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EDITORIAL 
Martin L. Fackler, MD 

BULLET PENETRATION TESTING 
In this issue we are proud to include the article 

describing the bullet testing program set up by Firearms 

Examiners Dahlstrom and Powley of the Royal Canadian 
Mounted Police (RCMP) Forensic Laboratory. The 
IWBA is justly proud of this test program, having helped 
with its inception; at the IWBA meeting at Sacramento in 
1994, Kramer Powley attended and learned from the gela

tin testing that was done. This article includes the complete 
teh.1 of their report, the data summary, and the photographs 
of recovered bullets from the various tests. The original 
report has 170 data sheets; of necessity, we have included 
only illustrative examples of these. Their complete report 
(about 120 pages) includes all their data sheets and photo
graphs; the interested reader can obtain a complete copy of 
this research report (TR-01-95), at no cost, by simply tele
phoning (613) 998-6343 and asking for it. 

Dean Dahlstrom gave a presentation on the 
RCMP bullet testing program at the recent 1995 Associa
tion of Firearm and Toolmark Examiners (AFTE) Training 
Seminar in San Diego. He mentioned a problem that is not 
included in their report but might prove useful to anybody 
who anticipates putting animal parts in gelatin for testing. 
The first time they put pig ribs in their gelatin, it did not 
harden and had to be thrown out. They then trimmed off 
the excess flesh and fat from the ribs (they did not remove 
the muscles between the ribs) and blotted them dry of tissue 
fluid before placing them in the gelatin. This time the gela
tin hardened well. I have no idea why tissue fluid from 
these ribs would have this effect, but it did. I hope that 
printing this might save future wound ballistics researchers 
some time and effort. Also, we would welcome a letter 
from any reader who might be able to shed some light on 
the reason for the gelatin's failure to harden. 

The shots reported by Dahlstrom and Powley 
through the pig rib cage imbedded just inside the surface of 
the gelatin are unique. Their results have finally docu
mented in the literature what has been the strong impres
sion of researchers, including myself and colleagues, and 
experienced forensic pathologists who have considered the 
question -- that striking a rib generally affects the penetra-
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tion and the wounding potential of handgun bullets an in
significant amount. 

A small correction needs to be made: Dahlstrom 
and Powley were misled by a faulty transcription of the 
comments I made at the FBI Wound Ballistics Seminar of 
January 1993. Their paper states "The wound ballistic 
profile method has been validated by Dr. Davis' colleagues 
at the Miami-Dade Medical Examiners office who con
ducted ballistic testing of s�e and gelatin and compared 

findings to that of gunshot victims at autopsy." Actually, 
the ballistic testing on anesthetized swine and in gelatin was 
done at the Wound Ballistics Laboratory of the Letterman 
Army Institute of Research. A significant portion, how
ever, of the validation of the Wound Profile by comparison 
with findings in human gunshot wounds at autopsy was 
done in collaboration with Dr. Davis and his colleagues at 
the Metro-Dade Medical Examiners Office, and two of 
these cases were reported in "The Wound Profile & The 
Human Body: Damage Pattern Correlations" (Wound 
Ballistics Review 1(4):12-19, 1994. 

In addition to the reporting of the calibration BB 
velocity and penetration data, as needed for scientific va

lidity, Dahlstrom and Powley are to be congratulated for 
refraining from redundancy in their testing and for report

ing their results clearly and simply. Good work! 

GELATIN 
We would also like to congratulate the US Fish 

and Wildlife Service Forensic Laboratory at Ashland, Ore
gon: they have become the newest member of the wound 

ballistics community using ordnance gelatin as a research 
tool. Speaking of gelatin, several IWBA members have 
reported to us difficulty in ordering or obtaining gelatin 
powder directly from Kind & Knox. We are happy to rec
ommend Mr. George Kass (who obtains the gelatin for the 
RCMP Forensic Laboratory) as a reliable source for ord
nance gelatin. His address and phone number are: 

Mr. George Kass 
Forensic Ammunition 
4512 Nakoma Drive 
Okemos, Michigan 48864 
Phone: (517) 349 9362 
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PENETRATION TESTING 
METHODOLOGY 

We cannot emphasize strongly enough how criti
cal to valid bullet testing is the recording, with the bullet 
penetration results, of the velocity and penetration depth of 
the BB calibration shots. The fact that Dahlstrom and 
Powley of the RCMP, a well known and highly respected 
organization, are reporting their results properly sets a new 
standard for gelatin test protocols. Any reporting of bullet 
test data that does not contain these gelatin calibration 
data is simply not scientifically valid. Duncan MacPher
son has taken the opportunity to use some of the RCMP 
calibration penetration data to demonstrate two methods 
for using the calibration BB penetration results to adjust a 
bullet's raw penetration depth to what it would be if the 
gelatin calibration BB had penetrated to exactly the stan
dard 8.5 em at 590 ft/s. The first of these methods is de
scribed in detail in his book, Bullet Penetration, and the 
second was described in Volume 2, #2 of the Wound Bal
listics Review. The example calculations are given in a 
text box at the end of the RCMP article. Researchers us
ing 10% gelatin should look over Duncan's calculations: it 
will give them a feeling for how much difference using 
gelatin that is somewhat off the 8.5 em standard will make 
in their results. 

WOUND BALLISTICS 
MISCONCEPTIONS 

Critics of gelatin testing have often claimed that 
gelatin cannot validly simulate soft tissue because gelatin is 
homogeneous while soft body tissues vary considerably in 
texture. This superficially plausible objection has been 
known to be wrong for years, but the technical reasons for 
this were not fully understood prior to the development of a 
valid bullet penetration model. All members should read 
the brief article Wound Ballistics Misconceptions for a 
simple explanation of this important issue. 

CRIMINAL INVESTIGATIONS 
In this issue, Nelson Welch and I have described 

the unjustified prosecution of Officer Paul Dunn. After his 
acquittal, I apologized to Paul for the failures of some of 
our colleagues to uphold the principles of science. This 
case enlightened us to several unique physical science 
findings (one was studied after the case was over and is 
reported immediately following the article by Welch and 
myself). More importantly, however, it illustrates well the 
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lesson that my friend (and very supportive IWBA member) 
Dr. Joseph H. Davis, Chief Medical Examiner of Metro
Dade County, has taught me every time I have asked his 
advice about a particular piece of evidence. He hesitates to 
evaluate any isolated piece of evidence without knowing 
the context, the setting, the rest of the evidence; how it fits 
in the whole of the circumstances. If the investigators who 
initially evaluated the physical evidence in the death of 
Monica Dunn had possessed Dr. Davis's wisdom and fol
lowed his example, Paul Dunn would never have been ar
rested. 

CONFERENCE 
Our September letter to all members requested 

input on desires for another IWBA conference; we received 
25 responses to this request, all in favor of a conference 
(many with great enthusiasm). This certainly does not 
represent all those who are interested in attending a 
conference, but is still a somewhat disappointing response. 
There was no clear consensus on any of the relevant issues 
(how many days, which days of the week, etc.), but the 
responses received did include information that will be 
useful in planning a conference. All of the issues related to 
holding a conference were discussed at some length at a 
November 30 Board of Directors meeting. The Board 
consensus was that considerable lead time is required to 
allow many of the attendees to implement the approval 
cycle in their organizations, and that a near term conference 
would not be practical except for the members who were 
willing and able to finance their own attendance. As a 
result, the Board decision was to not to try to hold a 
conference in 1996. The Board will consider the 
possibility of a 1997 conference at their next meeting. 

IWBA MEMBERSHIP 

We have received several communications prais
ing the Wound Ballistics Review and lamenting the fact 
that the IWBA is not more widely known. We would like 
to increase our membership so that our not-available
elsewhere critical evaluations of wound ballistics literature 
and unique informational articles would be available to a 
much wider audience. We appeal to each of our members 
to spread the word about the IWBA to friends and acquain
tances who might be interested in joining. Membership 
information packages are available on request from the 
membership office by phone (310) 640-6065 or letter P.O. 
Box 701, El Segundo, CA 90245 
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MEMBER QUESTIONS & COMMENTS 
One of the purposes of the IWBA is to provide 
information to the members. Questions sent in by 
members that are of general interest will be answered in 
the Wound Ballistics Review in a format like this. 
Members are encouraged to submit any questions that 
they may have or any comments they wish to make to the 
IWBA office address. 

QUESTION: What effect and to what extent does the trailing 

angle off the bullet's meplat contribute to tissue displacement? 
What is the relative contribution of various impact velocities to 

any differences in the volume of tissue displacement in 

conjunction with the influence of the meplat's crossectional 

area? 
George Bredsten 

ANSWER: Meplat is a French word and in ballistics refers to 

the flat area on a bullet's nose; it is often used for tip of a semi
wadcutter bullet, but in principle could refer to the total nose 

area of a full wadcutter. This question really has meaning only 

for bullets that do not deform or overturn in soft tissue, and so is 

not related to modem rifle bullets or to lliP handgun bullets. 

Soft tissue displacement due to bullet passage depends 
somewhat on the soft tissue being penetrated, but the question 

obviously refers to effects in the absence of variation in tissue 

properties and this is assumed in the answer. 

The tissue displacement depends on the lateral tissue 

velocity caused by the bullet passage, which in turn depends on 

the force the bullet exerts on the tissue (which is the same as the 

force the tissue exerts on the bullet). This force is modeled in 
the analysis in Bullet Penetration -Modeling the Dynamics and 

the Incapacitation Resulting from Wound Trauma, and at 

velocities above the cavitation velocity (when tissue 

displacement is largest) is proportional to the cavitation drag 

coefficient (CDc). Values of CDc were determined for a variety 

of bullet nose profiles, and are summarized in Table 8-3 (page 

206). The cylinder (full wadcutter) and expanded lliP bullet 
shapes are the most effective, with CDc values of 0.83 and 0.68, 

respectively; a sphere is least efficient (CDc=0.355). Ail of the 

other bullet configurations have values of CDc between 0.52 and 

0.57, indicating very little difference in force (and tissue 

displacement) for a wide range of non-deforming bullet 

configurations (illustrated in Figure 8-10). This strongly 

suggests that small changes in bullet configuration (meplat or 
otherwise) will have only a secondary effect on the drag force 

and resulting tissue displacement. 
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The drag force for any bullet shape (i.e., at a fixed 

value of CDc) is proportional to the square of the bullet velocity. 
The total volume of the tissue displacement (the volume of the 

temporary cavity) is approximately proportional to the bullet 

kinetic energy (Y2mV2). The bullet shape and size are 

parameters in the drag force on the penetrating bullet, but do 

not have any other significant dynamic effect (including the 

volume of the temporary cavity). The physical reasons for the 

proportionality of temporary cavity volume and bullet kinetic 
energy are described on pages 59-60 of Bullet Penetration and 
the detailed physics of the penetr,\).tion are derived in Chapter 6. 

The total bullet configuration (including any meplat) 

determines the bullet stability during tissue penetration. A 
bullet that overturns (as many FMJ military rifle bullets do) is 

much more effective in wounding at rifle velocities, so the most 

important effect of bullet configuration is often the effect on 
bullet stability during tissue penetration. Bullet stability during 

tissue penetration cannot be determined analytically and so 
must be investigated by testing, but a flat area on the bullet nose 
generally tends to be stabilizing and so minimizes bullet yaw. 

Duncan MacPherson 

QUESTION: Is there an IWBA membership directory? It 

would be useful to call or write other members. 

C. Rodney James 

ANSWER: The membership office has a membership data 

base, but this has never been made available to anyone despite 

occasional requests. The issue here is the privacy of the 

membership, because making the membership records available 

would inevitably mean that someone would sell it to one or 

more unknown parties for commercial or other purposes. Few 
if any of our members have anything to hide, but we think most 

prefer not to have this exlJOsure. 

Dr. Martin Fackler 

QUESTION: The article Matchking Bullet-Past, Present, 

and Future in the Vol. 2, No. 2 issue of the WBR describes 

drilling a .055" hole in the newer Matchking bullets. How deep 

should this hole be drilled? 
Bud Brierley 

ANSWER: The hole only goes through the copper jacket; the 

lead is not touched because it does not fill the bullet nose. 

Dr. Martin Fackler 
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QUESTION: One aspect of the Lattimer article that I question, 
in the sense that I would like an e>..-planation of the dynamics 
involved, is the statement on p. 29 re the head bullet, that it "hit 
the hard bone of the back of the skull and broke up." To many 
lay readers such explanations and tests as those illustrated in 
the article, raises the question: Why will a bullet that can plow 
through two feet of hard wood such as elm or oak and retain its 
integrity to a great e>..tent, breakup and fragment rather badly 
upon passing through two quarter inch (approximately) pieces 
of bone? Was this caused by the bullet becoming destabilized? 
I assume that the fragmentation was in part an artifact of its 
moving at a very high velocity. 

C. Rodney James 

ANSWER: The basic answer to this question is that the bone 
of the back of the skull is much harder than wood. When a 
bullet hits another material either the bullet, or the material, or 
both, are deformed. The allocation of deformation depends on 
the bullet construction and the material hit; the object that 
presents the least resistance to deformation undergoes most, but 
usually not all, of the deformation (this is why a JHP bullet can 
e>..-pand in water). A bullet that hits bone usually deforms to 
create a larger frontal area than is created by hitting wood 
(independent of thickness); this is the key to the fragmentation. 

As implied in the question, the bullet breakup is not 
necessarily complete after bone penetration. The contact with 
the hard bone deforms the bullet to create a large frontal area, 
which greatly increases the forces on it during penetration of 
subsequent material. At velocities at or above the 2000 ftlsec 
range, a deformed bullet often breaks up in a couple of inches of 
soft tissue penetration. This is so rapid that it is easy to 
improperly ascribe all the breakup to bone contact. 

Duncan MacPherson 

COMMENT: In his paper, "Handgun Bullet Performance" 
(IDR 5/88), Dr. Fackler shows a photograph identifying three 
rows of recovered Winchester 147 gr. JHP bullets. Row A is 
labeled as corning from swine abdomen shots, Row B from 
10% gelatin shots, and Row C from water shots. Dr. Fackler 
again uses this photo, with the same labeling, in Wound 

Ballistics Review Vol. 1, No. 3 (Police Handgun Ammunition 
Selection). However, in the Editor's Comment column after 
Gene Wolberg's paper, "Performance of the Winchester 147 gr. 
Subsonic Jacketed Hollow Point Bullet in Human Tissue and 
Tissue Simulant," in Vol. 1, No. 1 of the Wound Ballistics 

Review Dr. Fackler uses the photo with a changed label. Now, 
Row B is identified as corning from muscle shots instead of 
gelatin shots. I am inclined to believe that, since the photo has 
appeared twice with the same labeling, that the former 
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identification is correct. But for the latter, there is a question as 
to whether or not the label is in error, or if the label is correct 
but the wrong photograph was used. 

Mike Hagen 

RESPONSE: This photograph also appeared in the book 
Bullet Penetration - Modeling the Dynamics and the 

Incapacitation Resulting from Wound Trauma by Duncan 
MacPherson. The description of this photograph is correct in 
all of these references except for the incorrect description in the 
Vol. 1, No. 1 Wound Ballistics Review use pointed out by Mr. 
Hagen. The source of this error is not clear because the 
photograph was not submitted with or referred to in either the 
article or the accompanying editorial comment by Dr. Fackler. 
In any case, this error should have been detected in the review 
process. Members should note this correction in their copies of 
the Vol. 1, No. l issue of the Wound Ballistics Review. 

Dr. Martin Fackler 

COMMENT: The excellent and infom1ative article by 
Lattimer, et. al. entitled The Frangible or Plastic Bullet Theory 

Disproved which appeared in Vol. 2, No. 1, 1995 of the Wound 

Ballistics Review, contained an error on page 27 regarding the 
muzzle velocity of the now obsolete .22 Short frangible 
"gallery" loads, which was listed as 350 feet per second. 

The two principal U.S. manufacturers of these .22 
Short frangible bullet loads were Remington and Winchester, 
which produced such cartridges in 15 grain and 29 grain 
loadings. Remington and Winchester 15 grain loads had 
respective nominal velocities from rifle length barrels of 1690 
and 1710 ftlsec. Nominal rifle velocity for both manufacturers' 
29 grain frangible loads was 1045 ftlsec; the same velocity is 
listed for their 29 grain conventional homogeneous lead alloy 
"Standard Velocity" .22 Short loads. 

Mr. Gus Cotey, Jr. 

