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QUESTIONS AND COMMENTS 
Member Checks 

The roof of the office of the IWBA accountant col
lapsed during a heavy (El Nino?) rainstorm this winter. It 
happened that a number of IWBA member checks were 
caught up in this mess, which took an unreasonably long 
time to clear up. This did not affect the IWBA records 
(which are kept by Robyn), so all members received their 
issues of the Wound Ballistics Review. None of the checks 
were lost, but some were not deposited for a few months, 
which prompted a few member inquiries. This problem has 
now been fully resolved, and we apologize for any incon
venience to members resulting from delayed check deposit. 

Notice for Members outside the USA 
Changes in bank practices have created problems 

for us in depositing foreign checks and drafts by imposing 
fees that exceed the face value in most cases. We are 
therefore modifying our policy on foreign payments as 
follows: 

1 )  All checks must have magnetic imprinted encoding 
numbers to permit automated processing. 

2) Checks may be in USA dollars if drawn through a 
USA bank, but !lQ1 from foreign banks. It is not 
clear to us exactly why this is true, but it is. 

3) Checks may be in the currency of the country of ori
gin. With this option, use the exchange rate at the 
time of check issuance; we will live with variations 
in exchange rate (but not significant errors). 

4) We can no longer handle foreign money orders or 
checks in USA dollars from foreign banks. 

5) A few foreign members have sent USA currency via 
registered mail to avoid this hassle; this is very easy for 
us. Many more members have sent USA currency via 
ordinary mail; we have not had any losses with this ap
proach, but we cannot recommend it for obvious reasons. 

Viper Velocity 
I received my IWBA Journal V3 #3 yesterday 

and as always found it very interesting and informa
tive. I found an error in the article High Velocity 
Handguns subtitle Corrections on the wound Ballistics 
of the Current FN P-90 Bullet by Dr. Martin Fackler. 
The error was on the velocity of the 22 Viper LR; the 
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velocity is 1410, not the stated 1922 (which is the 
order number). 

Kenneth Goedel 

RESPONSE 
We do our best to avoid mistakes in the 

Wound Ballistics Review, and want to have our mem
bers point out any errors we make. 

Dr. Martin Fackler 

Review of Understanding Ballistics 
It was with considerable interest and a bit of 

regret that I read Duncan MacPherson's review of 
Robert Rinker's book Understanding Ballistics, in 
WBR Volume 3, #3. In my book, The ABC'S of Re
loading, OBI/Krause 1997, I recommended Rinker's 
text. At the time I had misgivings regarding certain 
areas in the book I felt were less than clear. I would 
not deem to defend Rinker against Mr. MacPherson's 
diligent dissection of Understanding Ballistics. My 
problem is that Mr. MacPherson has taken something 
away and given nothing in return. I have spent sev
eral years in search of a good, basic/simplified book 
on ballistics that I could recommend to lay readers. 
While Rinker cannot be considered the best, as Mac
Pherson illustrates most emphatically, it is the "least 
worst" I have encountered. Perhaps Mr. MacPherson 
knows of a better book. If he does, I would appreci
ate his insights on same. 

C. Rodney James 

RESPONSE 
I have considerable sympathy for Rodney 

James' search for a good book on ballistics for non
technical readers. Unfortunately, I do not know of such 
a book; if I did, I would have mentioned it in my review. 
Writing a book of this kind is a lot of work, and some
one with the required technical background usually has 
other things to do that are more interesting. 

I do not consider my review as taking away 
anything from those who read it; I think of it as issu
ing a fair warning to those readers. I think the final 
paragraph of the review is clearly and unambig-
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ously compatible with this belief. This situation is 
typical in book reviews and can be said to be an ob
jective of book reviews. Rinker's book might be the 
"least worst" available; if so, I think it is especially 
important that I use my technical knowledge to alert 
Wound Ballistics Review readers to the deficiencies 
that exist in it. 

Duncan MacPherson 

Federal Lawsuit Dismissed 
The Volume 1, #4 (published in 1994) issue 

of the Wound Ballistics Review (page 38) contained 

an editorial comment attached to an article on termi

nal performance of various handgun ammunition; this 

was titled Special Comment Regarding the Use of 

Hydro-Shok Ammunition by Dr. Fackler. This com

ment suggested that the Hydro-Shok post, in addition 

to increasing the bullet's penetration depth at the ex

pense of a decreased permanent wound cavity diame

ter, would also increase the bullet's propensity to 

"overpenetrate", thereby causing increased risk to 

others; whereas a bullet of similar mass, shape and 

velocity without the post would be more likely to be 

held in the body by the trampoline-like action of the 

skin. Interestingly, on 8 December 1995 police in 

Globe, AZ shot a Mr. Jeffrey Lash in the chest with 

a 9mm Hydra-Shok; Lash survived, but his teenage 

son standing behind him was killed by the bullet. 

This particular fatality might or might not have oc

curred with other ammunition, but it does illustrate 

the concern Dr. Fackler's editorial comment ad

dressed. 
On 22 December 1994, with no previous 

contact regarding the matter, Federal filed a lawsuit 

against Dr. Fackler in Minnesota State Court. The 

lawsuit demanded that Dr. Fackler formally declare 

his statements about Hydra-Shok bullets "false and 

misleading", and essentially publish a retraction. Dr. 

Fackler's counsel attempted to have the lawsuit dis

missed on constitutional grounds, on the presumption 

that the first amendment right to free speech still 

holds. The Minnesota State Court declined to dis

miss the case, deciding that the matter would have to 

be litigated in order to determine whether Federal 
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could prove its claim that Dr. Fackler's comments 
were "malicious and knowingly false" (which would 

make them unprotected by the first amendment). 

In September 1997 Federal elected to dismiss 

this lawsuit during the course of a deposition. Dr. 
Fackler incurred about $30,000 in legal fees and 

much wasted time during the nearly three year course 

of this litigation. 

I had numerous occasions to discuss this law

suit with a wide variety of knowledgeable individuals 

during the course of this bizarre lawsuit. I never met 

anyone who was willing to try to explain why this 

lawsuit had any merit. The basic technical point is 

that a post makes the skin at body exit less able to 

restrain the bullet; this point is unquestionably true, 

and I can't imagine anyone with any understanding of 

the dynamic process arguing otherwise. Everyone 

understands that this is only one factor in ammunition 

selection and that reasonable people may rate the im

portance of this factor differently, but this is not rele

vant. Since truth is an absolute defense in any libel 

or slander lawsuit, no one I ever talked to could even 

make up a reason why this case was not a dead bang 

loser for Federal. In addition, no one could figure 

out why anyone would think that this lawsuit wasn't a 

bad thing for all parties involved (except the lawyers 

who were earning fees). The inescapable conclusion 

is that Federal believed that filing this lawsuit would 

either intimidate Dr. Fackler or force him through 

economic pressure to capitulate. This might have 

worked with most people, but they don't know Marty 

or they wouldn't have tried it on him. In any case, 

this lawsuit is over. 
Duncan MacPherson 
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FORENSIC PATHOLOGY IN 
FIREARMS CASES 
Joseph H. Davis' M.D.' Director (Retired), Medical Examiner Department of Miami-Dade County 

Professor of Pathology Emeritus, University of Miami School of Medicine 

Introductory Note: The following material is not 
meant to be a scientific treatise. It is a distillation of 
over forty years of full time experience as a medical 
examiner in a busy jurisdiction where firearm wounds 
constitute a significant proportion of violence. The 
initial preparation of this material was for the August 
21-23, 1997 seminar, Contemporary Issues in Foren
sic Firearms Identification, sponsored jointly by the 
Association of Firearms and Tool Mark Examiners 
(AFTE) and the American Academy of Forensic Sci
ences (AAFS) and presented at the University of Cali
fornia in Los Angeles, California. 

General Considerations 
In theory a forensic pathologist is a physician 

who, by virtue of study in a program accredited by 
the Accreditation Council for Graduate Medical Edu
cation, has gained primary certification in the medical 
specialty of pathology and the subspecialty of forensic 
pathology from the American Board of Pathology. In 
reality the majority of medicole2al death investi2a
tions. including the autopsy portions. are not under 
the control of or performed by an American Board of 
Pathology certified forensic pathologist. The agency 
charged by law to determine the cause of death may 
be either a coroner (an elected official) or a medical 
examiner. However the names lack specificity. 
Some coroner type operations call themselves medical 
examiner and some medical examiner agencies act 
more like a coroner. The best way to differentiate is 
to define a medical examiner system as an agency in 
which the administrative control, the determination of 
the extent of the circumstantial and autopsy investiga

tion, and the issuance of the death certificate is under 
the control of the pathologist. Anything that functions 
differently is a coroner type system, regardless if the 

director is elected or appointed or if the ag�ncy is 
physician directed or not. 

Because of operational variations the role of 
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the pathologist, whether or not Board certified in fo
rensic pathology, may lack uniformity in the way a 
gunshot wound death is investigated. In some juris
dictions the police and crime scene technicians may 
carry out the correlative studies of circumstances with 

autopsy findings. In others, a coroner or medical ex
aminer investigator may substitute for the pathologist 
in everything but the autopsy. In fact, many medico
legal death investigative agencies operate with a tech
nician performing the autopsy. The pathologist only 
stands by or visits the autopsy room later. This is 
reprehensible. In Florida the Medical Examiners 
Commission has ruled that the pathologist must per
sonally dissect the injured or diseased portions of the 
body. Likewise the Commission specifies that the 
autopsy narration be dictated immediately, not later, 
which is another reprehensible practice found in some 
jurisdictions. Compound these system problems with 
variations in training, experience and cognition on the 
part of the pathologist or his/her investigators and the 
potential for problems multiply. The American Bar 
Association has published a series of horror stories 
concerning poor medicolegal death investigative 
problems (Hansen, Mark, "Body of Evidence", ABA 
Journal, June, 1995, pp. 60-67). 

A basic error for police, crime laboratory, 
and others involved with the investigative process is 
to assume that separately prepared interagency com
ponents of a case under investigation will later mesh 
together free of problems. This is especially so when 
the technical aspects are complex or the "profile" is 

high. Rule: "Know the role and capabilities of the 
key personnel in your investigative systems." If you 
are not the pathologist, find out how that pathologist 
operates within the system. Find out how experi
enced the pathologist is in the technical aspects of 
firearms and their injuries. The same applies to the 
individual police investigators. 

A proper death investigative system exists 
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when the individual agency directors, sheriff or police 
chief, crime laboratory director, coroner or chief 
medical examiner, all know each other and each sets 
policy that their respective agencies shall Cooperate. 
At the case investigative level, ongoing Correlation 
must be the rule. The respective players must be 
A ware of the duties and capabilities of each other. 
Finally there must be a spirit of Irn.s..t between all 
parties to the case investigation. CCA T spells cat! 
Assuming that the CCA T premise is applicable to 
your jurisdiction and all is well, one is able to ap
proach the firearm injury case in a logical and com
plete manner. 

In civilian practice in the United States, par
ticulary the urban areas, firearm injuries equate with 
handguns. Rule: "Start with the premise that the 
wound was intentional". If not intentional, be pre
pared to prove it was not intentional by positive evi
dence, not by default. The main subject of this publi
cation deals mainly with handgun problems. If one 
understands handguns one is better prepared to inves
tigate rifle and shotgun injuries. 

Case investigation centers about two ques
tions, what happened and who is responsible? Police 
determine the latter but pathology evidence is integral 
to the accusatory or exculpatory process. Physical 
evidence must be consistent with or indicative of the 
circumstances upon which is based the accusation. 
Accordingly the pathologist, although neutral, must 
consider how his or her autopsy findings are to be 
interpreted by others in the investigative process. 
This requires proper attention to chain of evidence, 
the participation in the determination of the corpus 
delicti, consideration of anticipated questions in future 
civil and criminal court proceedings and the preser
vation of data for future educational or research pro
grams. Rule: "The forensic pathologist must not be 
insular but must play an active and ongoing role in 
the firearm death investigation especially as to what 
happened. " 

A gunshot wound occurs when something, 
propelled from the muzzle of a firearm by virtue of 
the burning gunpowder, causes injury. Anything 
propelled from the muzzle, even the gas, may cause 
injury under proper circumstances. Most often the 
wounding agent is the projectile or bullet (not "slug" 
which is improper slang). Under some circumstances 
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the muzzle may not be involved as in a burst weapon 
or revolver with grotesque indexing of the cylinder. 
Significant injury occurs when the projectile pene
trates the body and disrupts major vascular or critical 
neurological structures. The forensic pathologist usu
ally deals with lethal situations but some pathologists 
may play a role in the evaluation or study of living 
wounded patients at the trauma center. In Dade 
County the Ryder Trauma Center is across the street 
from the Joseph H. Davis Center for Forensic Pathol
ogy the proximity of which facilitates interactions 
between the two agencies. Clinical data from survi
vors are a potential source of information about fire
arm injuries needed to supplement what is learned in 
the autopsy room. Over a four year period, October 
1993 through September 1997, the trauma center av
eraged a total of 755 gunshot patients per year, about 
124 of whom died. Most of the fatal gunshot cases 
were moribund on arrival. About 46% of all gunshot 
patients had injuries confined to the torso and 
14%involved multiple body sites. Gunshot wounds 
account for 22% of all treated major trauma being 
exceeded only by motor vehicle injuries, 26 per cent. 

At the nearby Joseph H. Davis Center for Fo
rensic Pathology, Miami-Dade Medical Examiner 
Department, over a similar four year period, fatal 
gunshot wounds averaged 404 per year. Combine 
this with the average of 630 non-fatal gunshot wounds 
and Miami-Dade County averages a total of 1034 
gunshot wounds per year of which total, 39 per cent 
are fatal. Only a few non-fatal cases might by pass 
the above net but their numbers are believed to be 
inconsequential. 

Unfortunately, extremely busy trauma sur
geons and busy medical examiners have little time to 
devote to in depth academic study of their heavy case 
load. For the most part we utilize the daily material 
for ongoing teaching experience for surgical or pa
thology residents. 

How much projectile velocity does it take to 
create a hole in someone? Rule of thumb is about 
200 to 245 feet per second depending upon the type 
of bullet. President Garfield was assassinated with a 
.44 Bulldog, a black powder cartridge with a muzzle 
velocity of 460 feet per second.(Sharpe, PB, Com

plete Guide to Handloading, 3rd ed., 1949, Funk & 
Wagnalls Company, New York, page 412) Not well 
publicized is the fact that skin of the human body is 

Vol 3, No. 4 

WOUND BALLISTICS REVIEW 
Forensic Pathology 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

extremely variable in thickness. Scrotal skin is 
translucent. Skin of the back is thick and tough. The 
skin above the clavicle is thinner than on the anterior 
chest. In theory, the lesser elastic soft tissues beneath 
elastic tough skin should resist bullet passage to a 
lesser degree than through elastic skin. In practice no 
one gets shot after being flayed. A slow moving 
projectile (terminal velocity bullet) may be apprecia
bly slowed by thick skin. However the normal ve
locities of bullets carry them right through skin with
out significant slowing. An analogy would be the 
plywood board driven by high speed wind through a 
tree trunk during the 1992 Miami hurricane. 

In a New Year celebration in Miami a man, 
standing upright, was struck by a falling . 38 caliber 
lead bullet. It perforated a thin cotton shirt above the 
left clavicle, penetrated the thin skin and passed 
downward through heart and diaphragm to enter the 
liver. In theory, a bullet fired straight up in a vacuum 
would regain the original muzzle velocity upon return 
due to gravity. In actuality air friction slows down 
the bullet but not enough to be safe. A few decades 
ago the . 38 Special revolver with a 158 grain plain 
lead bullet was common police issue. Out carne a 
lighter bullet with more powder in the charge. The 
higher velocity rounds were extolled in the popular 
gun magazines as they superceded the standard slower 
and heavier rounds. Degenerating societal conditions 
generated interest in a theoretical best police round 
(recognizing that type of police activity should deter
mine the application) . Developed was the theoretical 
"relative incapacitation index" based upon a theory of 
transfer of kinetic energy as the key to wounding. 
Kinetic energy, based upon velocity squared, can be 
increased at the expense of the weight of the projec
tile. Police agencies rapidly changed to the newer 
lighter faster rounds until the infamous Miami FBI 
shootout where Platt (one of the violent criminals) 
remained lethally active after a 9 mm. round passed 
through the fleshy part of his right arm into his right 
lung and stopped short of the heart and aorta. As an 
aside, a simple lung shot is not life threatening. 
About 80% of the single lung shot wounds at the Ry
der Trauma Center are discharged from the hospital 
in two or three days following simple chest drainage. 

What this tells us is that a bullet must pene
trate into and disrupt a major blood carrying structure 
(heart or aorta) if the person is going to be rapidly 
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incapacitated from a chest wound. Incidentally, in
stantaneous collapse is not assured even if the heart is 
burst by the projectile. The brain contains about 5 to 
10 seconds worth of oxygen after complete cessation 
of blood flow to the brain. A lot of damage can be 
wreaked by the armed fatally wounded individual 
during the agonal ten seconds of consciousness. 

Lung tissue is a highly elastic air containing 
sponge and readily recovers from the rapid passage of 
a bullet. Contrast this with a blood filled heart or 
aorta. Water is incompressible in contrast to air. The 
projectile will burst the blood filled structure unless 
the bullet has approached terminal velocity. A struc
ture such as liver is not el�stic and its intracellular 
water content is great, about 70 per cent. The same 
bullet which is inconsequential to the lung will frac
ture a liver to create severe damage and hemorrhage. 
Only rapid surgical intervention will suffice for a 
liver gunshot as compared to the lung. 

Another consideration about the effects of 
velocity: Back in 1937 Elmer Keith tested some ex
tremely high velocity bronze alloy . 220 Swift projec
tiles (see the reprint from The American Rifleman in 
Wound Ballistics Review, 1997, 3(2):43-45). A jack 
rabbit shot through the lung with one of these would 
not drop but would continue to hop a little and then 
continue to feed. Sometimes it took three shots in 
succession before the rabbit was killed. A shot in the 
head or spine would drop them immediately. The 
point of his article was that a non-deforming ballisti
cally stable bullet of vast kinetic energy had less 
killing effect than an unstable or blunt nose bullet of 
more mass but less kinetic energy. In the present 
time a .223 (5.56 mm) military round at high velocity 
is considered by many to produce a devastating 
wound by virtue of velocity. However, if the bullet 
remains stable in flight and does not yaw, its initial 
few centimeters of permanent cavity through skin and 
muscle remains small. Such a round through the 
fleshy part of the thigh may result in only a small pas
sageway in which a drain may be inserted for a few days 
while it heals without consequence. In reference to yaw 
in flight, most bullets yaw a little (not tumbling as has 
been stated in court!) for the first few yards of air flight 
after exit from the muzzle. 

Also speaking of yaw, I don't believe those who 
say bullets "tumble" (like a Chinese acrobat) in flight or 
in the body. A penetrating bullet may become inverted 
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in soft tissue depending upon its center of gravity and 
may be found base forward at the end of its pathway. 
Fackler points this out in his wound profile illustrations. 
One potential exception to my negative "tumbling" 
opinion is the occasional whine of an airborne ricochet 
bullet. Something must oscillate the air at a high rate to 
produce such a sound. Even then it may not be "tum
bling" but only the rotational spin of a now deformed 
bullet. 

