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SUMMARY

Introduction/Objective Gunshot residue (GSR) on the skin of a victim are important evidence, with far
better precision, for reconstructive questions in the forensic investigation of cases involving gunshot
wounds.

The aim of this experimental study was to analyze if there was any significant difference in macroscopic
characteristics of wounds that were caused with different types of weapons from three different distances.
Methods This study was conducted at the Department of Ballistic and Mechanoscopic Expertise, Federal
Police Directorate. Experiments were done on pigskin and 55 samples were made. Shooting was con-
ducted using a system for safe firing. Samples of the pigskin were shot by firing projectiles from four dif-
ferent weapons and from three different distances, (contact wound, five centimetres and 10 centimetres).
Results At the contact range, wounds caused by automatic rifle had horizontal, vertical diameters larger
than those made by pistols. Diameters on the wounds that were caused with different pistols, were similar.
At the range of five centimetres, the narrowest part of contusion ring significantly differs even through
pistol wounds. Diameters at the range of 10 centimetres are in favor of these results. Gunpowder residue
scattering area was statistically different depending of type of weapon (p = 0.004).

Conclusion Wound diameters and surface area are useful for differentiation between pistol and rifle
caused wounds. It is unsecure method for determination of pistol caliber or fire range. GSR have much
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greater potential for future analyses, but even GSR cannot be used to determine pistol caliber.
Keywords: gunshot wounds; gunshot residue; macroscopic examination; caliber; fire range

INTRODUCTION

Throughout history, ballistics experts and fo-
rensic medicine experts have classified gunshot
wounds with respect to range by a variety of
methods. All of these methods include inspec-
tion and comparison with test firings or patterns
of gunshot residue (GSR) at the wound site [1].
Firearm-related injuries are a leading cause of
morbidity and mortality in the world. In many
shooting cases, bullets hit surfaces of various
parts of the human body (often the head) di-
rectly. For assessing the shooting distance, most
of the forensic literature describes only visual/
microscopic methods for examination of the
wound appearance and discharge particle pat-
terns around. Shooting distances from human
body surfaces can be divided roughly into four
ranges: contact, near contact range, intermedi-
ate range and distant range [2, 3]. In contact
wounds, the muzzle of the weapon is held against
the surface of the body at the time of shooting.
The appearance of tearing, scorching, soot, or
the imprint of the muzzle characterizes contact
wounds. In near contact wounds, the muzzle of

the weapon is not in contact with the skin, being
held a short distance away (a few centimeters).
A characteristic of this kind of gunshot is a wide
zone of powder soot overlaying seared blackened
skin around the entrance wound. Intermediate
range gunshot wound is one in which the muzzle
of the weapon is held away from the body at the
time of discharge, but is still close enough, so
that gunpowder expelled from the muzzle can
produce “powder tattooing” on the skin [4].
An impact velocity of only 150 to 170 fps is
required to penetrate the skin. Most entrance
wounds, regardless of the range, are oval to cir-
cular with a punched-out clean appearance and
are often surrounded by a zone of reddish dam-
aged skin (the abrasion ring). While powder tat-
tooing of the skin implies a close-range wound,
the fact that there are different forms of propel-
lant powder makes this unreliable finding. In
addition, indicative of a close-range injury is
a cherry hue appearance of underlying muscle
due to carboxyhemoglobin, formed by carbon
monoxide release during combustion [5].
Wound diameters and visual analysis of dis-
persion of GSR only are used in practice, like
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some kind of screening method, just to check if it fits to
the known story from crime scene, fire range etc. Previous
studies have distinguished that the caliber of the bullet that
caused the entrance wound in the skin cannot be deter-
mined by the diameter of the entrance. A .38-caliber (9
mm) bullet can produce a hole having the diameter of a .32
caliber (7.65 mm) bullet and vice versa. The size of the hole
is not only due to the diameter of the bullet, but also to the
elasticity of the skin and the location of the wound. An en-
trance wound in an area where the skin is tightly stretched
will have a diameter different from that of a wound in an
area where the skin is lax. Bullet wounds may be slit-shaped
in areas where the skin lies in folds or creases [2].

