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Shotgun Wound Ballistics

GARY J. ORDOG, M.D,, F.A.CEE.P.,, JONATHAN WASSERBERGER, M.D., FA.CE.P., AND
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Shotguns are popular world wide and more of these weapons exist than the
rifled types. With an increasing incidence and prevalence of gunshot wounds it
is important for traumatologists to be familiar with shotgun wound ballistics.
Shotgun wounds differ from those of other missiles because the spectrum of
wound severity is large owing to the fact that the pellets scatter as they travel.
Close-range shotgun wounds can be as destructive as those from a high-
velocity rifle, but longer weapon-victim ranges may produce only minimal
injury. The type of shot (size and weight of pellets) used also determines the
type of injury, with more serious injuries produced by the larger type of
buckshot (>0.14 inches in diameter). The severity of injury from birdshot
depends mainly on the “effective” weapon-victim range which can be
calculated from the shot size and shot pattern either clinically or from X-ray.
Wounds may then be classified according to severity, yielding information on
prognosis and extent of investigation and treatment required. We propose a
four-level severity scale based upon birdshot pellet scatter patterns which

correlate well with morbidity and mortality rates.

Possibly 50,000 deaths and 500,000 missile injuries
occur annually in the United States, similar to the total
number of American Viet Nam casualties (37, 44, 53).
The present U.S. population is more heavily armed than
any in history (57). More than 850,000 American civil-
ians were Kkilled by missiles from 1900 to 1976, and the
numbers have been growing exponentially since (2). The
figures for the entire world are not known but are prob-
ably at least a hundred times as great. Shotguns are
popular worldwide and more of these weapons exist than
the rifled type of weapons (54). Many governments, for
example, Great Britain and the Soviet Union, discourage
the use of rifles but allow the unrestricted use of shotguns
(54).

With an increasing incidence and prevalence of missile
injuries in certain areas it is essential that traumatolo-
gists be familiar with wound ballistics (44), which can
help them determine the extent and type of injury from
a known missile (1). Ballistics, the study of the natural
laws governing projectile missiles and their predictable
performances (21), can be divided into three phases:
interior (actions within the firearm), exterior (from the
end of the muzzle to the target), and terminal (after
entering the target) (21). Wound ballistics relates specif-
ically to the terminal phase of ballistics, i.e., study of the
missile’s effect on living tissue (53). This report discusses
shotgun wound ballistics and explains how the type and
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extent of injury can often be determined, in order to
provide better care for injured patients.

Penetrating Wounds. In civilian trauma, penetrat-
ing injuries are usually produced by stabbings or gun-
shots. Civilian gunshot wounds are usually caused by
low-velocity handguns, high-velocity rifles, or shotguns.
Other everyday accidents are caused by high-velocity
fragments from the blades of lawn mowers, power tools,
and other machinery. The path of a missile is usually a
straight line, but deflection can occur in various tissues,
particularly bone. Low-velocity missiles (including shot-
gun pellets) are more prone to erratic pathways, tending
to follow tissue planes or paths of least resistance. Missile
wounds penetrate more deeply than stab wounds and
produce an area of damage surrounding the actual missile
tract due to compression of the tissues. Shotguns are in
the class of low-velocity weapons, propelling missiles at
a velocity of less than 2,500 feet/second. Any missile
may fragment when contacting bone, producing second-
ary missiles as well. Complications of gunshot wounds
may occur with the entrance of fragments of debris from
wadding and clothing that may contaminate the wound.
A shotgun fired at close range injures by blast effect as
well as by the penetrating missile.

Physicians should attempt to elicit certain facts that
could greatly contribute to the evaluation of the patient,
including the type of the weapon used, the distance from
the gun to the victim at the time the gun was fired, the
position of the victim at the time the gun was fired, and
the suspected number of shots fired. If possible, spent
shells may be collected and examined to help determine
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the type of weapon and ammunition used. These are
usually near the scene and only the professional shootist
will carefully remove them from the scene to eliminate
incriminating evidence. Preservation of evidence does
not supercede care of the injured victim; however, aware-
ness of the details can lead to more responsible handling
of evidence material.