What this tells us is that wound severity is a con
sequence of bullet placement (vital area) which needs 
penetration (momentum) and not some mysterious trans
fer of energy into tissue which energy then mysteriously 
disintegrates the tissues in proportion to the conversion 
of kinetic energy into another form. The laws of energy 
conservation have not been repealed when it concerns 
wound ballistics. Where does the kinetic energy of the 
bullet go? It all converts (translates) into heat! How 
much heat? An inconsequential amount in regard to the 
mass of water in the human body which is about 68% 
water (MacPherson, page 10). Rule: "Do not dwell 
upon kinetic energy but think in terms of what keeps the 
bullet going against the resistance of tissue: momentum 
(mass of the bullet times velocity), tissue character (den
sity and elasticity of the tissues) and bullet configuration 
(deformation)." As for deformation hollow point bullets 
may pick up debris and lose the hydraulic expansion ef
fect of the hollow point. As a matter of fact, we are not 
greatly impressed by fancy bullets compared to ordinary 
bullets found inside human bodies, even exploding bul
lets. What they may do in the laboratory is not the same 
as what occurs during the urban shootout. Rule: "So
called stopping power of a bullet is fiction. Bullet 
placement is the key to rapid incapacitation." Medical 
examiners have published series of post fatal injury ac
tivities of firearm victims (Levy V, and Rao VJ, Survival 
time of gunshot and stab wound victims, American Jour
nal Forensic Medicine and Pathology, 1988, 9(3):215-
217; Spitz WV, Petty CS, Fisher RS, Physical activity 
until collapse following fatal injury by firearms and 
sharp pointed weapons, Journal of Forensic Sciences, 

1961, 6:290-300). These are worthwhile references. 
As for television and the movies? Hokum and 

bunkum! Bullets do not knock people backwards, over 
balconies or into ballet dance leaps. Again the laws of 
physics apply. If you shoot a bullet at a man and it 
knocks over the victim as played on television, so also 
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will you be equally knocked over backward. Again it is 
momentum, a factor of mass and velocity, not kinetic 
energy. The extremely tiny bullet, nearly weightless in 
comparison to the 200 pound man, lacks the momentum 
to overcome to any significant degree the inertia of the 
200 pound man (Karger B and Kneubuehl BP, On the 
physics of momentum in ballistics: can the human body 
be displaced or knocked down by a small arms projec
tile?, International Journal Legal Medicine, 1996, 
109:147-149). A hunting rifle bullet fired into the bullet 
protective vest of a standing man has no effect despite 
the kinetic energy of the bullet. Rule: "Speeding bullets 
are incapable of knocking down the person struck by the 
bullet. " 

Pathology Specifics 
The pathologist is concerned with the following: 
+ Is there a gunshot wound or not 

+ Directionality 
+ Range of fire (muzzle victim distance) 

+ Wound pathway and damage--The Wowui Profile 
+ Sequence of injuries 

+ Incapacitation and lethality 

+ Intermediate objects and ricochets 

+ Foreign bodies adherent to the bullet (tissue, fibers, etc.) 

+ Correlation and reconstruction of the shooting event 

+ Preparation of a properly documented report (narration, 
diagrams, photographs, x-rays) 

+ Ancillary studies (toxicology, drug and alcohol, other 

factors affecting behavior) 

+ Preservation and transfer of evidence 
+ Courtroom testimony and anticipated allegation at a 

future date 

+ Teaching of firearm related investigations at a future date 

The pathologist should carefully document findings upon 
which opinions are to be expressed by clear narration, 
excellent photography (focus, lighting and composition) 
and appropriate clarification diagrams. 

Is there a gunshot wound or not? In the course of 
one's career cases occur where circumstances indicate 
that a gunshot wound should be present but it can not be 
seen. Examples: A despondent man went to his camp in 
the woods. He was found later, badly decomposed, 
seated in a chair and a revolver on the floor to his right. 
The odds are that there is a wound of the temple but only 
decomposed tissue could be seen. When the right temple 
tissue was reflected an entry wound became apparent. 
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An eighteen year old certified SCUBA diver rented div
ing gear and a boat. He entered the water, requested a 
bag aboard to be handed to him and descended not to be 
found for three days, badly decomposed. The recovery 
team thought little of semi-liquid brain alongside the 
head until the forensic pathologist pointed out that de
composing brain does not escape from the skull unless a 
defect exists. An x-ray revealed the projectile in the 
brain. He had shot himself in the right temple under 
water with a weapon that was later found to be missing 
from his home. Over the years we have encountered 
numerous decomposed bodies in which total body x-rays 
revealed bullets, both old from prior wounds and fresh 
associated with death. 

Alternatively wounds appear which look like 
bullet wounds but are not. A stabbing victim, now de
composed and bloated, may change a slit-like stab into a 
round hole resembling a gunshot wound of entrance. 
Also a bullet with just enough momentum to exit the skin 
and proceed no farther will often leave an exit consisting 
of a slit. At the scene clothing must be carefully exam
ined for lost bullets. In one case involving a .32 full 
metal jacket bullet the projectile was hanging halfway 
out the slit-like exit. Anatomists of centuries ago found 
that a round probe inserted into the skin will produce a 
split which follows linear patterns called Langer's lines. 
Rule: "The more gunshot wounds that one sees, the less 
sure one becomes that a defect of skin is or is not a bullet 
wound early in the scene investigation. " Experience is 
the best teacher if one is capable of learning. By the 
way, a woman's shoe with a thin high heel may inflict a 
fatal pseudo-gunshot wound if swung with vigor against 
the temple. 

Directionality: Did the bullet enter the front and exit the 
back? Do not ask the trauma surgeons. They are too 
busy with life saving measures to make such judgements. 
Often what appears in the hospital record is a repeat of 
what was told by the rescue paramedic, also too busy to 
carefully correlate evidence and evaluate directionality 
(Fackler ML and Riddick L, Clinicians' inadequate de
scriptions of gunshot wounds obstruct justice, Wound 

Ballistics Review, 2(4):40-43; Collins KA and Lantz 
PE, Interpretations of fatal, multiple and exiting gunshot 
wounds by trauma specialists, Journal Forensic Sci

ences, 1994, 39(1):94-99). Rule: "The odds are that 
the hospital record is correct as to entrance and exit in 
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only 50 % of the time, a toss of a coin!" This is why it 
is essential that police or medical examiners investigate 
the medical aspects of a gunshot wound and victim's 
clothing during admission of the victim to the hospital 
rather than later. 

Textbook pictures of entrance and exit gunshot 
wounds are chosen to illustrate a point. The authors 
choose not to show equivocal patterns. An entrance 
wound may have a concentric abrasion ring but so also 
does a supported exit wound. Exit support may be a 
mattress, a brassiere strap, a floor or anything which 
reduces the stretch of skin as the bullet pushes it outward 
just prior to failure of the elastic skin to stop the bullet. 
It is the elastic stretch abilitY, of the skin which creates 
the entry abrasion ring. The bullet pushes the skin, it 
stretches and as the bullet rubs against the inwardly 
stretched skin the surface of the skin is rubbed off to 
produce the abrasion ring. Also, the abrasion ring may 
be widened by heavy clothing pushed by the bullet as it 
penetrates. Rule: "Only the stupid non-expert or the 
charlatan will claim that the abrasion ring is caused by 
the spinning rotation of the bullet as it passes through the 
skin." Think about the rotation imparted by the barrel 
rifling. It is one tum in 9 or one in 20 inches depending 
upon the rifling twist in the weapon. That means that the 
bullet must go forward nine or twenty inches in order to 
make one complete rotation. The bullet can complete 
only one rotation upon its axis while passing through 
much of the body. Yet so-called experts still claim that 
the bullet spin causes the abrasion ring. If a book says 
the abrasion ring is from bullet spin, throw away the 
book. Anything the author wrote is suspect. 

The higher the velocity the less the abrasion ring 
at the skin entrance wound. A high velocity rifle bullet 
may leave practically no abrasion ring. In fact there 
may be some minute radial tears in the margin of the 
wound of entrance. 

Not all bullets strike the skin at right angles. The 
victim is in motion, the assailant is in motion, the pro
jectile may be flying sideways due to deflection from 
something it struck in flight. Another problem with en
trance wounds is the extreme variability of skin thickness 
and underlying tissues. Some skin, nose as an example, 
is curved and its structure and the underlying cartilagi
nous tissues produce bizarre entry patterns. The thick 
cornified skin of the sole of the foot or palm of the hand 
is different in its elasticity than the front of the chest and 
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the wounds look different. Rule: "The variables of skin 
and its subjacent structures produce a wide variety of 
gunshot wound patterns in addition to variables associ
ated with bullet type, velocity and angle of impact." 
Another rule: "One must not judge the caliber of the 
bullet by the appearance of the skin entry wound." In 
the first place pathologists have difficulty measuring the 
wound and their narrated number is imprecise. In the 
second place the elastic skin may shrink the hole after 
passage of the bullet. 

One must be cautious and consider all available 
evidence before opining with certainty the directionality 
of the projectile in the body. At the scene, where a sin
gle penetrating wound exists, the bullet may have 
stopped beneath the skin on the opposite side of the 
body. Feeling around for the bullet may provide an in
vestigative (preliminary) opinion as to directionality. 

Range (muzzle target distance): Is it a hard contact, a 
close contact, an intermediate or a distant (beyond the 
gunpowder particle range) muzzle target distance. What 
comes from the muzzle beside the bullet is what helps to 
determine the above. With contact or near contact the 
gas and unburned gunpowder enter the wound. If un
derlying bone, skull is the common example, obstructs 
the flow of gas tissues around the entry hole are forced 
back against the muzzle and skin may acquire an imprint 
of the muzzle or even open up leaving irregular splits of 
skin. However, an exit with the bullet retaining a con
siderable amount of its initial velocity and/or accompa
nied by bone fragments, may leave an identical stellate 
burst of lacerations (or may not) as previously discussed. 
How do we tell? Rule: "Without visible gunpowder 
soiling inside the wound one may not opine contact 
based upon the gross appearance of the wound." Yes, 
we see "contacts" where the usual gunpowder debris 
inside the wound is diminished. Silencer equipped muz
zles alter the patterns but silencers (suppressors) are in
termediate objects. The gun muzzle is not in contact 
with the skin even though the silencer may be touching 
the skin. Caveat: A .22 rimfire cartridge fired from a 
rifle at contact range may consume most of the gunpow
der inside the gun barrel. A clean white paper towel 

pressed firmly against the entry wound may pick up the 
few grains of unburned gunpowder otherwise obscured 
by blood and tissue juices. Another caveat: Total de
pendence upon a microscopic section of the wound to 
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determine "contact" may result in error. Not all opaque 
(black) debris inside the wound pathway is from gun
powder. It may be dirt on the bullet or debris from an 
intermediate target. Or if gunpowder debris, it may be 
only a small amount carried along on the bullet. It is the 
amount that makes it significant as to range.  More than 
what could be stuck to the bullet means that it had to get 
there by some other mechanism such as being blown into 
the wound from a nearby muzzle. 

Another caveat: Computer enhancement of the 
entry wound to show photographically what was not seen 
grossly or is not readily apparent in the initial photo
graph is "GIGO", garbage in, garbage out. The use of 
computer legerdemain to manufacture an artifact is un
acceptable. For example, the over-all photograph of the 
upper torso and face incidentally picks up a small entry 
high in the forehead. The light from the flash strikes at 
an angle leaving a shadow inside the wound. No spe
cific close up photograph of this wound exists. The 
autopsy pathologist did not fmd gunpowder but the com
puter manipulation ("enhanced" is what they like to call 
it) of what was an improper picture becomes interpreted 
as gunpowder in court by the "hired expert" . .  Gadgetry 
should never become a substitute for proper photo
graphic technique. 

Singeing of hair with a contact wound ? The 
burning gasses from the muzzle are expected to singe 
hair should hair be impinged upon by the hot gas. A 
problem exists in that singed hair is extremely fragile and 
is lost when the body is moved or the wound area is 
touched. Blood washes it away. A breeze may blow it 
away. The presence of singed hair is indicative of the 
heat effect of muzzle gasses. The absence of demonstra
tion of siniein� is of no evidentiary value whatsoever. 
Rule: "When the 'expert' witness opines that the ab
sence of singeing means that the range was not close, the 
'expert' is a liar and he or she should not be permitted to 
testify!" Try this if you have a hairy forearm. Singe 
some hair with a match. Lay a handkerchief over the 
area and draw it away. See what happens to the singed 

hair. 
Gas bubbles in tissue ?  Newer diagnostic tech

niques, CT for example, may be applied to gunshot vic

tims upon hospital admission. The surgeon may then 
alter the wound. Range and directionality estimates by 
the surgeon stand an excellent chance of being incorrect. 

Trauma surgeons do not clean up the wounds and photo-
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graph them before altering the evidence. However, the 
initial Radiology Department films may demonstrate tis
sue gas bubbles from a contact wound which indicates 
entrance plus contact range. A complex entry, as into 
the globe of the eye, may be clarified by the evidence in 
the Radiology Department. Do not count upon the radi
ologist to make a tissue gas observation. It is not some
thing they look for at the present time. It may be in the 
film but not in the report. 

"Intermediate" range is where muzzle is beyond 
the effect of the expanding gasses but small particles of 
unburned or burning gunpowder may still strike the skin 
and leave punctate marks. I prefer the generic term 
"stippling" .  The term tattoo should not be used unless 
foreign material actually penetrates the skin. Flake 
powder has less penetrating ability than ball powder in 
this regard. Also ball powder may carry farther than 
flake powder. Rarely, in a contact wound of the head, 
ball powder may extend all the way to the exit. Alterna
tively an intermediate object, clothing as example, may 
prevent some or all gunshot residue from reaching the 
skin. If residue is present the pathologist should attempt 
to remove some adherent particles of gunpowder for the 
crime laboratory especially where the type of firearm 
and ammunition is in doubt. Rule: "The pathologist is 
ill advised to estimate intermediate ranges in terms of 
specificity. Leave that up to the firearms examiner in the 
crime laboratory." The pathologist must measure and 
photograph the distribution of gunpowder particles on 
the skin. A good measuring scale is that devised by the 
American Board of Forensic Odontology (ABFO). A 

close intermediate target of a glass window may leave 
glass fragment marks resembling gunpowder marks. 
Sometimes we see both when the victim was shot 
through an automobile side window. 

A "distant" gunshot wound means only that the 
bullet leaves its skin mark absent gunpowder gas or par
ticles. It does not imply that the shot came from miles 
away. A few feet could represent a "distant" range. 

Wound pathway and damage-The Wound Profile: 

Dr. Martin Fackler has popularized the term "wound 
profile" which simply means an accurate description and 
measurement of the diameters and lengths of injury 
pathways through the various organs and tissues and fi
nally a sum measurement of the total length of the 
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wound path (Fackler ML, Gunshot wound review, An
nals of Emergency Medicine, August 1 996, 28(2): 194-
203). Oddly, experienced and well qualified forensic 
pathologists, myself included, have devoted considerable 
effort to the description of the skin surface of gunshot 
wounds but have abbreviated the internal descriptions. If 
we are to learn more about the wounding capabilities of 
different types of firearms and cartridges, we should 
document the details of what happens inside the body. 
Occasionally a question of whence came the bullet may 
be solved by the length of the pathway. If experience 
indicates that a .44 Magnum usually perforates the tho
rax, absent striking the spine, but this bullet stopped 
short of perforating the thorax, it may indicate that the 
projectile had already lost considerable velocity before 
striking the victim. Ballistic tables give the velocities and 
energies of bullets at various ranges. It becomes feasible 
to conduct ordnance gelatin block studies to determine 
penetration comparable to that in the victim, determine 
the probable wounding velocity and then determine the 
muzzle target range from the ballistic tables accurate 
enough for investigative purposes. Fackler did this in 
one case and gave the police guidance as to where to 
look . They found the remote target shooting site. 

The pathologist should always be aware of the 
potential for special studies which are dependent upon an 
accurate autopsy document. 

Sequence of injuries: When the victim has more than 
one wound pathway it is imperative to attempt to deter
mine sequence. The pathologist needs to document 
wound pathways accurately. With all police derived 
evidence at hand it is often possible to determine the se
quence of wounds and the changing postures of the vic
tim and relationships to the assailant. Multiple gunshot 
wounds of the skull may be sequenced on the basis that 
fracture lines do not cross prior fracture lines. If it is not 
done during the investigation, an attorney in the court 
proceedings will hire an expert to reconstruct according 
to what the attorney wants to allege in favor of his client. 

Incapacitation and lethality: What could the victim 
have done after receiving the fatal injury or injuries? 
Unless the wound involves the structures at the base of 
the brain or the high cervical spinal cord, the victim 
could do a lot. As noted previously, with the heart com
pletely tom open, the brain retains about ten seconds of 
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consciousness until its oxygen reserve is depleted. Much 
can be done in ten seconds. Also, not all fatal bullet 
wounds deplete the brain of blood at an instant. Review 
of records reveals numerous instances of activity after 
receipt of fatal injuries. The reason that so-called " stop
ping power" of bullets is a myth is because the wounded 
victim is unpredictable in response. Some stop immedi
ately and others may keep going for a while with similar 
wounds (see above references on page 5). 

Intermediate objects and ricochets: Anything except 
air that comes between the muzzle of the gun and the 
skin is an intermediate object (some say target) . The 
bullet may have gone through a wooden fence, through a 
window or its screen, through plaster board, a door, part 
of an automobile, or even clothin�:. jewelry or the vic
tim's hair. I saw one case where the bullet was stopped 
by dense tightly coiled hair. The effect of an intermediate 
target may be there, deflection of the bullet, alteration of 
the entry wound and surrounding skin, or the transfer of 
intermediate object material to the bullet or into the 
wound. During the Kent State University shooting affair 
a newspaper reporter telephoned me because of a dis
crepancy. The National Guard said the shooting was 
from a distance and a surgeon (who claimed forensic 
wound interpretation expertise) raised the question of 
closer range due to the configuration of a wound. My 
question was: " Were there tree branches in the way?" 
Yes. That fact had not been considered by the involved 
parties especially the surgeon. 

Three shots fired from the . 38 Special revolver 
found at the scene yet four separate entry wounds, three 
in the murder victim plus one in the suicide assailant, 
were the puzzle we encountered during the murder sui
cide investigation. The victim had a fork full of spinach 
raised to his mouth when the first shot was fired. The 
bullet struck the fork and split into two parts producing 
two facial entry wounds about three inches apart. One 
tine on the fork was bent. An armed robbery shootout 
resulted in the death of an innocent bystander. He was 
struck by the police bullet which ricocheted off the rob
ber's gun. 

We have never performed a retrospective study 
of how many gunshot wounds involved absolutely no 
intermediate objects, including hair and clothing, but my 
best guess is that the vast majority of gunshot wounds 
involve an intermediate object. Rule: "An intermediate 
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object may alter the appearance of the gunshot wound 
and surrounding skin and interfere with estimates of 
range. "  Keep this in mind and satisfy yourself that such 
is not the case. 

In multiple bullet hole cases, one complete 
wound through an extremity may or may not coincide 
with another wound pathway in the torso. This may be a 
useful consideration when the torso pathway (profile) is 
shortened. Example: The shooting victim had a short 
tangential pathway of about 4 to 5 inches in the soft tis
sue of the thorax. The bullet was traveling too slowly 
for its type. Either it was a defective round or it had 
been slowed by an intermediate target. The answer was 
to be found in the perforating diagonal wound of the left 
forearm which could be lined up with the thorax wound 
whose skin entry was also distorted. 

Foreign bodies �adherent to the bullet (tissue, fibers, 
etc.): Modem forensic science techniques detect and 
identify smaller and smaller amounts of trace evidence . 
Bits of target substance struck by a bullet are expected to 
adhere. Plaster, fabric, tissue, and innumerable other 
items adhere to bullets. A recovered bullet at the scene 
is expected to contain trace evidence of what it struck 
until it is proven to be free of such evidence; a bullet 
recovered from a victim likewise. 