RESPONSE: This is a letter of admiration and appreciation to 
Mr. Cotey, for picking up my error in listing the muzzle 
velocity of the .22 caliber frangible round as 350 fps, when it 
should have been 1100 fps. 

It is reassuring (and impressive) that our journal is 
read so carefully by our members. It is a tribute to the quality of 
our organization. 

John K. Lattimer, M.D., Sc.D. 

COMMENT: I am writing just to straighten out one thing you 
wrote about in IWBA Wound Ballistics Review, Vol. 2, No. 2. 
You stated in the Editorial section that you thought the Secret 
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Service was still using the same bullet type that was responsible 
for the loss of the FBI Agent in Miami. The Secret Service 
changed from the 9mm Winchester Silver Tip to the 
RemJ.ngton 9mm +P+ about l 1/2 or 2 years ago. I loved the 
articles on the JFK assassination and so did the other men I 
work with. 

George E. Morris, U.S. Secret Service 

RESPONSE: Thank you for pointing out the recent change in 
9mm ammunition by Secret Service. Although the change 
might have been initiated more than a year ago, the Secret 
Service field office I called had just received their first shipment 
of the Remington ammo. They confirmed that it was a +P+ 
load- as you mentioned- and also that it was a 115 grain 
hollow point bullet-which you neglected to mention. 

Perhaps my meaning was unclear: by "same bullet 
type" I was referring the too-light and too-fast 115 grain 9mm 
hollow point bullets- proven (in Miami and elsewhere) to be 
inadequate because they penetrate only eight inches in flesh. 
The Secret Service changed bullet manufactures, but did not 

change bullet type. By changing to a faster +P+ bullet they 

have, in fact, increased the danger to their agents, and those 

they protect, by providing a bullet that penetrates to an even 

shallower depth than did its predecessor. 

The persons responsible for the choice of bullets at the 
Secret Service need to ponder the points in Gus Cotey's letter in 
the Literature Review in this issue and also study Duncan 
MacPherson's book Bullet Penetration. It is unfortunate that, 
when it comes to such things a bullet choice, decisions are often 
left to those who lack qualifications and knowledge on the 
subject and are thus easily influenced by the firearm mythology 
and pseudoliteracy presented in the popular gun press. 

Dr. Martin Fackler 

COMMENT: I've often suspected that a criminal who went to 
the local K-Mart and bought a .30-30 Marlin with a 4X Weaver 
scope wouldn't be poorly armed against the ordinary police or 
Federal swat team. This was confirmed by your revelation that 
the common Hostage Rescue Team ammo is accurate, but only 
marginally effective. 

The difference between a wonderful and merely 
ordinary ballistic coefficient doesn't matter this side of 200 
yards. And for police purposes, longer shots are irresponsible. 

Some of you may have noticed the tendency for 
Federal elite units to consider themselves commandos, rather 
than lawmen. They want only the best, and like most 
consumers presume this must be the most expensive. They buy 
expensive German submachine guns, when an old M1 Carbine 
would do the same job better. The FBI selection of handguns is 
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becoming comical, as they have gone through .357, 9mm, and 
1 Omm without deciding just what they like. The bureau now 
owns 4-5 short guns per agent. Recently, they bought 250 
custom .45s for the HRT. And they are certainly good pistols 

-the civilian version costs $2600. 
While the Feds are basically law clerks who 

occasionally get in a fight, the situation isn't a lot better with 
ordinary cops - now offered at your local gun shop are bargain 
police trade-ins, 9mm weapons sold to finance the faddish 
stampede toward .40 S& W. By proper selection of ammo, 
these pistols could stay in service another thirty years, but 
nobody is reading the fine print. 

Leon Day 

RESPONSE: Leon has stated ills views strongly. Some may 
feel that this position is over stated, but most would agree that 
there is a lot of merit in most of his points. 

Dr. Martin Fackler 

COMMENT: I read with some amusement the article on the 
performance of tl1e Federal .308 Winchester load with the 168 
grain Sierra Match King bullet as it is clearly a case of what in 
the computer industry is called RTFM (Read The F __ 

Manual). 
The Sierra reloading manual states that this bullet is 

not intended to expand. The hollow-point design is used for 
uniformity of manufacturing and not for expansion. The Sierra 
manual further states that if expansion is desired that the 165 
grain hollow-point Game King (which has a big hollow-point) 
should be used. It looks like either Federal has fallen down on 
the job of warning people about this particular bullet or those 
folks who are rolling their own for "official use" never read the 
manual. 

Of course, with the current political climate of being 
"humane" to criminals perhaps expansion is not desired since 
we all know that those (gasp!) hollow-point bullets are terrible 
nasty things and are responsible for all of the evil in the world. 

But then, for most law enforcement work the .308 is 
probably overkill. Most of the folks that I have worked with use 
the .22-250 and go for head shots- messy but a sure stopper. 

John C. Schaefer 

RESPONSE: No question about the .308 being unnecessary 
(and counterproductive with the Matchking bullets) for most 
law enforcement work. The .22-250 will certainly do the job 
for most police purposes-but so will the .223. 

Dr. Martin Fackler 
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COMPARATIVE PERFORMANCE OF 9 mm 

PARABELLUM, .38 SPECIAL AND .40 
SMITH & WESSON AMMUNITION IN 
BALLISTIC GELATIN 
Dean B. Dahlstrom, Kramer D. Powley 
Firearms Section, Forensic Laboratory, Royal Canadian Mounted 

Police, Regina, Saskatchewan, Canada 

Executive Summary 

Currently the trend in police issue sidearms is 
the adoption of a high capacity pistol, in Calibre 9 mm 
Parabellum or .40 Smith and Wesson. The purpose of 
this paper is to compare terminal ballistic performance 
of commercially manufactured 9 mm Parabellum and 
.40 Smith and Wesson ammunition with the current 
Royal Canadian Mounted Police issue .38 Special 158 
grain semi-wadcutter hollow-point (SWCHP) cartridge. 

Ammunition supplied by various commercial 
manufacturers was chronographed and fired into 10% 
ordnance gelatin blocks under three conditions at 
distances of three metres and twenty-five or fifty 
metres, depending upon the barrel length of the firearm 
utilized as dictated by R.C.M. Police training standards. 

At each distance, 5 rounds of each type of ammunition 
were fired into bare gelatin, gelatin covered with cloth
ing, and gelatin with pigs' ribs embedded one to two 
inches under the entrance surface. 

The ability of a projectile discharged from a 
handgun, to incapacitate a human should be a subject of 
crucial importance to law enforcement agencies, since 
the handgun is usually the law enforcement agent's 
primary weapon of defence. Based on previous re
search, it is generally accepted that at handgun 
velocities temporary cavitation produced by a projectile 
is a minimal wounding agent, particularly in the case of 
torso shots. In such cases, the expansion of the bullet 
must be relied upon to physiologically incapacitate an 
individual. There must be sufficient blood loss to effec
tively disrupt the central nervous system, since psycho-

8 

logical incapacitation is unpredictable. To achieve this 
desired result, a projectile should reach vital organs 
within the body and damage as much tissue as possible. 

In 1982, Dr. M. Fackler of the Wound 
Ballistics Laboratory of the Letterman Army Institute 
of Research developed a scientific approach to the study 
of wound profiles based on an understanding of the 
effects of projectiles on body soft tissues. The proce
dure for the RCMP study was developed on the basis of 
Dr. Fackler's research with some additional modifica
tions that more closely simulate actual field conditions. 

The terminal performance of Calibers 9 mm 
Parabellum and .40 Smith and Wesson ammunition was 
measured with respect to penetration depth, expansion, 
weight retention, and percent weight retention. Results 
were recorded and compared to similar tests conducted 
for Calibre .38 Special 158 grain semi-wadcutter 

hollow-point ammunition. An easily interpreted tabular 
form of the resulting data was developed to assist law 
enforcement agencies in the selection of a suitable 
calibre and ammunition type for police use. 

From the limited ammunition types tested, there 
are both Calibre 9 mm Parabellum and .40 Smith and 
Wesson ammunition which are comparable or exceed 
the terminal performance of the R.C.M. Police issue 
Calibre .38 Spl. 158 grain SWCHP ammunition. The 
significance of the performance difference is an issue 
which may only be determined by those agencies in
volved in the selection of a suitable firearm ammunition 
combination for law enforcement use. This selection 
process must be based upon individual force protocol 
and may rely upon factors outside the listed test events 
such as shooting through intermediary targets. 
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Introduction 

Handguns have historically been the primary 
source of defence for regular duty law enforcement 
officers. Because it is the duty sidearm which is 
generally used in confrontational situations, the firearm 
ammunition combination must be relied upon to in
capacitate a human aggressor. 

In handgun projectile wounds, incapacitation is 
caused by two factors: 1) Psychological incapacitation 

and 2) Physiological incapacitation. 
Psychological incapacitation is non-predictable 

and thus a model of reaction to being shot cannot be 
developed. 1 "Psychological incapacitation is completely 
independent of any inherent characteristics of a specific 
bullet and is totally unrelated to the potential for any 
given bullet to cause physiological incapacitation. "2 

Physiological incapacitation has been well 
documented and is the result of the mechanical effects 
of the projectile producing physical damage to the 
human body. 

As a handgun bullet enters the human body it 
must first crush and destroy tissue. The space once 
occupied by this tissue is called the permanent cavity.3 

Temporary cavity is "the lateral transient 
dispersion of tissue from the wound track" and at 
handgun projectile velocities the tissue generally does 
not stretch beyond its elastic limits and there is no 
significant contribution to the wounding mechanism. 3,4,s 

Certain organs within the body including the 
brain, spleen, liver, and bones are more susceptible to 
damage from the temporary cavity due to their inelastic
ity; however, damage to these is limited.3 Overall, it is 
generally recognized that at handgun velocities tempo

rary cavity is not a reliable wounding mechanism. 
The only reliable method of stopping a human 

with a handgun bullet is to "decrease functioning 
capability of the central nervous system".3 This may be 
done in one of two ways: Type I is direct disruption of 
the central nervous system by bullet penetration. Type 
II is by lack of oxygen to the brain caused by bleeding. 
The only wounds which result in immediate inca
pacitation are those which damage the essential brain 
matter such as the brain stem or cervical spinal cord. 3 

Because the central nervous system occupies 
such limited space within the human body, it is not 
feasible to expect or train for direct CNS shots, 
particularly in confrontational situations. 
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In non-direct central nervous system bullet 
injuries, the size and location of the wound are impor
tant. Walberg states "The rate of incapacitation is 
directly proportional to the rate of blood flow and the 
organs or structures hit. "4 

Bullets must be able to penetrate deeply enough 
in order to disrupt major organs and blood vessels 
within the human torso to cause hemorrhaging which 

results in incapacitation. However, an individual who 
has been shot in the heart or major blood vessels may 
not be affected for many seconds or even minutes.3 

Therefore, the expectation that a bullet striking a vital 
organ aside from the brain will cause immediate 
incapacitation is a dangerous misconception. 6 

The exact quantity of blood loss a person can 
tolerate before collapsing is difficult to determine 
because it is dependant upon age, health, activity, 
presence of drugs or alcohol and psychological state. 
McKenney, however, states 2000 mL is the point at 
which "serious incapacitation" takes place.7 Newgard 
states that for blood loss greater than 25% of total 
volume, compensation will not adequately keep the 
brain and heart supplied with sufficient oxygen and 
progression of this condition will lead to irreversible 
shock and death. 3 

Vital anatomical structures are located deep 
within the body protected by various layers of tissue. 
The average thickness of an adult human torso is 9.4" .  
The major blood vessels in the torso are located ap

proximately 6" from the ventral skin surface. From ob
lique and transverse angles the heart and major blood 

vessels of the torso can be over 7.9" deep.2 Bullets 

must be able to penetrate 12" of soft tissue the "mini
mum depth necessary to ensure disruption of the major 
organs and blood vessels in the torso from any angle 
and despite intermediate obstacles.8'9 Bullets that pene
trate beyond 18" are wasting tissue disruption potential 
which could be used to make a larger hole in the ideal 
12 to 15" range of penetration required for handgun 
bullets.2 

Of the bullets which attain desired penetration 
depth, those of larger diameter are the most effective, 
crushing more tissue.Z·6•9 Shape and configuration of 
the bullet can also be an important factor. Cutting is a 
variation of the crush factor and is far more efficient in 
disrupting tissue than is stretching.6 Expanded bullets 
which are sharp edged are more likely to cut tissue 
along the wound track compared to blunt edges which 
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tend to stretch tissue aside during their passage. 2•6 

If handgun bullets fragment, wound severity is 

generally not increased since the bullet fragments are 
usually found within 1 em of the main permanent cavity 
fanned by the bullet path. 2·8 

The wound profile method for measuring the 
damage caused by penetrating projectiles was developed 
at the Wound Ballistics Laboratory of the Letterman 

Army Institute of Research in 1982 . Its purpose was to 
clarify the interaction of penetrating projectiles with 
body soft tissues and establish a quantitative predictive 
model for human wounds. 10 This method was based 
upon shooting projectiles into 10% ordnance gelatin at 
4° C and recording the projectiles' penetration depth, its 
yaw pattern, its deformation (including fragmentation, 
and the size and location of the temporary cavity it 
produced). The wound ballistic profile method has been 
validated by Dr. Davis' colleagues at the Miami-Dade 
Medical Examiners office who conducted ballistic test
ing of swine tissue and gelatin and compared findings to 

that of gunshot victims at autopsy.5 Walberg testing 
147 grain Subsonic Winchester 9 mm stated "this 
gelatin can be a useful predictor of this bullet's 
penetration and expansion characteristics in shots in the 
human torso. 1 1  

Although 10% gelatin has many proponents, and 
Dr. M. Fackler's wound profile is currently used by many 
researchers and police agencies, there are also critics. 

Dr. Ragsdale in a letter to the editor of the 
Journal of American Medical Association states "Gela
tin is in fact a very misleading tissue simulant, since a 
body comprises a complex array of layers with different 
densities around organs, supported by bone and 
enveloped by elastic skin." 12 

Ragsdale states a 20% gelatin concentration 
reproduces bullet retardation of animal tissue the size 
and shape of temporary cavities in pig muscle, and 
incurs a permanent cavity similar to tissue wounds. 1 3  

Ragsdale further states, "The simple expedient 
of injecting epoxy glue into permanent cavities in 
gelatin blocks details the structural complexity of radial 
fissures. They are actually an overlapping series of 

lobulated leaf-like projections that spiral (due to bullet 
spin) from the central track of penetration. This fissure 
complexity is a major cause for the imprecise correla
tion of fissure calculations and actual temporary 
cavity." 14 "The wound profile method of Fackler is 
basically the creation of a comparative series of 
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sketches of the permanent cavities created in  10% gela
tin with superimposed outlines of the temporary cavity, 
as inferred by mathematical calculations in view of the 
demonstrated lack of correlation between fissure 
calculations and actual temporary cavities, the Wound 
Profile diagrams cannot be taken as accurately showing 
likely cavitational effects in gelatin, let alone tissue. 1 4  

Various researchers have modified Dr. Fackler's 
wound profile method by inserting bones or organs into 

10% gelatin blocks. Dr. Lane and Ted Hallabough, 
Firearms Training Unit FBI, have conducted tests 
inserting swine femur into 10% ballistic gelatin blocks, 
advising swine bone is similar to human bone. 15 

Lewis, Clark and O'Connell stated, "The place
ment of organs in gelatin is of great value in studying 
the effects of missile trauma on various organs and 
tissues and produces a model which more closely 
simulates the human body than does gelatin alone." 16 

"The symmetrical damage revealed in homo
geneous translucent gelatin can be expected to be 
substantially modified if the incoming missile is destabi
lized by an intermediate target or strikes bone early in 
its penetration. Also, the complex structure of the hu
man body has layers of variable density (skin, fat, 

muscle, fascia), and irregularly shaped viscera and visci 
variously filled with air and fluid. This complexity 
means there will be an almost infinite array of possible 
wound channel configuration, unlike those in homogene
ous tissue simulant. " "Gelatin/bone target probably has 
more relevance to human wounding than a plain gelatin 
block, since the latter cannot be compared to the 
complex regional density differences within the body." 17 

Fackler states, "Since most shots in the human 
body traverse various tissues, we would expect the 
wound profiles to vary somewhat, depending on the 
tissue traversed. However, the only radical departure 
has been found to occur when the projectile strikes 
bone: this predictably deforms the bullet more than soft 
tissue, reducing its overall penetration depth, and some
times altering the angle of the projectiles course. Shots 
traversing only soft tissue in humans have shown dam
age patterns of remarkably close approximation to the 
wound profiles." 10 

Kinetic energy and tissue trauma has been a 
subject debated in the modem concept of terminal 
wound ballistics. Duncan MacPherson in a paper pre

sented at the Wound Ballistic seminar at the FBI Academy 
in 1/19-22/93 stated there is a lack of correlation between 
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kinetic energy and damage in some physical processes. 
The reason for this is that physical damage is the result 
of stress (force per unit area), not energy. Higher 
kinetic energy usually increases the induced stress, but 

this stress only creates damage if it produces strains 
above the elastic limit. Most body tissues have a 

relatively high elastic strain limit, well above the level 
produced by handgun bullet temporary cavities. Since 
much of the kinetic energy of a bullet is associated with 
producing the temporary cavity volume, there is a lack 
of correlation between handgun bullet kinetic energy 
and wound trauma. 18 

Ragsdale states, "The severity of a wound is 
directly related to the amount of kinetic energy lost by 
the bullet in the body, because the kinetic energy of a 
missile is dissipated in bullet deformation and tissue 
damage. ... Nine millimetre pistol wounds of the 
abdomen create haemorrhagic lesions on the intestinal 
walls that may look innocent but may develop into 
dangerous intestinal perforations if they are left un
treated . . . . For a given aim point, the bullet producing 
the largest temporary cavity at the proper depth, defined 
by the location of vital organs, should have the greater 
likelihood of producing incapacitation. "  1 9  

In  the spring of 1994 it was determined that the 
Royal Canadian Mounted Police would adopt a new 
duty sidearm and ammunition combination, based upon 
the expected need for a higher capacity firearm. 