Shotgun Wounds. Shotgun wounds differ from those
of other missiles. The spectrum of severity of wounds is
large, the amount of damage varying mainly with the
weapon-victim range and the type of weapon and shot
used. Pellets tend to scatter as they travel, which ac-
counts for a wide spectrum of wounds. Although shotguns
are low-velocity weapons (less than 2,500 feet/second),
at close range the entire charge strikes the target as a
single missile with a kinetic energy similar to that of a
high-velocity military rifle (7). At longer ranges, with
pellet scatter, the charge acts as multiple individual
missiles, with the kinetic energy imparted separately by
each pellet which strikes the target (7).

DEFINITIONS

Birdshot. A general term for small-sized lead shot
used in shotgun shells, ranging from size two to size nine
(equal to and less than 0.14 inches in diameter). Larger
shot is called “buckshot” and smaller termed “dust shot.”

Choke. The muzzle constriction in the bore of a
shotgun barrel that serves to condense the shot pattern
(i.e., prevents spread of the pellets). Choke varies as to
degree and length (Table I).

Geneva Convention. The military use of shotgun
type weapons is outlawed (44).

Grain. A unit of weight, there being 7,000 grains in
an avoirdupois pound. Used for weight of powder charge
and bullets.

Grapeshot. A cluster of small iron shot fired from a
cannon and intended to spread in flight.

High-velocity Missile. Above 2,500 feet/second
(1, 44), when the bullet can cause both shock waves and
cavitation, which increase tissue destruction. Includes
bullets from most rifles but not handguns and shotguns
(21).

Impact Velocity. Velocity of the bullet as it strikes
the target (1).

Killing Power. The ability of a projectile to kill,

TABLE 1
American chokes

Degree of

an inch)
Cylinder bore None Cylinder bore 0
Improved cylinder 5to 10 Y4 choke % inches
Modified 20 Y2 choke 1% inches
Improved modified 30 % choke 1% inches
Full choke 40 Full 214 inches
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depending on such factors as velocity, shape, sectional
density, weight, diameter, and material.

Lead. A metallic element, softest of the metals in
commercial use. It has low tensile strength, is very malle-
able, and melts at 621° F. It has a high specific gravity
and therefore packs more mass per volume than other
materials from which bullets could be made. This greater
mass increases the kinetic energy of a lead bullet, as
opposed to one travelling the same velocity but composed
of other materials.

Magnum Shell. A shell loaded with more gunpowder
than the standard shells, supplying the projectiles with
20-60% more energy than a standard shell of the same
caliber. For bullets, the increased energy is due to in-
creased velocity (8). For shotgun shells the extra gun-
powder is used to increase the load (number and weight
of pellets) and not necessarily the velocity.

Missiles. Any projectile, including bullets, pellets,
grenade fragments, and explosive shells (1).

Muzzle Blast. The surge of hot air and gases that
bursts from the muzzle of a gun as the projectile exits
which may cause serious injury or death at close range
(e.g., blank ammunition). Also called powder blast.

Muzzle Velocity. Velocity at time of missile exit from
gun barrel (1).

National Firearms Act. Developed in the U.S. in
1934, to control gangster weapons such as machine guns,
silencers, rifles with barrel lengths less than 16 inches,
and shotguns with barrel lengths less than 18 inches,
through high taxes on these devices. The Amendments
of 1968 made the control of these weapons more stringent
through laws.

Normal Charge. The regularly prescribed quantity
of powder used in a gun. Under other circumstances a
reduced charge or supercharge (magnum or special) may
be used.

Retardant Forces. Forces that tend to slow the mis-
sile once it enters the target. Greater retardant forces
increase energy transfer to the tissue and thus produce
greater tissue damage (1).

Rifle. By U.S. law a rifle’s barrel is longer than 16
inches. The barrel is cut with spiral grooves to impart
rotational energy to the bullet and thus stabilize its flight.
Shotgun barrels are not rifled.

Shell. A shotgun cartridge, a hollow projectile adapted
to be filled with an explosive, or an empty cartridge case.

Shotgun. Single or multiple missiles or pellets are
fired from the same shell, and at close range the resulting
wounds should be considered as high-velocity type
wounds. The average 12-gauge shell is loaded with 14
ounces of number six shot, which contains 253 individual
lead pellets and has a muzzle velocity of 1,255 feet/
second.