The size of the entrance hole in bone cannot be used to
determine the specific caliber of the bullet that perforated
the bone though it can be used to eliminate bullet calibers.
Thus, a bullet hole of 7.65 mm in diameter would preclude
it having been caused by a 9 mm (.38 caliber) weapon.
Bone does have some elasticity, however, so that a 9 mm
bullet may produce an 8.5 mm defect.

Previously, researchers tried to prove the potential us-
age of wound size, its surface area, but results were very
inconclusive. GSR on the skin of a victim is important
evidence, with far better precision, for reconstructive
questions in the forensic investigation of cases involving
gunshot wounds [3]. Powder soot may help to differentiate
between entrance and exit wounds, draw conclusions on
the muzzle-to-target distance and on the muzzle-target
angle [5, 6]. GSR consists of particles composed of anti-
mony, barium, and lead that arise from the condensation
of primer vapors and soot debris consisting of carbon and
metallic fragments [3, 6]. In recent times, there have been
no studies that tried to determine, or exclude, the type of
weapon or distance between body, and weapon with only
wound characteristics.

The aim of this experimental study was to analyze if
there was any significant difference in macroscopic char-
acteristics of wounds that were caused by different types
of weapons from three different distances.

METHODS

This study was conducted at the Department of Ballistic
and Mechanoscopic Expertise, Center for Forensic and In-
formation Support, Federal Police Directorate. This study
is performed in accordance with the ethical principles in
compliance with the law on the protection of animals of
Bosnia and Herzegovina. The study was approved by the
Ethical committee of the Medical Faculty, at the University
of Sarajevo, and used data is part of the author’s PhD thesis
(Figures 1 and 2).

The sample subject is pig (Figure 1). In total, 30 shoot-
ing pigskins were used, on which 60 shootings were made,
but five of them were not included in the analyses due to
technical error. Part of the pig’s body size is approximately
120 x 45 x 20 m composed of skin, subcutaneous and
muscle tissue, areas of the chest and abdomen, which is
attached to a solid surface. Shooting was conducted using
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Figure 1. Pigskin is used as a subject in this study due to its similarity
with human skin

Figure 3. System Verifier - The Secure Firing Device, Twin Tooling,
Canada

a system for safe firing from the firearm Verifire (The Se-
cure Firing Device, Twin Tooling Inc., Gormley, Canada)
(Figure 3). Samples of pig skins were shot by firing bul-
lets from four different weapons and from three different
distances (contact wound, and near contact wound, cen-
timeters cm and 10 centimeters) (Figure 4). The weapons
used in the experiment were most commonly used in the
Balkan region in last 10 years according to the Federal and
local police. Characteristics of weapons and projectiles are
presented in (Table 1, Figure 3). Because it was conducted
under experimental conditions, and used firearm devices,
all samples were included in analyses (Figure 3, Table 1).
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Figure 4. Examined characteristics of the wound; dimensions of the
wound, contusion ring and the scattering area of gunshot powder
particles were measured after shooting; based on these dimensions
we have calculated the wound area; the size of the wound was deter-
mined using five points; one central point, was taken and around it
the others; in one clockform, up to three, six, nine, and 12 hours; the
values of surface area were calculated using the rhombus as a model

After shooting, the dimensions of the wound, contusion
ring (CR), and the area of scattering of gunshot powder
particles were measured. Based on these dimensions we
have made calculation of the wound area. As a model of
surface, rhombus was taken into account (Figure 4).

Statistical analysis

Results are presented as count (percent) or median (inter-
quartile range) depending on data type. Fisher’s exact test
was used to assess significant differences between groups
regarding nominal variables. Mann-Whitney U-test was
used to test the differences between different weapons re-
garding interval data. No adjustment method for p values
was used due to the small sample size and experimental
nature of the study. All data were analyzed using SPSS

Table 1. Weapons of the experiment

Gradascevic¢ A. et al.

Statistics for Windows, version 20.0 (IBM Corp., Armonk,
NY, USA) and R Foundation for Statistical Computing ver-
sion R 3.4.2. (R Core Team, Vienna, Austria).

RESULTS

In total, 55 wounds were analyzed, caused with four dif-
ferent weapons and from three different distances. Dis-
tribution based on the range was very similar, with no
statistically significant difference in distribution, Fisher’s
Exact test p = 0.992 (Table 2).