A bullet from the victim should be inspected, 
then cleaned with a small amount of normal saline and 
the saline centrifuged if tissue is present. The recovered 
tissue may be preserved in 95% alcohol or formaldehyde 
for microscopic study. Should tissue on the bullet be a 
carry over from another victim, consult with the crime 
laboratory serologist as to the best method of saving and 
transmittal of such evidence to the laboratory . All for
eign objects from the bullet should be saved for labora
tory examination. An example of the value of such a 
protocol would be if the victim had a piece of thick skin 
from the palm in the depths of the hollow point where 
the hand may have been an intermediate target. This 
became a contentious issue in the notorious State v .  Har
ris case in Westchester County, New York some years 
ago. Incidentally the victim, Dr. Herman Tamower, 
had been my treating physician when I suffered pneumo
nia at the age of fourteen years nearly sixty years ago. 
Rule: " Always consider the recovered bullet to contain 
trace evidence until proven otherwise . " 
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Correlation and reconstruction of the shooting event: 
The "what happened" is the primary function of the in
vestigation process before the accusatory process takes 
place . One can not be charged with a crime nor have a 
confession be legally sufficient until the corpus delicti 
(the fact that the crime exists) has been established. 
Every effort must be established to correlate witness and 
physical evidence in order to create a "videotape" play
back of the event. This demands close ongoing team
work between police, crime scene technicians and medi
cal examiner investigators and the pathologist. Commu
nication is the key to success. Usually the crime scene 
technicians will work out the shooting event at the scene 
with dowels through doors and walls which need to be 
correlated with the wounds . With the body at the scene 
the process is facilitated utilizing the pathologist. When 
zealous rescue personnel have moved the "evidence" 
(the victim) to the hospital it is useful for the pathologist 
to first visit the hospital and then the scene. At the 
autopsy the police must be present as part of the correla
tive process. It is not at all unusual for opinions as to 
directionality and sequence to become modified as the 
autopsy, clothing study and other examinations are com
pleted. Rule: "The pathologist must be involved on a 
continual basis during the reconstruction of the shooting 
event. " The opinions expressed during this process are 
investigative, not evidentiary, and are subject to change 
in the light of additional evidence. Additional rule: " In 
today's litigation arena the O.J.  Simpson defense strategy 
of a hired alternative explanation is a sure thing. Be 
prepared! "  

Preparation of a properly documented report (narra

tion, diagrams, photographs, x-rays): 
Most pathologists have never been properly trained in 
proper documentation of autopsy evidence. Most follow 
the rote system taught during their first year of pathology 
residency. That system is analogous to structuring of 
sentences, an exercise learned during grammar study in 
elementary school . When we grow up we just write and 
do not grammatically analyze sentence structure. Pa
thologists must grow up and learn the proper way to nar
rate a forensic autopsy: 

> The narrative is in sequence, first the general 
external description of the body, second the description 
of therapeutic alterations left by rescue and hospital per
sonnel, third the descriptions of the external and their 

Vol 3, No. 4 

corresponding internal wounds, fourth the internal de
scription of organs aside from the wounds, and last 
listing of autopsy fmdings in a logical manner. Micro
scopic descriptions follow. 

> Each wound must be designated by a letter of 
the alphabet (numbers imply sequence to the reader) . 
Each wound complex must be described as a single en
tity . The skin wounds, entrance and exit, are not to be 
given separate letters of the alphabet. Wound A has an 
entrance and an exit penaining only to wound A; wound 
B likewise. Start with the entrance and follow the path
way with descriptions of organ damage produced by the 
passage of the bullet. Describe using the "wound pro
file" system mentioned previously. 

> Appended to the narrative is a neatly prepared 
"clarification diagram" using pre-printed body diagrams 
uncluttered with miscellany and containing each wound 
as to entrance and exit, dotted lines to show internal 
pathways. 

> Separately in the case file are excellent photo
graphs (not "quick" lnstamatic or Polaroids) which de
pict the wounds in such a manner that the close ups may 
be readily identified as to location. We prefer slide film 
because fme detail is better than print film. Focus and 
lighting must be excellent. Composition is the greatest 
problem. Police photographers are not trained in 
autopsy photography. They "shoot as is" which is 
proper at the scene but not at the autopsy. The body is 
already disturbed. Clean it up . Get rid of blood and 
tools and people and equipment in the background. The 
body on the next tray detracts from the picture . Use a 
stepladder to photograph from above. 

> X-rays are most useful. Because they are 
large, they do not fit into the case file . Representative 
copies may be made using a 35 mm. camera . .  Remem
ber: Aluminum jacket material (Silver Tip bullets) is in
visible to X-rays.  The pathologist must be sure that the 
jacket is accounted for. The lead core may possess some 
groove markings transmitted through the jacket by the 
rifling. Hence groove marks on a lead projectile may 
delude the pathologist into thinking that there was no 
jacket. A rare occurrence, but I have seen it. Also an x
ray may locate the bullet embolus to the thigh or leg . 
Pathologists have been known to assume that all the ra
dio-opaque material in the mouth were gold teeth but one 
was a bullet! In one case a nearby bullet in the neck was 
recovered and that in line with gold teeth was over-
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looked. The recovered bullet was from an old healed 
wound. The body had to be exhumed to recover the 
evidence bullet. A common problem is under exposure 
with bone density obscuring the bullet. Alternatively 
partially radio-opaque densities may be assumed to be 
lead "snow storm" but the lack of density clearly indi
cates otherwise to the experienced interpreter. This error 
of interpretation occurred following the investigation of 
the death of the Secretary of Commerce, Ron Brown, 
who died from air crash injuries in Bosnia . One of the 
x-ray cassettes was imperfect and left some partial densi
ties wrongfully interpreted by a critic as bullet evidence 
when such was not the case . 

Rule: " If the pathology report produces to the reader a 
blurred mental image of wound pathways, it is an im
proper report. " Additional rule: " Trajectory is the 
curved path of something hurtling through space, espe
cially that of a projectile from the time it leaves the muz
zle of the gun" (Webster's New World Dictionary of the 
English Language, 2nd college edition, Simon & Schuster 
1984). There is no such thing as a trajectory inside a 

dead or living body. How about another rule: "Bullets 
tend to follow a fairly straight pathway inside the body. 
The inside curvature of the skull may deflect the bullet or 
a part of it but elsewhere they continue their motion in a 
straight line. " A pathologist who can not figure out 
what happened may invent a convoluted pathway. The 

most important rule: " Never, never, never leave a 
bullet or a major fragment inside the dead body ! "  

Ancillary studies (toxicology, drug and alcohol, other 
factors influencing behavior): Alcohol is the most 
common factor in loss of behavioral control. Drugs are 
now, in some types of homicides, even more so. Physi
cal defects may have played a role in the circumstances 
leading up to the shooting. In suicides delusional belief 
of an internal cancer my be a factor. These things 
should be considered and documented as to presence or 
absence. Note: Proper acquisition of biological speci
mens is essential. Blood for alcohol should be peripheral 
for quantification. Some drugs leach out of heart muscle 
after death and may create an artifact of high values in 
postmortem heart blood. Cocaine is unstable in the 
blood but less so in the brain. The best approach is to 
take multiple site samples, including eye vitreous fluid, 
and preserve them in a proper manner and in proper 
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containers. 

Preservation and transfer of evidence: Medical exam
iners and coroners who gain notoriety may do so be
cause they are insensitive to the needs of proper evidence 
handling. As a rule some individual police investigators 
tend to forget about the clothing and bullets which are 
still at the morgue. They are too busy doing other things 
such as interviewing witnesses or obtaining search war
rants. In the Miami-Dade County Medical Examiner 
Department an "evidence technician" position was cre
ated. It was her duty to spend each morning making 
sure that clothing in the evidence drying room was prop
erly handled, bullets in the bullet box were not left be
hind and that all evidence not yet picked up by police 
was transferred to the appropriate police property bu
reau. There is no evidence stockpile in the Medical Ex
aminer Department of Miami- Dade County except that 
dealing directly with the autopsy such as glass micro
scopic slides, preserved tissues and toxicology speci
mens. Rule: " It is bad business for the medical exam
iner or coroner department to stockpile evidence. "  

Courtroom testimony and anticipated allegations at a 
future date: All investigators in criminal cases perform 
certain rituals in anticipation of future court proceedings. 
The pathologist is not immune from these considerations. 
As mentioned above, an "0. J. Simpson" parade of 
contrary witnesses shall appear. Rule: "Every firearm 
death or injury case, if someone has money (including 
the Public Defender) , will create a Witness Having 
Other Rationalized Explanation. " Only by thinking 
ahead and performance of a proper job on the part of the 
pathologist, police, photographer, crime scene techni
cian, toxicologist, and other personnel in the investiga
tive process may the adverse witness be neutered. 
Question: Whose job responsibility is it? Answer: All 
of the above. 

Speaking of courtroom shenanigans, in a recent 
case the defense experts bolstering an alleged " struggle" 
wanted the shotgun muzzle to be three to twelve inches 
away from the shirt and so testified. However compe
tent crime laboratory microscopic examinations and 
chemical tests revealed no gunpowder smoke or debris 
around the hole in the cloth. Defense witness #1 (a fire
anns examiner): The blood from the wound washed 
away all the gunpowder debris evidence of such a close 
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range! Defense witness #2 (a forensic pathologist) : The 
dried blood on the shirt prevented the competent crime 
laboratory from detecting microscopically or chemically 
the gunpowder evidence of such a close range! Another 
defense witness (a pathologist) showed the jury photo
graphs of microscopic slides of lung tissue containing 
trapped intra-lymphatic sub-micron particles of carbon 
(common to smokers and people who live in contami
nated atmosphere) and passed them off as the wound 
pathway contaminated with gunpowder debris blown into 
the wound. The jury was not hoodwinked. Verdict: 
Murder in the first degree . 

Teaching of firearm related investigations at a future 
date: Almost every case is a learning process. We con
stantly take pictures for the educational value and use 
these in lectures . Accordingly our photographic record 
often includes " action shots" , what people are doing 
during the investigation. Most forensic pathologists par
ticipate in teaching programs for various groups. In the 
Miami-Dade County Medical Examiner Department the 
pathology, toxicology and investigative staff have, in 
some years, given presentations to groups aggregating 
22,000 people during a fifty-two weeks time frame! We 
have thrice yearly death investigative and twice yearly 
police photographic training courses in house plus oth
ers. The facility was planned for education. 

Summation: The forensic pathologist is not just a side
line observer in the gunshot wound investigative process 
but is the key player when a death has occurred. Without 
adequate pathology service, police and medical exam
iner/coroner functions shall fail . And that means the in
vestigation shall falter. 

Gunshot wounds constitute a major proportion 
of intentional deaths, homicides and suicides. The pa
thologist must understand wound ballistics, the problems 
of firearm injury investigation, be prepared to correlate 
autopsy fmdings with circumstances, be able to prepare 
comprehensible reports and be prepared to render credi
ble non-partisan presentations in court, 

• Recommended CORE LffiRARY: In addition to 
the usual forensic pathology textbooks (often super
ficial and wanting in detail reference fireanns) there 
exist a few good references useful in the under
standing of firearm injuries. These are especially 
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helpful when dealing with ignorance on the part of 
vociferous proponents of error. References are (and 
you may know of others) : 

+ DiMaio, VJM, Gunshot Wounds, Practical Aspects of 
Fireanns, Ballistics, And Forensic Techniques , 1985, El
sevier, New York, Amsterdam, Oxford. (Note: Additional 
new material needs to be incorporated into a future ed
tion) 

+ MacPherson, D, Bullet Penetration, Modeling the Dj
namics and the Incapacitation Resulting from Wound 
Trauma, 1994, Ballistic Publications, Box 772, El �
gtmdo, CA 90245 

+ La Garde, L, Gunshot Injuries, How They Are Inflicted, 
Their Complications and Treatmen� 2nd revised edition, 
1916,  Wm. Wood and Co. ,, New York (Reprinted in 1991  
by Lancer Militaria, PO Box 886, Mt. Ida, Arkansas 
71957) 

+ Patrick, UW, Handgun Wounding Factors and Effecti"ll!
ness, July 14, 1 989, US Department of Justice, Federal 
Bureau of Investigation, FBI Training Academy, Quan
tico, Virginia 

+ FBI Handgun Ammunition Tests, Firearms Training Unit, 
FBI Academy, Quantico, Virginia, 22135. This was a 
yearly series, now not related to calendar years, covering 
different types of ammunition. What makes this useful is 
that bullets are fired through intermediate target materials 
into ordnance gelatin to simulate real field conditions . The 
goal is to determine if the bullet is capable of penetrating 
1 8  inches of tissue after passing through the intermediate 
target. Law enforcement agencies may obtain these re
ports upon request on their !etta-head. 

+ Shootings by police: The procedures developed by police, 
prosecutors and the medical examiner in Miami-Dade 
County, Florida are in keeping with the best of public 
policy and the furtherance of governmental stability. The 
firearms library should also contain the following 

l .The Miami-Dade Police Department police shooting 
procedure 

2.The Miami-Dade County Medical Examiner Depart
ment police shooting procedure 

3 .Chapter 936, Florida Statutes 
And finally, it is nice to possess a complete set of Wound 

Ballistics Review, a journal which contains what the 
other publications left out. 
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THE WOUNDING EFFECTS OF 5.56MM/ .223 LAW EN
FORCEMENT GENERAL PURPOSE SHOULDER FIRED 
CARBINES COMPARED WITH 12 GA. SHOTGUNS AND 
PISTOL CALIBER WEAPONS USING 10% ORDNANCE 
GELATIN AS A TISSUE SIMULANT. 
Gary K. Roberts, DDS 

Abstract 
10% ordnance gelatin is used as a tissue simulant to 
analyze the wounding effects and physiological inca
pacitation potential of 5. 56mml. 223 JHP, JSP, and 
FMJ bullets intended for law enforcement general 
purpose shoulder fired weapon applications and com
pare them with the traditional Law enforcement 12 
gauge shotgun projectiles and handgun bullets used 
in SMG 's and some semi-automatic carbines. 

Introduction 
Until recently, the 12 gauge shotgun has re

mained the universally accepted shoulder fired 
weapon for United States law enforcement general 
purpose use. While law enforcement 12 ga. shotguns 
are typically loaded with #00 Buckshot and offer out
standing incapacitation potential and increased hit 
potential against moving targets at close range (no 
more than 15 to 25 yard), the shotgun is not an ideal 
general purpose weapon due to its short effective 
range, imprecise accuracy, downrange hazard to by
standers, small ammunition capacity, slow reloading, 
and harsh recoil. While 12 gauge shotguns still have 

a valid law enforcement role, especially to deliver 
specialized munitions and in close quarters combat 
(CQB), recent recognition of the shotgun' s  significant 
limitations as a general purpose weapon have 
prompted many American law enforcement agencies 
to begin adopting the more versatile semi-automatic 
carbine for general purpose use. 1 ,2 Semi-automatic 
carbines offer more accuracy, less recoil, greater ef
fective range, faster reloading, and a larger ammuni
tion capacity than the traditional shotgun. Many law 
enforcement agencies have acquired pistol cali�er 
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semi-automatic carbines o r  sub-machine guns to re
place or augment the traditional shotgun. 

As 5. 56mm weapons have become increas
ingly popular for military combat, some civilian law 
enforcement agencies have also chosen to use 
5 .56mml.223 caliber weapons. The advantages of the 
5.56 x 45 mm NATO rifle cartridge for military 
combat have been well documented and numerous 
nations have adopted it as their standard military rifle 
ammunition.3,4 Less widely known is that 
5. 56rnrnl.223 rifle ammunition is also ideally suited 
for law enforcement general purpose use in semi
automatic carbines . 5,6 It offers superb accuracy 
coupled with low recoil, and can be more effective at 
incapacitating violent aggressors than the pistol car
tridges utilized in submachine guns and some semi
automatic carbines. As law enforcement officers in
creasingly confront criminals protected by soft body 
armor designed to defeat pistol bullets and shotgun 
pellets, the ability of the 5.56rnrnl.223 bullets to de
feat soft body armor has become a significant factor. 7 
In addition, the fragmenting behavior of 
5 .56rnrn1 .223 bullets may limit their overpenetration 
potential compared with pistol bullets and shotgun 
projectiles; a significant advantage in crowded urban 
environments and during tactical entry and CQB 
situations .8  When intervening obstacles are not pres
ent, 5. 56mml. 223 bullets may provide acceptable 

accuracy and wounding effectiveness for law en
forcement sharpshooting at close and intermediate 
(under 100 yards) range. 

The wounding ability of the U . S .  Military 
M 1 93 55 gr FMJ and M855 62 gr FMJ bullets have 
been reported in detail .9, 10, 1 1  The terminal effects 
of . 223 jacketed hollow point and jacketed soft point 
bullets have not been as well described. 12, 1 3  Using 
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10% ordnance gelatin as a tissue simulant, this study 
analyzes the wounding characteristics of several .223 
jacketed hollow point (JHP) and jacketed soft point 
bullets (JSP) compared with 5.56mm full metal jacket 
bullets (FMJ). The 5.56rnrn1.223 bullet wounding 
abilities are also contrasted with the wounding poten
tial exhibited by both 12 gauge shotgun projectiles 
and typical 9mm, .40 S&W, and .45 ACP pistol bul
lets used in sub-machine guns and some semi
automatic carbines. 

Background 
Law enforcement general purpose shoulder 

fired weapons have only one raison d' • tre: To rap
idly incapacitate and stop dangerous individuals who 
pose an immediate threat to public safety and prevent 
them from continuing their violent actions. Law en
forcement general purpose shoulder fired weapons 
must be able to accomplish this goal despite being 
used for diverse missions : 

• High Risk Patrol Encounters 

• Perimeter Containment 

• Sharpshooter Support 

• Intennediate to Long Range (100+ yds) Engagements 

• Suppression of Violent Criminals Who Are Using Body 
Armor 

• CQB/Tactical Entry/ Raid/Hostage Rescue Situations 

Bullets which will effectively penetrate barri
ers are an asset to many of these missions, although 
bullets with limited penetration of barriers may be 
ideal for CQB, Tactical Entry, Raid, and Hostage 
Rescue missions, since stray bullets which exit a 
room or building pose a significant downrange hazard 
to innocent bystanders. Limited obstacle penetration 
may also be beneficial in crowded urban environ
ments to reduce the risk of errant bullets entering a 
building and harming an innocent person. 

Bullets which may be required to incapacitate 

an aggressor in law enforcement use must reliably 
penetrate a minimum of approximately 12 inches of 
tissue in order to ensure disruption of the major or
gans and blood vessels in the torso from any angle 
and through excessive adipose tissue, hypertrophied 
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muscle, or intervening anatomic structures, such as a 
raised arm. 1 4  

Incapacitation can b e  caused b y  both physio
logical and psychological mechanisms. People are 
often rapidly psychologically incapacitated by minor 
wounds which are not immediately physiologically 
incapacitating. Psychological factors are also the rea
son people can receive severe, even non-survivable 
wounds and continue functioning for short periods of 
time. Up to fifty percent of those individuals rapidly 
incapacitated by bullet wounds are probably inca
pacitated for psychological rather than physiological 
reasons. 15  Psychological incapacitation is an ex
tremely erratic, highly vadable, and completely un
predictable human response, independent of any in
herent characteristics of a particular projectile. 