Shotgun—“Sawed-off.” A shotgun with a short-
ened barrel which allows easier concealment. The spread
of the pellets is much greater than with a standard length
barrel and “choke,” so fewer pellets will hit the target as



626 The Journal of Trauma

the distance increases from 6 to 12 feet. A sawed-off
shotgun blast at a range of more than 12 feet may cause
only minimal trauma unless a vital structure is injured.
The National Firearms Act includes shotguns with bar-
rels less than 18 inches in length. Also called a “scatter
gun.”

Shotgun Shell. Consists of a paper or plastic body,
brass head at one end, primer, base wad, powder charge,
over-powder wad, filler wads, shot charge, and folded
crimp. At ranges of less than 6 meters any or all of these
components may be propelled into the wound.

Special Shell. Extra gunpowder in the shell.

Standard Shell. Regular amount of gunpowder in the
shell.

Stock. The rigid member of a gun to which the barrel
is attached.

Wounds. Classified as: non-penetrating—contusions
or abrasions without penetration of the skin: a) blast
injury, or b) a grazing wound; penetrating—an injury
with an entrance wound but no exit wound; perforating—
a injury with an entrance and an exit wound and the
primary wounding agent is not retained within the tis-
sues.

Velocities Required to Cause Damage. The mini-
mum velocity required to cause injury has been deter-
mined for round projectiles. An impact velocity of 150
feet/second is required to penetrate skin, and 195 feet/
second to break bone. Vulnerable tissues such as the eye
can be damaged at velocities considerably lower than
these. Moreover, death can be caused at low velocities
from vital organ damage, if the appropriate structure is
hit. Clothing and especially ballistic protective garments
considerably increase the critical velocity required to
penetrate the skin (44). The author has shown how even
a thick head of hair (like a large “Afro”) can add some
protection from missile injuries of the head.

Shotgun Ammunition. Although gauge or bore cali-
ber of shotguns is standardized, the system is antiquated,
and different from that used for rifles and handguns.
The gauge of a shotgun refers to how many lead balls of
an appropriate size are required to weigh a pound. For
example, a 12-gauge weapon originally had a bore ena-
bling a round lead ball weighing /12 of a pound to enter
its barrel. There are two important exceptions to this
rule: the 9-mm shotshell which has a 9-mm bore, and the
.410 gauge which is actually .410 caliber or inches in
diameter. The most popular shotgun in the U.S. for all
civilian activities as well as military, police, and criminal
use is the 12-gauge. The shotgun shell contains one or
more pellets, or shot. Number 6 shot (the most commonly
used in the U.S.) and smaller is referred to as “birdshot”,
while number 2 shot and larger is referred to as “buck-
shot” (Table II). The type of shotgun, ammunition, and
range of the weapon are all important in determining the
wounding potential. Shotgun pellets are usually round,
and therefore have poor ballistic characteristics, these
ideal proportionalities being sacrificed in order to obtain
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TABLE II
Characteristics of shotgun ammunition

Shot Size I)Aiumeter M;}::;:m No. of Pellets
(inches) ) per Ounce
(vards)
12-ga round ball 0.645 1,420 0.75
16-ga round ball 0.610 1,340 1
20-ga round ball 0.545 1,200 1.25
410-ga round ball 0.38 850
00 buckshot 0.34 748 8
0 buckshot 0.32 704 9
1 buckshot 0.30 660 11
#1 shot 0.16 352
#2 shot 0.15 330 90
#3 shot 0.14 308
#4 shot 0.13 286 135
#5 shot 0.12 264 170
#6 shot 0.11 242 225
#1% 0.09 209 350
#8 shot 0.09 198 410
#9 shot 0.08 176 585
#12 shot 0.05 110 2,385

(.22 shot cartridges)

target area saturation with multiple missiles, making it
possible to hit a small, fast-moving target.