First, we tested if there was any significant difference
in any of examined characteristics of the wound in total,
without considering range of firing. No significant differ-
ence was found in the horizontal or vertical diameter of
the wound, nor the surface between four different calibers.
CR in the narrowest and in the widest diameter had sig-
nificantly different values; furthermore, the area of GSR
was significantly different between tested calibers (Table
2.). We compared wound characteristics caused by pis-
tols, and based on that, we have concluded that the wid-
est and narrowest parts of CR significantly differs (widest
p = 0.002, narrowest p = 0.005), as do GSR scattering area
p = 0.036.

At the contact range, wounds caused with automatic
rifle had horizontal, vertical diameters, significantly larger
than wounds made by pistols (p < 0.05 vs. tested pistols).
Diameters on gunshot wounds that were caused with dif-
ferent pistols, were very similar and none of them was
statistically different (p > 0.05) (Table 3).

Weapons C(amh:qe)r Ammunition Mark missiles Manufacturer ;\:f;;ﬂglr;
Pistol Crvena zastava M70 7.65 7.65x 17 mm (0.32 AUTO) | PPU 0.32 AUTO Prvi partizan, UZice, Serbia A
Pistol Crvena zastava M57 7.62 7.62 X 25 mm PPU 2001 Prvi partizan, UZice, Serbia B
Pistol Ceska Zbrojovka Model CZ85B | 9 Luger 9% 19 mm Luger PPU 9 mm Luger | Prvipartizan, Uzice, Serbia C
;,t\AL;té):;gaztic rifle Zavod Crvena zastava 762 762 x 39 mm K97 Igmanhlzigii;,ol\%/io:gia and D
Table 2. General characteristics of examined wounds
Weapon

Parameters Pistol CZ M70 bPistol CZ M57 “Pistol CZ 85B dRifle CZ M70AB2

(n=14) (n=13) (n=13) (n=15)
Range
Contact 4 (28.6%) 3(21.4%) 3(21.4%) 5(33.3%)
5cm 4 (28.6%) 5 (35.7%) 5(35.7%) 5(33.3%)
10cm 6 (42.8%) 5(35.7%) 5(35.7%) 5(33.3%)
Wound horizontal diameter (mm) 43(2.7) 4 (1.65) 3.2(2.5) 4.5 (15)
Wound vertical diameter (mm) 4.7 (1.3) 4.5(1.5) 4(2) 4.5(18)
Surface area (mm?) 21.2(16.5) 20(10.5) 12 (26.1) 20 (376.5)
Wideset part of CR (mm) 4.3 (3)bd 9 (5.8)>d 4(7)¢ 20 (15)2bc
Narrowest part of CR (mm) 2.2 (2)bd 4.5 (2)2¢ 1.7 (1.5)bd 4 (12)><
GSR scattering area (mm?) 2034 (2037)<4 1606 (1595)<d 903 (724)2b4 4108 (2740)2b<

CR - contusion ring; GSR - gunshot residue;

2 significant difference compared to Pistol CZ M70 at level p < 0.05;

b significant difference compared to Pistol CZ M57 at level p < 0.05;
¢significant difference compared to Pistol CZ 85B at level p < 0.05;

d significant difference compared to Rifle CZ M70AB2 at level p < 0.05;
data are presented as median (interquartile range) or count
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Table 3. Comparison of wound diameters based on the type of a gun and range