The degree and rapidity of any physiological in
capacitation is determined by the anatomic structures the 
projectile disrupts and the severity the tissue damage 
caused by the bullet. Physiologically, immediate inca
pacitation or death can only occur when the brain or 
upper spinal cord is damaged or destroyed. l6 Circula
tory system collapse from severe disruption of the vital 
organs and blood vessels in the torso is the only other 
reliable method of physiological incapacitation from 
small arrns.17 If the CNS is uninjured, physiological 
incapacitation is delayed until blood loss is sufficient to 
deprive the brain of oxygen.18 Multiple hits may be 
needed before an individual is physiologically incapaci
tated. 19 An individual wounded in any area of the body 
other than the CNS may physiologically be able to con
tinue their actions for a short period of time, even with 
non-survivable injuries. 

Law enforcement officers are generally trained 
to shoot at the center of mass, usually the torso, of an 
aggressive opponent who must be stopped through the 
use of lethal force. Physiological incapacitation with 
wounds to the torso is usually the result of circulatory 
system collapse. More rapid incapacitation may occur 
with greater tissue disruption. Tissue is damaged 
through two wounding mechanisms: the tissue in the 

projectile' s  path is permanently crushed and the tissue 
surrounding the projectile's path is temporarily 
stretched. A penetrating projectile physically crushes 
and destroys tissue as it cuts its path through the body. 
The space occupied by this pulped and disintegrated tis
sue is referred to as the permanent cavity. The perma-
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struction, and velocity, penetration depth and the type 
of tissue with which the projectile interacts .29 Un
like rifle bullets, handgun bullets, regardless of 
whether they are fired from pistols, SMG' s,  or semi
automatic carbines, generally only disrupt tissue by 
the crush mechanism.30 In addition, temporary 
cavitation from most handgun bullets does not relia
bly damage tissue and is not usually a significant 
mechanism of wounding. 3 1  

Tissue is a denser medium than air; as the 
bullets strikes tissue, the increased drag on the pro
jectile overcomes its rotational stabilization and the 
bullet can yaw. If the bullet yaws, more surface area 
is in contact with tissue, so it crushes more tissue, 
creating a larger permanent cavity . When a bullet 
yaws, it also displaces more of the surrounding tis
sue, increasing the temporary cavity size . Both the 
largest permanent and temporary cavities are pro
duced when the bullet is traveling sideways at 90 de
grees of yaw, allowing the maximum lateral cross 
sectional area of the bullet to strike tissue and dis
place the greatest amount of tissue. 32 Longer and 
wider bullets have a greater lateral cross sectional 
area and thus create a larger permanent cavity when 
they yaw . 

Aerodynamic projectiles, such as bullets, 
cause minimal tissue disturbance when passing point 
forward through tissue. Deformation destroys the 
aerodynamic shape of the bullet, shortening its length 
and increasing its diameter by expanding and flatten
ing the bullet tip in the classic "mushroom" pattern 
exhibited by deforming jacketed hollow point and 
jacketed soft point bullets . The larger frontal area of 
deformed bullets can crush more tissue to increase 
permanent cavity size and also displace more tissue to 
increase temporary cavity size . 

Projectile fragmentation in tissue can also 
greatly increase the permanent cavity size. When a 
bullet fragments in tissue, each of the multiple frag
ments spreads out radially from the main wound 
track, cutting its own path through tissue. This 
fragmentation acts synergistically with the stretch of 
temporary cavitation. The multiply perforated tissue 
loses its elasticity and is unable to absorb stretching 
which would ordinarily be tolerated by intact tissue. 
The temporary cavitation displacement of tissue, 
which occurs following the passage of the projectile, 
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stretches this weakened tissue and can grossly disrupt 
its integrity, tearing and detaching pieces of tissue . 33 
Handgun bullets, regardless of whether they are fired 
from pistols, SMG's ,  or semi-automatic carbines, do 
not generally exhibit the fragmentation effects pro
duced by rifle bullets. If handgun bullets do frag
ment, the bullet fragments are usually found within 1 
em of the permanent cavity; wound severity is usually 
decreased by the fragmentation since the bullet mass 
is reduced, causing a smaller permanent crush cavity . 

Materials And Methods 
The 9mm bullets chosen for this study have 

been previously shown to have near optimum termi
nal performance for law enforcement use in both tis
sue simulant and living human tissue . 34,35 The .40 
S&W bullets and 12 gauge shotgun projectiles tested 
are the current standard CHP issue . The .45 ACP 
bullets were shown to have consistently outstanding 
terminal performance in previous testing.36 A broad 
sampling of 5 . 56rnrn1 .223 bullets of differing weights 
and construction were tested, as noted in Table 1 .  
All testing was performed at the California Highway 
Patrol Academy Weapons Training Department In
door Firing Range using the protocol described pre
viously . 37 Five shots of each bullet type were fired 
into bare 1 0 %  ordnance gelatin . 

Bullets which exceeded a minimum average 
penetration depth of 30 em ( 1 1 . 8 ") in bare gelatin 
underwent further testing through barriers. Replicas 
of standard construction interior walls were fabricated 
using two pieces of 112" thick dry wall cut in 12"  x 
24" segments and mounted four inches apart using 2 
x 4" fir studs and 1 .  5 "  dry wall screws .  . Five rounds 
of each of the bullet types which passed the bare 
gelatin testing were then fired into gelatin through the 
interior wall segments. The interior wall replicas 
were placed 10 em in front of the edge of the gelatin 
blocks. An additional five rounds of each of the bul
lets which met the bare gelatin penetration require
ment were then fired at used standard CHP issue, 
PACA, Level Ila, Kevlar body armor which was 
placed directly against the gelatin block and re
positioned after each shot. 

The 9mm shots were made with a Heckler 
and Koch MP-5 with an 8 . 5 "  barrel , the .40 S&W 
shots were made with a CHP standard issue S& W 
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4006 pistol with a 4"  barrel, the .45 ACP shots were 
made with a Colt Government model with a 5 "  bar
rel, and the 1 2  gauge shotgun projectiles were fired 
from a CHP standard issue Remington 870 shotgun 
with an 1 8 "  cylinder barrel . A Colt Sporter AR1 5A2 
carbine with a 1 6 " ,  1 in 7 "  twist rate barrel was used 
to fire all the 5 .56rnrn1 .223 shots. The percent frag
mentation of each 5 . 56rnrn1.223 bullet was deter
mined by subtracting the weight of the bullet recov
ered at the terminus of the permanent wound track 
from the original bullet weight, giving the weight of 
lost fragments, then dividing this weight by the origi
nal bullet weight. 

Results 
Table 1 shows the lot #, and five shot aver

ages for velocity, penetration depth, maximum tem
porary cavity diameter, percent fragmentation, and 
gelatin calibration for each bullet type. Table 2 shows 
the lot #, and five shot averages for velocity, pene
tration depth, maximum temporary cavity diameter, 
percent fragmentation, and gelatin calibration for 
each bullet type fired through an interior wall .  The 
12 ga . 00 buckshot velocity was not measured on any 
of the test shots to avoid damage to the chronograph 
screens . 

All of the 5 .56rnrn1.223 bullets penetrated the 
body armor and performed nearly identically to the 
bare gelatin test results. All of the 9mm, .40 S&W, 
and . 45 ACP bullets, along with all of the shotgun 00 
buckshot pellets were stopped by the body armor. 
Two of the shotgun slugs penetrated the body armor 
and gelatin and exhibited terminal performance nearly 
identical to that seen with the bare gelatin. One of 
the shotgun slugs was stopped by the last layer of 
Kevlar, but pressed the body armor panels 6 em into 
the gelatin, in an apparent permanent wound cavity . 
Two of the shotgun slugs did not penetrate the body 
armor or gelatin and caused only cracking of the sur
face of the gelatin block up to 3 em in depth and di
ameter . 

Unpublished 5 . 56rnrn1 .223 gelatin test shots 
by the author, using bullets fired from a Colt M 1 6A 1 
with a 20" ,  1 in 12"  twist rate barrel; a Colt Sporter 
AR1 5A2 HB with a 20" ,  1 in 7 "  twist rate barrel, 
and a Colt M4 carbine with a 14 .5 " ,  1 in 7 "  twist rate 
barrel, suggest only minimal terminal performance 

differences to those exhibited in this testing. Like
wise, only minor terminal performance differences 
were noted when the 9mm and .40 S&W bullets were 
fired from a 4 "  barrel pistol versus an 8 . 5 "  barrel 
SMG.38 

Discussion 
The law enforcement general purpose shoul

der fired weapon likely to provide the most rapid 
physiological incapacitation in most law enforcement 
shootings is the one which can disrupt the most tissue 
in shots to the torso. 

Bare Gelatin Testing: 
All of the 9mm, .40 S&W, .45 ACP, and 12 

gauge projectiles offered adequate penetration and 
expansion in bare gelatin. (see Pistol and SMG bare 
gelatin wound profiles) None of the .223 light
weight, under 55 gr, frangible, JHP, or JSP bullets 
offered adequate penetration in bare gelatin . (see 
.223 JHP/JSP wound profiles) While the Winchester 
50 gr JSP (SBST223) did barely make the 30 em 
minimum average penetration guideline in bare gela
tin, all of the bullets tested fragmented very early and 
did not exceed 20 em of penetration except for a 
small fragment of the bullet base. Since the bullet 
base fragment which penetrated to 30 em was very 
small in size and unlikely to cause significant 
wounding, a decision was made to not continue fur
ther testing of this load. (see .223 JHP/JSP wound 
profiles) 

The 55 gr bullet weight is extremely common 
for 5 . 56rnrn1 .223 bullets, although only two of the 
5 . 56rnrn1 .223 55 gr bullets tested offered acceptable 
terminal performance in bare gelatin--the Winchester 
55 gr M 193 style FMJ (X223R1)  and the Federal 55 
gr JSP Tactical (LE223T).  In these tests , as in nu
merous previous studies, the Winchester 55 gr M 193 
style FMJ (X223R 1 )  exhibited acceptable, although 
somewhat variable, wounding effects . The Federal 
55 gr JSP Tactical LE223T exhibited the most unique 
performance of any 5 . 56rnrn1.223 bullet tested . It 
had negligible fragmentation, excellent expansion, 
and deep penetration, with terminal performance, al
though on a smaller scale, very similar to some de
forming .30 caliber rifle bullets, such as the .30-30 
and 7 . 62 x 39mm commercial JSP loads previously 
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behavior of the bullet results in a smaller permanent 
wound cavity and reduced wounding effects compared 
with the other 5.56mm/. 223 bullets. For entry situa
tions and CQB, the Federal 55 gr JSP Tactical 
LE223T load would be a poor choice. 

The majority of 5.56mm/.223 bullets of 60 gr 
weight and heavier exhibited acceptable terminal per
formance in bare gelatin, with the exception of the 
Remington 60 gr JHP (R223R4) and the experimental 
Federal 70 gr Very Low Drag JHP, neither of which 
met the minimal average penetration requirements, 
and the Winchester 64 gr JSP (X223R2) which exhib
ited unacceptable variations in performance. Previous 
testing of the Winchester 64 gr JSP, labeled X223R2, 
in 1987 to 1989 showed acceptable penetration in bare 
gelatin and led to its recommendation for law en
forcement use, however, some bullets tested in 1991 
to 1993 exhibited inadequate penetration. Bullets 
tested in 1996 and 1997 exhibited adequate penetra
tion, but caused poor weapon function. (see photo) 
Older boxes of the 64 gr JSP, labeled X223R2, ex
hibited a knurled crimp or cannelure where the bullet 
neck was seated into the cartridge case, while newer 

boxes with the same labeling have had bullets with no 
cannelure or knurling . These newer cartridges have 
had numerous failures to feed in semi-automatic 
weapons; the bullet can be forced back into the car
tridge case as the cartridge is fed from the magazine 
into the weapon' s  chamber. This is unacceptable for 
law enforcement use. The Winchester 64 grain JSP, 
labeled "Knurled" Q3246, has a cannelure and offers 
both acceptable weapon functioning and adequate 
penetration. (see . 223 JHP/JSP wound profiles) 
These variations illustrate why law enforcement and 
military units should mandate required ammunition 
performance standards in procurement contracts 
(penetration depth, bullet expansion, accuracy, 
weapon function, muzzle flash, chamber pressure, 
etc . . .  ) and also perform periodic quality control test
ing to ensure continued adequate ammunition per
formance and to prevent manufacturers from making 
unannounced alterations to ammunition design which 
may adversely effect bullet performance. Manu
facturers should be required to indicate ammunition 
design changes and modifications on product packaging 

Win 64 gr JSP 

Old Style X223R2 w/ cannelure 

New Style X223R2 w/o cannelure 

Q 3246 "Knurled" w/ cannelure 
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Interior Wall Testing: 
As suspected based on previous testing, all of 

the
� 

9mm 147 gr JHP, . 40 S&W 180 gr JHP, and .45 
ACP 230 gr JHP bullets failed to expand and had very 
deep, excessive penetration after passing through the 
interior wall, due to plugging of the hollow point. 
(see interior wall wound profiles) With the hollow 
point plugged, the bullets performed nearly identically 
to FMJ pistol bullets . The terminal performance of 
the 12 ga . 00 buckshot and slugs did not appear to be 
altered by passing through the interior wall, with 
penetration and deformation nearly identical with their 

performance in bare gelatin. (see 12 ga. Shotgun bare 
gelatin wound profiles) 

The majority of the 5.56mm/.223 bullets 
which were fired through the interior wall exhibited 
minimal changes in terminal performance compared 
with bare gelatin (see .223 JHP/JSP wound profiles) . 
However, three 5.56mm/.223 loads exhibited 
significant differences in terminal performance 
between shots fired into bare gelatin versus shots first 
penetrating an interior wall (see interior wall wound 
profiles) . The Winchester 55 gr M 193 style FMJ 
(X223R 1) exhibited minimal fragmentation and de-

Bare Gel Int Wall Kevlar 

1 2  ga. Rem 1 oz Slug (HPRS) 

9mm Fed 1 47 gr JHP (9MS) 

.40 S&W 1 80 gr JHP (R40SW2G) 

.223 Fed 5 5  gr JSP-Tac (LE223T 1 )  

5 . 56mm Win 62 gr FMJ (RA5 56M85 5) 

. 223 Win 64 gr JSP (Q3246) 

.223 Fed 69 gr JHP-BT (223M) 
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formation after first passing through an interior wall . 
Strangely, the Winchester 62 gr M855 FMJ 
(RA556M855) "green tip " had exactly the opposite 
performance when first hitting an interior wall; it ex
hibited significant early fragmentation, with only the 
steel core tip penetrating beyond 19  em. The Win
chester 69 gr JHP (S223M) had very early breakup 
after striking an interior wall, with only a few small 
fragments penetrating beyond 19 em. Since all of the 
5 . 56rnrnl.223 bullets fired through the interior wall 
had significantly less penetration than 9mm, .40 
S&W, .45 ACP, and 1 2  ga. shotgun projectiles which 
were fired through an interior wall ,  stray 
5 . 56rnrnl.223 bullets seem to offer a reduced risk of 
injuring innocent bystanders and an inherent reduced 
risk of civil l itigation in situations where bullets miss 
their intended target and enter or exit structures. 
5 . 56mm/ .223 caliber weapons may be safer to use in 
CQB situations and in crowded urban environments 
than 9mm, .40 S&W, or 12  ga . weapons . 
Body Armor Testing: 

The NIJ Level Ila Kevlar body armor was de
signed to stop handgun bullets and shotgun pellets . 
As expected, all of the 9mm, .40 S&W, and .45 ACP 
bullets, along with the 12 ga. 00 buckshot pellets 
were stopped by the body armor. Likewise as ex
pected, all of the 5 . 56rnrnl.223 bullets completely 
penetrated the body armor and behaved as if the body 
armor was not there. The 12 ga. shotgun slugs ex
hibited variable performance. The two slugs stopped 
by the vest exhibited only mild to moderate cracking 
of the underlying gelatin surface, while the two shots 
which penetrated the vest performed as if the vest had 
not been in place. The shot which pushed the vest 
panels into the gelatin was visible nearly completely 
perforating the last layer of Kevlar in the vest. While 
Level Ila body armor is not designed to stop shotgun 
slugs, in actual law enforcement shooting incidents , 
the vests have defeated shotgun slugs . 39 

Weapon Characteristics: 
5 . 56rnrn1.223 weapons require a m1mmum 

barrel length of 14.5 inches to optimize incapacitation 
potential, as 5 .56rnrn1.223 weapons with barrel 
lengths shorter than 14 .5  inches (HK-53 ,  XM-177, 
etc . . .  ) exhibit significantly decreased wounding ef
fects and limited incapacitation potentials, similar to 
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those produced by the 9mm pistol bullets used in 
handguns and SMG's .40 (see 5 . 56 mm FMJ & .223 
JSP wound profiles) 

In recent limited testing with the new 12.5 " 
barrel HK G-36K, bullets fired from the G-36K had 
muzzle velocities which were approximately 200 fps 
less compared to the same load fired from a 14. 5 "  
barrel M-4 carbine. The reduced muzzle velocity the 
12.5 " barrel G-36K resulted in less effective bullet 
terminal performance compared with the same bullet 
types fired from a 14 . 5 "  barrel M-4 carbine, sug
gesting that a 14 . 5 "  barrel length offers the potential 
for acceptable bullet terminal performance while a 
12. 5 "  barrel is less than optimal .41  For example, 
Winchester 55 gr FMJ M 193 style (X223R1) bullets 
fired from the M-4 carbine had muzzle velocities of 
around 2850 fps, penetration of around 34 em, and 
exhibited the typical fragmentation of the bullet base 
behind the cannelure, while the same load fired from 
the G-36K had muzzle velocities around 2650 fps, 
penetrations in excess of 50 em, minimal fragmenta
tion with a single deep yaw cycle. (see 5 . 56 mm FMJ 
wound profiles) Federal 55 gr (P223E) and Win
chester 64 gr (Q3246) JSP bullets fired from the G-
36K exhibited less changes in bullet terminal effects 
than the FMJ bullets . 

12  gauge shotguns have significant limitations 
when used as general purpose law enforcement 
shoulder fired weapons: 
• Very short effective range ( 15-25 yards) with buck

shot 
• Short effective range with slugs (50-75 yards) 
• Poor accuracy and imprecise control over buckshot 

pellet placement resulting in downrange hazards to 
innocent bystanders 

• Reduced accuracy potential when using standard 
"bead" type front site to shoot slugs 

• Potentially excessive penetration in urban settings 
• Severe Recoil 
• Slow Reloading 

9mm/ .40 S&W caliber semi-automatic car
bines and SMG' s also have significant l imitations for 
general purpose law enforcement shoulder fired 
weapon use: 
• Limited physiological incapacitation potential com

pared with shotguns and 5 . 56 rnrnl.223 weapons 
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• Short effective range (50- 1 00 yards) 
• Potentially excessive penetration in urban settings 
• Cannot defeat soft body armor 
• High relative cost of SMG's  (approximately $ 1200 

for MP-5 vs.  $600 to $800 for M-4/AR-15)  

In  contrast, 5 .  56mml . 223 semi-automatic 
carbines offer significant advantages for use as a gen
eral purpose law enforcement shoulder fired weapon: 
• Better physiological incapacitation potential than 

handguns or SMG's  
• Greater effective range (up to 200 yards) and better 

accuracy than with handguns, SMG' s,  or shotguns 
• Reduced downrange hazard to innocent bystanders 

in an urban environment when missed shots unin
tentionally penetrate structures, compared to hand
guns, SMG' s,  or shotguns 

• Reduced recoil and more rapid reloading compared 
to shotguns 

• Penetrates soft body armor 

Beyond approximately 150 to 200 yards, 
5 . 56rnrn1 .223 bullets tend to have significantly re
duced wounding ability .42 While this is acceptable 
for military use, in law enforcement situations, the 
potential for immediate incapacitation of a violent 
aggressor is significantly reduced. Because of this, 
when law enforcement officers are required to shoot 
at violent aggressors beyond 200 yards, a . 30 caliber 
rifle, such as a 7 .62 x 5 1mm NAT0/ . 308 caliber 
weapon is highly recommended to maximize immedi
ate incapacitation potential . 

