47 (Kalashnikov) (right). Military ammunition
terminology uses metric system with bullet diameter expressed in
mm.

or intermediate velocities (350-600 m/s) [4] are achieved

D uring flight, bullets are subjected initially to the

than 350 m/s)

[4,21],

the high velocity range is less well

defined. In the context of wound ballistics, high velocity
which “explosive effects” are commonly seen[4]. Medium

by more powerful handguns, such as those using Magnum

ammunition [21].

The nose contour and the mass of the bullet are important

destabilizing effects of the escaping gases from the muzzle

of the gun [26], and thereafter to the drag forces from the air

resistance which increase with bullet velocity

[4].

Because

for the maintenance of its velocity and energy during flight

these forces concentrate on the anterior part of the bullet

tables [23], the muzzle energy is considered to decrease

overturning moment emerges, most prominent on spitzer

beyond 100 m for rifle bullets

diverge from the line of trajectory [13,26-28]. This divergence

[22].

B ased on the measurements published in ballistic

significantly beyond 45 m for most handgun bullets, and
[21] . U nfortunately,

civilian GSW are inflicted from an average of 10 m [24].

most

Modern military (assault) rifles launch their projectiles

at 700 - 960 m/s. M ilitary rifle bullets have a slender
streamlined profile with a so-called spitzer (pointed) nose

while its center of mass is located towards its rear, an

bullets, which causes the bullet’s longitudinal axis to

is called yaw and is expressed by the angle between the
bullet’s axis and the velocity vector

[2,19,25,29,30].

Because

of the spin, yawing results in a complex spiral revolution

of the bullet’s tip in space about its center of mass, which
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isknown as precession, similar to the disturbance of a

tissue resistance causes these bullets to become flattened

under the gyroscopic stabilization by the spinprecession

do not yaw [16].Hollow-point rifle bullets are mandatory

spinning top knocked sideways [26] (Figure 2). However,
displays a declining amplitude with distance [26].

or deform into a mushroom shape [13]. Deformed bullets

for hunting purposes in order to produce instant “humane”
killing of the animal [13], but are strictly prohibited for

military purposes under the Hague Convention of 1899

Figure 2. Condensed drawing demonstrating bullet yaw with
precession (left),proceeding to tumbling (right). Arrow indicates
direction of bullet movement.

When an FMJ bullet penetrates tissue, the resistance

encountered resulting in its retardation affects its stability

and occasionally its integrity, because tissue density
is about 800 times greater than that of air and the spin

can no longer maintain the bullet’s previous orientation
[29]. Over a certain distance, which varies depending on

as they cause “excessive” wounding [14].Hollow-point

handgun bullets (Figure 3) are in use by some police forces,

because deformation of a low-velocity projectile prevents
over penetration of the target, which otherwise could result

in accidental wounding of bystanders.

3. Energy transfer characteristics of gunshot wounds
Several authors

[13,15,18,31]

have discussed the fallacy of

the type of the bullet, yawing becomes irreversible, and

describing the severity of GSW by means of the velocity

thereafter the bullet advancing base-forward [16,17,30]

wound ballistics, “low-velocity” and “high-velocity” can

within a sufficiently long path tumbling eventually occurs,
(Figure 2).

characteristics of the penetrating missile. In the context of

only refer to the circumstances of wounding, indicating
wounds from handguns and rifles respectively [32]. However,

the use of such terms as estimates of the wound itself is
inaccurate and potentially misleading, as it is based on the
erroneous impression that theextent of wounding is directly

proportional to the impact energy of the projectile, which is
greatly influenced by its velocity according to the familiar

kinetic energy formula (KE=1/2mv2)

[33].

In fact, it is only

the energy deposited to the tissues that is transformed

to work resulting in tissue disruption

[8,14,28] .

A lthough

the effects of rifle bullets can be far more destructive
compared to handguns because of their higher energy[32],

almost all of these so-called “explosive” effects can be
traced to the phenomenon of cavitation

Figure 3. Different handgun bullet construction: semi-jacketed
hollow-point (SJHP) on the left, and full metal-jacketed round nose
(FMJ RN) on the right. Both cartridges are 9 mm Luger.