Pellet Spread. The velocity of the shot falls off
rapidly with distance, and so the kinetic energy and
wound potential. Because the shot depends on a bolus
blast effect to maintain velocity, spread of the pellets
(may be measured by the diameter of all of the shot in
flight, or the average distance between pellets) results in
less velocity. Increased spread of the pellets may be
caused by: 1) range or distance from the shotgun, 2) lack
of choke or constriction in the end of the shotgun barrel,
3) a shortened barrel as in a “sawed-off” shotgun or
scattergun, or 4) pressure developed in the cartridge.
Table II shows the maximum range of specific shotgun
cartridges, presumably beyond which wounding potential
would be minimal. The choke may range from “true
cylinder” to “full choke” and has a marked influence on
the degree of spread. There are means available to cal-
culate the spread for any shotgun, choke, and ammuni-
tion combination. The length of the barrel is of most
importance when it is shortened. In the U.S. the shortest
barrel allowed for a shotgun is 18 inches. Shorter barreled
shotguns are easier to conceal but result in maximum
spread of the pellets, to the point that a “sawed-off”
shotgun may cause minimal injury at a range of 12 feet.
The pressure in the cartridge provides the propulsive
force behind the shot and is related to the type and
amount of powder in the charge. The greater the pressure
developed, the greater the spread, and vice versa.

The choke (constriction at the end of the barrel) of a
shotgun determines the shot pattern at a given weapon-
victim range. For a “sawed-off” shotgun the choke is
absent and not important. For a standard length barrel
(greater than 18 inches in length) a full choke will force
approximately 70% of the pellets into a pattern circle of
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30-inch diameter at a 40-yard range; modified choke gives
60% and cylinder choke 40% (55).

Buckshot. Injuries caused by buckshot (pellets of (.15
inches and greater in diameter, or No. 3 shot and larger)
are much different than birdshot. Whereas birdshot pro-
duces major injuries only at close range, buckshot may
produce significant damage up to 150 yards (55). Con-
sider, for example, 00 buckshot of which nine pellets are
in a shell and each is equivalent to a .22-caliber bullet
when travelling greater than 1,000 feet/second. A
birdshot blast (e.g., 12-gauge No. 5 shot) at close range
can be compared to a 55-grain, 5.56-mm M-16 rifle
wound with 2,247 and 1,250 foot-pounds of energy, re-
spectively (55). But at a range of 7 vards and greater,
each birdshot pellet is comparable to that of a BB gun
(55). Each buckshot pellet wound must be considered as
an individual low-velocity bullet wound, as one would
consider multiple .22-caliber handgun wounds. Victims
of close-range buckshot wounds probably present the
most serious injuries caused by any civilian weapon
(9, 28).

Determining Effective Weapon-victim Range
for Birdshot. The most accurate way to determine the
distance from which someone has been shot with a
shotgun is to do a test-firing with the actual weapon and
ammunition from the same batch. This is obviously
difficult to do in the hospital and is usually only used for
forensics. It may be assumed for clinical purposes that if
the diameter of the entrance wound is an inch or less,
then the distance of the shot was 18 inches or under,
irrespective of the gauge or the degree of choke. Up to 2
feet there is very little difference in the spread from guns
of various gauges and chokes, with the hole being slightly
over an inch in diameter. At 3 feet the hole is nearly 1'4
inches in diameter. Beyond 3 feet the difference between
the two extremes of boring and choke become evident.
At 6 feet the hole from a true cylinder has twice the
diameter of that produced with full choke. Ohviously, all
of the wounds could result in significant injury when
caused by a shotgun with a regular length barrel.

Beyond the range of 2 meters the spread can be cal-
culated from the distance between pellets, assuming the
barrel was regular length. At the maximum range of most
shotguns of 100 meters, only a few pellets will hit the
entire body. Between 2 and 100 meters the pellets spread
out approximately 1 inch for each meter travelled (4).
Measuring the size of the pellets (Table II, Fig. 1) will
reveal the type of shot used and the number of pellets
contained in one shell (assume 1% ounces of shot used
on average). If the diameter of the blast (or spread) can
be measured on the patient then inches diameter are
simply exchanged for meters range. If the diameter of
the spread is larger than the size of the patient or the
majority of pellets have missed the patient, then the
density of the pellets can be used to calculate the range.
Here, the number of pellets within a certain radius
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squared provides density (assuming a standard barreled
shotgun)

Range(meters)

\/Pellets:load X radius {inches)”
Pellets:counted

where: pellets:load = pellets in a fully loaded shell (cal-
culated from size of shot using X-ray with Figure 1, and
assuming 1% ounce loads, the number of pellets, using
Table II). Radius = the radius measured which contains
pellets:counted, in inches. Pellets:counted = The number
of pellets counted within a given radius on the body.
Range = The distance from the shotgun to the victim at
the time it was fired, in meters.