Conclusion 
A 5 . 56mm/ .223 semi-automatic carbine with 

a minimum of a 14.5 " to 1 6 . 5 "  barrel is an effective 
and versatile weapon for use in law enforcement. 
With appropriate ammunition, the 5 .56rnrnl.223 car
bine is equally capable in high risk patrol encounters, 
perimeter containment, sharpshooter support, inter
mediate to · long range ( 100 + )  yard engagements , 
suppression of criminals wearing body armor and 
CQB/tactical entry/raid/hostage rescue situations . 
The routine issuing of 5 .  56mml . 223 semi-automatic 
carbines for general purpose use would significantly 
enhance officer safety, increase police effectiveness,  
and decrease dangers to innocent bystanders in many 
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situations requiring the use of firearms . Select fire 
5 . 56rnrnl. 223 weapons should be limited to personnel 
who have received appropriate initial training and 
continued skill practice. 

The 5 .56mm/ .223 ammunition which may of
fer the greatest potential for physiologically inca
pacitating an aggressor during the wide variety of 
situations encountered by officers on general patrol 
duty appears to be the: Federal 55 gr Tactical JSP 
(LE223T1),  Black Hills 60 gr JSP,  U.S .  Military 
Olin M855/Winchester RA556M855 62 gr FMJ , 
Winchester 64 gr JSP (Q3246), Black Hills 68 gr 
JHP, Federal 69 gr JHP (223M), Winchester 69 gr 
JHP (S223M), and Black ljills 75 gr JHP. The 55 
gr bullet weight is suitable for use in 5. 56mml . 223 
weapons with barrel twists ranging from 1 I 12 "  to 
1/7' ' ,  while the heavier bullets require the faster 119" 
and 117 '' barrel twists for proper bullet stabilization. 
The U . S .  Military Olin M 193/Winchester 55 gr FMJ 
(X223R2) also offers terminal performance, which, 
although more variable, may be acceptable for law 
enforcement general purpose carbine usage in weap
ons with barrel twists ranging from 1 1 1 2 "  to 1/7 " .  
All of the other 5 . 56rnrn1 .223 ammunition tested of
fered inadequate terminal performance for law en
forcement general purpose use. 

Shots which inadvertently miss the intended 
target and enter or exit a structure in CQB and urban 
environments can place innocent citizens in danger . 
In these situations, all of the 5 .  56mml .  223 bullets 
recommended for law enforcement use offer reduced 
downrange penetration hazards and less potential risk 
to innocent citizens than handgun bullets and shotgun 
projectiles. The U . S .  Military Olin 
M855/Winchester 62 gr FMJ (RA556M855) and the 
Winchester 69 gr JHP (S223M) were the 
5 .56mm/ .223 ammunition types which combined an 
adequate potential for physiologically incapacitating 
an aggressor with the most reduced tissue simulant 
penetration after being fired through interior walls.  
The worst 5. 56mml . 223 ammunition type in this 
situation would be the Federal 55 gr Tactical JSP 
(LE223T 1) .  

Law enforcement agencies which do not de
ploy 5 . 56 mm/ .223 carbines and continue to use 12 
gauge shotguns as their only general purpose shoulder 
fired weapons should consider issuing slugs as a 
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standard duty arnrnumuon to improve accuracy po
tential , increase effective range, and reduce down
range hazards to innocent bystanders from stray 
buckshot pellets. Shotguns ideally should be 
equipped with II ghost ring II sights to allow more ac
curate slug placement potential than that possible with 
a "bead II type front site. For close range (no more 
than 1 5  to 25 yard) CQB encounters,  Tactical Entry , 
and Raids, 12  ga . shotguns with reduced velocity #00 
or # 1 Buckshot offer outstanding incapacitation po
tential and increased hit potential against moving tar
gets and should be readily available to officers for 
these situations . 
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Editorial Comment: Perspectives on the . 223 Remington 
Judging from the number of questions we have been getting, it would appear that there has been a near-hysterical sta m
pede to the .223 by law enforcement groups recently - apparently caused by a single shooting incident in Los Angeles and 
the media's hype of the fact that the bank robber was wearing body armor. The timing of the Los Angeles incident was 
especially unfortunate : Gus Cotey had just shown that #1 Buckshot was more efficient than 00, and Duncan MacPherson 
had shown that reducing the velocity of buckshot to 1 000 f/s or so gives better results with m uch less recoil. These two 
revelations have the potential to significantly increase the usefulness of the shotgun for police work. 

Given that between one-in-five and one-in-six of the police officers killed by gunfire are killed by their own weap
ons, it would seem to follow that the wholesale adoption of the .223 might be at least as likely to cause as many officer 
deaths (by perforating their armor) as it is to save officer lives by perforating body armor worn by their adversaries - due to 
the rarity of body armor use by criminals. 

The lethality of the .223 is considered adequate as a military weapon; but only because the role of the military 
weapon is to wound the enemy; to remove him from the field of battle. The Police requirement is quite different - inca
pacitation, not wounding. Even from a 22 to 26 inch barrel, the .4,23 is marginally adequate for coyotes at more than 200 
yards. Few would consider it adequate for white-tailed deer at any distance. Now, police are adopting it in 1 6 , 1 4 .5 ,  and 
even shorter barrels in some instances -- and expecting it to im mediately incapacitate the 200 pound raging felon. 

I'm glad to report that I have had several calls from police officers who are also knowledgeable hunters: and are 
quite justifiably concerned about the 1 4.5 to 1 6  inch barrels on the .223s their departments are buying. Will these rifles 
generate enough velocity to do the job? Table I in the paper of Gary Roberts is very revealing in this regard: especially the 
velocities, maximum temporary cavity diameters, and fragmentation percentages. 

We must remember that the tissue disruption produced by the .223 depends upon its bullet having enough velocity 
to produce a 1 4  to 1 5  em temporary cavity - along with bullet fragmentation in the 30 to 50% range. It is the synergy of the 
temporary cavity acting on tissue that has already been riddled with bullet fragments that produces the increased perma
nent cavity that makes this bullet more effective than the average police handgun bullet. Take away either the adequate 
temporary cavity -- or the fragmentation -- and the assertion that the .223 bullet is more disruptive than the well designed 
hollow point handgun bullet is hard to support. For exa mple: in table I, we find that the .223 Federal 55 gr Tactical round 
expands to 0.46" and thus crushes an area of 0 . 1 66 square inches of tissue as it penetrates (1t �). Compare that to the 
Winchester .45 SXT, which expands to 0.7 1 "  and crushes 0 .396 square inches of tissue as it penetrates. During penetra
tion the .45 SXT crushes 2.4 times as much tissue as does the .223 55 gr Tactical round (which the data of Dr. Roberts 
has shown to produce neither an adequate temporary cavity nor adequate fragmentation). 

A .223 bullet placed with pinpoint accuracy in a vulnerable part of the human body by a SWAT team sniper using 
a bolt action rifle with a 24 inch barrel is one thing. The same .223 bullet fired from a "spray and pray" semiautomatic car
bine with a 1 4.5 inch barrel is another. The carbine is likely to produce a far less reliable result, due to the minimal disrup
tion of body tissues produced by a velocity deficit in the 500 ft/sec range. 

Martin L. Fackler 
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A BODY ARMOR PENETRATION RUMOR 
Duncan MacPherson 

Summary of Rumor and Reality 
Word has been spreading that the Winchester 127 grain 

Ranger +P+ round (RA9SXTP) penetrates some soft body a

mor; and this infonnation is often accompanied by the rumor that 

this is due to unusual properties in the bullet construction. This 
round does penetrate some soft body amwr, and this peifom

ance was not universally anticipated. However, this peifonnance 

is not due to any special aspect of bullet design, and does not 

represent any new dynamics in amwr penetration. In retrospect, 

this episode does serve as a useful warning that blind reliance on 
standardized tests can produce undesired problems. The issues in 
this incident are summarized lx!low. 

The NIJ Test Ratings 
The NU has an established test protocol for as

signing ratings to body armor; this protocol assigns ratings 
on the basis of one or two defined bullets at selected ve
locities. There is nothing really wrong with this kind of 
rating assignment, as long as the intrinsic limitations are 
recognized. There are two principal limitations in this 
rating system. The first limitation is that all armor with 
the same rating (e.g., passes level 2A and fails level 2) 
does not have identical performance; this is obvious (be
cause there is no attempt to or mechanism for evaluating 
intermediate performance), but is often overlooked. The 
second limitation is that different bullet designs do not 
necessarily have the same relative efficiency in penetrating 
the quite different armor designs of different manufactur
ers; this whole area is not well modeled either analytically 
or experimentally. 

It is probably not possible to eliminate these limi
tations in the NU test protocol (or in any other test proto
col) without a completely impractical expansion of testing. 
However, users should understand these limitations and 
incorporate this knowledge in body armor selection deci
sions. The NU protocol has received criticism on several 
other counts, but these criticisms are not related to the 
penetration issue discussed herein. 

The RA9SXTP Bullet 
RA9SXTP bullets retrieved after soft body armor 

impact are shown in Figure 1 oriented to show maximum 
asymmetry. The bullets on the left were stopped in soft 
body armor; the bullets on the right were stopped in gela
tin after penetrating soft armor (gelatin penetration was 
over 15 inches). Note that both penetrating and non-
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penetrating bullets are defonned into a typical shape for 
JHP bullets impacting soft armor. The variations in pro
file depend primarily on the details of armor impact in
cluding any overturning; whether or not the bullet pene
trates has a much smaller effect. These retrieved bullets 
clearly show that there is nothing special about the bullet 
design that leads to penetration (one of the non
penetrations was in the same armor that typically produced 
the penetrations). Penetrations occur in some armor be
cause this is a relatively high velocity round that stresses 
armor performance, with the !imitations of the NU rating 
system discussed above also coming into play here. 

Some individuals have suggested that the rotation 
of the bullet may be an important factor in the observed 
penetrations, but this is not correct. With a 9 inch twist, 
the bullet rotational energy is only 1 % of the bullet kinetic 
energy; in effect, it takes 100 times as much force to stop 
the bullet from traveling forward as it does to stop the 
bullet's rotation. The bullet doesn't act as a drill; with a 9 
inch twist, the bullet rotates only 20° during a l/2 inch 
downrange travel (the approximate downrange travel 
while armor penetration is occurring). 

Recommendations 
Law enforcement agencies should use the ND 

body armor rating only as a guide to armor selection, and 
should do their own testing to ensure that their particular 
performance requirements are met. Agencies should se
lect issue armor that will protect against their issue hand
gun ammunition, whether this is the RA9SXTP or other 
ammunition. 

Unpublished test results show that the RA9SXTP 
is greatly inferior to the RA9T in performance against the 
IWBA Handgun Ammunition Specification (see pages 30-
34 in this issue). Law enforcement agencies that use 9mm 
Winchester ammunition should select the RA9T as issue 
ammunition; it is far more reliable than the RA9SXTP in 
creating incapacitating wound trauma. 

Figure 1 

Non-Penetrating Penetrating 
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UPDATE ON THE IWBA HANDGUN 

AMMUNITION SPECIFICATION 
Duncan MacPherson 

Abstract 
Testing issues related to the IWBA Handgun Ammu

niJWn Specification described in the Volume 3 #3 issue of the 

Wound Ballistics Review are discussed. Test results are given for 

9mm and .45ACP ammunition that satisfies the IWBA Hand

gun AmmuniJWn Specification requirements. 

FBI Update 
Near the end of May 1998, I received a phone call 

from Buford Boone of the FBI Firearms Training Unit. He 
had been sent a copy of my article Improved Handgun 

Ammunition in the Volume 3 #3 Wound Ballistics Review 
(Reference 1 )  and was not happy about some of the state
ments made therein. We had a long and civil conversation 
on a variety of topics, and the most important items are 
summarized here. 

Reference 1 makes a number of references to the 
FBI, but did not identify individuals because this seemed 
the least inflammatory course at the time. However, Mr. 
Boone points out that he has made changes in some proce
dures during the year he has been involved in this activity, 
and that some of the comments made in the article do not 
reflect what the FBI FTU is doing now. In particular, the 
FBI FTU is now specifically refusing to make ammunition 
recommendations and this is noted on the latest FBI data 
sheet format. In addition, the "performance analysis cal
culations that have significant conceptual flaws" are no 
longer being used. Both of these items are very good news, 
and I am glad to report them to our members and to apolo
gize to Mr. Boone and the FBI FTU unit for misrepresent
ing their current position on these matters. As noted in the 
article, the proposed meeting to offer comments to the FBI 
(which would have provided a good forum to provide in
formation on these new FBI procedures) has not taken 
place for reasons not completely clear. 

The substantive issues in the References 1 and 2 
were not resolved in our conversation. The most important 
of these issues is the use of building material stages in the 
ammunition test protocol. We seem to agree that penetra
tion of building materials is not wanted because these shots 
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usually represent misses (as described in the building mate
rial penetration discussion on page 27 of reference 2). I feel 
that this objective makes it obvious that including the 
building material stages in the handgun ammunition test 
protocol is inappropriate because a 1 2  inch penetration is 
required in the "success rating", but Mr. Boone didn't see it 
that way in our discussion. Hopefully, this issue can still be 
considered open; any future developments will be reported 
in the Wound Ballistics Review. 

Test Validity 
Individuals who do small arms ammunition test

ing quite often fire a single shot or two in a selected sce
nario of interest and then draw rather general conclusions. 
In most conditions this approach is seriously flawed be
cause it assumes that whatever results are obtained on one 
shot (or two) will always be obtained. There are special 
cases when a single shot can provide the required answer; 
a good example is answering the question of whether or 
not penetration of some material (body armor or other
wise) ®n be achieved with a particular load. If the first 
shot does penetrate, you have the answer; penetration is 
possible. This situation is special and a little unusual; if 
the first shot doesn't penetrate, you have at most an indi
� that penetration will not occur. Only firing more 
shots will determine whether or not this initial indication 
can be trusted with any confidence. If ten shots produce 
no penetrations, there is good confidence that penetrations 
will be uncommon, but this does not prove that penetra
tions will never occur. This is an example of the familiar 
general statement that "you can't prove a negative" .  Con
fidence in non-penetration can be increased by firing 
more shots, but confidence never becomes absolute. Ob
viously excluded from this are trivial cases when no test 
shots are required because experience and common sense 
are adequate (e.g., typical handgun ammunition will al
ways penetrate an ordinary piece of paper). Note also that 
confidence can be very high even if not absolute; e.g., to 
date there have been no failures of body armor in service 
against rated ammunition. This penetration example is 
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analogous to bullet expansion (through barriers or other
wise); one shot exhibiting satisfactory expansion shows 
that satisfactory expansion gm, occur, but gives no meas
ure of expansion reliability (i .e., the percentage of shots 
that will have satisfactory expansion). 

Confidence can sometimes also be increased 
without running up large testing costs by additional test
ing under changed conditions (e.g., by increasing the 
bullet velocity) when understanding of the dynamics is 
adequate; this more sophisticated approach gives a higher 
lever of confidence for any selected number of test shots. 
These comments are closely related to the question of 
probability of satisfactory expansion (rather than whether 
expansion gm, be satisfactory); this penetration probabil
ity can never be reliably assessed without multiple test 
shots (ignoring trivial cases). 

The bottom line is that extensive tests are usually 
required to learn almost anything useful with confidence. 
Unfortunately, it is rather common for individuals to 
make very confident statements on the basis of extremely 
limited testing; this is true even (or perhaps especially) 
when the individual has a limited understanding of the 
dynamic processes involved. 

Denim Penetration Testing 
The IWBA Handgun Anununition Specification 

requirements include testing by firing through 4 layers of 
a defined denim. 2 Reference 2 describes issues in denim 
definition and explains the standard which can be ordered 
through the IWBA office, but does not explain the details 
of how this standard is maintained. Additional testing has 
shown that denim weights as low as 14.5 ounces per 
square yard give results indistinguishable from the stan
dard in Reference 2; so the IWBA Handgun Anununition 
Specification is effectively modified to specify weights 
between 14.5 and 1 6.5 ounces per square yard. Denim 
samples ordered through the IWBA office have been 
tested against the initial reference denim sample; this pro
cess will continue indefinitely to ensure that the standard 
is maintained, although the results obtained to date show 
both by test and conceptual model that the only important 
parameter is denim weight (in ounces per square yard). 
Note that this denim comparison testing must be done 
with ammunition that does not perform satisfactorily be
cause the expansion of this ammunition is sensitive to the 
denim penetration. Anununition that has been designed 
to satisfy the denim specification is much less sensitive to 
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denim parameters (the whole purpose of the denim speci
fication is to force this result to ensure robust perform
ance). As a result, this improved ammunition is not use
ful in evaluating small changes in denim parameters. I 
have a very adequate stock of unsatisfactory ammunition 
from the original test program. 1 

Typical ffiP bullets cut out a small (hollow point 
diameter) disc of denim from each of the 4 layers of fabric 
during the bullet penetration of the denim. The hole in the 
denim is not as clean as would be the case with a paper 
punch because there is some cloth fraying, but the hole is 
always obvious in each layer of the denim cloth. More 
importantly, these small cloth discs are jammed into the 
hollow point during this proct;�s. If the bullet does not ex
pand, these small cloth discs usually stay in the hollow 
point and can be removed from the retrieved bullet. Some
times one or more of these small cloth discs leaves the 
hollow point part way through the penetration (even with
out bullet expansion) and can be seen in the gelatin. If the 
bullet expands adequately, these small cloth circles are usu
ally left in the gelatin near the entry point, although 1 or 2 
layers sometimes adhere to the bottom of the original hol
low point cavity throughout the penetration. 

The issue of layer to layer denim weave alignment 
in the 4 layer penetration has been raised, but examination 
of the cloth discs cut out by the bullet hollow points show 
that this is not important. Basically, the cloth discs are too 
small for the cloth weave to be important; in effect, the 
weave does not maintain its integrity in a cloth sample of 
this size. It is obvious from examination of unexpanded 
bullets that the denim is just a wad of material plugging up 
the hollow point. The best measure of this fabric wad vol
ume (the critical parameter) is the denim weight. Note that 
variation in shot-to-shot performance in denim penetration 
with unsatisfactory ammunition is large even when every 
attempt is made to maintain constant conditions. Conclu
sions made on the basis of one or two shot testing (through 
denim or otherwise) are very likely to be invalid (see above 
discussion). The 10  shot requirement in the IWBA Hand
gun Anununition Specification2 is selected to provide an 
adequate assessment of performance variation. 

Ammunition Changes 
Reference 2 emphasizes the desirability of law 

enforcement agencies doing their own testing as part of 
ammunition procurement and acceptance. Reference 1 
points out the fact that "manufacturers sometimes make 

31 



WOUND BALLISTICS REVIEW 
Forensic Pathology 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

small changes in bullet designs of manufacturing processes 
without obvious changes in identification". These issues 
have shown up dramatically in recent experiences of the 
Royal Canadian Mounted Police (RCMP). 

Reference 3 documents testing of ammunition 
done as part of the process of RCMP issue handgun and 
ammunition evaluation in 1994. This testing included 
"heavy clothing" stages at 3 and 50 meters, and all the JHP 
rounds tested performed acceptably in these stages. Testing 
done of some of these same rounds during the development 
of the IWBA Handgun Ammunition Specification shows 
conclusively that the "heavy clothing" used in this test pres
ents much less impediment to JHP bullet expansion than 
the 4 layers of denim; this performance relative to denim 
seems typical of "heavy clothing" stages in test protocols. 
Good expansion in "heavy clothing" tests is also typical, 
notwithstanding failures to expand in service use; this is the 
rationale for of the IWBA Handgun Ammunition Specifi
cation 12. 