T he other major type of bullet construction is the

deforming or expanding bullet which sustains an increase

[3],

a prominent

manifestation of high-energy transfer, as described below.

At the other extreme, a non-deforming(FMJ) rifle bullet

traversingin stable flight a limited width of soft tissue will

spend only a small fraction of itsenormous kinetic energy

[4].

Therefore, it is more appropriate to think in terms of

energy transfer (or deposition)to the wound in order to

in diameter within the target. This includes solid lead

outline its extent and severity rather than concentrating on

bullets which have the tip of the lead core either simply

M oreover, the extent of tissue damage along the

bullets, and the specifically designed partially jacketed
left exposed (jacketed soft-point bullets, JSP) or hollowed

(semi-jacketed

hollow-point bullets, SJHP). Upon impact

the physical properties of the missile [4,15,29].

wound track may varyas a result of non-linear energy

deposition

[14,34].

The rate of energy transfer to the wound
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is determined by the tissue resistance to penetration,

projectile’s surface

“presented” to the tissue[14,30]. The critical factor leading

of the escaping propellant gases into the tissue

track is any increase in the presented area, which invites

wound.

which is affected by the frontal surface area of the bullet

to higher amounts of energy deposition along the missile

drag forces of greater magnitude. T here are two main
mechanisms responsible for such an occurrence. With

yawing, the presented area of the bullet can only enlarge;
as the yaw angle approaches 90 degrees both the energy

transfer and the resulting wounding effect increase

[41,42].

In addition, in contact or close

range GSW, the injury is aggravated by the blast effect
Tissue burning

[4]

[12,31,43].

also occurs with bullets retained in the

4.1. Direct tissue damage
C rush injury followed by rupture of the tissue

encountered by the leading edge of the advancing bullet

markedly [35], as the bullet essentially severs tissue with

leads to the formation of the wound track [4,7,13,18,41,43]. This

and Kalashnikov AK-74 assault rifles yaw and tumble

immediately in the direct vicinity of the projectile [44]

the ubiquitous AK-47 rifle, thus creating large wounds

in low-energy GSW.

the presented area of the projectile,and alsothe diameter

of the projectile is commonly referred to as the permanent

all its length

[13,36].

The small-caliber bullets of the M16

significantly earlier than the twice heavier bullet used by

early in their path

[13].

The other mechanism increasing

of the wound track, is bullet deformation [15,37].

combination has been called prompt damage as it occurs

representing the predominant mechanism of tissue injury

The residual wound trackwhich remains after the passage

cavity

[2,4,7],

although the term “cavity” should probably

be reserved for the temporary cavitation phenomenon.

T he more comprehensive terms“permanent wound

channel”[16] and “permanent wound tract” [7] have been

4. Mechanisms of gunshot injuries

used indicatingthe central defect(permanent “cavity”)

A bullet retained within the tissues has delivered all

together with any surrounding area of irreversible tissue
damage[7], the latter resulting from the crushing effect of

its energy, creating a blind woundwith only an entrance

the overpressure mechanism and the potential disruption

through) wound may be produced, with the bullet leaving

undergoes necrosis and slough contributing to the

velocity bullet may exit the wound depending on the width

outer hemorrhagic area termed the extra vasation zone,

that at high impact velocities, above 550 m/s, a military

of macroscopically evident tissue destruction [4,16].

following a relatively straight course [38]. Exit wounds tend

4.2. Cavitation

aperture. A lternatively, a perforating ( through-and-

the body through an exit wound

[4] .

A lthough a low-

and density of the tissues traversed, it has been stated
rifle bullet will always exit an animal the size of a man,

to be larger and more irregular than entrance wounds,

typically as a result of bullet tumbling [18,30].

GSWare considered a special form of blunt trauma

[39].

from cavitation. Irreversibly damaged tissue subsequently
permanent “cavity” formation

[4].