Conversely, the range of the shotgun (standard bharrel)
can be approximated by measuring the distance between
pellets and using the following formula

Range (meters)

= 2 X vpellets:load X Distance:pellets (inches)*

where: distance:pellets = Distance between individual
pellets in inches. Figures 2-4 show patients in whom this
formula was used.

Obviously, these calculations are only approximations
and exact measurements depend on the accuracy of the
factors mentioned above. They require the availability of
the data in Table II and a calculator for the square roots.
For practical purposes, the calculated results of the range
of a “sawed-off” shotgun give an effective range of an
equivalent standard choked shotgun. That is, even
though the true range may be only 12 feet, the effective
range that is calculated using the formula for pellet
spread may be up to 100 yards. We have found this
effective range of a “sawed-off” shotgun to be most
closely related to the severity of injury, not the true
range. The effective range is independent of the barrel
length and choke. The severity of injury can be estimated
using the effective range and Sherman’s classification
(46) of shotgun wound type. This discussion applies only
to birdshot type wounds and not those of buckshot, which
can produce significant injury at long ranges.

Wound Characteristics and Range. The wound
created when the charge of a standard shotgun strikes a
victim within a range of 6 meters is characterized by
tissue destruction not unlike that caused by high-velocity
missiles. Massive soft-tissue loss, bone and vessel disrup-
tion, and a high infection rate result (4, 11, 15, 18, 22,
29, 30, 42, 58). The entire charge, including shell frag-
ments, wadding, and load of shot, penetrate the point of
impact as a common mass at a muzzle-victim range of
less than 2 meters. The presence of a wad in a wound
provides very strong presumptive evidence that the shot
was fired from less than 2 meters. From 3 to 6 meters
the shot charge is still compact, but a few pellets will
wandered off, spreading 2 to 5 inches from the wound
center point (15). After the shotgun charge has travelled
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FiG. 1. Sizes of the shot in various gauges.

over 6 meters, the shell fragments and wadding fall away.
The wound created is caused only by the spray of low-
velocity pellets, mainly damaging friable structures, par-
ticularly the eye (15).

Birdshot Wound Severity. Sherman (46) classified

shotgun wounds into three types, based on both range of

the shotgun (in this case distance from gun to patient)
and extent of tissue penetration. We have added a fourth
type to indicate wounds with pellets that penetrate only
the skin and cause significant morbidity only if they hit
the eye. Deitch (7) showed that the severity of soft-
tissue, bone, nerve, and vessel injuries increases mark-
edly from 0% to up to 100% from Type I to III (Table
I11).

Magnum Loads. Magnum loads are sometimes used
for shotgun shells. Unlike handguns and rifles the pur-
pose of the extra gunpowder is not to increase the velocity
of the missile but to increase the size of the load. For
example, the standard 12-gauge shotgun shell has a muz-
zle velocity of 1,255 feet/second, whereas the “high-
velocity” 3-inch magnum shell has a muzzle velocity of
only 1,315 feet/second, but contains extra pellets in its
load. The magnum shell can be distinguished from the
standard shell by the longer brass cup at its base.

Slugs. Rifled single shotgun slugs are sometimes used,
but fortunately are rare. They are easily purchased and
can be fired from any appropriately gauged shotgun.

These slugs are very large. For example, the 12-gauge is
.730 caliber, with a weight of 295 grains (compared to 90
grains for a .357 magnum handgun bullet). Characteris-
tically, these slugs also have a higher muzzle velocity
than shot. They produce wounds with as high a mortality
as those of high-velocity weapons with possibly even
more tissue destruction due to their size and mass
(39, 54).

Management of Shotgun Wounds. For shotgun in-
juries, Wilson (55) recommends the following approach:
carry out prompt and vigorous volume resuscitation;
inspect all wounds carefully, because inspection of the
shotgun wound is more informative than that of the
high-velocity wound and is the key to treatment and
prognosis; treat all buckshot wounds as if they were
multiple low-velocity bullet wounds; use angiography
liberally whenever there is the possibility of vascular
injury; explore aggressively all Type Il and Type III
wounds; and debride all devitalized tissue and reoperate,
as necessary, to reevaluate any questionably viable tissue
(54).