The RCMP has a recent contract for a handgun 
ammunition brand that performed satisfactorily in the 1 994 
tests. On retesting the delivered ammunition it was found 
that the "heavy clothing" stages showed an almost total 
expansion failure. This experience emphasized a couple of 
lessons: 
I .  Law enforcement departments should test ammuni

tion as part of their ammunition procurement and ac
ceptance process. Trusting contemporary handgun 
ammunition test results from any source runs some 
risk; I have gotten promises from manufacturers to 
notifY me of any changes in the designs of ammuni
tion designed to pass the IWBA Handgun Ammuni
tion Specification, but I don't have any way to ensure 
this. The assumption that handgun ammunition test 
results that are more than 2 years old accurately rep
resent current ammunition is a leap of faith that is 
downright foolish. 

2. Requiring satisfaction of the IWBA Handgun 
Ammunition Specification2 as part of the procure
ment provides a margin in ammunition performance 
that will make this kind of failure much less likely. 
Don't simply assume that manufacturer will give you 
the same product this time that was provided before. 

Ammunition Test Results 
The Volume 3 #3 issue of the Wound Ballistics 

Review reported tests of .40 S& W ammunition that sa tis-
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tied the IWBA Handgun Ammunition Specification. 
The 9rnm Winchester RA9T was tested on 

May 1 998 test at LAPD Academy in the LAPD issue 
handgun (Beretta 92FS 5 inch barrel). This round re
places the RA9XST, which is no longer in production as 
of October 1 998. The RA9XST bullet was originally part 
of the "Black Talon" ammunition line that received so 
much comment in the media, and was subsequently re
named "Ranger" and restricted to law enforcement sales. 
The RA9T (and the other rounds in this product line now 
under development) have a copper colored bullet jacket; 
the black coating (which was a lubricant) is no longer 
present. This RA9T testing showed excellent perfom1-
ance against the IWBA Handgun Ammunition Specifica
tion requirements; photos of the expanded bullets are 
shown in Figure 1 and details are in the Appendix. The 
consistency of expansion through the denim is superb. 

Figure 1 

inche ter 1� . 91 

9 m m  

A few rounds of RA9T were also fired through an 
MP5 (velocity about 1 080 ft!s); the bullets slightly overex
panded in bare gelatin (and gave about 15 inches of pene
tration), but did not break up. There were not enough 
rounds fired to be a comprehensive test, but the RA9T is 
clearly much more satisfactory in the MP5 than other am
munition that has been tested by LAPD; most JHP bullets 
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usually seriously overexpand and/or break up when fired 
from an MPS into bare gelatin. The RA9T was not tested 
through denim with the MPS because the gelatin block was 
"used up" in other testing. The important MP5 case is the 
limiting case of bare gelatin; the denim will reduce expan
sion and improve performance in the MP5. 

A developmental version of the .45ACP Win
chester RA45T was tested at the LAPD Academy in the 
LAPD issue handgun (S& W 4506- 1 with a 5 inch barrel). 
The RA45T will replace the RA45XST; this replacement is 
completely analogous to the RA9T replacement of the 
RA9XST described above. The gelatin block used in this 
testing had an unusually low calibration penetration depth, 
but this is easily corrected by the standard technique. This 
testing showed good performance against the IWBA 
Handgun Ammunition Specification requirements; photos 
of the expanded bullets are shown in Figure 2 and details 
are in the Appendix. The bullets fired into bare gelatin 
tended to break off the small lead tips on the expanded pet
als, but each of these separated tips weighs only about 6 
grains. Breaking off these tips is not desirable, but is not a 
significant concern because these small tips are just cover
ing the underlying jacket (and because they tend to separate 
near the end of penetration). The fmal production RA45T 
should perform at least as well; test results of the produc
tion RA45T are expected to be available in the Volume 4 
# l  issue of the Wound Ballistics Review. 

Experiences since References 1 and 2 were pub
lished have accentuated the value of the denim test in the 
IWBA Handgun Ammunition Specification. Most am
munition on the market does not satisfY the IWBA Hand
gun Ammunition Specification, and as a result has infe
rior expansion reliability. Law enforcement agencies 
should require satisfaction of the IWBA Handgun Am
munition Specification in their issue ammunition pro
curements. The IWBA will assist law enforcement in 
implementation; contact the IWBA office with requests 
(see first page of Reference 2). 

Feedback 
We are extremely interested in any well docu

mented shooting results involving handgun ammunition 
that has been rated against the IWBA Handgun Ammuni
tion Specification. We are not interested in any "one shot 
stop" nonsense, but want to know how this ammunition 
expanded in actual use. We need to know what materials 
were penetrated prior to tissue contact, what part of the 
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body was struck, whether bone was hit, and (if possible) 
the length of the wound track. Please contact the IWBA 
office ifyou have any such information. 

Figure 2 

P Winche ter SXT E perimental 
E pan ion in  Bare G�la tin 

P \l i n  he fer . 

We will be pleased to test any ammunition that 
any manufacturer makes for the law enforcement market 
against the IWBA Handgun Ammunition Specification 
and will report results in the Wound Ballistics Review; 
contact the IWBA office for implementation. It is in the 
best interests of law enforcement to encourage multiple 
sources for this "next generation" law enforcement am
munition. 

References 
1 Improved Handgun Ammunition, Wound Ballistics Review, 

Volun1e 3 #3, Pages 1 2-2 1 

2 The JWBA Handgun Ammunition Specification Package, 

Wound Ballistics Review, Volun1e 3 #3, 22-27 

3 Comparative Perfonnance of 9mm Parabellum, . 38 Special 
and . 40 Smith and Wesson Ammunition in Ballistic Gelatin, 

CPRC 1R-Ol -95, Dean 8 Dahlstrom and Kramer D. 

Powley, September 1994 (reprinted in Vo1Ull1e 2, #3 of the 

Wound Ballistics Review) 

33 



WOUND BALLISTICS REVIEW 
Forensic Pathology 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

Appendix - IWBA Specification Ammunition Test Data 

9mm Winchester RA9T 
1 May 1998 test at LAPD Academy 
LAPD issue handgun - Beretta 92FS 5 inch barrel 
all test shots into one large gelatin block 

Velocity chronographed at 1 0  feet (sample size = 1 0) 
mean = 976 ft/sec; standard deviation = 1 0 ft/sec 

gelatin calibration 
before test 
8.6 em @ 577 ft/sec � 8.8 em @ 590 ft/sec 
8.5 em @ 574 ft/sec � 8.8 em @ 590 ft/sec 

after test 
8.7 em @ 571 ft/sec � 9.0 em @ 590 ft/sec 
8.8 em @ 577 ft/sec � 9.0 em @ 590 ft/sec 

average calibration used in correction of penetration 
data to standard gelatin: 8.9 em @ 590 ft/sec 

b!!r�: gelatin g�:n�:tnHiQn - em 

measured correction corrected 
penetration penetration 

3 1 .2 -0.2 3 1 .0 
3 1 .2 -0.2 3 1 .0 
3 1 .0 -0.2 30.8 
30.7 -0.2 30.5 
3 1 . 1  -0.2 30.9 
30.3 -0.2 30. 1 
30.7 -0.2 30.5 
30.3 -0.2 30. 1 
30.7 -0.2 30.5 
30.2 -0.2 30.0 

average = 30.5 em = 12.0 inches 
standard deviation = 0.4 em = 0 . 15  inch 

4 la�er� Qf denim �:�<latin l}!:!l!<tr!itiQn - !<ill 

measured correction corrected 

penetration penetration 

37.0 -0.3 36.7 

39.0 -0.3 38.7 

38.3 -0.3 38.0 

38.8 -0.3 38.5 

40.3 -0.3 40.0 

37.7 -0.3 37.4 

37.0 -0.3 36.7 

37.6 -0.3 37.3 

38.9 -0.3 38.6 

37.5 -0.3 37.2 

average = 37.9 em = 14.9 inches 
standard deviation = 1 .05 em = 0.4 inch 
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.45ACP Winch. RA45T Developmental 
3 November 1 998 test at LAPD Academy 
LAPD issue handgun - S&W 4506- 1,  5 inch barrel 
all test shots into one large gelatin block 

Velocity chronographed at 1 0  feet (sample size = 10) 
mean = 910 ft/sec; standard deviation = 1 1  ft/sec 

gelatin calibration 
before test 
6.7 em @ 587 ft/sec � 6.7 em @ 590 ft/sec 
6.9 em @ 597 ft/sec � 6.8 em @ 590 ft/sec 

after test 
6.8 em @ 588 ft/sec � 6.8 em @ 590 ft/sec 
6.9 em @ 579 ft/sec � 7. 1 em @ 590 ft/sec 

average calibration used in correction of penetration 
data to standard gelatin: 6.8 em @ 590 ft/sec 

bare gelatin J2�D!:tra!iQn - !;m 
measured correction corrected 

penetration penetration 
30.3 +3.2 33.5 
28.5 +3.0 3 1 .5 
28.2 +3.0 3 1 .2 
29.8 +3 .2 33.0 
3 1 .0 +3.3 34.3 
3 1 .0 +3.3 34.3 
28.8 +3 . 1  3 1 .9 
29.7 +3.2 32.9 
30.4 +3.2 33.6 
3 1 .0 +3.3 34.3 

average = 33. 1  em = 1 3 .0 inches 
standard deviation = 1 .2 em = 0.5 inch 

4 la��<rs Qf d�:nim g�<latin l}!<n!<tratiQn - !;m 
measured correction corrected 

penetration penetration 

32. 1 +3.5 35.6 

32.3 +3.5 35 .8 
32.1  +3 .5 35 .6 

29.3 +3.2 32.5 
3 1 .0 +3.3 34.3 

3 1 .3 +3 .4 34.7 

30.7 +3.3 34.0 

3 1 .8 +3.4 35.2 

30.7 +3.3 34.0 

30.6 +3 .3 33.9 

average = 34.6 em = 13.6 inches 
standard deviation = 1 .0 em = 0.4 inch 
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A REVIEW OF THE WOUNDING EFFECTS OF THE COLT 
AR-15 AND FN FAL RIFLES USED BY MARTIN BRYANT IN 
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TASMANIA, AUSTRALIA 
Sergeant Gerard Dutton, Ballistics section, Hobart, Tasmania Police 

Dr. Tim Lyons, MB ChB, FRCS(Ed), MRCPath, DMJ(Path), FRCPA(Forensic); Director of Forensic Pathology, Tasmania 

Sergeant Shaun Roach, Forensic Ballistics Section, Sydney, NSW Police 

Sergeant John Dickinson, Forensic Ballistics section, Sydney, NSW Police 

Introduction 
For the forensic firearms examiner or forensic 

pathologist, the opportunity to study multiple gunshot 
wounds attributable to the same firearm and ammunition, 
will only occur when investigating a mass shooting inci
dent. Otherwise, only a surgeon during war would be in a 
similar situation to examine a large range of wounds 
caused by the same type of weapon and ammunition. Two 
very important variables usually remain constant in mass 
shootings: the cartridge/bullet type and the firearm. Any 
differences seen in bullet performance and wounding ef
fect. can then be attributed to the wound location and the 
tissues struck. Although the Port Arthur murders was an 
appalling human tragedy, it is important that positive les
sons are learnt in all fields including wound ballistics, so 
that others may learn to understand the characteristic 
wounds produced by the bullets used. 

The multiple shooting incident that occurred at 
Port Arthur in Tasmania, Australia on 28 April 1996 has 
provided an opportunity for a wound ballistics study. 
Thirty five civilians were shot dead and twenty one 
wounded by 28 year old Martin Bryant using two self 
loading rifles, a .223 calibre Colt AR-15 and a .308 cali
bre Fabrique Nationale FAL. Wound data from the de
ceased and injured has been collated, along with data on 
the bullets and fragments recovered. An overview of the 
principle findings of the ballistics and forensic investiga
tions are presented, so that others may gain an insight into 
the nature of the incident. This will provide the reader 
with an understanding of the depth and breadth of the fo
rensic investigation carried out on this occasion. 
Wound information on the injured is not as complete as 
that of the deceased for a number of reasons. Management 
of the survivors from a clinical viewpoint was of overrid
ing importance, therefore wound descriptions were brief. 
Follow up at one medical centre was not possible as people 
returned to their home states or countries and no photo
graphic record was made. None of the four authors per
sonally saw any of the injured's  wounds and of the twenty 
one injured persons, bullet fragments from only seven 
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were ultimately received by the Tasmania Police Ballistics 
Section for examination. 

This paper was prepared by Dutton, using infor
mation gathered and written by all four authors during and 
after the event. The roles of the four authors in the ensuing 
investigation of the Port Arthur shooting, are briefly out
lined so that the reader may gain an understanding of their 
responsibilities and their particular involvement. Sergeant 
Gerard Dutton, as Officer in Charge of the Ballistics Sec
tion. Tasmania Police, had overall responsibility for the 
forensic firearms aspect of the investigation. This included 
the ballistics related crime scene examinations (excluding 
the Broad Arrow Cafe) and subsequent laboratory exami
nation of all the firearm related exhibits, (excluding 
clothing worn by the dead) . Dr. Tim Lyons, as the Direc
tor of Forensic Pathology, Tasmania, had overall respon
sibility and co-ordination for the provision of forensic pa
thology services. He attended the shooting scenes and 
oversaw all the autopsies . Sergeants Shaun Roach and John 
Dickinson, both experienced forensic firearnis examiners 
with NSW Police, had responsibility for the Broad Arrow 
Cafe scene examination, as well as providing expert assis
tance during all the autopsies in gunshot wound interpreta
tion. They also later examined fifty items of clothing worn 
by the dead for firearms discharge residues . Both Roach 
and Dickinson were part of an eight man team sent from 
Forensic Services in Sydney, (two forensic firearms ex
aminers and six crime scene examiners) to assist their 
Tasmanian counterparts in the week following the shoot
ing. 

The Shooting 
The small island of Tasmania is located to the 

bottom right of the Australian mainland and is one of six 
states and two territories that form the nation. Hobart is 
Tasmania 's  capital city with a regional population of about 
180,000; currently Tasmania 's  population is just under 
500,000. 

The Port Arthur site is one of Australia 's  best 
known historic landmarks and the convict ruins there are 
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an extremely important part of Australia 's heritage. The 
site is located on a peninsula about 100 kilometres from 
Hobart and a penal colony was established there in the 
early 1830's to house convicts transported by ship from 
England. Chosen for its isolation, Port Arthur was a cruel 
and bleak prison and the conditions endured by those early 
convicts are hard to comprehend, given todays more re
laxed, socially aware prison standards. By the mid 1800's, 
convicts ceased to be sent from Britain and in 1877 the 
prison was closed. Several bushfires destroyed many of the 
buildings and a century after it's closure, a massive resto
ration project commenced to bring Port Arthur to its cur
rent status as one of Australia 's  foremost tourist attrac
tions . 

Hundreds of tourists now visit the site daily to 
view the restored and partially restored sandstone build
ings; including the penitentiary, church, Commandants 
house and solitary confinement prison. The Port Arthur 
site is now well established parkland and its serene setting 
at the waters edge belies its dark and brutal past. At the 
time of the incident, the now demolished Broad Arrow 
Cafe was the main cafe servicing the site and this is where 
the gunman began shooting unarmed tourists as they ate 
lunch. 

In summary, the principle sequence of events is as 
follows . Shortly before 1 .30pm on Sunday 28 April 1996, 
the gunman walked inside the cafe with a long sports bag. 
In the bag was a Colt AR-15 fitted with a 30 round maga
zine and an additional loaded magazine was carried by 
him. He removed the rifle and calmly commenced shoot
ing at cafe patrons from only metres away. His actions 
were deliberate and methodical . He did not spray shots 
wildly, and killed his victims in most cases by a single 
shot to the head. A video taken by a tourist in another part 
of the site recorded that the first 21 shots were fired in 
only 25 seconds. After only 90 seconds or so, the gunman 
left the cafe, having killed twenty civilians and injuring 
thirteen. He fired several shots once he was outside in the 
carpark before returning to his vehicle, swapping the AR-
15 for his FAL. 

The gunman shot a further four dead in the car
park, and wounded four more, before driving away. This 
was the only scene where he used both rifles. He stopped 
along the access road to the site to kill, with his AR-15 , a 
mother and her two young daughters running from the 
scene. She had flagged his car down, thinking that he was 
a tourist escaping the shooting scene. Further along the 
access road at the tollbooth entrance he shot four dead 
from a BMW sedan waiting to enter the site, using the 
FAL. He then transferred both rifles and ammunition from 
his Volvo to the BMW and drove off. Several hundred 
metres away on the highway, he again stopped to shoot 
dead the female driver of a vehicle about to leave a petrol 
station. He took the male passenger of the same vehicle 
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hostage, locking him in the boot of the BMW. 
The gunman drove along the highway for several 

kilometres, before stopping at the entrance to the "Sea
scape" holiday accommodation building. There he fired 
upon passing cars with the FAL, injuring four more before 
driving into the property . He then set fire to the BMW and 
took his hostage inside the main accommodation building. 
After the arrival of police, a siege then developed into the 
afternoon and night. Early the next morning, smoke was 
seen billowing from the building and the gunman was 
eventually forced out by the fire he had started and he was 
arrested. Later examination of the building remains re
vealed three bodies, his hostage from the BMW and the 
two elderly owner/operators of Seascape . Autopsies re
vealed that they had been killed prior to the fire starting 
and in fact, enquiries later revealed that the elderly couple 
were killed earlier on Sunday 28th before Bryant had even 
driven to the Port Arthur Historic Site . 

Deceased Victims 
Thirty five were dead and twenty one were injured 

during this shooting. The deceased were assigned body num
bers using internationally established Disaster Victim Identifi
cation (DVI) guidelines developed by Interpol: 

Body 1 - Petrol station ( 1  dead) 
Bodies 2-5 - Tollbooth (4 dead) 
Bodies 6-8 - Access Road (3 dead) 
Bodies 9-12 - Carpark (4 dead, 4 injured) 
Bodies 13-32 - Broad Arrow Cafe (20 dead, 13  injured) 
Bodies 33-35 - Seascape (3 dead, 4 injured at junction 
with highway) 

For the purposes of this paper, the three deceased 
from Seascape are not included in the data . These victims 
were almost totally incinerated and although the autopsies 
did suggest evidence of gunshot injury, detailed interpre
tation was impossible due to the destruction of the bodies. 
We were unable to determine which firearm might have 
been used to cause the injuries recorded in victims 33 to 
35, only that they were consistent with having been caused 
by a bullet/s. (Amongst other types of injury present, B34 
had suffered trauma caused by the impact of a blunt object 
to the skull.) 

This incident is unique in relation to the wounds 
for several reasons . Twice as many people were killed as 
injured (the reverse normally being true) and all those who 
received injuries which were not immediately fatal, sur
vived. In most cases of large multiple homicides involving 
centerfire rifles, more people are wounded than killed. 
Fackler reports that in 1989, Patrick Purdy fired 104 shots 
with an AK-47 in a schoolyard in Stockton, California, 
killing five children and wounding 30. 1  Fackler also states 
that most shootings involving military rifle bullets pro
duces more wounded than killed.2 The main reasons for 
variations in the killed/injured ratio in mass shootings 
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would include the type of firearm and ammunition used, 
(particularly the weight and construction of the bullet) , the 
skill of the shooter, shooter/victim proximity and the num
ber of potential victims available . 