Because the Federal .38 Spl. SWC HP 
ammunition fired from the S & W Model 10 in both 5"  
and 2"  barrels had performed as required i n  police 
involved shootings by the RCMP, it was decided that 
the adoption of a new firearm ammunition combination 
would have to be as reliable. 

The Royal Canadian Mounted Police Armour

ers did an exhaustive series of tests of submitted com
mercially manufactured semi-auto pistols in Calibers 9 
mm and . 40 S & W. At the completion of testing, a 
short list of fireanns were submitted to the Fireanns Sec

tion of Forensic Laboratory Regina for ammunition testing. 
Previous research in the field of ammunition 

testing and terminal wound ballistic studies suggested 
that the wound profile method for measuring damage 
caused by penetrating projectiles should be followed 
with very few exceptions. Perhaps the most notable ex
ception to this profile was the addition of pigs' ribs into 
the gelatin as one of the test procedures. The reason it 
was felt this was necessary was based upon RCMP 

Vol 2, No. 3 

protocol. Members of the RCMP who encounter 
situations where the use of "deadly force" is warranted 
are trained to shoot for the "critical centre of mass" .  In 
order for the bullet to penetrate to the desired vital organs, 
it is apparent from previously examined shootings within 
the Firearms Section, Forensic Laboratory Regina, that 
the projectile must pass through not only soft tissue but 
a combination of rib, muscle, and cartilage. 

The addition of the pigs' ribs used in testing, 
although similar in diameter to human ribs measured at 
autopsies and with connective tissue still present, was 

not meant to simulate human bone necessarily but to 
add a medium of different density that the bullet would 
likely strike in order to achieve desired outcome. The 

ribs were introduced during this test to determine and 
accentuate any undesirable attributes that a specific 
ammunition type may display during impact with a 
structure of different density, i.e. fragmentation, core 
jacket separation, non-expansion. 

Based upon previous research and discrep
ancies in measuring temporary cavities, it was decided 
that no form of measurement for the temporary cavity 
would be included in this research. 

Three tests were conducted with each fireann 
ammunition combination at two distances. 

Distances of 3 m and 50 m were chosen based 
upon RCMP firearms training protocol. Three metres 
is the distance at which RCMP recruits must instinc
tively be able to hit critical centre of mass of their in
tended target, and 50 m is the maximum distance at 
which trainees are still expected and required to hit the 
centre of mass. The media used for the three test events 
were: 

Test 1 :  bare 10% ballistic gelatin 
Test 2: 10% ballistic gelatin covered with a layer of 

cotton undershirt material, 1 layer of shirt 

material, and a heavy RCMP stonncoat. Con
ditions which one would expect to encounter 
outdoors during a typical Canadian winter. 

Test 3: 10% ballistic gelatin with marrow containing 

pigs' ribs and connective tissue embedded 1 to 
2" behind the entrance side of the gelatin block. 

The 1 0% gelatin blocks were produced in 
molds 21" x 19" x 1 6" with each mold weighing 
approximately 130 lbs., to more closely simulate an 
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adult human and to ensure that movement of the block 
was not a factor during testing. 

Five rounds of each ammunition type firearm 
combination were fired into the gelatin block for each 
test type. In each case, the orientation of the projectile 
at rest, penetration, remaining bullet length, expansion, 
and retained bullet weight were recorded. 

Twenty shots were fired into each block, 
avoiding intersection of fissures. 

The gelatin was reheated only a maximum of 
two times and not heated to above the maximum of 40° 
C, so a possible change in gelatin properties would not 
be an introduced factor to the test procedures. Gelatin 
which contained pigs' ribs was not reused for any 
further testing. 

Methods and Materials: 
Two potential service pistols were submitted 

for testing by the Royal Canadian Mounted Police 
Armourer's Shop: 

A Smith and Wesson Model 5943, Calibre 9 
mm Parabellum with a four-inch barrel, Serial No. 
VAC I 27 l  and a Smith and Wesson Model 4046, 
Calibre .40 Smith and Wesson with a four-inch barrel, 
Serial No. VAA3369. 

A Beretta 92 Centurion and compact variation 
of the forementioned Smith pistols were also submitted 
but chronographed variations upon test firing were no 
greater than lot to lot variations, so they were not used 
in testing. 

Two Royal Canadian Mounted Police service 
sidearms were also used in testing: l) A Smith and 
Wesson, Model 10-5 revolver, Calibre . 3 8  Spl. with a 
five-inch barrel, Serial No. 3DO I 4 I l , and 2) A Smith 
and Wesson, Model 1 0-5, Calibre . 3 8  Spl. with a two
inch barrel, Serial No. 2D87607. Also a Force issue, 
Heckler and Koch (H&K) Model MP5, Calibre 9 mm 
Parabellum with a nine-inch barrel, Serial No. 
C3 l 5 857, was tested. 

All of the test pistols had approximately ten 
thousand rounds fired through them as received. The 
service revolvers had approximately 1 500 rounds fired 
through them prior to testing. 

Ammunition was submitted for testing by five 
commercial manufacturers in Calibers 9 mm Parabel
lum and .40 Smith and Wesson and consisted of the 
following: 
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9 mm Parabellum: 

115 grain Federal Jacketed Hollowpoint 
115 grain Winchester Silvertip 
124 grain PMC Starfire 
147 grain Federal Hydrashok 
14 7 grain Winchester Black Talon 
147 grain Winchester Full Metal Jacket 
147 grain Remington Golden Saber 
147 grain Speer Gold Dot 

.40 Smith & Wesson: 
155 grain Winchester Silvertip 
155 grain Federal Hydrashok 
155 grain Speer Gold Dot 
165 grain Federal Hydrashok 
180 grain Winchester Ranger SXT 
180 grain Winchester Full Metal Jacket 
180 grain Winchester Subsonic 
180 grain PMC Starfire 
180 grain Speer Gold Dot 

In Calibre .38 Spl., the RCMP's adopted 
service round 1 5 8  grain Federal Semi-Wadcutter 
hollow-point ammunition was used for all tests. 

Kind and Knox 250A ordnance gelatin Lot 30  
was used as  the tissue simulant for all tests. Dr. M. 
Fackler's recipe for manufacturing I 0% ordnance 
gelatin as outlined by S. Post20 and E. Thompson21 was 
followed. The gelatin powder was mixed with cold 
water (7 - I 0° C) in the ratio of I 000 g to 9000 mL. 

The mixture was gently agitated and allowed to 
hydrate for two hours at room temperature. 

The ordnance gelatin was heated in an Escan 
Model I 04 P60 60-gallon steam kettle and the solution 
was not allowed to exceed 40° C. Once the particulate 
matter had dissolved, the mixture was poured into 
plastic molds, measuring 2 1 "  x 1 9" x 1 6",  which had 
previously been sprayed with vegetable oil to act as a 
release agent. The approximate weight of each com
pleted mold was one hundred and thirty pounds. 

Propionic acid was initially used in solution to 
prevent bacterial growth; however, because the molds 
were used within a five-day period, the addition of acid 
was eliminated and no bacterial growth was recorded as 
was initially reported by Lucien Haag. 22 

Once the solution was poured into the molds, 
any foam on the surface was skimmed off and the molds 
were placed in a walk-in cooler and stored at 5° C. 

Initially, the molds were not covered to prevent 
a build up of condensation, but were subsequently 
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covered after an initial cooldown period. 
When racks of pigs' ribs were embedded into 

the gelatin molds, the gelatin was first allowed to 
slightly cool. The racks were cut to fit dimensions of 
the mold and the ribs and connective tissue were slightly 
dried by patting to remove moisture and grease prior to 
insertion. The racks were then placed into the molds 
and suspended in place approximately one to two inches 
from the entrance surface with wire . 

All gelatin blocks were allowed to set a mini
mum of sixty hours before any tests were conducted. 

Prior to any gelatin blocks being tested, they 
were calibrated by shooting into them with Calibre . I77 
copper-coated B.B.'s from a Crossman, Model 766 
Pneumatic rifle, Serial No. 3 80004954, and measuring 
both the velocity and penetration of the B.B.'s. Five 
pumps of the air rile generated a velocity approximately 
the desired 590 feet per second, at an instrumental 
distance of I 0 feet. All blocks were calibrated to 
achieve 8.5 ± 1 . 5  em of penetration at a velocity of 590 
feet per second. B.B.'s were fired initially into four 
comers of the blocks, two prior to testing and two after; 
however, after successive tests with very minute differ
ences, only two comers were calibrated prior to testing. 

Temperatures of the gelatin blocks were re
corded prior to test shots and then again after to ensure 
no variation existed during test procedures. Once it was 
determined that only very slight (less than I o C) 
variation existed, temperatures were taken only prior to 
testing, measuring both in the centre of the block and at 
one comer. 

All tested ammunition was fired from the test 
firearms and chronographed through a Model 4040 
Chronograph manufactured by the Electronic Counters 
Division of MV Ordnance Industries, at an instrumental 
distance of twenty feet. 

All test were conducted in a 1 25 meter single 
lane indoor range at a temperature of between 60-68° F. 
Shooting was from a sand bag rest for all test events. 

Three tests were conducted at two distances for 
each firearm ammunition combination. With each test 
event there was no overlap of fissures allowed within 
the gelatin block, or that specific result was retested. 

Test Event I was firing into bare gelatin at a 
distance of 3 m. Five rounds of each firearm ammuni
tion combination was fired for this test and a total of 
twenty rounds was fired into each block. 
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Test Event II was a block of gelatin covered 
with a layer of 65/35 polyester/cotton mix T-shirt 
material whose weight was I45 grams/meter2. This in 
tum was covered with a shirt produced with a 50/50 
cotton/polyester mix and a weight of 200 grams/meter2. 
An RCMP issue storm coat covered the other two 
materials. The storm coat was comprised of three 
layers: a nylon cotton mix shell with a weight of 1 70 
grams/meter2, a polyester insulation with a weight of 
300 grams/meter2, and a nylon lining with a weight of 
84 grams/meter2. Again, five rounds of each firearm 
ammunition combination were fired at the covered 
block, ensuring no random impact with buttons, 
zippers, etc. 

The third test was comprised of a gelatin block 
with pigs' ribs and connective tissue embedded one to 
two inches from the entrance surface. Five rounds of 
each firearm ammunition combination were recorded in 
this test as in the previous test. 

At the completion of all firearm ammunition 
combinations for the three test events, distances were 
then varied to fifty meters, or twenty-five meters for the 
Smith and Wesson, Model 10-5, with a two-inch barrel 
following RCMP training protocol. 

Upon completion of test events into each block 
(20 rounds), gelatin was removed in layers from the top 
surface using a fixed blade knife, so the bullet paths 
could be more easily observed. Bullet penetration 
depths were measured from the exterior of the entrance 
surface to the furthest point of the bullet, or in some 
situations to where the bullet path ended, the bullet 
having rebounded slightly within the gelatin. 

Permanent cavity diameter was measured using 
a Mitutoyo Digimatic Caliper. This measurement, al
though recorded, was not presented for this particular 
research. 

The bullets orientation at rest was recorded as 
well as fragmentation or core jacket separation. 

Bullet penetration through the pigs' ribs was 
measured using a rod of known length to project into the 
bullet path. To determine what the bullet came into 
contact with when shooting through ribs, a finger was 
inserted into the block of gelatin to differentiate between 
muscle, or bone fragmentation. Measurements of the 
rib diameter was recorded for each test containing the 
racks of pigs' ribs. 

When the bullets were removed from the 
gelatin, maximum and minimum expansions were 
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recorded along with the remaining bullet length. Any 
protruding jacket fragments were included in these 
measurements . Black Talon bullets were measured 
from the tip of each protruding point for maximum ex
pansion values. 

Remaining length measurements of Hydrashok 
bullets were taken from the tip of the post to the base of 
the bullet or any portion of the jacket protruding beyond 
the base. 

All recovered bullets were weighed after 
removing as much foreign material as possible. Those 
bullets which still weighed more than the reported 
weight were recorded as 1 00% weight retention. When 
bullets fragmented, the largest remaining fragment was 
measured and weighed. 

Data: 
The following data are presented in tabular 

form, Appendices 1 through 1 7 1 .  Photographs 
appearing in Appendices 1 72 through 1 82 depict 
examples of fired and unfired bullets of all ammunition 
types under all test events . Appendix 1 83 contains 2 
photographs depicting 1 0% ordnance gelatin before and 
after a test event. 

IWBA edito�s comment 
Space prevents publication of all of the data in the 

original report; only two pages showing rib penetration data 
(Appendix page 169), two typical pages of detailed data 
(Appendix page 165), the data summary (Appendix page 
1 71), and the photographs of examples of fired bullets 
(Appendix pages 1 7  4-182) are induded. The fired bullet 
photos are not as good quality here as they are in the report, 
but still give an indication of the expansion of the different 
rounds. These appendix pages have been reduced to fit the 
journal format. 

A description of the procedure for correcting the 
report data to penetrations in standard gelatin is given in the 
box at the end of this report; this description shows that the 
magnitude of the correction to standard gelatin is not trivial, but 
is not large enough to have significant impact on the study 
condusions. 

Results and Discussion: 
Although terminal performance of the R.C.M. 

Police issue Calibre .38 Spl. 158 grain SWCHP has 
been satisfactory, there are commercially manufactured 
ammunitions in Calibers 9 mm Parabellum and .40 
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S&W which exceed these performances in test medium. 
The heavier Calibre 9 mm Parabellum 14 7 grain 
hollow-point ammunitions manufactured by Winchester 
in their Black Talon round, Remington Golden Saber, 
and Federal Hydrashok ammunition compared favoura
bly to the Calibre .38 Spl. round in most test events 
when comparing penetration depth, degree of expansion, 
weight retention, and percent retained weight of the 
fired bullet. Slight differences in bullet expansion may 
not be significant due to the experimental limitations 
and sample size. The significance of differences in % 
weight retention must be analyzed with respect to 
remaining bullet weight and degree of secondary 
projectiles as a result of bullet fragmentation. The Full 
Metal Jacketed Winchester 147 grain ammunition pene
trated far more deeply than any of the expanding bul
lets, as Full Metal Jacketed bullets are designed to do. 

CCI 14 7 grain Gold Dot ammunition, although 
providing adequate penetration, had inadequate expan
sion when compared to the Calibre .38 Spl . R.C.M. 
Police adopted round. 

The lighter 1 1 5 grain and 1 24 grain bullets in 
Calibre 9 mm Parabellum were all unacceptable 
performers, failing to penetrate 10% ordnance gelatin to 
the desired 12" depth, and for both the 1 1 5 grain bullets 
in particular, there was excessive fragmentation. In 
addition, the 124 grain PMC Starfire bullet, when 
discharged from the H & K Model MP5 submachine 
gun, failed to cycle the action due to the brass flowing 
into the fluted chamber preventing the cartridge case 
from being extracted or ejected from the weapon. 

The majority of Calibre .40 Smith & Wesson 
ammunition types compared favourably to the current 
R.C.M. Police issue Calibre .38  Spl. round in all test 
events at both distances . 