In addition, diameters at the range of 10

Weapon cm are in favor of these results, with ver
y
Parameters *Pistol CZ PPistol CZ | Pistol CZ |  “Rifle CZ similar results (p > 0.05). Horizontal di-
LAY by 2ol MA0RER ameters between pistol CZ M70 and pistol
Eon.tad (nl)d‘ 4 - 3 - 3 - > - CZ85B were significantly different. Verti-
Von.ZOT: lameter (mm) | 68 (2'1) 6.5 (3)d 6 md 19:5 (Z)EIb'C cal diameter of wound caused with pistol
ertical diameter (mm) > G) >(.5) 70) 26 (750 CZ M57 (7.62 mm caliber) is significantly
Wound surface area (mm?) | 30.7 (40.2)¢ 28 (15.7)4 42 (13)¢ 507 (193)2b .. . .
. larger when it is caused with a 9 mm pis-
Widest part of CR (mm) 4,5(1.5)¢ 13(12) 11 (4) 12(2)? ..
tol or an automatic rifle. At the range of
Narrowest part of CR (mm) | 2.5 (1)< 6(7) 8(2)* 4 (1) 10 ds had sienifi v diff t
GSR scattering area (mm?) | 567.5 (144.2) | 1,000 (76.6) | 627 (487) | 1,575 (483) > €, WOUREs had sighicatitiy diiereit
5em () 4 s s s diameters of widest part of CR (F = 17.819,
Horizontal diameter (mm) |  4.2(1.8) 4(1) 3(0.7) 4(1.8) pf= 0.0gl). Regarding t.he. naﬁrrowes.;part
Vertical diameter (mm) 4723) 4(25) 4(1) 45 (0) of CR there was no statistically significant
Wound surface area (mm?) | 21.2(13.9) 20(10) 12 (6) 18 (5.6) dlfferer.lce (F= 3'6(.)8’ p= 0.063). Gl.ln'pow—
Widest part of CR (mm) 6.5 (2.1)° 8.1 (1) 6 (5)° 29 (6,55 der residue scattering area was statistically
Narrowest part of CR (mm) | 3 (0.3)"¢ 4.5 (1)a<d 2 (0.5)bd 15 (0)2b< different dependlng of type. qf Weaplon
GSR scattering area (mm?) |2,144.7 (602) | 1,710(2,4806) | 558 (771)¢ | 4,180 (1208) | (F =10.231, p =0.004). What is interesting
10 cm (n) 5 5 5 5 is that there was no statistically significant
Horizontal diameter (mm) 42 33(1) 318y 3(0.5) difference between GSR surface area around
Vertical diameter (mm) 3.8(2.5) 4.5 (1.2)+ 2.8 (1) 2.5 (1) wounds that were caused by pistols.
Wound surface area (mm?) | 17.6 (14) 18 (5.6)¢ 8 (4.6)° 8.7 (3) Analyses of wounds caused by the same
Widest part of CR (mm) 2.7 (0.5)b4 12 (5.8)*¢ 3(0)¢ 21 (8.5)2< caliber but from different ranges were test-
Narrowest part of CR (mm) | 1 (1)¢ 42y 15(03) | 35(1)= ed. Wounds caused by a 7.65 mm caliber
) 2,534.5 1,053 4,444.0 pistol, had similar dimensional character-
GSR scattering area (mm?) 2,012.5 (964)¢ ! . .. . . .
¢ (2676.1) O] @soy (302.5) istics, and range of firing did not have any

CR - contusion ring; GSR - gunshot residue;

2 significant difference compared to Pistol CZ M70 at level p < 0.05;

b significant difference compared to Pistol CZ M57 at level p < 0.05;
<significant difference compared to Pistol CZ 85B at level p < 0.05;

9 significant difference compared to Rifle CZ M70AB2 at level p < 0.05

Furthermore, wound surface area from automatic rifle
was significantly larger than surface areas created with
different pistol calibers (vs. CZ M70 p = 0.016, vs. M57
p =0.036; vs. CZ 85 B 9 mm p = 0.036). At the contact,
the values of widest and narrowest part of CR around the
wound in total are significantly different (p = 0.003 and
p = 0.004 retrospectively). We found that values of CR
at close range (contact) had similar widest part diameter
when firing from pistol with 7.62 mm, pistol with 9 mm or
with automatic rifle with 7.62 mm caliber (p > 0.05). Gun-
powder residue scattering area significantly differs between
weapons when firing from close contact (p = 0.007). Pistol
CZ M70 7.65 mm had smallest GSR scattering area, while
wounds from automatic rifle had biggest GSR scattering
area, but the size was very inconsistent.

At the range of 5 cm, there was not any significant dif-
ference in the diameters of the wound, or even in wound
surface: horizontal diameter (p = 0.526); vertical diameter
(p = 0.898), surface area (p = 0.903). The widest part of CR
was significantly larger when wounds were caused with an
automatic rifle (p = 0.001). Furthermore, there was not any
difference between wounds caused by pistols. The narrow-
est part of CR was statistically different between wounds (p
=0.015). The narrowest part of CR was different on pistol
wounds. Gunpowder residue scattering area was statisti-
cally different when firing with different weapons from 5
cm range (p = 0.007), with wounds from automatic rifles
standing out.
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influence. Wounds caused by pistols CZ

MS57 with 7.62 mm caliber had significantly

different horizontal diameter (p = 0.001).