It is surrounded by an

which is characterized by interstitial bleeding but absence

As the projectile is moving forward, tissue detaches from

the projectile-tissue interface, as a result of boundary

They do not consist simply in plain tissue penetration,

flow separation, and is subsequently accelerated radially,

of the projectile, and also indirect damage from temporary

the momentum imparted to tissue particles results in the

since they involve crushing due to overpressure in front

cavity formation in its wake region

[4,12,15,18,34,40,41] .

the same way as a speedboat displaces water

[30],

while

formation of a vacuum[3,16,41,42]. The underlying process

These mechanisms can be interpreted as a sequence of

called cavitation becomes clinically important at impact

an immersed body and the surrounding tissue with its

important feature in wound ballistics of high-velocity

fluid dynamic phenomena

[40],

with the bullet viewed as

high water content as “flowing” backwards around the

velocities exceeding 600 m/s[45], thus considered the most

projectiles[15,16,25].

Cavitation is an extremely dynamic
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phenomenon, which exceeds the capacity of the soft tissue

stretching due to tensile strain, but also from compression

missile. Because of this inertia, tissue displacement lags

interfaces within it

to yield to the pressurechanges created by the penetrating

behind the bullet, and the resultant deformity, known as
the temporary cavity, reaches maximum size within several
milliseconds after its passage

[3,4,34,45].

Subsequently, the

of the surrounding tissue as well as shearing of fascial
[3,40].

Although controversy still exists

regarding the relative importance of these effects and the
extent of the resultant necrosis in muscle tissue [4,7,34,35,48],

cavitation is clearly devastating in susceptible organs such

energy stored in any displaced tissue with enough elasticity

as the brain and liver [4,7]. In the extra vasation zone tissue

expansion and contraction ( “pulsations” ) following in

to tensile forces, namely the capillaries [4,16], and there is a

cause the cavity walls to collapse, with a few cycles of

injury results from tearing of the elements most sensitive

a waning fashion, until tissue settles in the form of the

direct relationship between the size of the temporary cavity

cavity is emphasized by the name “temporary”[16,40].

vacuum created during the expansion of the cavity causes

residual wound track. This short-lived character of the
Permanent"cavity"

and the width of the extravasation zone

[16].Moreover,

the

suction of foreign material and debris into the wound [49],on

top of the contamination already present from the bullet
surface, which is not sterilized from heating as commonly

believed[13,26]. T he clinical picture of a wound channel

which is bordered by contused and potentially necrosing

Narrow channel

Temporary cavity

Figure 4. Idealized drawing of temporary cavity formation (dotted
line) by military rifle bullet. The cavity expands in spindle-shaped
fashion as the bullet yaws and tumbles, after the initial narrow
channel. The residual wound track (permanent “cavity”) appears in
solid line.Arrow indicates direction of bullet movement.

The magnitude of the cavitation phenomenon is related

to the rate of energy deposition. T he study of military

rifle bullets in synthetic materials simulating muscle

tissue suggests that as long as the bullet moves within the

target without significant yawing, thus sustaining little
retardation, the wound track remains “narrow”, a little

wider than the bullet diameter

[16] .

A lthough this so-

called narrow channel also involves a minor temporary

tissue inoculated with bacteria represents the hallmark

of high-energy gunshot injury

[25,37,50] . T he

external

appearance of such a wound may be deceptive with respect

to the damage produced deep in the tissues. As previously

mentioned, however, a military rifle bullet may induce a
low-energy wound in case ofa perforating wound track no

longer than the narrow channel simulated for that type of
bullet [46].

