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5The Effect of Projectiles on Tissues

Jowan G. Penn-Barwell and Tom Stevenson

Many of the varieties between one gun-shot wound and another, arise from the difference 
in the velocity of the body projected; and they are principally the following. If the velocity 
of the ball is small, then the mischief is less.

—Sir John Hunter, 1794 [1]

Key Points
	1.	 Projectiles or rounds affect tissues in casualties by three mechanisms: gen-

eration of a shockwave, formation of a temporary cavity and finally the 
resultant permanent cavity or wound tract.

	2.	 Wounding patterns are idiosyncratic and difficult to predict.
	3.	 Significant tissue damage can sometimes be produced by lower-energy 

firearms and, paradoxically, minimal wounding can sometimes be seen 
from higher-energy firearms.

	4.	 Fragmentation of the round and bone-strike are typically associated with 
greater energy transfer and therefore more severe wounds
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5.1	 �Introduction

As mentioned in Chap. 2, terminal ballistics is the scientific discipline concerned 
with the interaction between projectiles or rounds and the objects they impact; when 
they impact biological tissue this study is called wound ballistics. This chapter seeks 
to distil the multiple, complex and interacting factors that influence gunshot wound-
ing (GSW) into a more coherent but comprehensive and clinical-relevant text.

The behaviour of a round in flight (external ballistics) is predictable enough 
that a skilled sniper can consistently hit targets at distances of over a kilometre. 
However, the behaviour of rounds as they pass through tissue becomes idiosyncratic 
and extremely challenging to predict. Although still governed by Newtonian phys-
ics, wound ballistics describes a very complex set of interactions and therefore, 
there are few reliable rules or patterns to guide the clinician aside from gaining 
experience of these injuries. This chapter will examine the specifics of these inter-
actions between projectile and tissues rather than detailed techniques of surgical 
management of such wounds.

Reduced to its fundamental form for the clinical context, wound ballistics con-
cerns the work done by the transfer of kinetic energy (KE) from the round leading to 
crushing, lacerating, stretching and shearing of the tissues [2]. The KE transferred 
into tissues is simply the difference between the KE of the round as it strikes the 
body and that which remains should it exit the tissues. If the round does not exit the 
tissues, all of its KE will be transferred into the body.

There are three specific mechanisms that will be addressed which allow this 
transfer of energy to occur: The shockwave preceding the round; the temporary cav-
ity formed in the wake of the round and finally the permanent cavity or wound tract 
left in the tissue [3].

5.2	 �Shockwave

This is an area of controversy within ballistic literature as the significance of this 
component is not fully understood [4, 5]. It has long been recognised that when a 
projectile strikes tissue, a tiny region of very high pressure is generated. This propa-
gates through the tissue slightly faster than the speed of sound in water (1434 ms−1), 
and therefore ahead of the projectile with a duration of 15–25 μs [6]. Whether or 
not this subsequently has any significant clinical effect on tissues is disputed: some 
investigators, particularly those examining actual shootings and animal models, 
believe a significant degree of the observed effect of GSW can be attributed to 
the shockwave [7, 8]. There is also a belief amongst some investigators that neu-
ral tissue might be particularly sensitive to the shockwave [7, 9]. However, others 
discount the wounding potential of the shockwave and regard it as insignificant or 
even non-existent when compared to the damage created by the temporary and per-
manent cavity [10] (Fig. 5.1).
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5.3	 �Temporary Cavity

The temporary cavity is the stretching of the tissue radially away from the path of 
the round, and occurs in its wake as it passes through tissue [11]. When the pro-
jectile strikes the tissue it is subjected to a significant increase in retardant forces 
from the increased drag and is decelerated [12]. This deceleration involves the rapid 
transfer of KE from the round into the surrounding causing those tissues to radi-
ally accelerate away from the path of the round [13]. The process takes place over 
milliseconds as it must overcome the inertia of the tissues, hence occurs, and con-
tinues, after passage of the round. As the tissues accelerate away from the passage 
of the round, a temporary space or cavity at sub-atmospheric pressure is formed, 
creating a vacuum which potentially draws air and surface contaminants into the 
cavity via the entrance (or exit) wound [14, 15]. As the tissues are stretched, those 

Fig. 5.1  Schematic 
showing the three 
components of ballistic 
wounding: the shockwave 
preceding the bullet; the 
temporary cavity 
expanding radially away 
from the bullet tract and 
the permanent cavity 
directly behind the path of 
the bullet
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tissues which stretch beyond their capacity to absorb such deformation will tear or 
fracture [3].