There was significant difference between

horizontal diameters when firing with di-

rect contact on skin and from 5 cm range
(p = 0.04), also comparing wounds from direct contact
between pistol and skin and those from 10 cm range, there
was significant difference (p = 0.007). Horizontal diam-
eters of wounds did not statistically differ when comparing
those from 5 cm and 10 cm range.

A 9 mm caliber pistol caused much smaller wounds
when firing from 5 or 10 cm than those that were
caused from direct contact (vs. 5 cm p = 0.001; vs. 10 cm
p = 0.001). In addition, vertical diameter was significantly
smaller on wounds caused from 10 cm range than from
direct contact (p = 0.004). Surface area of the wound is
decreasing with the increase of the distance (p = 0.001).

The widest part and narrowest part of CR differed when
using a 7.65 mm caliber pistol, measuring from three dif-
ferent fire ranges (p = 0.005). GSR surface area had sig-
nificantly different values (p = 0.002), with trend of GSR
area increasing with increase in distance. GSR surface area
had significant change in value due to the change of fire
range (p = 0.049). This was due to the smaller size of GSR
scattering area when firing at the direct contact.

Statistically different values of widest (p = 0.007) and
narrowest part of CR (p < 0.001) were measured on
wounds caused with 9 mm pistol from different distances.
GSR scattering area significantly differ based on distance
(p =0.002). An automatic rifle had statistically different
values of widest and narrowest part of CR, based on dis-
tance (p = 0.002 and p = 0.057 respectively). There was
no difference between wounds that were caused from 5
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and 10 cm (p > 0.05). GSR surface area also significantly
differ between different distances, as surface widens with
the increase of distance (p = 0.027).

DISCUSSION

A small number of papers is done on this topic. In prac-
tice, we are searching for efficient, practical, and cheap
methods that could be used for determination of firing
distance and caliber.

Berryman et al. [7] compared wound diameters in head
injuries, with diameters measured on skulls. They have
concluded that there is no significant difference between
.22 (5.6 mm) caliber and .25 (6.35 mm) caliber at close
range wounds, while the .38 caliber (9 mm) wounds were
significantly different (p < 0.001).

In our experiment, no matter which weapon we used,
there was no significant difference between 5 and 10 cm
range. Both of these values are categorized in near contact
range, but diameters are decreasing with the increase of
distance. There have been no papers testing close-range
wounds so far.

Sahu et al. [8] had similar gunshot patterns in wound
caused by a 9 mm pistol, in their study on a cotton cloth
sheet. Horizontal diameter was wider for all the patterns at
5 cm range, but at 10 cm blackening was more dominant.

In our study, we used the geometrical shape of a rhom-
bus. Matoso et al. [9] in their study have proven that dif-
ferent morphologies in the entrance holes are produces by
three different calibers, using the same skull at the same shot
distance of 10 cm. A 9 mm caliber wound was irregular and
triangular, while a 10 mm caliber wound was round.

At the contact, the comparison of wounds caused by
different weapons, the values of widest and narrowest part
of CR around the wound in total, are significantly different
(p =0.003 and p = 0.004 retrospectively). Independently,
we found that CR at close range had similar widest part
diameter when firing from a 7.62 mm pistol, a 9 mm pistol
or with a 7.62 mm caliber automatic rifle (p > 0.05).

Gunpowder residue scattering area differ significantly be-
tween weapons when firing from close contact (p = 0.007).
Turillazzi et al. [10] showed that at 0.2 cm distance there
was circumferential blackening with soot deposited in zone
around entrance, while at 5 cm, a wide zone of powder soot
overlying seared blackened skin was evident in the wound.
Median area was not significantly different between 7.65
mm and 9 mm caliber. These results are in accordance with
our results. The authors have proven that GSR deposits in
the skin surrounding the entrance wounds strictly correlate
with the shooting distance. In our study, GSR surface area
had significantly different values (p = 0.002) when com-
paring calibers, with the trend of GSR area increasing with
increased distance. This is explained by the fact that both
ranges of 5 and 10 cm are categorized as near contact range.
Intermediate range has a smaller GSR area, and in contact
wounds with 0° angle GSR is in the wound channel [10].