One exception to this acceptable performance 
was the Winchester 1 80 grain Full Metal Jacketed 
truncated cone bullet, which consistently had excessive 
penetration and inadequate expansion in all test events . 

The Winchester Black Talon, or Ranger SXT 
bullet as it is now marketed, not only met all the 
terminal ballistic requirements in both Calibers 9 mm 
Parabellum and .40 Smith and Wesson, but it was the 
only bullet recovered which had extremely sharp 
deformed surfaces which may assist in the cutting of 
tissue along the wound track. 

During the course of testing, many observations 
of ammunition/firearm performance were made and, 
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although they do not pertain directly to the data 
recorded for this research, they may be significant to 
law enforcement agencies in the selection of a suitable 
duty sidearm ammunition combination: 

The 158  grain SWCHP bullet when fired from 
the S & W Calibre .38 Spl. with a 2" barrel over
penetrates 1 0% ordnance gelatin and gelatin covered 
with layers of clothing; however, when ribs were 
embedded into the gelatin medium, both adequate 
penetration and expansion result. Although accuracy 
was not one of the test events in measuring ammuni
tions' terminal performance, it is obvious that a bullet 
must strike an intended target to achieve the desired 
result. For those test events at 50 m shooting the 
gelatin blocks from a sandbag rest using Calibre 9 mm 
Parabellum, 1 24 grain PMC Starfire ammunition was a 
challenge and a 200 round supply of ammunition was 
depleted prior to finishing the test events. 

The H & K MP5 submachine gun was 
introduced as a test firearm because it is an R.C.M. 
Police issue firearm, and the adoption of any Calibre 9 
mm Parabellum round would be used in this weapon as 
well as any handgun which may be chosen. From the 
tabular results, it is apparent that any performance 
problems associated with ammunition type were 
accentuated when fired from this submachine gun. 

Conclusion: 
From the limited ammunition types tested, there 

are both Calibre 9 mm Parabellum and .40 Smith and 
Wesson ammunition which are comparable or exceed 
the terminal performance of the R.C.M. Police issue 
Calibre . 38  Spl. 1 58  grain SWCHP ammunition. The 
significance of the performance difference is an issue 
which may only be determined by those agencies 
involved in the selection of a suitable firearm ammuni
tion combination for law enforcement use. This selec
tion process must be based upon individual force proto
col and may rely upon factors outside the listed test 
events such as shooting through intermediary targets. 
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CORRECTION OF REPORT DATA TO STANDARD CONDITIONS 

The gelatin used in this test program was carefully prepared, but still had the magnitude of variation in BB 
calibration that occurs even when care is taken. This report was issued 3 months before the book Bullet Penetration 
Modeling the Dynamics and the Incapacitation Resulting From Wound Trauma was published. /ls a result, the 
methodology of correcting bullet penetration data taken in non-standard gelatin to the value that would have been obtained 
in standard gelatin was not available. However, the BB calibration data for the tests were carefully recorded, so this 
correction can be applied to the bullet penetrations at this time. This recording of the BB calibration data is a indication of the 
care and good practice followed in this testing; much past data is very dubious because experimenters did not record the 
BB calibration. 

The correction of the data on Appendix page 1 65 to standard conditions will be described here for illustrative 
purposes. From Figure 5-2 on page 84 of Bullet Penetration, the first calibration BB (1 0.0 em at 603.21 ftlsec) has a 
correction to the BB penetration of -0.3 em . This is obtained by entering Figure 5-2 at 603.21 ft/sec on the horizontal 
axis and using the curve for 1 0  em measured penetration; this gives a point on the vertical axis that appears to be 
about -0.27 em, but this is rounded to -0.3 (always round to the nearest 0.1 em). The corrected first BB penetration is 
then 10.0-.3=9.7 em . Similarly, the correction to the second BB calibration is -0.2 em , and the corrected second BB 
calibration is 9.4 em. Combining these results gives an average BB calibration of 9.55 em, which can be called 
either 9.5 em or 9.6 em (the reason that this doesn't matter is shown below). Note that making two BB calibration 
measurements that are consistent gives confidence that no error has been made in measurement or recording, and 
also provides some confidence that the gelatin block does not have anomalous inhomogeneities (through 
temperature effects or otherwise). This good practice should be followed by all experimenters. 

The penetration data can be corrected using Figure 1 0-1 0 on page 257 of Bullet Penetration (the bullet 
velocity is close enough to the 1 000 ft/sec limit) . The first measured bullet penetration on Appendix page 1 65 is 
1 4.00 inches; entering this curve on Figure 1 0- 1 0  at a calibration BB penetration depth of either 9.5 or 9.6 em gives a 
penetration correction of about -0.7 inch. There is no point in calculating the correction more accurately than to the 
nearest tenth of an inch; this is why the BB calibration penetration can be rounded to the nearest tenth of a 
centimeter. The corrected bullet penetration is then 1 4.0-0.7 = 1 3.3 inches. This same procedure can be followed 
for the other 4 penetrations on Appendix page 1 65; all of these have corrections of -0.6 or -0.7 inch. 

The penetration depth correction described in the previous paragraph can also be made using the approach 
described in the article A Simplified Penetration Depth Correction for Data Taken in Non-Standard Gelatin that 
appeared in the Vol. 2, #2 issue of the Wound Ballistics Review. The first measured bullet penetration on Appendix 
page 1 65 has an average expanded diameter of .653 inch; this is approximately 1 6.6 mm (multiply by 25.4 to 
change inches to millimeters; .653x25.4=1 6.6). From Figure 1 (of the article), a JHP bullet having d=16.6 gives 
a.1=.87 (the value can be read more accurately as .873, but this added precision is not needed). From Figure 2, the 
value of a.2=0. 1 2  is determined for Xss=9.6 (or 0. 1 1  for Xss=9.5; either is satisfactory). The parameter S is calculated 
from the formula given as S =  1 6.501x1 80/16.62 = 1 0.8. The value C0c=0.68 is determined from Table 8-3. Then 
from the formula in the article, dX = 1 0.8x.87x.1 2/0.68 = 1 .7 em = 1 .7/2.54 = 0.7 inch. This correction is subtracted 
from the measured penetration, and so the two methods give the same result. 

This example on Appendix page 1 65 has a typical correction magnitude because the gelatin used for most 
of the testing in this report has BB calibration between 9.0 an 1 0.0 em . Most of the penetrations in this study will be 
reduced by one half to one inch by correction to standard gelatin; this modest correction has no significant impact on 
the study conclusions. 
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Notes: 

2 

3 

4 

5 
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Date: 94 JUN 07 Bbl. Length: 4 "  Ammo Mfg.:  SPEER 

Make: S&W 

Model: 4046 

Serial No. : 

Caliber: 

VAA 3369 

1JO S & W  

Bullet Wl : 1 80 grains 

Bullet Type: Gold Dot HP 

1 
2 
3 
4 
5 

AVG 

Sideways 

Sideways 

Sideways 

Sideways 

Sideways 

Chronographed 

Velocity at 20 n. 

1 1018.20 

2 1 031 .35 

3 1033.27 

4 1 007.66 

5 101 8.74 

I..VG 1 021 .84 
It/sec 

Test Type 

Gelabn D 
Heavy Clothing 0 

Rib 0 

Penetration Remaining 

Depth Bullet 

Length 

1 3  750 0.383 

1 3.250 0.358 

1 3 1 25 0 358 

1 <1.375 0 .41 <1  

1 2  250 0.368 

13 .350 0.376 
In the' lnchn 

Lot No.: D1 9Y23 

Kinetic Energy at 20 ft. : 417.26 lt.lbs. 

Calibration Velocity: 602.1 2  

Calibr•lion Temp.: 6 

Calibration penetration: 9 5 

Distance 

3m 0 
25m D 
50m 0 

Bullet Expansion 

max min avg 

0 6600 0.6120 0.6360 

0 7380 0.6650 0.7015 

0.7050 0.6070 0.6560 

0 6450 0.6270 0 6360 

0 6580 0.6380 0.6480 

0.6812 0.6298 0.65515 
nches lnchM tnchll 

603.28 ftlsec 

6 ·c 

9.8 em 

Retained Per cent 

Weight Retained 

Weight 

1 79.80 99.89 

1 79.80 99,89 

180.30 1 00.00 

1 79.90 99.9<1 

1 79.80 99.89 

171U2 99.92 
g"'lno % 

Bone Rib Diameter . 3315 - 4625 inches 

Curved Trajectory Bone/Muscle 

Muscle 

Jackel Fragmentation Bone 

Muscle 

Appendix page 169 
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Date: 94 APR 25 Bbl. Length: 4 "  Ammo Mfg.:  SPEER 

Make: S & W  

Model: 4046 

Serial No. : 

Caliber: 

Chronographed 

Velocity at 20 ft. 

1 018.20 

2 1 031 .35 

3 1 033.27 

4 1 007.66 

6 1 0 1 8.7-4 

AVG 1 021.&4 
ftlsec 

Test Type 

Geletin 0 
Heavy Clothing 0 

Rib 0 

Penetration Remaining 

Depth Bullet 

Length 

1 1-4.000 0.369 

2 1 2 .875 0.351 

3 1 3. 375 0.373 

4 1 2  750 0.350 

5 1-4.250 0.363 

AVG 1 3.o460 0.381 
lnchn Inch" 

Sideways 

Sideways 

Sideways 

Sideways 

Sideways 

Bullet Wl: 180 grains VAA 3369 

40 S & W  Bullet Type: Gold Dol HP 

Lot No. : 

Kinetic Energy at 20 ft. :  

Calibration Velocity: 603.21 

Calibration Temp.: 6 

Calibration penetration: 1 0.0 

Distance 

3m 0 
25m 0 
50m 0 

Bullet Expansion 

max min avg 

0.6660 0.6-400 0.6530 

0.7-420 0 6700 0.7060 

0.6720 0.6540 0.6630 

0.7930 0.7320 0.7625 

0.6890 0.6560 0.6725 

0.7124 o.ero• 0.8914 
InC hOI Inch•• 6nChM 

D 1 9 Y23 

417.26 ll.lbs. 

600.96 

6 

9.6 

Retained 

Weight 

16-4 .59 

1 6-4 .87 

182.40 

1 80.09 

1 81 .32 

1 82.86 
gralno 

ftlsec: 

·c 

em 

Per cent 

Retained 

Weight 

100.00 

1 00 .00 

100.00 

100.00 

100.00 

100.00 
'II 
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]8 SW 5" 1 5Rg< 

1 1 5  Win ST 
1 1 5 Fed JHP 

4'" 1 24 PMC St!Hfile 
9mm 1 4 7 F�d Hydrs Shok 

1 4 7  Rem GS 
147 Win BT 
147 CCI GD 
\47 Win FMJ 

1 \ 5 Win ST 
1 1 5 Fed JHP 
1 24 PMC Sterfire 

9"' 14 7 F  ed Hydro Shok 
9mm 147 Rem GS 

1 4 7 Win BT 
1 4 7  CCI GD 
1 4 7  Win FMJ 

155 Fed Hydro Shok 
1 55 Win ST 
1 55 CCI GD 

4" 165 Fed Hydro Shok 
40 S&W 180 Win Ranger SXT 

180 Win Subsonic 
180 Win FMJ 
180 PMC S\orfire 
180 CCI GD 

38 sw 5' 158gr 

1 1 5 Win ST 
1 1 5  Fed JHP 

4" 1 24 PMC Storfire 
9mm 147 Fed Hydro Shok 

147 Rem GS 
1 4 7  Win BT 
1 4 7  CCI GO 
1 4 7  Win FMJ 

1 1 5  Win ST 
1 1 5  Fed JHP 
124 PMC Storfire 

9" 1 47 Fed Hydro Shol< 
9rrrn 1 47 Rem GS 

1 47 Win BT 
147 CCI GO 
1 47 Win FMJ 

155 Fed Hydro Shol< 
155 Win ST 
155 CCI GO 

4' t65 Fed Hydro Shol< 
40 S&W 1&0 Win Ranger SXT 

180 Win Subsonic 
180 Win FMJ 
180 PMC Storfire 
\BOCCI GO 

Penetration 

\) 07�0 

9 2500 
9 9250 
1 1  0000 
12 2250 
1 J  B500 
1J 7250 
15 5000 
29 1000 

9 9750 
12 2250 
9 7500 
12 6000 
13 4000 
14 7750 
12 6000 
37 4500 

12 7750 
11 7750 
13 1750 
13 4750 
13 2500 
14 6250 
28 5750 
11 9250 
13 4500 

Penl4rilflon 

12 4500 

10 4750 
9 &750 
11 9250 
12 0250 
13 &000 
14 2000 
15 9750 
24 1500 

9 1 750 
10 2250 
1 1  0750 
1 2  0750 
13 0500 
13 4250 
12 5500 
39 0000 

13 0750 
13 6500 
12 3000 
12 9750 
13 5000 
1 3 4750 
32 9000 
12 0750 
13 9750 

BARE 

E�epanslon 

0 6290 

0 6597 
0 6 1 70 
0 6355 
0 6292 
0 6 1 52 
0 6258 
0 5 1 7 1  
0 3522 

0 5319 
0 4889 
0 7144 
0 6754 
0 6733 
0 6203 
0 7205 
0 3478 

0 6145 
0 6824 
0 7189 
0 6261 
0 7079 
0 6565 
0 3959 
0 7101 
0 6914 

Rltaln•d 
WI."' 

156 0380 

1 1 3  4820 
1 0 7  5240 
123 8520 
145 2380 
146 9980 
144 8400 
146 2200 
146 6400 

73 2040 
68 8820 
122 8340 
145 8900 
143 4520 
146 6920 
1 4 7  1000 
146 4500 

156 2980 
156 7220 
155 6600 
159 9400 
179 1600 
177 9880 
180 5000 
180 9500 
182 6540 

B�RE 

Expansion Rol-d 
WI." 

0 6090 156 34&0 

0 5831 1 1 4  6560 
0 6069 1 1 3  2340 
0 5832 124 1920 
0 6125 147 2140 
0 6125 149 09&0 
0 6015 146 9700 
0 493& 146 7600 
0 3520 1 46.6200 

0 6773 10& 1600 
0 6471 106 2400 
0 6760 123.5400 
0 7 1 1 4  146 0000 
0 6634 146 0000 
0 7385 147 7400 
0 639& 147 0400 

0 6491 155 4560 
0 6170 156 8480 
0 6593 156 1800 
0 6235 163 7600 
0 7167 179 7600 
0 6625 179 7600 
0 3961 180 6200 
0 7042 180 4200 
0 6326 1&0 2200 

II Rolon«lon P•n•tratlon 

98 76 12 9000 

98 68 1 1  6000 
93 50 1 1  2000 
99 4 7  1 3  2000 
98 80 13 5750 
99 84 15 1 000 
98 53 15 3250 
99 44 16 7750 
99 76 27 8250 

63 66 9 &500 
59 90 1 3  3500 
99 06 10 7000 
99 07 12 0500 
97 59 13 5500 
9& 73 14 0000 
99 99 1 4  6750 
99 63 31  4250 

99 4& 14 7000 
99 75 13 7750 

100 00 13 0250 
96 93 1 4  4750 
99 42 14 2500 
98.62 14 4250 

100 00 28 3250 
99 94 13 3250 
100 00 13 5500 

II Rolon«lon Ponolrllllon 

98 95 13 3250 

99 61 13 0500 
96 39 13 5000 
99 &7 15 8500 
99 &2 13 6750 

1 00 00 14 &750 
99 95 16 0250 
99 &2 17 3500 
99 74 23 6500 

94 00 9 7750 
94 12 9 6500 
99 47 11 0250 
99 32 1 2 &000 
99 29 14 0750 
99 76 13 4500 
99 93 14 5000 

27 7250 

99 &2 1 9 1 250 
100 00 17 0500 
99 96 14 1750 
99 25 15 3250 
99 &2 14 3000 
99 69 1 3  6500 
100.00 30 7000 
99 && 16 3000 
99 97 13 5750 

SUMMARY 

3m 
CLOTH 

Expansion Rltah1ed 

0 5638 

0 57 1 7  
0 5901 
0 5646 
0 5804 
0 6109 
0 6160 
0 4795 
0 3512 

0 6186 
0 520& 
0 6591 
0 6508 
0 6408 
0 6694 
0 6002 
0.3525 

0 6031 
0 6427 
0 6645 
0 6000 
0 7499 
0 6296 
0 3975 
0 6510 
0 6206 

WI.•• 
156 3440 

1 1 5 2720 
1 1 4  8420 
124 3460 
1 4 7  1840 
146 0140 
1 47 1 840 
147 0400 
146 4600 

107 61&0 
&5.5820 
123 4500 
148 2300 
146 1980 
146 93&0 
147.1000 
148 .0200 

156 6240 
155 7660 
155 2000 
164 3000 
180 0120 
1 6 1 .1980 
180 4000 
180 5180 
180 0260 

50m 
CLOTH 

Exp.-.slon Rololnod 
WI." 