Ultimately, once balance between the radial acceleration of the tissue and the 
energy the tissue absorbs as it is deformed is reached, the temporary cavity will 
cease its expansion and collapse back in on itself; it will then expand again, albeit 
with less available energy. This is visible within modelling as an oscillating or pul-
sating wave of expansion and collapse which continues over milliseconds until all 
of the available transferred energy is completely dissipated even when a projectile 
has left the body [6].

The size of the temporary cavity formed is proportional to the amount of 
energy delivered. It is important to recognise that cavitation does not occur equally 
throughout the wound tract: it will be larger wherever the contact surface area of 
the round is greater, allowing for that greater delivery of KE, such as if the round 
becomes unstable or fragments as described in greater detail in Sect. 5.6.1 below.

5.4	 �Permanent Cavity

The round crushes,  cuts and shears tissue as it passes through the casualty 
creating a tract that is typically of a similar size to that of the contact area of 
the projectile. The permanent cavity is typically a continuation of the trajec-
tory of the projectile though it must be remembered that this trajectory can be 
deflected by tissue planes, bone strike or otherwise from the instability of the 
round itself as it traverses the tissues [16]. The entrance wound will usually be 
predictably minimal in size if the round strikes the body nose first, whereas the 
exit wound can be more variable; a large exit wound tends to only be present if 
significant temporary cavitation occurs at the point where the projectile leaves 
the body [17].

If a round fragments, which can occur either in soft tissue or after bone strike, 
then each fragment will subsequently continue passage to create a permanent 
cavity and possibly even a generate a temporary cavity, if the fragments possess 
enough energy, dramatically increasing the volume of tissue damage in the wound 
[17, 18].

With regard to the weapon systems and calibres of ammunition available, the 
number of variables make it difficult for a clinician to predict the injury pattern 
of a GSW as a casualty arrives; however, lower energy handgun projectiles (e.g. 
9 × 19 mm), travelling at lower velocities typically only produce a minimal tempo-
rary cavity and may not exit the body [17]. GSWs produced by these rounds usually 
involve damage limited to structures and organs lying in the path of the projectile. 
Therefore, in ‘through and through’ injuries, where both entry and exit wounds 
exist, the structures damaged can be predicted with a fair degree of accuracy where 
the path of the round is known [19, 20]. However it is important to recognise that 
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higher energy handgun rounds can sometimes form a more significant or clinically 
relevant temporary cavity: where the round has not been recovered, or the weapon 
type is unknown, it is perilous to assume that damage from cavitation will not have 
been caused where the entrance and exit wounds appear minimal as this can mask 
catastrophic internal tissue injury.

It should also be remembered that paradoxically the higher energy round of a 
larger calibre (e.g. 7.62 × 39 mm) which passes “through and through” the tissues 
over a short distance may cause minimal damage; whereas in converse, the lower 
energy round of a lower calibre (e.g. again, 9 × 19 mm) which does not exit the 
tissues will dump its entire energy load causing potentially far more devastation to 
structures by comparison [10].

5.5	 �Anatomic Injury Patterns

When considering the effect of GSW, it is important to differentiate the anatomic 
effect and the functional effect of the injury. A high-energy transfer wound to the 
thigh might involve a relatively large amount of tissue, but if no significant vessels 
are damaged and the femur is preserved from fracture, the damage may be rela-
tively minimal where, as previously mentioned, muscle tissue is able to tolerate sig-
nificant deformity and stretch from temporary cavitation without significant injury. 
Conversely, far less anatomic disruption involving the Central Nervous System 
(CNS) or the heart and great vessels can be rapidly fatal.