4.3. Bone injuries
Ballistic bone injury is a more complex process than

penetration of soft tissue [51]. In general, bone tissue causes

marked retardation of the penetrating bullet [4,15,18], as

expected by its greater density compared to soft tissue and

cavitational effect [46], an expanding spindle-shaped cavity

its related mechanical properties, particularly its hardness

and becomes maximum in cross section when the bullet

up [18,54].

becomes evidentas the yaw angle increases irreversibly,

[52,53],

which may also cause the bullet to deform or break

yaws at 90 degrees causing wide separation of tissue

Drill-hole defects, which are characteristic of low-energy

energy transfer. FMJ handgun bullets may also yaw within

region of long bones because of the greater proportion

“flow” (Figure 4), consistent with a dramatic increase in
tissue but do not elicit significant cavitation because these
bullets are shorter than rifle bullets and their presented

area increases only negligibly with yawing [ 16]. On the

ballistic penetration, are more common in the metaphyseal

of cancellous bone and the associated energy absorptive
capacity which limits the extension of fracture lines

[55,56] .

H igh-energy ballistic impacts typically produce

other hand, deforming handgun bullets depending on their

comminuted fractures[ 56 , 57 ]from the explosive effects

T he damage produced by cavitation results from

marrow [3,16,52].Bone comminution is not uncommonwith

velocity give rise torelatively large temporary cavities [9,47].

of cavitation associatedwiththe fluid properties of bone

Panagiotis K. Stefanopoulos et al./ Journal of Acute Disease (2014)178-185

handgun injuries

[56,57]

and may resemble radiologically a

high-energy fracture, but the latter involves a much more

183

Large temporary cavities from FMJ handgun bullets have

been demonstrated in experimental models of ballistic

severely damaged zone of soft tissue [58].

brain injury[61]. Moreover, autopsy findings [62] and previous

4.4. Head injuries

[63]

animal studies suggest that the “ordinary” pressure waves

T he impact energy of the projectile, the angle of

interaction with the bony surface, and the underlying bone

thickness are important determinants of skull penetration
[12,20].

Tangential bullet wounds of the skull are known as

“gutter” wounds; they may involve only the outer table

or the full thickness of the bone [30]. Bullets capable of

entering the skull usually have enough remaining energy

to reach the opposite side either perforating through it or
becoming arrested without exiting[20]. This is commonly

associated with early destabilization or deformation of

the penetrating projectile, and also creation of bone

fragments which may act as secondary missiles

[40].

FMJ

bullets are more likely to perforate the skull and this

associated with cavitation, rather than theearly ballistic

pressure wave (“shock wave”), may be important causes in

the pathogenesisofrespiratoryarrestfollowinglow-velocity

ballistic trauma of the head,in the absence of significant

mass effect or direct involvement of brainstem structures
by the missile track.
5. Conclusion
The damage produced by penetrating bullets depends

on the amount of their impact energy that is delivered to

the tissues, the rate at which this occurs, and the local
response of the tissue zone subjected to cavitational

effects from high-energy injuries. Although the complex

likelihood increases with the caliber. However, the size

interactions of the projectile with the various tissuesresult

relationship to the caliber or muzzle energy of the bullet[12].

of the specific mechanisms that cause increased tissue

of the permanent wound channelin the brain bears no

in a wide range of ballistic injury patterns, awareness

The head representsa particular structure from a wound

destruction, namely bullet tumbling and deformation, will

expansion of the temporary cavity within it can only be

high energy transfer, which are also associated with a

ballistics point of view

[59].

The pressure buildup by the

relieved by bursting of the skull

[30],

as demonstrated with

high-velocity projectiles penetratingeither intact animal
heads [3] or human skulls filled with gelatin to simulate the

brain substance

[50].

By contrast, in the absence of a non-

compressible content with fluid properties to transmit the

pressure to the braincase, the only defects produced by
the same types of projectiles in the empty skull were neat

entrance and exit holes with no shattering of bone

[3,50].

The same mechanism of hydraulic pressure is responsible

for indirect fractures of the thin orbital plates almost
invariably produced by handgun bullets penetrating the

head[16,30,40].

Brain tissue has little tolerance to sudden increases in

pressure as it is firmly enclosed within an unyielding case,
and this appears to enhance the consequences of cavitation

assist recognition of the less common injuries involving
higher risk of infectious complications.
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