Following, is a description of the wounds sus
tained by the remaining 32 deceased. The cases are de
scribed in the sequence they were examined for DVI pur
poses, not in the sequence in which they were believed to 
have died. Victim details such as sex, age, weight and 
height are documented, as well as the number of separate 
bullet wounds present and the calibre responsible . The 
proximity of the muzzle to target interval is also included 
and the following definitions of proximity apply: 

Contact/close contact: the muzzle of the firearm was 
touching the skin or within several em of the skin at the 
time of discharge. Searing to the skin and/or soot noted 
and densely deposited partially burnt propellant pres
ent. 
Intermediate : No soot or searing to the skin, but within 
the range of the deposition of firearms discharge resi
dues (FDR), causing stippling to the skin. (Proximity 
tests, although not definitively carried out, showed that 
the gunman's  ammunition would only leave FDR de
posits out to approximately one metre, for both rifles.) 
Distant: Outside the range of the deposition of visible 
FDR; basically shots fired from approximately one 
metre and beyond. 

Bodies 1 To 32 
Body 1 - Female ,  28,  56kg, 1 67cm, Shot three times ( . 308) from 

her left whilst sitting in driver' s seat (right) of vehicle .  (i) -
Distant entry to the left of the neck, the bullet traveling 
slightly upwards ,  disrupting the major blood vessels before 
exiting the right cheek. No bullet or fragments recovered. 
(ii) - Distant entry and exit to the left forearm, fracturing 
both bones; re-entry to left side of the chest, damaging the 
lungs and heart before re-exiting the right side of the chest 
with a subsequent glancing injury to the upper right arm. 
The bullet responsible for this wound was recovered from 
the drivers door pillar, distorted but reasonably intact ,  
weight:  130.35 grains. (iii) - Distant shallow entry t o  the 
back traversing left to right, damaging the spinal cord and 

left lung, exiting just to the right of the midline. Fragments 
from the bullet that caused this wound were recovered from 
the right rear door, consisting of a lead fragment and two 
pieces of jacketing, total weight: 4 1 . 8  grains. 

Body 2 - Female, 50, 76kg, 1 69cm, shot once, ( .308) . Distant 
entry to the lower left side of the jaw, the bullet traveling 
downwards from front to back, damaging the soft tissue and 
left lung, before exiting the left shoulder blade region. No 
bullet or fragments recovered. 

Body 3 - Female ,  60, 86kg, 1 62cm, shot twice, ( . 308) . (i) -
Distant entry to the rear of the right shoulder, traveling back 
to front, exiting and re-entering the right side of the neck, 
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damaging the major blood vessels and spinal column, before 
exiting the left of the neck. No bullet or fragments recov
ered. (ii) - Distant entry to the left shoulder, traveling 
slightly rearwards and downwards with damage to the lungs 
and spinal column, exiting the rear of the right shoulder. No 
bullets or fragments recovered. 

Body 4 - Male, 72 , 1 1 5kg, 1 87cm, shot once, ( .308). Distant 
entry to the upper right chest, traveling right to left , front to 
back and horizontally across the body, damaging the thoracic 
aorta and lung before exiting rear upper left shoulder. No 
bullets or fragments recovered. 

Body 5 - Male ,  58,  76kg, 1 73cm, shot once, ( .308). Distant 
entry to left shoulder/neck, traveling left to right, front to 
back and slightly upwards causing damage to the spine , be
fore exiting the base of the neck. No bullets or fragments re
covered. 

Body 6 - Female, 6, 52kg, 1 24cm, shot once, ( . 223) . Near con
tact entry to the right rear of the neck/base of skull, traveling 
upwards through the head and exiting the left cheek area. No 
bullets or fragments recovered. 

Body 7 - Female, 3 ,  30kg, 1 02cm, shot twice, ( .223) . (i) - In
termediate entry to the rear of the right shoulder causing a 
shallow wound under skin, exiting the front of the right 
shoulder. No bullet or' fragments recovered. (ii) - Distant 
entry to the front central chest area, traveling back to front,  
slightly downwards ,  damaging the spine, before exiting the 
central lower back. No bullet or fragments recovered. 

Body 8 - Female, 36, 73kg, 1 70cm, shot once, ( . 223). Near 
contact entry to left side of head forward of left ear. travel
ing from left to right and slightly upwards ,  before exiting 
slightly above and to the rear of the right ear. No bullet or 
fragments recovered. 

Body 9 - Male, 59, 70kg, 1 64cm, shot once, ( .308). Distant 
entry to middle left of back, traveling upwards through left 
lung, before exiting the upper left side of the chest .  No bul
let or fragments recovered. 

Body 1 0 - Female, 50, 87. 5kg, 1 65cm, shot twice, ( . 223) . (i) -
Distant entry to right side of right buttock, traveling superfi
cially under the skin and exiting the left side of the same 
buttock. No bullet or fragments recovered. (ii) - Distant en
try to the lower back, traveling upwards through the abdo
men through the pelvis and intestines, before exiting the 
front of the upper abdomen. One small fragment of lead, 
weight: 2 . 06 grains and the whole front portion [flattened] of 
a small calibre FMJ bullet, weight: 4 1 . 54 grains , were re
covered inside the abdomen just under the exit wound. 

Body 1 1 - Female, 66, 8 1kg, 1 7 1 cm, shot once, ( . 223) . Distant 
entry to the right chest, the bullet traveling downwards from 
right to left and front to back through the right lung, dia
phragm, liver and lumbar vertebra. There was no exit 
wound. Two fragments of a small calibre FMJ bullet recov
ered from inside the abdomen. The main fragment consisted 
of the nose portion, part of the bearing surface and base, but 
minus some of the core, weight:  37.06 grains. The nose por-
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tion of this fragment was bent at an angle to the remainder of 

the bullet at the cannelure. A smaller jacket fragment also 
recovered, weight: 4 .2  grains . The remainder of the lead 
core had " snowstormed" inside the body and was not recov

ered. 
Body 12 - Female, 48, 76kg, 1 66cm, shot once, ( .308) . This 

victim was inside a coach next to a side window, shot at by 

the gunman from inside another coach alongside. Conse
quently , the bullet had struck intermediate targets (windows) 

before striking her, with secondary projectiles resulting from 

the shattered glass.  Numerous (distant) entries to upper left 

arm and shoulder, consisting of two larger wounds caused by 
the base of the jacket and a large portion of lead core. Many 
smaller wounds from fragments of lead core and broken 

glass .  The small fragments of lead core and secondary mate

rial had embedded in the arm, the two larger pieces of the 

bullet breaking the humerus. The copper jacketing was re

covered from muscle tissue in the left shoulder, whilst the 
portion of lead core exited the arm adjacent to the annpit and 
re-entered the left side of the chest .  This fragment continued 

through the chest and was recovered from the spine. The 
large lead fragment consisted of the flattened base portion, 

weight: 34. 87 grains. The copper jacketing was also flat

tened, consisting of the base portion, the bullet having frac

tured slightly forward of the cannelure, weight: 34.78 

grains. 

Body 13 Male, 54, 60kg, 167cm, shot once, (.223) . Interme
d.iate entry to left side of head immed.iately behind ear. 
The bullet traveled slightly downwards and forwards, ex
iting the right of the head forward of the ear. No bullet or 
fragments recovered. 

Body 14 - Male, 39, 75kg, 168cm, shot once, ( . 223) . Intermedi

ate entry to right side of head at lower rear, traveling for

wards and upwards , exiting the left side of the head above 
and forward of the left ear. No bullet or fragments recov
ered. 

Body 15 - Male, 66, 67kg, 1 83cm, shot once, ( . 223) . Intermedi

ate entry to the right side of chin below the ear, traveling 
forwards and upwards, exiting the left side of face below and 

forward of the left ear. No bullet or fragments recovered. 

Body 16 - Male, 67, 85kg, 170cm, shot once, ( .223) . Distant 

entry to the right of the head at top of ear, traveling forwards 

and upwards, exiting the forehead region. No bullet or frag
ments recovered. 

Body 17 - Male, 44, 99kg, 1 72cm, shot once, ( .223) . Distant 

entry to the front left side of the neck, traveling front to back 
and downwards into the upper torso, damaging the throat tis

sues and spine. The bullet did not exit and a small portion of 
flattened copper jacketing, weight: 7.04 grains, was recov

ered from under the right scapula. 

Body 18 - Male, 69, 81 .5kg, 172cm, shot twice, ( .223). (i) - Distant 

tangential impact from bullet to the top of the head, traveling 

from left to right, causing a large wound and fracturing of the 
skull. No bullet or fragrrents recovered. (ii) - Distant entry to the 
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left forearm, exiting the inner aspect near the elbow, re-entering 

the upper arm, with sorre fragrrents exiting. Three bullet frag

m:nts recovered from under the skin of the left shoulder con

sisting of the nose portion and partial bearing surface of a small 
calibre FMJ bullet ,  weight: 35 . 83 grains; the main fragment of 
remaining jacket, weight: 4.922 grains; and a small fragment of 

lead core, weight: 1 .5 grains. 
Body 1 9 - Male, 48, 66.5kg, 163cm, shot once, ( . 223) . Interme

diate entry to the right side of the head just forward of the 
earlobe, traveling downwards and slightly to the rear, exiting 

the left side of the neck. No bullet or fragments recovered. 
Body 20 - Female, 32, 55kg, 1 50cm, shot once, ( . 223) . Distant 

entry to the left ear, traveling towards the rear and down
wards , exiting the right of the neck. One tiny piece of copper 

jacket recovered, weight :  0 . 5 1  grains. 
Body 21 - Female, 2 1 ,  53kg, 1 55cm, shot once, ( .223) .  Distant 

entry to the rear of the head and exiting the front with major 

s tructural damage to the skull and face. No bullet or frag
ments recovered. 

Body 22 - Male, 29, 93 . 5kg, 1 99cm, shot twice , ( .223). (i) -

Distant entry to the right rear of the head, traveling forwards 
and slightly downwards , exiting the right temple region. One 

tiny fragment of lead recovered, weight: 0.92 grains) (ii) -

Distant entry to the outside of the little finger of the right 

hand, exiting the inside of the finger, re-entering the middle 
of the right palm and re-exiting the back of the hand. These 
wounds were typical of a defensive attitude. Primary (bullet) 

fragments and secondary (bone) fragments from the hand 
have then caused multiple injuries to the right of the head, 

neck and shoulder, some of the fragments entering the upper 
right chest . One tiny piece of jacketing removed from the 
shoulder, weight: 0 .42 grains. Two fragments recovered 

from the chest ,  consisting of the nose portion of a small cali
bre FMJ bullet (no bearing surface attached) , weight: 6.708 
grains; and a small fragment of lead, weight: 0.57 grains. 

Body 23 - Female, 1 5 ,  55kg, 1 64cm, shot once, ( . 223) . Inter
mediate entry to right top of the head, traveling forwards and 

downwards , exiting the left of the forehead. The bullet has 
re-entered the back of the right hand. causing "shored' type 

wounds to both the hand (entry) and head (exit) . At the time 

of being shot, this victim was lying face down on the floor 

on top of an overcoat, with her right hand in the folds of the 

coat and under her head. Fragments removed from the hand 
consisted of five very small pieces of jacketing, ranging in 
weight from 0.66 to 1 . 86 grains . Also recovered, the base 

portion of the jacket of a small calibre bullet ,  extensively 
twisted and broken at the cannelure, weight: 10.32 grains. 

Body 24 - Male, 55, 77kg, 170cm, shot twice, ( .223) . (i) - Dis
tant entry to the back of

' 
the head, traveling left to right 

across the rear of the head and slightly upwards, exiting the 
right side. No bullet or fragments recovered. (ii) - Intenne

diate tangential gutter wound to the right side of the middle 
of the back, without completely penetrating the skin. The 
bullet has traveled from left to right and slightly upwards. 
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No bullet or fragments recovered. 
Body 25 - Female, 57, 68kg, 163cms, shot once, ( . 223) .  Contact 

entry in the left ear, traveling forwards and horizontally, ex

iting out the mouth. Associated stellate tearing to tissue from 
the combustion gases and pattern of residue deposits from 
the flash suppressor. No bullet or fragments recovered. 

Body 26 - Female, 53,  86kg, 157cm, shot once, ( . 223) . Distant 

entry to the right side of the mouth, traveling rearwards and 
horizontally, exiting behind and below the left ear. No bullet 
or fragments recovered. 

Body 27 - Female, 57, 78kg, 165cm, shot twice, ( . 223) .  (i) -
Distant entry to the rear of the right upper arm, traveling 
shallowly under the skin and exiting further along the upper 

arm. Re-entry into right armpit region, traveling from front 
to back, damaging the lungs and heart, before exiting the left 

armpit. A fragment of jacket recovered from the left chest 
wall consisting of the bearing surface and part of the nose of 

the bullet ,  weight :  6 . 83 grains . A fragment of lead also re
covered, weight: 3 . 56 grains . (ii) - Distant entry to the upper 
area of the right armpit , traveling forward and upwards dam
aging the right lung and exiting the upper left chest . Eight 

very small fragments recovered from the chest, from either 

shot (i) or (ii) , consisting of seven lead fragments ranging in 

weight from 0.53 to 1 . 68 grains ; and one piece of jacketing, 
weight: 0.52 grains . 

Body 28 - Male, 5 8 ,  102kg, 1 82cm, shot once, ( .223) . Distant 

entry to right ear, traveling forwards and slightly down

wards, exiting the left cheek. No bullet or fragments recov
ered. 

Body 29 - Female, 67, 87kg, 1 52cm, shot once, ( . 223) .  Distant 

entry to lower left edge of bottom lip, traveling rearwards 
and exiting the left side of the face/head. Two fragments of 

lead recovered, combined weight : 7 . 22 grains .  

Body 30 - Male, 71 , 8 1kg, 1 66cm, shot once, ( . 223) . Near con

tact entry to the right side of the neck, traveling through the 

larynx and exiting the left of the neck. No bullet or frag

ments recovered. 

Body 31 - Female, 49, 96kg, 160cm, shot once, ( . 223) . Inter
mediate entry to the right cheek, traveling rearwards and 

downwards, damaging the mandible, soft tissues of the neck 
and the spine. This bullet did not exit and the X-ray reveals 
numerous small fragments present, however none were later 
received for examination. 

Body 32 - Male, 32, 77kg, 178cm, shot once, (.223). Distant 
entry to left side of head behind the ear, traveling down
wards and exiting the right cheek. The nose and part of the 
bearing surface of a small calibre FMJ bullet recovered, 
weight: 18.2 grains. Also recovered, two fragments of 
lead, weight: 7.68 grains. 

The Rifles And Ammunition Used 
The two rifles the gunman used in this shooting were: 

1 .  A .223 Rem. calibre Colt self loading rifle, serial 
number SP128807, model AR-15 SPl .  Barrel length 
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16 inches, not including flash suppressor. 
2. A . 308 Win. calibre Fabrique Nationale self loading 

rifle, serial number G3434, model FAL. Barrel 
length 2 I inches, not including flash suppressor. 

Ammunition and bullet type used, was consistent for each 
rifle . The .223 cartridges were of Chinese Norinco manu
facture, fitted with 55 grain boat-tail FMJ bullets . The 
bullets were impressed with a single knurled cannelure, 
approximately two thirds up the bearing surface from the 
base (see Figure 1 ) .  The jacket thickness was approxi
mately .022 "-.023 ", whilst the propellant was a flattened 
ball type powder, the load varying between 25 and 26 
grains. These bullets when chronographed, had an average 
muzzle velocity of 3070 ftlsec . 

Figure 1 

The .308 cartridges were of Australian manufac
ture, made at the Ammunition Factory, Footscray, (in the 
state of Victoria) , and were loaded with a 144 grain boat
tail FMJ bullet. These bullets also have a single cannelure, 
located about halfway along the bearing surface, although 
it is not knurled and is actually triangular in section. (This 
can be seen in Figure 2; the edge of the cannelure closest 
the nose is pressed inwards . There is no definite opposite 
edge to the cannelure and it tapers towards the bearing 
surface.) The jacket thickness was approximately .033-
.034 ", whilst the propellant in these cartridges were short 
grey/green cylinders, the load weighing on average 43.5 
grains. These bullets when chronographed had an average 
velocity of 2730 ftlsec . 

The Deceased 
The Broad Arrow Cafe scene provided the majority 

of the ballistics information in relation to the Colt rifle as 
twenty were killed and thirteen wounded at this site. All 
wounds were sustained within metres of the gwmiall. Bullet 
fragments were recovered from only nine of the dead and four 
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of the injured victims from the cafe. A further seven frag
ments were recovered embedded in walls or on the carpet, 
some showing biological tissue contamination. The cafe frag
ments were all Colt related and consisted of: 

( 1) to (3) . Three base portions of the jacket of small 
calibre FMJ bullets, minus the lead core and broken at 
the cannelure. Weights: 15 .8  grains, 14 .38 grains and 
17 .49 grains. 
(4) to (5) Two flattened nose portions of small calibre 
FMJ bullets; one broken approximately 3mm behind 
the cannelure, weight: 15 .99 grains . The second bro
ken just below the cannelure, weight: 15 .94 grains . 
(6) to (7) Two small pieces of copper jacketing. 
Weights : 3 .  05 grains and 6 . 12 grains . 

Figure 2 

Although there were a total of seven major crime 
scenes, the Broad Arrow Cafe accounted for over half the 
total killed and wounded.  The main reason for this is due 
to the number of available victims within the confinement 
of the cafe.  The cafe was crowded at lunchtime, with an 
estimated 60 patrons present. The suddenness of the gun
man's actions, combined with the very close proximity of 
his victims, ensured that almost every shot found its mark. 
His calm and unhurried demeanour, individually picking a 
target and without wildly spraying bullets; resulted in sev
enteen killed, each as the result of a single shot to the 
head, with only four of the twenty killed at this scene 
having been shot twice. 
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The cafe was one of two scenes where victims 
showed evidence of FDR on their skin, (the other scene 
being the roadway where the mother and her two daugh
ters died) . Ten of the cafe bodies displayed some form of 
FDR present, meaning that the gunman was within one 
metre at the time of discharge.  This isn't surprising given 
the confinement inside the building and it also suggests 
why so many of these victims suffered single head 
wounds . The shots fired by the gunman inside the cafe did 
not need the use of the 4x20 telescopic sight that was fitted 
to the AR-15, whereas many shots fired at the other out
side scenes did require some degree of aiming ability . 

It is of interest that only 8 of the 32 deceased died 
from multiple shots.  Half of these victims displayed shots 
through the body that originated from a similar point, 
whereas the other half had injury that suggested he shot at 
the victim again from a different vantage point. 

(a) This may have occurred as he fired at fleeing peo
ple at differing angles, or 
(b) he may have deliberately approached closer to a 
victim and fired again if he could see his first shot had
n ' t  killed outright. (Some eye witnesses in the cafe did 
say that the gunman did backtrack at least on one occa
sion to fire further shots at still living victims.) 

In addition, three of the eight victims with two 
separate bullet impacts, had one shot that was within the 
range of FDR deposition, or within one metre indicating 
that the gunman didn' t  fire both shots in direct succession. 
The (b) theory above is therefore possibly applicable to 
these victims. 

Counting the separate bullet wounds to all of the 
deceased, the gunman discharged seventeen shots into 
bodies 1 to 12, in comparison to twenty four shots into the 
other 20 victims inside the cafe building. This amounts to 
forty one bullets having found their mark out of what is 
still an unknown total of actual cartridges fired during the 
incident. (This does not include the Seascape siege where 
it was estimated he fired several hundred rounds during the 
night.) Thirty .223 calibre fired cartridge cases were lo
cated in the cafe; two .223 and two . 308 fired cases were 
in the carpark, plus one received from a bus driver later; 
six .223 cartridge cases at the access road scene; eleven 
.308 cartridge cases at the toll booth; three .308 cartridge 
cases at the petrol station; and nine .308 cartridges at the 
entrance to Seascape. 