0 5647 156 3400 

0 5323 1 1 5  3400 
0 5250 1 1 4  9000 
0 5255 124 &400 
0 573& 146 &400 
0 61&7 147 1 800 
0 5864 147 4600 
0 4839 146 &400 
0 3517 146 4400 

0 6342 114 &800 
0 6320 1 1 4  6400 
0 6425 124 7000 
0 6352 146 &800 
0 7018 1 47 2&00 
0 6780 1 48 3600 
0 5825 146 9200 
0 3510 146 4000 

0 4491 154 1600 
0 5578 155 2400 
0 6145 155 2&00 
0 5699 164 3000 
0 7391 179 9800 
0 6296 1&0 2600 
0 3955 1 &0 3&00 
0 6122 179 7000 
0 6165 1 &0 3400 

A m m u n ition Co m pa rison 

RIB 

II Rolonllon Penetration Expansion Rolalnod % Retention 
WI." 

98 95 14 6500 0 61 1 1  156 5600 99 09 

99 80 9 5750 0 6553 1 1 1  0800 96 52 
99 74 12 7250 0 5073 82 4000 71 65 
99 91 1 1  9000 0 6252 123 4400 99 55 
99 92 13 9750 0 6443 147 3800 99 76 
99 JJ 15 2250 0 6064 146 0600 99 20 
99 57 14 1500 0 6251 146 4000 99 20 
99 97 15 8250 0 4906 146 7800 99 81 
99 63 23 0750 0 3536 146 4800 99 65 

93 32 9 5750 0 5497 85 7200 74 54 
74 42 1 1  3500 0 5335 80 5400 70 03 
99 52 8 8500 0 7144 1 1 6  3000 94 92 
99 38 12 6750 0 5825 120 5000 81  97 
99 26 15 4750 0 6503 142.1200 96 60 
99 07 16 0250 0 6205 1 3 1 1800 89 24 
99 93 13 4000 0 6311 147 3600 100 00 
99 33 33 8000 0 3523 146 5333 99 68 

100 00 12 9250 0 6592 147 6800 95 21  
9999 11 0250 0 7139 155 2000 99 65 
9999 12.7750 0 6994 155.6400 100 00 
9956 13 3000 0 6151 162 4600 98 46 
99 &7 12 0750 0 7089 179 1600 99 53 

100.00 13 7000 0 6345 165 9800 92 21 
99 96 29.4500 0 3968 180 8600 100 00 
100 00 1 1  2000 0 7192 177 8400 98 43 
99 92 1 3.3500 0 6555 179 9200 99 92 

RIB 

'II Rolon«lon Penetration Expansion Rotalnod II Roton«lon 
WI." 

98 95 12 5250 0 6124 156 2000 98 86 

99 90 9 8500 0 5956 1 1 0  1400 95 62 
99 77 9 9250 0 6084 1 1 2  7600 96 05 

100.00 11 3750 0 6260 124 8000 100 00 
99 66 11 5500 0 6397 146 7800 99 76 
99 97 13 5750 0 6172 147 0800 99 95 
99 40 14 8250 0 6273 147 9000 99 89 
99 &5 15 7250 0 4975 145 1600 98 73 
99 62 29.3500 0.3510 146 8500 99 86 

99 83 & 5250 0 6992 109 6200 95 32 
99 44 9 5000 0 6129 103 4000 &9 91 
99 96 9 9500 0 6630 124 0200 99 69 
99 67 1 1 1 750 0 6744 145 2800 98 83 
99,95 1 1  8250 0 6797 1 4 1  3200 96 1 4  

100 00 12 8000 0 6745 147 4600 99 73 
99 90 12 9500 0 6307 146 8800 99 65 
99 59 30 4500 0 3510 146 6000 99 7-3 

99 43 12 9250 0 6146 142 9200 92 1 7  
9 9  97 12 4500 0 6425 155 0400 99 92 
100.00 12 0000 0 6551 155 6GOO 100 00 
99 58 13 5000 0 6092 164 3000 99 58 
99 94 12 6000 0 7245 178 3600 99 09 
99 66 12 4750 0 6500 177 4200 98 40 

99 9& 2& 1 750 0 3945 180 6800 100 00 
99 69 1 1  3250 0 6906 180 9600 99 54 
99 9& 12 8250 0 6441 179 9800 99 92 

• bullets not recovered 
•• Retained weight is the average or the recovered bullets' retained weight, uncorrected when they exceed the manufacturer's advertised bullet weight 

••• % Retention figures are the average or the per cent retained weight. Recovered bullet weights greater than the manufacturer's advertised weight are recorded as 100% 

relainel1 weiglll 
Appendix page 1 7 1  
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fired from S&W 5943: 
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1 1 5 grain Federal 
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APPENDIX 174: BARE GELATIN ( 9 mm Parabellum) 

9 MM Parabellum 
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1 1 5  grain Winchester Silvertip 

1 1 5 grain Federal 
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124 grain PMC Starfrre 

147 grain Federal Hydrashok 

.38 SPECIAL fired from S&W 10-5 5" BBL: 
158 grain Federal Semi-wadcutter 
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APPENDIX 175: HEAVY CLOTHING ( 9 mm Parabellum) 
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APPENDIX 176: PIGS RIBS ( 9 mm ParabeUum) 

.38 SPECIAL fired from S&W 10-5 5" BBL: 
158 grain Federal Semi-wadcutter 

9 MM ParabeiJum 3 metres 50 metres 

fired from H&K MP5: 

• , _  • 1 1 5 grain Winchester Silvertip 

t e  • • 1 15 grain Federal 
Jacketed Hollowpoint 

124 grain PMC Starfire 4 -

147 grain Federal Hydrashok - -
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Jacketed Hollowpoint 

124 grain PMC Starfire 

147 grain Federal Hydrashok 

.38 SPECIAL fired from S&W 10-5 5" BBL: 
! 5 8  grain Federal Semi-wadcutter 

3 metres 50 metres 

�· 

• •  

J 

3 metres 

147 grain Remington 
Golden Saber 

14 7 grain Winchester 
Black Talon 

147 grain Speer Gold Dot 

14 7 grain Winchester 
Full Metal Jacket 

50 metres 

3 metres 50 metres 

��� �� -

- ·  -

APPENDIX 178: HEAVY CLOTHING (9 mm Pan bellum) SCALE: l ' '" l ' ' ' \l" 111 1"!1" ' ' 1 ' 1 1!j 1 1 1 1 1 1 1 1 ! 
CEftnMETAES 

--- llliilliiiit 

.38 SPECIAL fired from S&W 10-5 5" BBL: 
158 grain Federal Semi-wadcutter 

9 MM Para bellum 3 metres 50 metres 

fired from H&K MP5: 

1 1 5 grain Winchester Silvertip .I t  ,1_ < 

1 1 5 grain Federal 

• •• •• Jacketed Hollowpoint 

124 grain PMC Starftre I ' 

147 grain Federal Hydrashok .. 
APPENDIX 179: PIGS RIBS (9 mm Parabellum) 

3 metres 

., _  

1 47 grain Remington 
Golden Saber 

147 grain Winchester 
Black Talon 

147 grain Speer Gold Dot 

147 grain Winchester 
Full Metal Jacket 

SCALE: 

... ... 

50 metres 

--
3 metres 50 metres 

a a - ·  I 

• - •• 

- ��· 

- ·.irflt;· . ·�- . ... 

l l l t 1 J I I 111j l l l l f ' l llj l l l l j l l lli' " ' J I I I  j 
C.9mM9'R!:S 

...... 

I 
0 '"Ij 

� 
� � � 0 ::l � 0 z � � 
� � 

� > t""' t""' 
� � 

rJ)_ 
t""' -3 ...... � Cl.l 

� n 
Cl.l rJ)_ 
> � Cl.l � Cl.l 
0 < (') 

§ � � 
� � 

...... � 0 

� 0 
� 
z � � 

>--l � §l > z t""' @ t""' 
� � 

rJ)_ 
-3 g � n � rJ)_ 

� � 

� � 
< � 

til � 
� � t""' ...... 
Cl.l ::l 
(') 
Cl.l 
> 
Cl.l 
Cl.l 
0 
(') 
> ::l 
� 



N 
0\ 

< 
Q -

N ... 
z ? 
� 

< 
Q -

N ... 
z ? 
� 

N 
-...1 

3 metres SO metres I I 3 metres 50 metres 
.38 SPECIAL fired from 4 CD  S&W 10-S S" BBL: 

... ., 1 58 grain Federal Semi-wadcutter J J 
1 10 - Wmcl>o.l<< 
Ranger SXT 

.40 SMITH & WESSON 3 metres SO metres 

fired from S& W 4046: 

! 55 grain Federal Hydrashok � w·  ;: ... j'�- - • 1 80 grain Winchester - - - -Subsonic 

-- ·  ., .� 155  grain Winchester Silvertip ... _.:,,; • 1 80 grain Winchester ' ,, 

Full metal Jacket 

1 55 grain Speer Gold Dot .. .  ft!j ... .... 1 80 grain PMC Starfire - ·  - -

1 65 grain Federal Hydrashok , _  11,e 1 80 grain Speer Gold Dot I tt  l CD  
APPENDIX 180: BARE GELATIN (.40 Smith & Wesson) SCALE: I I 1 1 1 J I 1 1 \l'' I I J I 1 1ll ' ' l l l l l l11 ' ' '' 1 ' ' ' !  

CE ... liMI!TRI!! S 

3 metres SO metres 3 metres 50 metres 
.38 SPECIAL fired from IIO CD  _,. • •  --· 
S&W 10-S S" BBL: 

1 80 grain Winchester 
1 58 grain Federal Semi-wadcutter 

Ranger SXT 

.40 SMITH & WESSON 3 metres SO metres 
fired from S& W 4046: 

- - *• - - - -155 grain Federal Hydrashok 1 80 grain Winchester 
Subsonic 

t ct  - - • ._, • •  1 80 grain Winchester 1 55 grain Winchester Silvertip 

Full metal Jacket 

1 55 grain Speer Gold Dot II 1 80 grain PMC Stamre - ·-

165 grain Federal Hydrashok 11 e  1 80 grain Speer Gold Dot �� - 11 e  
APPENDIX 181: HEAVY CLOTHING (.40 Smith & Wesson) SCALE: 

l l lllfTTI1Jl1111' 1 1 l l 1 1 1 1 I 1 1 1 l j 1 1Tif'l l 
C.I!HTIMETAP s· 

I '-< 
0 

I � 
0 
>Tj 

� 
� 
...., tT:I � � 0 
g e 
z z f: � 
� � 0 > @ t-t 
ttl t-t 
f: -

lJ1 t: � C/.l -:j (j 0 
C/.l lJ1 
> :;:l C/.l 
C/.l � 0 
0 < � -
:j � 
� � 

'-< � 0 

� 0 
e 
z 0 � >Tj 

� � > � t-t ...., t-t ! tT:I 

� -
lJ1 

...., � 
>--< -

I � (j 
f: lJ1 

I � :;:l 
0 � 
@ < 

-
ttl � 
f: � 

I 1:'""" 
>--< 
C/.l 

� 
C/.l 
> 
C/.l 
C/.l 
0 
0 
� 
...., 
>--< 

� 



• 

28 

-
• 

WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

• 

, •. 

• 

• 

• 

0 
Q 
'0 
0 
0 .. "' "' c. Vl 
s:: '§ 
bll 

I() I() 

0 
• 

• 
• 

Vol 2, No. 3 

WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

MONICA DUNN'S SUICIDE 
INVESTIGATION: A STUDY IN 
TUNNEL VISION 

Martin L. Fackler MD, and Nelson E. Welch MS 

" . . .  learning how to not fool ourselves -- of having utter 
scientific integrity -- is, I'm sorry to say, something that 
we haven 't specifically included in any particular 
course that I know of. We just hope you've caught on 
by osmosis. 

The first principle is that you must not fool 
yourself -- and you are the easiest person to fool . . . .  I'm 
talking about a specific, extra type of integrity that 
is . . .  bending over backwards to show how you're 
maybe wrong, that you ought to have when acting as a 
scientist. And this is our responsibility as scientists, 
certainly to other scientists, and I think to laymen. " 

Surely You're Joking Mr. Feynman 
Feynman RP, New York,WW Norton, 1 985, pp. 342-343) 

ABSTRACT 

PURPOSE - To recount how apparently focusing on 
a single shotcup petal abrasion caused several inves

tigators to become so convinced that a shotgun 
wound was made from a distance of two feet (and 

was, thus, a murder), that they overlooked over
whelming contradictory evidence and needlessly 
caused an innocent police officer to spend eight 
months in jail awaiting trial. To show the unique 
finding of greater omentum protruding from the exit 
wound of the back, forced there by the pressure of 
powder gas in the abdominal cavity. 

METHOD - Each item of misinterpreted and over

looked evidence is described, analyzed, and related to 
the distance of fire. 

Vol 2, No. 3 

RESULTS - Eight points of evidence, any one of 

which proves beyond a reasonable doubt that the 
wound was a contact one;' were misinterpreted or 
overlooked. Five other items of evidence each give 
cause for considerable doubt of Paul Dunn 's guilt, 
although they do not prove his innocence. 

CONCL USIONS - The trap of investigators letting 

one apparently convincing piece of evidence blind 
them to all contradictory evidence is discussed, as is 

the ego trap of refusing to change ones opinion in the 
face of overwhelming evidence to the contrary. 

INTRODUCTION 
On 4 April 1 994, Monica Dunn, the 3 1  year old 

wife of Police Officer Paul Dunn, sat on her water bed, 
held the barrel of a 12  gauge Remington Model 1 100 
semiautomatic shotgun, loaded with 00 Buckshot, 
against her abdomen with her right hand on the barrel, 
leaned forward and pulled the trigger with her left 
thumb. The shot perforated her distal aorta, left iliac 
artery and vena cava. She died rapidly. 

At autopsy, a conspicuous radial abrasion, 
about 3/8 inch (9 mm) long, was noted extending from 
the entrance wound in the one to two o'clock position. 
This was interpreted as a shotcup petal slap abrasion 
and led to the conclusion that the shot must have been 
made with the muzzle from one to three feet from the 
skin. The manner of death was therefore declared to be 
homicide. Because of this, the State of New Mexico 
prosecuted Officer Paul Dunn for the murder of his 
wife. He spent eight months in jail before his trial ended 
in acquittal by a 12 to 0 vote of the jury on their first 
ballot. That the State of New Mexico prosecuted this 
case is astounding in view of the following evidence. 
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Fig 1 - Entrance wound two inches above Monica 
Dunn's umbil icus. 

UNDENIABLE PHYSICAL E VIDENCE 
ENTRANCE WOUND (see Fig. 1) 
• The one shotcup petal abrasion was on the skin at the 

top left side of the wound. There was another mark, 
on the lower right side of the wound, made by the 
ventilated rib and front bead sight above the shotgun's 
muzzle (Fig. 2). As the gas produced from burning of 
the gunpowder passed into Monica Dunn's abdominal 
cavity, through the contact entrance wound, it forced 
her abdominal wall to expand and bulge outward 
against the shotgun's muzzle, causing the rib and bead 
sight to mark the right side of the entrance wound. 
This mark was misinterpreted by state experts as be
ing a second shotcup petal abrasion. The second mark 

30 

Fig 2 - Twelve gauge shotgun muzzle with bead sight 
on a ventilated rib. 

was not 1 80 degrees opposite the first one - where a 
second petal abrasion mark would have to be; it was 
about 40 degrees from that position. It was, however, 
where the ventilated rib on the shotgun muzzle would 
be if the shotgun stock was rested on the water bed 
mattress with the gun's ejection port facing upward 
(see Fig. 3) .  The two corners of the ventilated rib 
marked the skin as did the round bead which appeared 
midway between these corner marks. The width of the 
shotgun's rib is 0 .3 1 inches: the interested reader who 
wishes to measure the width of the two corners of the 
mark on the left of the wound, using the scale in the 
photograph, will find that this mark corresponds ex
actly to the width of ventilated rib on the shotgun bar
rel. Additionally, the diameter of the bead on the venti-
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lated rib is 0 . 125 inches, which corresponds exactly to 
the width of the mark it made on the skin. 