Proximity of Gunshot Wounds. When a gun is fired
various substances are discharged from the muzzle in
addition to the bullet or pellets. These other projectiles
include metallic fragments of the bullet and cartridge,
unburned grains of powder, burned grains of powder or
soot, gases, and a metallic spray of primer (Table IV).
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FiG. 2. Twelve .15-inch diameter pellets (#2 shot) are seen on this
chest X-ray (See Table II). Using the formula provided to calculate
range when the distance between pellets is known, the range is esti-
mated to be 70 meters.

Range (meters)

= 2 x Vpellets:load X Distance:pellets (inches)*

Range (meters)

=2 X V135 X (3)° (pellets:load from text)

Range (meters) = 70 meters.

If the weapon was a “sawed-off” shotgun then this value would be
the effective range which can still be used to estimate the severity of
injury. In either case, the wound would be classified as a Tvype 0 or 1
shotgun wound, indicating minimal injury may be present. In actual
fact, most of the pellets were embedded in the epidermis of the skin
and could be removed with forceps, but one pellet did penetrate the
chest wall, diaphragm, and liver, resulting in a hemothorax and he-
moperitoneum which required surgery. Thus even Type I injuries may
occasionally cause significant morbidity or mortality.

Bullet Sterility. Because insufficient heat is gener-
ated, fired bullets are not sterile. Experiments have
shown that even high-velocity missiles, if contaminated
with bacteria before firing, will inoculate a sterile me-
dium with these bacteria (50, 56). Other secondary pro-
jectiles such as skin, clothing, gunpowder debris, sur-
rounding inanimate structures, and shotgun shell wad-
ding may carry potentially pathogenic bacteria, as well
as delay wound healing. These foreign bodies must be
removed by debridement or irrigation (47).

Missile Migration. Free migration of shot may occur
in any tubular structure or potential space within the
body. We found 92 reported cases of vascular missile
embolization (3, 5, 10, 17, 19, 20, 23-27, 31, 32, 38, 41,
43, 45, 47, 48-52), mainly due to shotgun wounds. Chap-
man reported an incidence of vascular embolization of
1.1% at autopsy (5). Migration of missiles has been seen
in the spinal canal (49), kidneys (3, 19, 20, 31, 32), ureters
(3, 19, 20, 31, 32), urethra (12, 16), GI tract (3, 19, 20,
31, 32), and lungs (3, 19, 20, 31, 32). X-rays should be
obtained of any area, even distant from the wound, that
is producing symptoms in the patient, in order to track
embolized shot. Some feel that a total body X-ray should
be taken when a patient has been wounded with multiple
shot.
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Fi1G. 3. Full load of No. 6 shot in right thigh. Using the formula
provided the effective range for this wound was 12 meters. This would
be 12 meters for a standard length shotgun or much closer for a *sawed-
oft” shotgun. This would make this wound a Tvpe II, with a moderate
amount of tissue damage and mortality rate of approximately 15 209,
The actual length of barrel used is not important as the effective range
is known in this case. The effective range may be calculated in three
ways for this wound. First, the full load produced a wound with a
diameter of 14 inches which may also be measured by the pellet spread
on X-ray. Assuming a spread of approximately 1 inch per meter from
2 to 100 meters range, this would indicate that the weapon-victim range
was approximately 12 meters. Second, the effective range can be
calculated after measuring the distance between pellets. The shot size
is measured at .11 inches in diameter which is #6 shot (see Table 1)
and each 1'4-ounce load would contain approximately 350 pellets. The
average measured distance between pellets using either a measurement
of wounds in the skin or by X-ray is 0.3 inches. Thus

T T
Range = 2 X V350 x 0.3°
Range = 12 meters
Third, the “effective” range may be calculated from the number of
pellets within a certain radius.
350 x 77
350

Range = 2 x

Range = 14 meters.