A total of 64 fired cartridge cases were recovered, 
(26 .308 and 38 .223), out of the known 41  separate bullet 
wounds to bodies 1 to 32 . It is possible in the confusion 
immediately after the shooting that some of the cartridge 
cases went astray. One example is the carpark scene, 
where the bullet damage documented in victims and ob
jects, exceeded the number (in this case four) of fired car
tridge cases recovered. This was also seen in the cafe 
where thirty fired cases were found. With twenty four 
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separate bullet wounds to the twenty dead and a further 
thirteen wounded from this scene, the number of fired 
cases seems minimal, even allowing for injury to two vic
tims from one bullet. It is certain that the total number of 
cartridges fired at the various scenes would have numbered 
closer to seventy or eighty . 

The wounds seen in most cases from the cafe 
were typical of small calibre high velocity missiles. En
trance wounds were small and neat, with the exit wounds 
large and irregular. Those to the skull , ie . most shots, 
generally had a "burst" type injury at the exit. Several of 
the victims had re-entry and re-exit wounds, consistent 
with the victim in a defensive attitude at the time of dis
charge . The re-entry and re-exit wounds were larger and 
more destructive, caused by the now destabilized or frag
mented bullet, or by secondary bone or bullet fragments as 
a result of the initial impact. 

The few contact or near contact wounds seen, 
allowed the combustion gases to increase the stellate tear
ing to the skin at the entrance wound, although this was 
not as pronounced as could be normally expected, given 
that some of the gases could escape via the vents in the 
flash suppressor fitted to both rifles . 

Six of the 35 dead could be positively identified 
as having been shot by the FN FAL rifle; bodies 1 to 5 and 
No. 12, although the injury to body 9 was also undoubt
edly caused by a . 308 bullet. The carpark was the only 
scene where both rifles were discharged. Fragments were 
recovered from three of the four bodies in the carpark 
which could identify the rifle concerned, (two .223, one 
.308) , only body 9 did not retain any fragments . The entry 
and exit wound was comparatively small and neat, whilst 
X-rays of the torso also revealed no gross bullet disruption 
in the chest which would be indicative that a .223 bullet 
was responsible. This pattern of perforating injury, along 
with an absence of bullet fragmentation almost certainly 
indicates that this victim had been struck by a .308 bullet. 

The injuries to the victims by the .308 were quite 
different to those caused by the .223 . All of the victims 
shot with the .308 rifle sustained complete perforating in
juries and no bullets or fragments were recovered. The 
only exception to this was the deceased Bl2 who had been 
shot on a bus by the gunman inside another bus alongside . 
Before striking the upper arm of the victim, the bullet 
passed through two windows breaking into two main frag
ments during this part of its trajectory . The combined ef
fects of primary and secondary woundings from glass and 
bullet fragments led to multiple puncture wounds of the 
upper left arm, along with extensive soft tissue damage 
and a complex multiple fracture to the humerus. The loss 
of velocity from these consecutive impacts is no doubt why 
the pieces of the bullet remained within the body and did 
not exit as all the other . 308 bullets had done. 

Fragments of the .308 bullets were also recovered 
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from the vehicle in which B1  was sitting . One bullet re
mained virtually intact after having traveled through the 
left forearm, shattering both the radius and ulna before re
entering and re-exiting the chest and striking the door pil
lar. The other two bullets after passing through the body, 
fragmented substantially upon this secondary impact with 
the car and only small pieces were found, the rest had 
completely perforated the door skin and were not recov
ered. 

Wounded Victims 
Twenty one persons were wounded at Port Ar

thur, this number was determined from hospital reports . It 
was initially thought that only eighteen were wounded, as 
three victims weren' t  hospitalized on the day and only re
ported for treatment on 29 AP,ril due to the minor nature of 
their wounds. All 2 1  wounded survived, despite some 
having sustained serious injuries . This is a credit to the 
professional skill of medical, paramedical and nursing per
sonnel at the Port Arthur site and at the Royal Hobart 
Hospital where they were initially treated . 

The majority of the wounds to the injured were to 
extremities with some shots to the torso, head and neck; 
these impacts fortunately avoiding the vital structures. 
Many of the injuries were secondary wounding as a result 
of bullets that had struck an intermediate target, (i .e .  other 
bodies) , with the fragments of the lead core or copper 
jacket then causing less severe wounds at substantially 
reduced velocities . This occurred particularly within the 
cafe, again due to the close proximity of the victims. 

Remarkably, none of the wounded victims from 
this shooting later died. The high level of preparedness 
maintained by the Royal Hobart Hospital (along with other 
private and public hospitals) was strengthened by several 
factors. A major overview of the disaster management 
plan had just been finished and the hospital was hosting a 
Royal Australian College of Surgeons course on 'The 
Early Management of Severe Trauma ' on the day of the 
incident. These factors had led to a heightened awareness 
of disaster issues and an immediate available pool of 
medical personnel in the hospital. The response by all 
medical personnel and agencies was excellent. Eight fully 
staffed resuscitation teams and five fully staffed operating 
theatres were prepared and available before the first of the 
injured were flown in by helicopter. 

Fortunately, there were three pilots and three res
cue helicopters available; normally on weekends there is 
only one. And at the Tasmanian Ambulance Service Head
quarters, a training session for volunteer ambulance offi
cers was taking place; these personnel were also utilized . 

The gunman was treated at the same hospital as 
all the injured. This obviously caused stress for all medical 
personnel concerned, as they had to treat his burns from 
the Seascape fire, after also having attended the wounds of 
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his victims . The pressure upon the staff at the hospital was 
immense; as well, they had to cope with a number of 
bomb threats and hordes of international media who had 
"set up camp" outside on the front lawn with their satellite 
dishes and the like . 

The following information relates to the injured 
victims . The number assigned to each patient is arbitrary . 
The data is in order: sex, age, calibre used and their loca
tion at the site when shot and time initially spent in hospi
tal. This is followed by a simplified account of their inju
ries . The period of hospitalization may not give an accu
rate indicator as to the seriousness of the wounds . The 
injured victims, just like the dead, came from all over 
Australia and overseas.  Consequently,  some patients were 
discharged, with follow up medical treatment completed 
by their local doctors and hospitals . 
Pl - Female, 40, (.223 - cafe), 10 days in hospital. Fracture to the 

left scapula requiring four separate trips to theatre. Perforated 
right eardnun. 

P2 - Ma1e, 55, ( .223 - cafe) , 6 days in hospital. 1 .  Fracture to left 
humerus with extensive rrruscle damage. 2. Non penetrating tan
gentia1 wound to the right rear of the head causing bone fracture. 

P3 - Ma1e, 52, (.223 - cafe), 1 1  days in hospital. Perforation of 
neck, the bullet missing major blood vessels and the vertebrae. 

P4 - Ma1e, 52, (.308 - car park), 6 days in hospital. Perforation of 
neck, with damage to the pharynx and the right mandible. 

P5 - Ma1e, 67, (.308 - car park), 8 days in hospital. Perforation of 
chest, entering left side and exiting left scapula. 

P6 - Female, 40, ( .223 - car park), 20 days in hospital. Perforation 
to right thigh, re-entry to left thigh; injury to soft tissues only. 

P1 - Ma1e, 46, ( .308 - highway), 1 day in hospital. Shot through car 

window, sustaining superficia1 injury from secondary fragrrents 
to the right side: arm shoulder and neck. 

P8 - Female, 29, (.308 - highway) , 4 days in hospital. Shot in the 
right arm whilst driving, fractures to the ulna and radius, causing 
extensive muscle damage. 

P9 - Ma1e, 50, (.308 - highway), 17 days in hospital. Shot in left 
hand whilst driving, fracturing 2nd xretacarpal. Laceration to left 
cheek from fragrrent. 

PlO - Female, 47, (.308 - highway) , 17 days in hospital. Shot in left 
hand whilst driving, little fmger amputated by bullet, with exten
sive damage to ring and middle fmgers. Laceration to forehead 
from fragrrent. 

Pl l - Female, 58, (.223 - cafe), 3 days in hospital. 1 .  Light tangen
tia1 impact to rear of head. 2. Numerous wounds from secondary 
fragrrentation to right thigh. 

P12 - Ma1e, 62, (.223 - cafe), 5 days in hospital. Multiple lacerations 
to face from secondary bullet fragrrentation. 

P13 - Ma1e, 54, ( .223 - cafe) , 1 day in hospital. Lacerations to right 
side of head, left eye and left chest from secondary fragrrenta
tion. 

P14 - Female, 69, (.308 - car park) , 1 day in hospital. Perforat
ing wound to the skin of the right fore-arm, missing the 
muscle and neurovascular structure. 
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P15 - Male, 46, ( .223 - cafe) , five days in hospital. Three sepa
rate wounds to the right buttock from secondary bullet frag
mentation. 

P16 - Female, 57, ( . 223 - cafe) , 1 day in hospital. Superficial 
laceration to right cheek from secondary fragment . 

P17 - Female, 63 , ( .223 - cafe) , 3 days in hospital. Lacerations 
to the back, right temple and right ankle from secondary 
fragmentation. 

P18 - Female, 55,  ( . 223 - cafe) , 1 day in hospital. Lacerations to 
upper right arm, left hand, left cheek and right leg from sec
ondary fragmentation. 

P19 - Male, 55,  ( .223 - cafe) , not hospitalized. Superficial in
jury to lumbar region from secondary fragmentation. 

P20 - Female, 5 1 ,  ( . 223 - cafe) , not hospitalized. Superficial 
injury to right chest from secondary fragmentation. 

P21 - Male, 30, ( . 223 - cafe) , not hospitalized. Light tangential 
wound to scalp causing superficial laceration. 

Of the injuries listed above, twelve victims sus
tained primary wound, the remaining victims sustained 
secondary fragmentation of bullets. In the cafe, the major
ity of injured victims suffered secondary wounds from lead 
and copper fragments of bullets which had first struck an
other victim. In most of these cases, the initial target was 
killed, whilst the secondary target suffered far less serious 
injury. Only five of the injured cafe victims, P I ,  P2, P3, 
P l l  and P21 ,  were struck directly with a .223 bullet. None 
of these hits involved substantial injury to vital structures . 

Seven of the injured victims were struck by a .308 
bullet or associated fragments. In four of the cases, victims 
(P7, P8, P9 & PIO) , were driving or sitting in a car as the 
gunman fired from the intersection of the highway and the 
Seascape driveway. These bullets had first penetrated part 
of the vehicle before striking the victims as secondary 
fragments. Two of the remaining three wounded victims 
(P4 & P5) caused by the .308, were struck in anatomical 
sites that could have resulted in far more serious injury or 
death, had the bullet been of a type prone to early frag
mentation. In the case of P4 and P5 , the injury was of a 
"clean" perforating type, with minimal tissue disruption. 
The .308 injuries to P4 and P5 had exited the body before 
significant yaw had occurred and this fact reduced the 
wound severity. 

1 Of all wounded victims, fragments from only 
seven were recovered for examination. In all but one case, 
these fragments were tiny pieces of lead or copper jacket 
weighing only a few grains each. The only exception to 
this was the bullet from P6, which was in remarkably good 
condition. In all but one case the wounding effects of the 
FMJ .223 and . 308 bullets were as expected. The lone 
exception involved injury to a 40 year old female who was 
in the carpark (P6). She had been struck in the right thigh 
with a .223 bullet. The bullet perforated the muscle and 
re-entered the left thigh where it was recovered by sur-
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geons. The bullet did not strike the femur of either leg . 
Although an X-ray of the right leg showed a pattern of 
radio opaque particles present which was lead squeezed 
from the base of the bullet, the bullet itself was remarka
bly intact, (at least in comparison to all the other .223 
bullets/fragments recovered) . No jacket fragments had 
sheared off and its retained weight was 45 .8 grains. 

Why this bullet did not fragment to the same de
gree as the others is unknown. Occasionally inconsisten
cies in bullet behaviour in tissue are seen that deviate from 
the norm and this has been noted by Fackler, (3) . As there 
were few documented particulars regarding the wound, a 
theory is that the bullet exited the right thigh before sig
nificant yaw had occurred. This would have reduced the 
forces on the .223 bullet, therefore limiting it's ability to 
fragment. Upon the bullet entering the left thigh, it 's ve
locity was presumably below the threshold velocity for 
excessive fragmentation occurring (between 2000 - 2500 
ft/sec) (3), and it has remained reasonably intact. An ex
amination of the left leg re-entry site would have assisted 
to define the reason for this by the wound shape and fea
tures , but as there is insufficient detail to draw reliable 
conclusions, a plausable explanation is offered. 

Differe,nces Between .308 and .223 Bullet 
Behavwr 
It could be seen from the seven deceased .308 victims that 
the .308 FMJ bullets were far more structurally sound than 
the .223 FMJ bullets, reflecting significantly different 
wounding characteristics. Facilities were not available to 
ascertain wound profiles from experimental firings into 
10% ordnance gelatin. However, the data suggests the 
profiles would not be any different to those described for 
the M193 and M855(SS109) 5 .56x45mm FMJ bullet and 
the 7 .62x5 1mm NATO FMJ bullet, (2) ,(3) . In summary, 
the three most obvious differences seen in the wounding 
effects from the two calibres were: 
l (a) The .308 FMJ bullet would perforate the body unless 

for some reason the bullet' s velocity was reduced by 
striking heavy bone or some other intermediate target 
first. 

l(b) The .223 FMJ bullet tended to remain in the body, 
largely due to it's characteristics to fragment. The ex
ception to this were head shots from the Colt. Few 
fragments were recovered from the skulls of headshot 
victims . 

2(a) The .308 bullet did not fragment along it ' s  wound 
path. 

2(b) The .223 bullet was prone to leaving a trail of small 
fragments in the wake of its path through tissue, in
creasing the wounding effect. 

3(a) The exit wounds from the .308 bullets were far less 
disruptive than exits from the .223 . 

3(b) Exit wounds from the .223 were larger and more rag-
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ged than those caused by the . 308, leaving large stel
late tears to the skin. 

The injuries studied confirm that the majority of 
the wounding mechanism of the FMJ .308 bullet is in the 
path of the bullet, unless inelastic internal organs are de
stroyed by temporary cavitation. The wounding mecha
nism of the .223 FMJ bullet is more severe due to multiple 
fragment paths as a result of the propensity of the bullet to 
break within the body . 

These examples of the destructive characteristics 
of the .223 and .308 FMJ bullet in the human body veri
fies previously observed wounding effects . This study is, 
however, important in that a large number of injuries were 
meticulously described, photographed and x-rayed all from 
the one incident. The findings reconfirm what has already 
been established by Fackler " et al in the field of bul
let/tissue interaction for these types of projectiles. 

Martin Bryant 
Martin Bryant was convicted of the murders of 

the 35 people and of numerous other charges relating to 
the wounded victims on 22 November 1996 . He was sen
tenced to life, the maximum penalty available under Tas
manian law. To this day he has not said why he embarked 
on his crime. Psychologists and other specialists later ex
amined him, stating that he was not insane, but that he had 
the mental capacity of a child. He was not diagnosed as 
suffering from schizophrenia, but he was certainly intel
lectually impaired and suffering from a personality disor
der. Martin Bryant had never held a firearms licence, nor 
did he possess a drivers licence. He acquired the two rifles 
he used in these murders illegally, with other firearms and 
ammunition later found in his home. 

In response to Bryant' s  actions, the state and fed
eral governments quickly moved to make gun laws even 
more stringent in Australia and uniform across the eight 
states and territories. In an effort to prevent similar massa
cres re-occurring, the Australian federal government has 
now outlawed many types of what were commonly en
countered firearms. In short, self loading rimfire and cen
trefire rifles and pump action and self loading shotguns are 
now illegal to possess . It remains to be seen if this prohi
bition will reduce the incidence of firearm related crime. 
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IWBA STATEMENT OF PURPOSE 
The widespread misinfonnation and lack of understanding concerning ballistic injury are well known to anyone who 

understands the subject and keeps up with its literature. The undesirable consequences of these deficiencies range from substandard 
gunshot wound treatment to lessened law enforcement effectivm.ess. 

The effects of penetrating projectiles on the body is of vital concern to trauma surgeons , weapon designers and users , and 
those involved with the forensic aspects of ballistic trauma. Yet, we know of no other organization that deals with the subject 
exclusively and in depth. Papers containing ballistic injury data appear in widely scattered sources, since many groups include 
projectile effects peripherally in their interests. In each source, however, wound ballistics papers comprise a very small percentage 
of the total, and most of these papers contain numerous errors . Wound ballistics expertise is sparse, and human inertia being what 
it is, once in print, errors are likely to go uncorrected. Even when discredited by letters to the editor, these substandard papers 
remain in the literature to mislead the unwary. 

What needs to be done? First, the valid literature needs to be identified. This will give the irterested reader the scientific 
background material on which to build a solid understanding of the subject. Next, an ongoing periodic critical review of the wound 
ballistics literature needs to be initiated. Finally, an easily accessible source of wound ballistics expertise needs to be established. 

The International Wound Ballistics Association has been founded to fill these needs . The IWBA publishes a journal, the 
Wound Ballistics Review, which contains original articles and reviews of other publications . By focusing its expertise upon the 
literature relating to wound ballistics, the IWBA hopes to stimulate an increased awareness among editors , writers, and readers and 
to help minimize future inaccuracies. Additionally, the International Wound Ballistics Association is prepared to offer expertise to 
assist any publication concerned with avoiding error and maintaining technical accuracy. 

The IWBA encourages skepticism. We are convinced that only by encouraging active questioning, reevaluation and 
verification of views, data and cherished beliefs, etc. in the open literature can wound ballistics assume' its full potential as a science. 

IWBA MEMBERSillP POLICY 
Membership Classes 

Dues 

The IWBA has only a single class of membership ("member");  but an indilidual or an organization can be a "subscriber" 
to receive the IWBA Journal without membership status. 

Dues are $40 for the period covering four issues of the IWBA Journal (published semi-annually starting in 1995) for both 
members and subscribers. Mailing cost surcharges of $8. for Canadian and Mexican addresses and $18 .  for other foreign 
addresses for the four issues are required with the dues. 

Qualification for Membership 
1 )  Persons in the following categories can become IWBA members by submiting the appropriate documentation, indicating 

the category and paying the dues. 
a) Prior IWBA members 
b) Full-time law enforcement officers (copy of ID badge, business card) 
c) Members in good standing of any of the following organizations: (cetificate/member listing) 

Association of Firearms Toolmark Examiners 
American Academy of Forensic Sciences 
American College of Emergency Physicians 
American College of Surgeons 
Societe Fran�aise Ballistique Usionelle 

2) Persons who have contributed to the body of knowledge in wound ballistics (either by adding to the scholarship or by 
disseminating that body of knowledge) may apply for membership by submitting to the IWBA a letter of application along 

with evidence supporting their qualifications. Acceptance by the IWBA Membership Committee and payment of the dues will 
confer membership. 

3) Persons who have an interest in learning wound ballistics but who do not qualify under any of the above categories may 
apply for membership by submitting to the IWBA a letter of application stating their reasons for wishing membership and 
including two letters attesting to their integrity and good character from IWBA members or persons who would qualify for 
IWBA membership in section I above. Acceptance by the IWBA Membership Committee and payment of the dues will 
confer membership. 

Application as a Subscriber 
An individual or an organization can become a subscriber by paying the dues and requesting the IWBA Journal without 
membership status. 