The width of the shotcup petal abrasion on the up
per left side of the wound is considerably wider than 
the one made by the rib, and approximates the one-half 
inch width of the shotcup petals .  

• If the distance of fire had been one to three feet, 
Monica Dunn's dress (which was unbuttoned, but 
covered the right side of her abdomen - from six to 
twelve o'clock around the wound) should have had a 
protective effect on the skin from any shotcup petal 

that struck on the right. Any such petal should also 
have marked the fabric of the dress where it struck. 
There was no indication of a petal mark on her dress .  
As the several gallons of gas produced by the burning 
of the gunpowder passed into Monica Dunn's abdomi
nal cavity, and forced her abdominal wall to bulge 
outward, this expansive bulging most likely pulled her 
dress away from the wound margin just before the ex
panding abdominal wall skin was slammed into the 
shotgun barrel's muzzle, causing the imprint of the 
ventilated rib and bead front sight on the skin. 

Fig 3 - The position of the model shows the approximate position of Monica Dunn when she committed suicide. Each 
of the buckshot pel lets passed through the plasterboard wall and then struck a brick wall about six inches behind 
the plasterboard. Thus, two points on the trajectory of each pellet could be determined:  this allowed for an exact 
determi nation of each buckshot's trajectory angle. These angles are demonstrated In the photograph by wooden 
dowels placed in the holes. This demonstration was intended to show only the upward angle: the model has her right 
and left hands reversed. The evidence showing that Monica Dunn pul led the trigger with her left thumb had not been 

recog nized at the time this photograph was taken. 

Vol 2, No. 3 3 1  
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SOOT 
• Monica Dwm had unbuttoned her dress (which buttoned 

up the middle in front) to expose the skin of her abdomen, 
but the ventilated rib on the shotgun barrel probably 
caught the right side of her dress: thus the right half of the 
muzzle was against her dress and the left half against her 
skin when the shotgun discharged. There was a semicir
cular rim of soot just outside where the muzzle pressed 
against her dress. "Gray soot" was described in the notes 
regarding Monica Dunn's clothing made by the medical 
examiner. Concentrated soot is seen in contact wounds ' 

and wounds made at ranges of a few inches: it is not seen 
at ranges of one to three feet. 

• There was a faint shading of soot on the upper part of 
the skin adjacent to the shotgun muzzle - deposited 
there by the gunpowder produced gas that leaked by 
the wadding and preceded the shot out the barrel. This 
soot was faint but clearly identifiable on the color 
photograph taken at the autopsy - the jury had no 
difficulty seeing it. Since the red blood stains show up 
black in black and white photographs they mask these 
faint soot deposits and thus it is not possible to show 
this in a figure with this paper. Color photographs 
(slides and prints), however, are available which show 
this faint soot clearly. Ordinarily, faint soot from the 
powder gasses preceding the shot is not noticed on 
loose contact or wounds made from a few inches be
cause it is obscured by the much more copious soot 
contained in the main part of the powder gas . In a 
hard contact wound, however, where all of the powder 
gas following the shot column and wadding go into the 
wound, this copious soot does not appear on the sur
face. The soot contained in the small amount of pow
der gas that finds its way past the shot column exits 
the barrel when there is no hole in the skin, so it 
should often be identifiable (when not masked by 
blood) on bare white skin by anybody with the inclina
tion to search closely for it. The presence of this faint 
soot is undeniable proof of a hard contact wound. 

ANGLE 
• The upward angle of the buckshot (Fig. 3) which 

struck a wall three to five feet behind Monica Dunn, 
who was sitting on a water bed when she committed 
suicide, made a homicide close to impossible. The 
stock of the shotgun had to be resting on the lower end 
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of the water bed mattress to account for this angle. It 
would have been impossible for the gun to be two feet 
away and still produce the upward angle since the 
stock would then have had to rest on the bed frame 
rather than on the water mattress: this would have 
raised the stock about four inches higher. All nine of 
the buckshot followed an upward path of between five 
and fifteen degrees after exiting Monica Dunn's body. 
These angles are exactly what would be expected with 
the shotgun stock resting on the water bed mattress 
with the muzzle just above Monica Dunn's umbilicus. 
It is nearly impossible to conceive of a homicide (gun 
held by somebody else) producing this upward angle. 

PRESSURE EFFECTS FROM THE POWDER 

GAS IN THE ABDOMINAL CA VITY 
In hard contact wounds, the gas produced by 

the burning of the gunpowder follows the projectile or 
projectiles through the hole in the skin. In the typical 
contact wound of the head with a handgun, for example, 
the gas flows between the scalp and the skull, often 
splitting the skin around the wound, usually producing a 
stellate entrance wound. When the hard contact wound 
is in the abdominal wall, however, the gas flows into the 
abdominal cavity. There is space in the abdominal cav
ity for up to a gallon without stretching things too 
much, but the 12 gauge shotgun develops three to four 
gallons of powder gas (estimated from information from 
the powder manufacturers; using about half of the 
maximum gas temperature in the barrel to calculate the 
gas volume using the standard gas laws). This amount 
of gas increased the pressure in the abdominal cavity 
greatly and caused the findings listed below. 

• Two of the buckshot traveled side-by-side through 
Monica Dunn's psoas and sacrospinalis muscles (a 
distance of three or more inches) . Protruding from the 
exit hole these buckshot made in the back was a two 
inch (length and width) wad of greater omentum (a 
moveable, apronlike layer of fat covered with a thin, 
transparent layer of tissue). The only mechanism pos
sible to provide the force needed to push the greater 
omemtun from its normal position in the front part of 
the abdominal cavity all the way through a three
fourth inch diameter, three inch long hole through 
muscle, behind the abdominal cavity, to finally pro
trude two inches out the skin of the back (Fig. 4) was 
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Fig � - A  two �y two inch w_ad of �reater omentum is protruding from one of the exit holes. A smaller piece of omen
tum IS protudmg from a ne1ghbormg hole. Note the many pieces of grex fi l ler material around the exit holes. 

the increased pressure generated in the abdominal cavity 
by the three to four gallons of powder produced gas . 

• Another result of the powder gas pressure was the 
spattering over the wall three to five feet behind 
Monica Dunn of her blood, some intestinal fluid, and 
small pieces of material and threads from her dress 
(Fig. 5) .  

• Between the skin of Monica Dunn's back and her 
dress there were more than one hundred lightweight 
plastic filler particles (grex) that come packed around 
the shot in the loaded shell (see Fig. 4). There were 
none of these on the front of Monica Dunn's dress and 
fewer on the skin around the entrance wound than 

Vol 2, No. 3 

around the exit wounds. If the shot had been fired 
from a distance of two feet, grex particles should have 
been all over the front of her dress and stuck in the 
blood all over the front of her abdomen. The amount 
of this very lightweight filler, however, around her exit 
wounds can only be explained by all of it being forced 
into the abdominal cavity with the powder gasses, in a 
har� contact wound, and then much of it being 
sqmrted out the exit wounds with the powder gas . In 
the absence of the powder gas, at most a few grex 
particles could be dragged through the wound with 
each of the nine buckshot pellets. 
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Fig 5 - The wall  several feet beh ind Monica Dunn.  As can be easily seen, this wall was stained with blood , intesti nal 

fl uid, and pieces of material from Monica Dunn's dress i n  the area of the buckshot holes. 

CIRCUMSTANTIAL EVIDENCE 

SUICIDE LETTER 
• Monica Dunn left a five page suicide letter. 

SHOT LOCA TION 
• Paul Dunn had served more than fifteen years as a 

police officer. He is an intelligent person. It is unimag
inable that he would try to kill his wife by shooting 
her in the abdomen. Most people shot in the abdomen 
survive. If the angle of the shot in Monica Dunn's ab
domen had been twenty degrees to the side from where 
it was, she could have missed the large blood vessels 
and survived her wound. A head or heart shot are the 
only choices for a certain and rapid death - a fact 
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known even to most laymen. 

ABSENCE OF STIPPLING 
• There was no stippling at all from powder particles 

around the entrance wound on Monica Dunn (see Fig. 
1 ) .  The photographs of shotcup petal abrasions shown 
in forensic pathology books and papers also show 
considerable stippling around the wounds ( 1 ,2). 

ABSENCE OF DISRUPTION IN THE CLOTH 
OF MONICA DUNN'S DRESS 
• Test shots were done from two feet: the area of the 

cloth around the entrance hole in these shots was con
siderably disrupted by the grex filler. There was no 
such disruption in the cloth of Monica Dunn's dress. 
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LINEAR ABRASION ON MONICA DUNN'S 
HAND FROM THE SHOTGUN'S COCKING 

HANDLE 
• There was a fresh linear abrasion just above the web 

space between Monica Dunn's left thumb and index 
finger. This abrasion was in the exact position where 
the short rod protruding from the right side of the 
semi-automatic shotgun's bolt would strike her hand 
as the bolt automatically flew backward after the shot 
while her hand was in the position to pull the trigger 
with her thumb. This is listed under the circumstantial 
heading because she apparently had a previous discol
oration in this area, possibly from a previous injury. 
The linear mark corresponding in width to the cocking 
handle, however, appeared freshly abraded on the 
autopsy photograph. 

COURSE OF E VENTS 
It is unclear who made the determination that 

Monica Dunn's wound was fired from a one to three 
foot distance rather than being a contact wound. This 
faulty determination was apparently made, however, 
either by the state's firearm examiner or someone in the 
medical examiner's office the day of the autopsy or the 
next day. The initial autopsy report was dated 25 April 
1 994 and a revised report was done on 27 April 1 994. 
The only difference between the reports was the deletion 
of the suggestion "that the muzzle of the gun was inside 
the left side of the fabric" which had gaped open since it 
had been unbuttoned before the shot. It is interesting 
that the manner of death was still considered a homicide 
on the first report, despite the contradictory suggestion 
-which was then deleted in the revised report. 

What is clear is that the state's medical examin
ers and the state's firearms examiner who worked on 
this case, plus the outside forensic pathologist who the 
state retained to testify as an expert witness, were all so 
convinced by a single one-third length shotcup petal 
abrasion (four full-length petal abrasions would be 
needed to support their theory) that they ignored or 
denied all of the contradictory evidence listed above. 

It must be noted that all of this contradictory 
evidence was presented to the state's attorneys by the 
authors of this paper before the trial. Despite this 
mountain of evidence inconsistent with their theory of 
the case, the state chose to proceed with the trial . 
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THE SCIENTIFIC FAILINGS 
• Autopsy: There was no mention of the protrusion of 

the greater omentum from the exit wounds (Fig. 4). 
There was no mention of cutting this protruding 
omentum off (Fig. 6). There was no mention of the 

Fig 6 - Exit wound after it has been cleaned up. Care
fu l observation of the largest hole s hows the stum p  of 
the greater omentum where it was cut off. 

soot on Monica Dunn's clothing in the description of 
her clothing in the autopsy report, but the handwritten 
words "gray soot " appear on the notes made, DURING 

THE AUTOPSY, describing the clothing. Furthermore, 
under the clothing heading in the autopsy report is "a 
1 / 16  inch wide deposit of gray bullet wipe along this 
hole. " describing the hole in Monica Dunn's pant
ies/slip. Since "bullet wipe" is seen around bullet 
wounds, not those made by shotgun pellets, what was 
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being described in the autopsy report was clearly soot 
(as it was described in the autopsy notes). 

In the autopsy report there was no indication that a 
biopsy was taken from the margin of Monica Dunn's 
entrance wound to determine if microscopic changes 
from searing and burning caused by hot power gas (as 
happens in contact wounds) were present. 

• Failure to test Monica Dunn's dress for powder resi
due or to search for unburned powder: If the shot had 
been made from one to three feet there would have 
been powder and powder residue on the dress around 
the notch made by the shot. This should have been 
searched for directly using a dissecting microscope as 
well as testing the front of the dress chemically to de
tect the nitrites in the powder residue. 

CONCLUSIONS 
Apparently jumping to an early unwarranted 

conclusion in this case led to a failure of scientific 
skepticism, and failure to do a thorough investiga�ion of 
the evidence. It also apparently caused the oversight of 
such a great number of clear and easy to under�tand 
(once they are pointed out) points of evidence that It �ut 
the state's investigators in an extremely embarrassmg 
position. So rather than honestly accepting this embar
rassment, they turned a blind eye to the facts and com
pounded their errors by pushing on with the prosecu
tion. They hired an outside expert in an attempt to bol
ster their position. In trying to escape their own emb�r
rassment they caused Officer Paul Dunn increased mis
ery, to say nothing of financial expense. 

Apparently the psychological trap of tu�el 
vision and the "made up" mind (don't confuse me With 
the facts), combined with obsession over a single find
ing, so distorted the perceptions of the state's 

_
team that 

it set them up for the ego trap of doing anythmg n�ces
sary to try to avoid. having their enormous ov�rsights 
exposed. True scientists cannot refuse to consider all 
possible alternatives to explain their findings: failure to 
think of a rational alternative is one thing; refusal to 
consider rational alternatives after these have been 
accurately presented is quite another. 

Jurors had no doubt of Paul Dunn's innocence: 
they voted 12 to 0 for acquittal on their first vote. Jui?' 
questionnaires revealed that they could have taken their 
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vote without even leaving the jury box. Additionally, in 
these questionnaires appeared such unusual comments as: 

- Prosecution failed completely in relating the 
physical evidence to the charge made. 
- The entire case suggested to me possibly 
some kind of political or emotional motivation 
which cost the taxpayers extravagantly and 
persecuted an individual unduly. 

- It would be fair, in my opinion, in this case, 
if the prosecution were forced to defray the 
costs of the defendant and to reimburse him for 
lost salary. 

The discipline of Forensic Science, however, 
profited (at Paul Dunn's expense) from the unique find
ings in this case: 

- The deformation pattern of recovered shot
cup petals has been found to be at least as reli
able as the abrasions they make on the skin 
around the wound in differentiating contact 
from two foot distant shotgun wounds (see fol
lowing paper) 
- We are unaware of any previous reports of 
the effects of the pressure from powder gasses 
confined in the abdominal cavity (omentum 
forced out a wound of the back, grex forced out 
wounds of the back, blood and fluids from the 
abdominal cavity squirted out the exit wounds 
ofthe back) . 

Lastly, we hope that a sober consideration of 
the facts outlined above will give pause to some, and 
demonstrate to those charged with collecting and 
evaluating physical evidence the dangers of a too rapid 
jump to judgment. 
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ABSTRACT 

PURPOSE - To show that the distortion of 

recovered shotcup petals is a reliable indicator in 

separating contact shotgun wounds from those fired 
from several feet 

METHOD - Test shots were fired into pig skin 

draped over 10% ordnance gelatin 

RESULTS - All of the shot cup petals recovered 

from hard contact shots were conspicuously 
deformed, especially at their forward ends. None of 
those recovered from test shots made at a distance of 
two feet showed deformation of their forward ends. 

CONCLUSION - Shotcup petal deformation pattern 

appears to be at least as reliable an indicator for 

separating contact shotgun wounds from those fired 
from two feet as the appearance of the radial skin 

abrasions caused by slaps from the petals. 

INTRODUCTION 

Most readers are familiar with the polyethylene 
shot cups found in shotgun shells (Fig. 1 ) .  These cups 
have four longitudinal slits extending from their open 
forward ends to within 3 to 4 mm of their closed bases 
(except in the .4 10  gauge, which has only three slits). 
High speed photography has shown that air resistance 
causes the shotcup petals to spread apart at distances 
from one to three feet from the muzzle, and to be folded 
back (with their forward ends pointing backward) at 
distances greater than three feet ( 1 ) .  If the shot column 
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strikes a person at a distance of one to three feet, these 
outstretched petals typically cause a telltale superficial 
abrasion where they slap the skin with their flat 
surfaces . These unique marks, regularly spaced and 
extending outward from the margins of the entrance 
wound in the form of a cross (2), are commonly used to 
distinguish contact wounds from wounds made with the 
shotgun muzzle one to three feet from the skin. This 
often equates to separating suicides (contact) from 
homicides (one to three feet distant). 

In the hard contact suicide case reported in the 
preceding article, the entrance wound had all the 
characteristics of a hard contact wound but also had a 
single radially oriented marginal abrasion, about 3/8 

inches (9 mm) in length, that resembled the slap mark 
made by a partially outstretched shot cup petal (fully 
outstretched, a petal would have made an abrasion 
about one inch long) . The shotcup recovered from the 
body showed conspicuous bending, buckling, and 
tearing distortion of all of the shotcup petals .  
Additionally, one of the distorted petals had been 
broken off at its base (Fig. 2). 