Size of Shot on X-ray. In calculating the size of a
missiles from X-rays, magnification of the object must
be taken into account. Practically, to measure the size of
the bullet from an X-ray the formula used is
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Fi¢. 4. This X-ray shows 51 pellets of 0.15 inches diameter around
the knee. Note that some of the pellets have mushroomed and others
have fragmented when hitting the bone, although no fracture occurred.
The diameter of the pellets should be measured from one that has not
been distorted and is close to the X-ray when radiographed. Using
Table 11 this shot is estimated to be #2 of which there are 90 to the
ounce and 135 in each loaded 1v2-ounce shell. The effective range can
be calculated using either the radius of the entire wound and number
of pellets involved, or by measuring the average distance between
pellets. Note that in either case the best X-ray to use for measurements
is one in which the X-ray beam is parallel to the direction the pellets
travelled.

Using the average distance between pellets of 0.5 inches:

Range = 2 X V135 x 0.4*

Range = 9 meters

Using the wound radius of 4 inches:

Range = 2 X —
51

Range = 10 meters.

This yields an average effective range of 9.5 meters and this wound
may be classified as a T'ype Il injury. The extent of pellet penetration
is evident from the fact that many of the pellets hit the bones.
Significant soft-tissue damage could result from this type of wound,
including vascular and nervous tissue injury.

Focus:Object Distance X lmage size

Object size = i 1
Ject size Focus:Film Distance

where: Object size = actual size of the bullet; Image size

May 1988
TABLE I
Classification of shotgun wounds*
Range
Standard  “Sawed-oft” Injury Mortality
Rarrel Shatgun
Type 0 Long Superficial — 0%
>12 meters >4 meters penetrates
skin only
Type | Long Penetrates only 0-5%
>12 meters >4 meters subcutaneous
tissue and
deep fascia
Type I Close Penetrates be- 15-20%

5-12 meters 2-4 meters vond deep

fascia
Tvpe 111

Extensive tis- 85-90¢

sue damage

Point blank

<h meters  ()-2 meters

Note—distance will vary with each type of shotgun, and will be
significantly reduced for “sawed-off shotguns” as these are true ranges
and not effective ranges.

* Modified from Sherman (46).

TABLE 1V
Range of gunshot wounds determined by physical
examination

The distances these substances may travel are as follows:
From a handgun

Gases—1-3 inches

Burned powder grains or soot—1-3 inches

Unburned powder grains -1-2 feet (27)

Metallic fragments - up to 6 feet
From a shotgun

Wadding and shell fragments—less than 6 meters
From a rifle

As for handgun

= size of the bullet on X-ray; Focus:Film distance =
distance from the X-ray tube to the film; Focus:Object
distance = distance from the X-ray tube to the actual
bullet.

When viewing shot in the human body, the magnifi-
cation will range from 1.0 to a maximum of 1.25 (6) (this
is the same as an increase in the image size of 0 to 25%).
For example, no magnification will occur for a pellet in
the anterior chest on a P-A chest X-ray, with the pellet
up against the X-ray film, using the usual focus:Film
distance of 6 feet. The greatest conceivable magnification
will result when an A-P chest X-ray is taken at a distance
of 3 feet and the pellet is in the anterior chest wall. Here,
the focus:Film distance is at a minimum and the fo-
cus:Object distance is at a maximum, resulting in a cal-
culated 20% magnification. For practical purposes, if the
pellet is close to the X-ray film (proven by taking a
lateral film as well), magnification may be discounted in
estimating pellet size. Other circumstances will require
use of the above formula.

It should be noted that the modern X-ray and trauma
tables which contain a compartment below the bed of
the table for the X-ray plate increase the focus:film
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distance. We have found that this distance may be in-
creased by as much as 4 inches.

Manufacturers maintain a degree of tolerance in shot
size of only a few per cent, therefore, measurement of
one nondeformed pellet should give an accurate diameter.
The pellet measured should be close to the X-ray plate
and nonfragmented and nondeformed in order to get an
accurate diameter.

CONCLUSIONS

Based on the theories of wound ballistics, it is impor-
tant to identify the type of bullet and the type of gun or
rifle in order to disclose essential information regarding
the severity and extent of the injury. An estimation of
the effective range of the shotgun using the calculations
described in this paper can allow Sherman type catago-
rization (46) of the wound. This can identify the patient’s
prognosis as well as the extent of the investigational
procedures needed to evaluate the patient, the extent of
the surgical debridement and repair necessary for each
individual wound (35). A thorough knowledge of wound
ballistics is mandatory for all physicians who may be
involved in the care of shotgun victims.
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