This is evident when one looks at the anatomic distribution of injuries in armed 
conflict as shown in Table 5.1 below. It is important to remember that military per-
sonnel are normally wearing body armour, and therefore will sustain proportionally 
fewer injuries to their chest and head than unprotected civilian casualties. However, 
the small proportion of survivors with chest and head injuries relative to those with 
limb injuries gives some measure of the likely preponderance of extremity injury in 
a civilian mass-shooting event.

Table 5.1  Anatomic 
distribution of GSWs in 
UK military casualties 
from Afghanistan 
2009–2013 [20]

Fatalities Survivors All wounds
Head (26%) (6%) (16%)
Face (8%) (7%) (8%)
Neck (8%) (2%) (5%)
Chest (31%) (15%) (23%)
Abdomen (12%) (8%) (10%)
Spine (6%) (6%) (6%)
Upper limb (4%) (22%) (13%)
Lower limb (4%) (34%) (19%)
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5.6	 �Tissue Injury Patterns

Chapter 2 described how a round is slowed down by the effect of drag, and that this 
is quantified by the following formula:

	
F v C Ad d=

1

2
2r 	

where Fd is the drag force acting to slow the bullet, Cd is the drag coefficient, ρ is the 
mass density of the gas or liquid the bullet is passing through, v is the velocity of the 
projectile, and A is the cross-sectional surface area of the projectile.

The greater the Fd, then the greater the rate of transfer of kinetic energy (KE) is 
from the round (or fragment) into the tissue. It is important to note that the cross 
sectional area presented by the round and the density of the tissue it is traversing 
is proportional to the drag force and therefore the energy transfer [3, 21]. Specific 
gravity values of different tissues are shown below in Table 5.2. This lead to the 
conclusion that if the round directly strikes tissue of higher density, it will likely 
cause more damage e.g. a direct strike to bone will cause more damage than a direct 
strike to lung tissue.

This helps explain the earlier observation that wound severity is increased with 
the following factors:

•	 Tumbling or fragmentation of the round
•	 Bone Strike

Conversely, if a round traverses a limb without fragmenting or striking a bone 
then very little energy may be transferred into the tissue. Skeletal muscle is resil-
ient to the stretching seen with temporary cavitation and while some tissue will 
be crushed in the formation of the permanent cavity, overall the wound may be 
minor with little tissue necrosis and require only limited surgical intervention 
[23–25].

Table 5.2  Specific gravity of different 
tissues along with associated wound 
severity from high velocity bullets [22]

Tissue Specific gravity Severity of wound
Fat 0.8 Moderate
Lung 0.4–0.5 Minimum
Liver 1.01–1.02 Marked
Muscle 1.02–1.04 Marked
Skin 1.09 Marked
Bone 
(rib)

1.11 Extreme
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5.6.1	 �Tumbling and Fragmentation

As described in Chap. 2,  military rounds are designed to resist drag. The effect of 
the tissue on the round increases drag, however if the round tumbles or fragments, 
drag is dramatically increased and therefore so is the energy transfer. This explains 
why temporary cavities are at their greatest at the point in the wound tract where the 
round tumbles [17] as shown schematically in Fig. 5.2 below.

A gyroscopically stable, high-ogive (“sharper” nose or Spitzer) round will pass 
through tissue for some distance without significant yaw away from its central 
axis, thus will likely exit the body with much of its kinetic energy retained [26]. 
Conversely, an unstable, low-ogive (“blunter” nose), expanding or fragmenting 
round, will strike tissues with an increased contact surface area, allowing transfer 
of a proportionally larger amount of energy. As the projectile passes through tis-
sue, the torque or spin conferred upon it by the rifling is slowed (for those rounds 
fired from an appropriately rifled weapon system), further reducing its stability 
and increasing the opportunity for yaw away from the central axis. The drag coef-
ficient is also increased, and the resultant rapid deceleration also leads to the 
round being subjected to bending and stressing which can result in fragmentation 
of the round [3].