We did test shots using pig skin draped over 
1 0% ordnance gelatin to show that the shotcup petal 
distortion pattern differs in the contact wound from the 
two foot distant shot. We were also interested in seeing 
if we could produce shotcup petal marks on the skin 
experimentally in contact wounds . The conspicuous 
difference in shotcup petal distortion was obvious in our 
tests . Additionally, marks on the skin made by shotcup 
petals occurred in half of the contact shots in our study. 
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Fig. 1 - The top shotcup is from a Remi ngton 

shell.  A perforated wad is a part of the shotcup. 

The two bottom shotcups are from Federal 

shells. These shotcups, which were the kind 

used in our stud , do not have wads attached. 

METHODS 
At the Forensic Laboratory of the Royal Cana

dian Mounted Police (RCMP), at Regina, Saskatche
wan, six hard contact test shots were fired into freshly 

removed pig skin draped over 1 0% ordnance gelatin. 
One test shot was done with the muzzle two feet from 
the skin. In Hawthorne, Florida, a single test shot was fired 
into ordnance soap with the muzzle two feet from the soap. 
All shots were fired from a 12 gauge shotgun using two 
and three-fourths inch Federal shotgun shells loaded 
with 00 Buckshot similar to the shell used by Monica 
Dunn in her suicide. The shots done at the RCMP 
Forensics Laboratory were fired from a shotgun with a 
an 1 8  and three-fourths inch barrel with no choke 
(similar to the one used by Monica Dunn) . The other 
test shot was fired from a from a shotgun with a 27 inch 
barrel with no choke. 

All of the petals recovered from the contact 
shots were deformed, especially their leading edges 

38 

Fig.  2 - This is the shotcu p  removed from the 
body of Monica Dunn.  One petal has been 
broken off at its base. The distal third of another 
one has been broken off and the distal fou rth of 
another almost sheared off. All of the petals 
show conspicuous deformation, especially at 
their distal ends. 

(Fig. 3). None of the leading edges were damaged in 
those shot cup petals recovered from the test shots from 
two feet (Fig. 4). 

The shot cup recovered at autopsy from the 
body of Monica Dunn (Fig. 2) showed the same type of 
marked deformation of the shotcup petals as seen with 
our contact test shots . 

In three of the contact test shots there was no 
indication of marks on the skin made by the shot cup 
petals. In three there were marks on the skin from shot 
cup petals .  These petal marks varied between 1/8 and 
l/4 inch (3 and 6 mm) in length (see Fig. 5) .  The petal 

marks on the excised pig skin, however, were more 
difficult to discern than those on the living person where 
they tum red. In one of the contact shots there was a 

mark that obliterated the soot from a rectangular area 
about 9/16  inch ( 14  mm) long and 1/2 inch ( 1 3  mm) 

wide (Fig. 6). We are not sure if this mark was made by 
a shotcup petal or not. 
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Fig. 3 - These three shotcups are from the 
contact group. All of the petals that remai ned 
attached have either had a part of their distal 
ends sheared off or have conspicuous 
distortion of the distal ends of the petals. 

DISCUSSION 
The presence of radial abrasions around a 

shotgun entrance wound, made by outstretched shot cup 
petals, has been thought to invariably indicate a one to 
three foot distance of fire. When there are four, evenly 
spaced abrasions, as long as the petals, this is 
undoubtedly true. In less clear-cut cases, however, such 
the as having only one abrasion, which is less than half 
the length of the petal (see preceding article) reliance 
upon the shotcup petal abrasions must be considered 
less than certain and needs to be correlated with other 
evidence. This study investigated the distortion pattern 
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Fig. 4 - These two shotcups were fired at a dis
tance of two feet. All of the five recovered petals, 
although s heared off at their bases, show no 
deformation other than at thei r bases. The lead
ing edges of all these petals are completely un
deformed. 

of shotcup petals to determine its predictive value in 
separating contact from several foot distant shots . 

In contact shots, the shot cup petals are held by 
the shotgun barrel in a position forcing their leading 
edges to strike the skin straight on. It is not surprising 
that their leading edges were deformed, as well as 
having considerable folding and buckling deformity in 
the remainder of the petal. Likewise, it is not surprising 
that those fired from two feet never had a deformed 
leading edge, since they struck with their large flat side. 

The obvious red abrasions left by the four petal 
slaps (three in the .4 1 0  gauge) is the distinguishing 
characteristic of the one to three foot distant shotgun 
wound. The opening of the petals has been shown with 
high speed photography and the presence of these 
abrasions is often used to differentiate suicide from 
homicide. Although we could find no reports of petal 
slap type abrasions in contact shotgun wounds, we did 

find a report of a suicide with a . 4 1  0 gauge shotgun in 
which petal marks were identified (3). Test firing of the 
deceased's shotgun in this case showed spread of the 
shotcup petals started at a range of 3 only inches, 
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suggesting more variation in this mechanism than is 

commonly recognized. 

Monica Dunn clearly committed suicide (see 

preceding paper), yet there was one short abrasion, 

extending from the entrance wound, which appeared to 

be a petal slap abrasion from a partially opened shotcup 

petal . How could this happen with a contact wound? 

Analyzing the mechanisms it became apparent that a 

single petal had caught on the skin edge and slid up on 

1 F � ! I " M ! f< f '>  

just as likely to point the forward end outward as 

inward. Those that tum outward would seem likely to 

mark the skin, as shown in our study, and occasionally 

even make a long enough abrasion to mimic a slap mark 
abrasion made by a partially extended shotcup petal -

as happened in Monica Dunn's suicide. 

Any angle between the advancing shot petal and 

the skin would increase the chances that a petal would 

catch and slide up outside the skin. It would then break 

off at its base and proba

bly be forced into the 

wound by the following 

wads and powder gasses . 

One of the petals of the 

deformed shot cup re

moved from the body of 
Monica Dunn was broken 

off at its base. 

C .11  No 0� 0 1 6  Fisher Scientif ic �,f.): Fisher Scientif ique 

In a hard contact 

wound there is a mecha

nism that could produce an 

angle between the skin and 

the advancing shotcup 

petal: the gas that slips 

past the shot column in the 

gun's barrel and precedes 

the shot out of the barrel 

has to go somewhere. 

Since there is no hole in 

the skin when this high

pressure gas strikes it, the 
gas pushes the skin away 

from the muzzle and could 

set up an angle that would 

increase the likelihood of a 

shotcup petal catching and 

sliding up on the outside of 

the skin. 

Half of our con-

Fig. 5 _ The most conspicuous shotcup petal mark in this study is seen extend i ng from 

about the six to the 1 2  o'clock position. 

tact test shots produced 

shotcup petal marks on the 

the outside of the skin to produce the mark. In a contact 

wound, all of the petals are pointing forward when they 

strike the intact skin. It seems that they would be likely 

to bend or buckle as the shot column crushed the skin 

and subcutaneous tissue to form the entrance wound. It 

also seems likely that this bending or buckling would be 
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skin that were somewhat 

shorter than the one on Monica Dunn. If the 14 mm 

long and 13  mm wide area of soot-free skin (Fig. 6) 
represents a shotcup petal mark, however, it is 
considerably longer than the 9 mm long abrasion on 

Monica Dunn. We suggest that this mark might have 

been caused by a petal that slid up outside the skin, 

Vol 2, No. 3 

WOUND BALLISTICS REVIEW 
Shotcup Petal Distortion 

JOURNAL OF Tim INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

broke off, and remained against the skin for the few 

milliseconds that it took the powder gasses containing 

the soot to pass by. The mark does closely resemble the 

shotcup petal in size and shape. 

CONCLUSION 
We undertook this study to investigate shotcup 

petal marks in contact shotgun wounds . Our test shots 

verified what common sense and the laws of motion 

dictate must be true: when shotcup petals strike with 

their leading edges, they bend, buckle, and dcfom1; 

when they strike on their large flat surface (with the 

leading edge pointing 90° from the direction of travel) 
they do not deform, except slightly at their base when 

they are tom from the base of the cup (which happens 

often). 

Our test shots also demonstrated that some of the 

ends of the forward pointing shotcup petals, in a contact 

wound, tum outward and mark the skin surrounding the 

wound: if one stops to ponder the mechanism, this also 

should come as no surprise. 

What is surprising is that the obvious and striking 

difference in shotcup petal deformation has not heretofore 

been noticed as an indicator to separate contact from one to 

three foot distant shotgun wounds. We suggest that the ap

plication of this fmding might be at least as useful as the 

appearance of the skin wound in distinguishing contact 

from one to three foot distant shotgun wounds. 

REFERENCES 
1 .  DiMaio VIM, Gunshot Wounds, New York, Elsevier, 1 985 .  pp. 
1 96-1 97. 
2 .  ibid. pp. 1 95-1 96. 
3 . Dowling GP, Dickinson JAH, Cooke CT. Shotcup Petal 
Abrasions in Close Range .4 1 0-Caliber Shotgun Injuries. J Forens 
Sci 1 988;33( 1  ) :260-266. 

Fig. 6 - On this contact shot, a 14 mm long and 13 mm wide area of soot-free skin is seen in the 1 2  o'clock position . 
The spl its in the skin are caused by its bei n g  stretched by the powder gasses trapped i n  the gelatin 
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WOUND BALLISTICS MISCONCEPTIONS 
Duncan M acPherson-Technical Consultant 

Introduction I 
The RCMP recently implemented a very thorough 

ammunition testing program in an attempt to improve their 
issue handguns and ammunition. This program is a good 
example of how a sound project of this type can be 

implemented by an organization without initial expertise; 
the secret is selecting capable people who are willing to 
search out information, think carefully about the informa
tion received, and then make informed decisions in 
planning and implementation. The story of this program is 
summarized in the article Comparative Performance of 
9mm Parabellum, . 38 Special and . 40 Smith & Wesson 

Ammunition in Ballistic Gelatin in this Journal issue. 

The RCMP study included considerations of 

factors important in effectiveness in handgun ammunition. 
Opinions on this topic were collected from a number of ref
erences cited in Comparative Performance of 9mm Para
bellum, . 38 Special and . 40 Smith & Wesson Ammunition 
in Ballistic Gelatin. Most IWBA members are aware of 
the divergent views on this topic, and so will not be sur
prised to learn that these references are not all in agree
ment. After study, the RCMP accepted views that are 
consistent with the views expressed by most IWBA mem
bers in the articles they publish. 

The references cited and briefly described in 
Comparative Performance of 9mm Parabellum, . 38 
Special and . 40 Smith & Wesson Ammunition in Ballistic 
Gelatin include several that are in strong disagreement with 

the "IWBA consensus". These views were wisely rejected . · 

by the RCMP as a guide for their ammunition selection 
program. This article comments briefly on two major 
claims in these references that are frequently mentioned by 
IWBA critics even though each is unquestionably 
incorrect. These two claims are 1)  kinetic energy deposit 

is a valid measure of wound trauma. 2) the inhomogenei
ties in tissue make gelatin (which is homogeneous) invalid 
as a tissue simulant. 

Kinetic Energy 
The belief that kinetic energy deposit in tissue is a 

fundamental wounding mechanism is very common and 
this assertion has been made by innumerable writers, most 
of whom have little or no understanding of either the 
physics or physiology involved. The popularity of this 
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claim led me to devote an entire chapter in Bullet 
Penetration - Modeling the Dynamics and the Incapacita

tion Resulting from Wound Trauma to explaining energy 
relationships and why there is no general direct relationship 

between energy and the trauma that leads to incapacitation. 
No attempt is made to cover all this material here, but the 
following paragraph briefly summarizes the "bottom line" . 

Attempts to determine bullet effectiveness or 
assign wound trauma incapacitation by assessing bullet 
kinetic energy are doomed to failure for two interconnected 

reasons: 1)  damage is done by stress (force), not energy. 

2) an indeterminate, but usually large, amount of the bullet 

kinetic energy leads to tissue stresses that are not large 
enough to cause significant trauma (especially in handgun 
loads). 

Tissue Simulation 
The bullet penetration model derived and ex

plained in Bullet Penetration implicitly defines the penetra
tion dynamics, and these dynamics are described in non
technical (as well as technical) terms in that book. How
ever, the fallacy in the assertion that the inhomogeneities in 

tissue make gelatin invalid as a tissue simulant is not ex
plicitly described in Bullet Penetration, and so is discussed 
here. 

When a bullet is penetrating any material (tissue, 
water, air, wood, etc.), the total force the bullet exerts on 
the material is the same as the total force the material 
exerts on the bullet (this is Newton's Third Law of 

Motion). These forces may be represented as a combina
tion of shear forces and inertial forces (don't be concerned 
if these words sound too technical - the concepts are easy). 
Shear force may be thought of as the force that resists 

deformation; if you push on a wall you are creating shear 
forces in the wall material that resist your push. If you 

push your hand down very slowly on a water surface, you 
feel no resisting force; this is true because a liquid cannot 
support a shear force (in fact, this nonsupport of shear 
forces is really a definition of a liquid). This lack of shear 

force support is the reason a liquid assumes the shape of 
the container it is placed in. 

You can fan your hand back and forth in air quite 

rapidly because there seems to be no resistance, but a 
similar fanning motion cannot be done nearly as rapidly 
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undeiWater because moving the water can take all the 

strength you can muster. The forces that resist the 
movement of your hand in water are inertial forces, and are 
due to accelerating the mass of the water (giving it a 
velocity). There are also inertial forces that resist the 
movement of your hand in air, but these forces are so much 
smaller that they are not obvious because air density is so 

low. (Moving your hand also produces inertial forces 
because your hand has mass, but we are used to the feel of 
this because it happens all the time.) 

Most common activities have some combination 
of shear and inertial forces. Those actions that involve 
deformation often primarily involve shear forces (e.g., 

snapping a twig, tearing a sheet of paper). Actions that 

result in giving an object a velocity usually primarily 
involve inertial forces; putting the shot is a classical 
example, but almost all games that put balls in motion 

(e.g., baseball, golf, tennis) are equally applicable. 
A bullet penetrating a soft solid (tissue or a tissue 

simulant like gelatin) meets resistance that is a combination 
of shear forces and inertial forces. The penetration model 
described in Bullet Penetration shows (and proves) what 
the magnitude of these forces are, and this insight is invalu
able. Concepts and beliefs concerning bullet penetration 

dynamics and the resulting wound trauma incapacitation 
generated before this model existed were based on intuitive 
guesses; some of these guesses made by individuals with 
good insight (like Hatcher) were reasonably close to reality, 

but guesses made by many others were grossly wrong. 

This is not unusual in technological progress, and the 

important thing now is to try and keep authors (in gun 

literature, JAMA, and everything in between) from 
endlessly repeating these concepts that have now been 
proven fallacious. 

The penetration model shows that the force 
resisting a bullet penetrating soft tissue at velocities above 
the cavitation threshold (about 500 ftlsec for typical 
handgun bullets) is almost totally an inertial force; in effect, 
this force is due to accelerating a mass of tissue in and near 
the bullet path. This force is nearly identical to the force 

resisting a bullet penetrating water (which as a liquid does 
not support a shear force) at velocities above the cavitation 
threshold) because the densities of water and tissue are 
nearly the same. This is the reason bullet expansion is 
usually nearly the same in water, tissue, and gelatin (the 
small differences are due to effects which not important 
here, but are described in Bullet Penetration). A little 
thought will show that this result really isn't surprising. 
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Anyone who has worked with gelatin knows that a finger 
can be pushed into gelatin with a force of only a few 

pounds; this force is similar to the resistant to a finger 
poked into the stomach, but the tissue does not fracture as 
easily as gelatin does. A finger poked into water does not 
meet this kind of resistance, which is due to shear forces. 
Penetration of a 9mm bullet at 1000 ftlsec is resisted by an 

inertial force of about 800 pounds; it is obvious that the 
presence or absence of a 3 to 5 pound shear force makes no 

practical difference in the penetration at this velocity. This 
also explains why the fact that gelatin fractures more easily 
than tissue does is not important. 

The extension of these dynamics to soft tissue 
variation is obvious. Different types of tissue present 

different resistance to finger probing by a surgeon, but the 
surgeon is not probing at 1000 ftlsec. Different tissue 
types do have differences in the amount of shear force they 
will support, but all of these forces are so small relative to 
inertial forces that there is no practical difference. The 
tissue types are closer to each other than they are to water, 
and bullet expansion results prove that the dynamics of 
penetration in water and tissue are nearly identical at 
velocities over 600 ftlsec where all bullet expansion takes 
place (see Bullet Penetration for a detailed explanation of 

bullet expansion dynamics). 
Since inertial forces depend on accelerating mass, 

it makes sense that these forces should be lower at lower 
bullet velocities (because the penetrated material cannot be 
accelerated to a velocity higher than the bullet). Shear 

forces have little velocity dependence, and as a result, shear 
forces are a much larger fraction of the total when bullet 

velocity is below the cavitation threshold. This low 
velocity effect is the reason that total bullet penetration 
depth is much different in water and in tissue or a valid 
tissue simulant. 

As a result of the penetration dynamics, most soft 
solids with a density very near soft tissue (i.e., near the 

density of water) are satisfactory tissue simulants when 
shear forces are not important. However, total penetration 
depth depends significantly on dynamics at velocities below 

400 ftlsec, so most materials do not properly simulate 
penetration depth. The total bullet penetration depth in 

tissue and a valid tissue simulant should be the same; 

standard practice is to use calibrated gelatin to insure this. 
In effect, gelatin calibration is done to ensure that the shear 
forces in the gelatin are the same as in typical soft tissue 
(as described in Bullet Penetration, the technical parameter 
used in the dynamic analysis is viscosity). 
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WOUND BALLISTICS LITERATURE 
REVIEW JAMA 1994;272 (5) :330b 

Journal of Trauma 1995;38 (3) :428-431 
Handguns August 1995 

JAMA Writes Politically Correct 

Wound Ballistics History and 

Refuses to Publish Corrections 

"Professor Kocher on Modern Projectiles in 

Warfare" JAMA (1994;272(5):330b). 

In recent years it has become politically correct 
to exaggerate beyond all reason the destructive capacity 

of military full metal jacketed rifle bullets-as used in 
"assault rifles. "  One would expect wound ballistics to 
be relatively immune from such distortions: based 

largely on physics, it is composed more of fact than 

opinion. There appears, however, to be no limit to the 
arrogance of certain editors of well known (a few years 
ago I might have said "well respected") medical journals 
as they abandon scientific integrity and alter factual 
history in an attempt to support their political agendas . 

We have reproduced below the cover letter and 
the letter for publication that Paul J. Dougherty, MD, 
and myself sent to correct misinterpretations by The 
Journal of the American Medical Association (JAMA) 
of Theodor Kocher's wound ballistics research. JAMA 

rejected our corrections stating that they "did not 

receive a high enough priority rating for publication."  

With the rejection, we received the reply of Ms. 
Flanagin, writer of the flawed article, in which she 

declared that her work "is not inaccurate" (my 
emphasis). 

We included with our letter to JAMA a reprint 
of our article from Surgery, Gynecology, & Obstetrics 
which establishes the expertise of Dr. Dougherty and 
myself on Kocher's wound ballistics works . We also 
included a copy of Kocher's speech (the topic of Ms. 

Flanagin's article) in the original German for the 
convenience of those who evaluated our letter. We 
suggest that scientific and scholarly integrity requires 
the evaluation of Kocher's speech, Ms. Flanagin's 
article, and our letter by an unbiased and independent 
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expert on wound ballistics, who must be able to read 
German. 

So the full metal jacketed military bullet has 

had its destructive capacity multiplied, by who knows 

how great a factor, by fiat--because JAMA declared it 
to be so. So much for science, so much for honesty, 
truth, and integrity . Hiding editorial mistakes by 

refusing to publish corrections is a serious abuse of 

editorial power: it is scientific misconduct-and de

serves to be exposed as such. 
1 9  August 1 994 

To the editor: (COVER LETTER) 

Please consider the enclosed letter for publication. The 

following considerations made the task of the persons who tried to 

summarize Cannaday's paper especially difficult: 

• Cannaday's translation of Kocher's presentation is seriously 

flawed. Describing Rome's early inhabitants as "warlike" 

seems an unlikely thing for Kocher to have done in a speech 

given in Rome: in fact, Kocher's "Kriegstuchtigkeit and 

Tapferkeit" means "capable of defending themselves and 

brave." "Kriegerisch" is the German adjective m eaning 

"warlike." This, h owever, is a minor mistake: most of the 

mistranslations are gross distortions of meaning which would 

take extensive discussion to clarify. We have enclosed a copy 

of Kocher's original paper for your convenience should you 

wish to verify this. 

• At six places during Kocher's talk he showed demonstrations 

to support his points (highlighted on the enclosed copy). No 

figures showing these are included in his published speech. In  

Kocher's books these points are illustrated well, but a person 

unfamiliar with Kocher's other works would not have these 

available. 

• It would be extremely difficult for anybody who is not 

conversant with wound ballistics, and with historical 

developments in small arms technology, to report accurately 

on Kocher's speech----1lven if they had a good translation with 

illustrations. 

Thank you for your kind consideration of our letter. We 

have enclosed a copy of our other reference for your convenience. 

Sincerely, 

Martin l. Fackler, MD, Paul J. Dougherty, MD 
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letter to the editor: (FOR PUBLICATION) 

Any reference to the superb wound ballistics research of 

Professor Theodor Kocher is a welcome addition to the literature. 

Kocher's research on projectile effects produced two books and 

four research papers, as well as the presentation dealt with in the 

"JAMA 1 00 Years Ago" column, "Professor Kocher on Modern 

Projectiles in Warfare" ( 1 994;272(5):330b). Kocher's wound 

ballistics studies were extremely influential in his day; but we are 

unaware of any published English translations, and, unfortunately, 

this work has faded into relative obscurity. 

The "JAMA 1 00 Years Ago" column attempted to 

summarize Charles G. Cannaday's 1 894 report on Kocher's lecture 

concerning the improvement of military rifle bullets from the 

humanitarian point of view. 1 Unfortunately, this attempt presented 

Kocher's work inaccurately. The title of Kocher's oration implies, 

correctly, that his wound ballistics research was driven by a desire 

to make military rifle bullets less disruptive in the human body.
2 

The JAMA column, however, ends with: 
• But the modern guns surpass greatly this scope, because they 

tear or destroy the tissues of the body, exposing the victim to 

the risk of losing his life even through non-vital injuries, and 

either oppose or prevent the re-establishment of the normal 

functions . . . .  

This makes it  appear as if  Kocher had failed in h is efforts 

to reduce bullet disruption. This description of the excessive 

effects of "modern " bullets was actually Kocher's description of the 

damage caused by the large caliber soft lead bullets that preceded 

his then new jacketed bullets. In the final paragraphs of 

Cannaday's report, following the italicized "The results already 

obtained . . .  " we find Kocher's description of the effects of the 

smaller caliber full-metal-jacketed ( FMJ) bullets: 
• One of the greatest improvements from a medical point of 

view is the reduction of the hole, as the healing of the wound 

is then materially facilitated and dangerous complications are 

rendered less frequent. 

Kocher's research, in fact, laid the scientific foundation 

for the development of the FMJ military bullet-the invention of 

which was attributed to Kocher's co-worker Major Rubin, then 

Director of the Swiss Government Ammunition factory in Thun. 

Kocher's work succeeded to such a degree that by 1 892 virtually al l  
military forces in the civilized world had switched from their 1 0 to 

1 2  mm soft lead bullets to the new 6.5 to 8 mm "humane" bullets 

(jacketed with copper or steel). This basic FMJ bullet design, which 

resulted from Professor Theodor Kocher's wound ballistics research, 

continues to be used by all military forces up to the present day. 

Kocher's research elucidated the critical importance of 

bullet deformation as a determinant of tissue disruption. No matter 

how high a bullet's velocity, its effects in soft tissue can be kept 

minimal by keeping the caliber of the bullet small and making the 
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bullet hard enough (by jacketing with a hard metal) so it wi'll not 

deform in human soft tissue. Yet today, most surgical textbooks 

continue to claim that a bullet's disruptive effect is directly 

proportional to its velocity.2 If a bullet's destructive effects were 

invariably directly proportional to its velocity (or the square of its 

velocity as some claim). Kocher's FMJ bullets, with nearly double 

the velocity of their predecessors, should have produced a massive 

increase in tissue disruption - rather than the universally observed 

conspicuous decrease. Battlefield reports, from every war since the 

adoption of the FMJ bullet, verify Kocher's success in his goal of 

designing a bullet that would produce limited tissue 

disruption--despite its "high" velocity.2 

Martin l. Fackler, MD and Paul J. Dougherty, MD 
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Journal of Trauma Continues 

" Head in Sand" Posture Regarding 

Published Errors. The following 

letter of corrections was rej ected. 

Trask AL, Richards FD, Schwartzbach CC, 

and Kurtzke RN. " Massive Orthopedic, Vascu
lar, and Soft Tissue Wounds from Military 

Type Assault Weapons: A Case Report." J. 

Trauma. 1 995; 38(3): 428-431 .  

April 1 1 , 1 995 
Dear Dr. Pruitt, 

Treatment of any wound should be based upon severity, 

extent, and amount of tissue damaged. It is particularly risky to 

base treatment upon inaccurate generalizations. In their report of a 

single case of wounding by a projectile from the 7 .62x39mm car

tridge, the cartridge of the AK-47 rifle, Trask et al. made discred

ited and dangerous recommendations for wound management. The 

authors opined that "The management of wounds caused by these 

weapons is considerably different from the wounds caused by low 

or medium velocity missiles ... 1 .  Even though surface wounds appear 

minor, the degree of internal tissue necrosis is usually massive. 2. 
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Management of the bone and vascular tissue differs from that of 

low velocity projectile wounds, requiring more extensive debride

ment. . .3. In  contrast to low velocity projectile wounds, a high

velocity wound to the torso is likely to be fatal. .. " Massive evi

dence shows all these points to be in error. Interestingly, the 

authors' own reference 1 for their claims does not support or even 

address their claims. The Trooskin study, wrongfully cited, did not 

even mention the types of weapons causing the wounds let alo�e 

compare wound care of different weapon or velocity types. 

From the current edition of Emergency War Surgery -

NATO Handbook we learn that "The widespread belief that every 

wound caused by 'high-velocity' . projectiles must be treated with 

'radical debridement' is incorrect and results from failure to recog

nize the role of other variables, such as bullet mass and construc

tion, in the projectile-tissue interaction.2 Specifically regarding 

performance of the AK-47 rifle bullet, the NATO Handbook notes 

that "The long path through tissue before marked yaw begins 

(about 25cm) explains the clinical significance that many wounds 

from this weapon resemble much lower velocity h andguns.2 Addi

tionally, depending upon the bullet type, bullets fired from the AK-

47 attain velocity of 2,200 to 2,350 ft/sec,2'3 not the 2,800 ft/sec 

claimed by the authors. 

Reports from Vietnam confirmed the often minimal 

wounds caused by AK-47 bullets: "Uncomplicated perforating soft

tissue wounds were the most common bullet wounds of the ex

tremities; They showed small entry and exit wounds and a clean 

soft tissue track with little or no devitalization of tissue. They 

usually healed if left alone.4 In  the proceedings of the Tri-Service 

War Surgery Conferences, in which those who were treating the 

war surgery casualties met to report and discuss their findings, all 

three of Trask et a l . 's  conclusions were shown to be in error.5 

More recent reports from Afghanistan concur: "Wounds with the 

greatest tendency to spontaneous healing were the through and 

through gunshot wounds. Of note were the number of patients in 

this group with gunshot wounds, the bullet passing through the 

body, who did not have the massive tissue destruction that one 
6 

expects, even when bone had been fragmented. 
Over two dozen studies on the criminal use of mil itary

style weapons undercut the authors' "800% increase" claim. We 

direct readers to a review of those studies (including a review of 

lethality, firepower, and constitutional issues).
7 

The authors, like 

many b'l!fore them, inappropriately relied upon gun trace data. Gun 

traces are not representative of the criminal prevalence of gun use 

any more than the index of a research journal reflects the preva

lence of disease. Journal indices and gun traces reflect a level of 

interest in the topic or the gun. For example, in 1 989 in Los Ange

les, a hotbed of drug gangs and violent crime, "assault weapons" 

represented approximately 3% of guns seized, but 1 9% of gun 

traces.8 
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The Congressional Research Service and the Bureau of 

Alcohol, Tobacco and Firearms (BA TF) have acknowledged that the 

gun trace system is inappropriate for statistical purposes: 

The BATF tracing system is an operational system designed to 

help law enforcement agencies identify the ownership path of 

individual firearms. It  was not designed to collect statistics . . .  

Two significant limitations should be considered when tracing 

data are used for statistical purposes: 

• First, the firearms selected for tracing do not constitute a 

random sample and cannot be considered representative of 

the larger universe of all firearms used by criminals, or of 

any subset of that universe. As a result, data from the 

tracing system may not be appropriate for drawing infer

ences such as which makes or models of firearms are used 

for illicit purposes; 

• Second, standardized procedures do not exist to ensure 

that officers use consistent definitions or terms in the 
reports of circumstances that lead to each trace request. 

Some trace requests do not even identify the circum

stances that resulted in the request.
9 

No crime need be involved to initiate a gun trace. For 

example, efforts to return stolen guns to rightful owners and guns 

found incidental to other investigations are included amongst gun 

traces. The statistically unreliable nature of gun traces should be 

clear. Additionally, in the period 1 986- 1 992 cited by the authors, 

increased media attention and changing definitions of "assault 

weapon" further complicate interpretation of gun trace data. 

In  the worst areas of gang and drug crime, the studies 

show that military-style, semiautomatic guns account for generally 

0% to 3% of crime guns and, nationally, represent less than 1 %  of 

crime guns, far less than their proportion amongst American guns. 

More pointedly, ten times more Americans die annually from at

tacks using hands and feet than die from military-style rifles. 10  
We 

h ope that this information helps put the authors' unusual case re

port in perspective. 

Edgar A. Suter, MD 

National Chair, 

Doctors for Integrity in Research & Public Policy 

Member, International Wound Ballistics Association 

Col. Martin l. Fackler MD, US Army (retired) 

President, International Wound Ballistics Association 

Former Director, US Army Wound Ball istics Laboratory 

John B. Moore MD 

Chairman, Colorado Committee on Trauma 

Associate Clinical Professor of Surgery, 

University of Colorado Health Sciences Center 
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Handguns (Peterson Publications) 

continues to tout inadequate hand

gun ammunition 

Sanow, E. "Rhino-Ammo, The Inside Story" 

Handguns, August, 1 995 

Some members may feel that considering Peterson 
Publications' magazines literature is an undeserved 
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compliment, but it is sadly true that the popular gun press 
represents the main information source for many 
individuals. Petersen Publications (Handguns and Guns & 
Ammo) continues to publish articles by the gunwriter/ 
bullet salesmen. It is not certain whether pointing this out 
is trying to educate the uninformed or trying to instill 
integrity in the cynically amoral (i.e., they apparently will 
print anything that they think will help sell their magazine), 
but the effort continues. 

The following letter was sent to the editor of 
Handgun§. by IWBA member, and frequent contributor to 

the Wound Ballistics Review, Gus Cotey. Gus got Editor 
Libourel's attention with the letter: he telephoned Gus and 
wished to publish a part (wpch part he didn't say) of the 
letter but Gus said it was all of it or none. This cooled 
Libourel's interest. As a service to our readers we wish to 
document a bit about the previous writings of the 
gunwriter/bullet salesman whose paper Gus's letter 
demolishes: 
• In the November 1992 issue of Law and Order (p. 

90), that magazine's Editorial Director, Bruce 
Cameron wrote "we do apologize for printing 
information that has been proven to be in error." He 
was referring to an article "The rise and fall of 9mm 
subsonic hollowpoint" by Sanow. Following his 
apology, Cameron printed three of the letters that had 
furnished him the · evidence that compelled that 
apology. 

• Sanow was co-author of the infamous Handgun 
Stopping Power, which was reviewed by Roberts and 
Walberg in the October 1992 AFTE Journal (pp. 
383-386). Their review concluded with "This book is 
a bad joke, a joke which may get law enforcement 
officers killed. 

• In the January 1 994 issue of Soldier of Fortune (pp. 
64-65) the interested reader can find an exposure of 
the "one shot stop" statistics designed to demonstrate 

to the layman that these numbers are just "too good to 
be true". 

• MacPherson discussed the limitations of "Combat 
Data" elegantly in his book Bullet Penetration (while 
providing a primer on statistics for the layman). He 
ends with "Any claim that WTI [wound trauma 
incapacitation] can be assessed within a few percent 
based on combat shooting data is based on ignorance, 
or fraud, or both." 
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