Finally, it is worth remembering that many modern rifle rounds are designed 
such that the centre of mass lies further towards the tail than the nose, so as stability 

Fig. 5.2  Schematic 
showing the formation of 
the temporary cavity in the 
upper image, with maximal 
cavity formation at point 
where the projectiles tumble 
and turn through 180° or 
even 360° to the direction of 
travel, and the permanent 
cavity resulting in the lower 
image
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is lost once it enters tissues (or even before it enters the body), it can mean the 
round will reverse its orientation by 180° or even 360° during its forward passage, 
otherwise known as tumbling [11, 27]. If the penetration distance through tissue is 
sufficient, or if the projectile strikes tissue of higher density, such as bone, it is likely 
that the bullet will yaw significantly and may begin to tumble unpredictably, such 
as when its long axis is at 90° to its trajectory; as previously mentioned, the rate of 
energy transfer and cavitation is greatest due to the maximal surface area being in 
contact with tissues.

When the round fragments, there is an overall increased surface area of the pro-
jectile in contact with the tissues; as such the components are subject to consider-
ably greater drag so, again, there is greater energy transfer and tissue damage. This 
is shown in the clinical photograph and radiograph shown in Fig. 5.3 above.

If initial radiographs demonstrate round fragmentation, then it should be assumed 
that there is significant energy transfer and therefore significant soft tissue damage 
[28, 29].

5.6.2	 �Tissue Density

Whilst specific gravities of different tissues were examined earlier, it is now impor-
tant to consider the clinical implications. The tissue that presents the greatest resis-
tance to the passage of a round is bone. If a round strikes bone, there is normally 
rapid slowing of the round and therefore energy transfer and tissue damage. A strike 
to a long bone shaft appears to result in a fracture with significant comminution [22]. 

Fig. 5.3  Radiograph and clinical photograph of a casualty injured by a negligent discharge of a 
5.56 × 45 mm round at close range. The round has fragmented as shown in the CT scouting image 
as it traversed across both legs, causing excessive soft tissue damage shown in the clinical photo-
graph taken after the first surgical episode. © 2017 Crown Copyright
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Figure 5.4 above demonstrates the significant energy transfer when a high energy 
round strikes a long bone.

When lower energy weapons such as handguns are used, there is a higher propor-
tion of incomplete fracture seen [30]. Whilst comminution occurs at a higher rate in 
high energy GSWs, incomplete fracture can also be seen with higher energy rounds 
in areas of bone that are more cancellous in nature appear to undergo “drilling” as 
the round passes through with little apparent damage away from the passage of the 
round, leaving a ‘drilled-out’ permanent wound tract [22] as shown in Fig. 5.5 below.

When considering tissue of less density, lung tissue is at the opposite end of the 
tissue density spectrum from bone and therefore offers little drag to rounds as they 
pass through the lungs. Lung parenchyma is also is an elastic tissue, which can tol-
erate the stretch that occurs with the formation of a temporary cavity [31] However, 
if a round strikes a rib as it either enters or exits the chest, there can be significant 
energy transfer as the round is destabilised, fragments or accelerates splinters of rib 
bone as shown in Fig. 5.6 below.

Fig. 5.4  Radiograph and clinical photograph illustrating a gun-shot wound in which the round has 
struck the tibia causing a multi-fragmentary fracture associated with significant energy transfer 
and soft-tissue damage as shown in the clinical photograph. This photograph was taken as part of 
the assessment in the operating theatre prior to the second. © 2017 Crown Copyright
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Fig. 5.6  Radiograph of the 
chest following a gun-shot 
wound where the round has 
struck a rib, causing a rib 
fracture and fragmentation 
of the round. This has 
resulted in significant 
energy transfer resulting in 
lung contusion. © 2017 
Crown Copyright

Fig. 5.5  Radiograph, CT image and clinical photographs showing a gun-shot wound to the heel 
with a low-energy open fracture of the calcaneum. There has been little energy transferred and the 
wound healed without complication only requiring superficial scrubbing of the entry and exit 
wounds and irrigation with saline. © 2017 Crown Copyright

J.G. Penn-Barwell and T. Stevenson
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�Conclusion
This chapter has examined the mechanisms by which a projectile transfers energy 
into the tissue following gunshot and the resultant effect in terms of the wounds 
that are created. The mechanisms of wounding have been discussed with particu-
lar focus on the creation of temporary and permanent cavities.

The typical features of wounds with higher energy transfer and therefore 
more severe wounds i.e. round fragmentation and bone-strike have been 
explained with clinical examples.
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