The narrowest parts of CR could be used for determi-
nation between calibers, even between pistols. There is

‘ DOI: https://doi.org/10.2298/SARH191212020G
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almost no difference between 7.65 mm caliber and 9 mm
caliber.

Creating computer software for calculating wound
area is one of the future goals. Petruk et al. [11] discussed
multispectral method and means for determining the
distance of the shot on the skin tissues. Using the com-
puter model, they made an output of the expert system to
generate diagnostic solution in the form of the distance
to the target. They made a neural network. Multispectral
improved method and means for determining the distance
of shooting on the basis of the study gunshot injuries of
the skin tissues, which allows to register the skin damage
biological tissue forensic expert and use the findings as
an evidence base.

The possibility to use unburned propellant powder for
shooting-distance determination is analyzed in multiple
articles. Hofer et al. [12] have concluded that infrared lu-
minescence inspection of gunshot residue is an easy and
reliable method for the detection of propellant particles in
target tissue for about 80-90% of ammunition types. The
quantification of unburned propellant particle densities
can be used to draw shooting distance curves. The curve
slope strongly depends on the morphology of the propel-
lant particles. Muzzle-to-target distances could be deter-
mined up to 1.5 m for pistols and up to 3 m for revolvers.

Nowadays, GSR is the most used method for determin-
ing fire range. Even micro computed tomography analyses
are based on GSR. Giraudo et al. [13] has described, “By
increasing the firing distance, micro computed tomogra-
phy analysis demonstrated a clear decreasing trend in the
mean GSR percentage, particularly for shots fired from
more than 15 cm. For distances under 23 cm, the powder
particles were concentrated on the epidermis and dermis
around the hole and inside the cavity, while at greater dis-
tances, they were deposited only on the skin surface. Sta-
tistical analysis showed a nonlinear relationship between
the amount of GSR deposits and the firing range, well
explained by a Gaussian-like function?” In our study, GSR
area is also in correlation with the firing range.

Hlavaty et al. [14] have analyzed histologic findings
when estimating the fire range. They have proven that al-
though variations existed, dark material of GSR was his-
tologically identified in many skin and soft tissue, as well
as bone sections at all ranges with tested calibers. These
nonparallel results decrease the dependability of histol-
ogy for range of fire estimation and reinforce using gross
observation.

This study included a small number of samples and
only three ranges. In future studies, intermediate range
and long-range gunshot wounds should be taken into
account and analyzed. In addition, we made this experi-
mental study on pigskin, and more precise data would be
collected from an experiment done on cadaver skin.

CONCLUSION

A new study should be conducted on a larger sample,
which would include not only experimental conditions,
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but also the real conditions. Computer software that auto-
matically analyzes wound dimensions should facilitate the
work. Based on this small sample, vertical and horizontal
diameters, and wound surface area are useful for differen-
tiation between pistol and rifle wounds from contact and
near close range. It is an insecure method for determina-
tion of pistol caliber or fire range.

GSR has much greater potential for future analyses, but
even GSR cannot be used to determine pistol caliber. It
can be used to determine rifle inflected wounds, as it had
significantly higher values then GSR scattering area around
the pistol-inflicted wounds. In case there is a known weap-
on, GSR scattering area can be used to determine range.
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Since real-time shots were made at various angles, it is
necessary to introduce a correction coefficient.
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Usrneg n KapPaKTepUCTuKke paHa HaHeCeHUxX npojel(mnuma U3 Pa3/IMYUTOr BaTpeHor

OpyXja — aHUMaNHU mogen

Anuca Mpagawuesuh’, VisaH ConpatoBuh?, AHec JoryHunh?, Mupocnas Munowesuh?*, HepmuH Capajanh?

'3npaBcTBeHm LeHTap OfeHBanakpajca, MiHTepHa meanumHa, Epbax, Hemauka;

2YHusep3uTet y Beorpagy, MeanumHckn dakynteTt, IHCTUTYT 3a MEAULIMHCKY CTaTUCTUKY U MHdopMaTuKy, beorpag, Cpbuja;

3YnuBep3ntet y CapajeBy, MeanunHckm pakyntet, Kateapa 3a cyacky meauumHy, Capajeso, ®eaepaumja bocHe n XepuerosuHe, bocHa n

XepeLeroBuHa;

*YHuBep3auTeT y MpuwtnHm - KocoBcka MutposuLia, MeauumnHcKkn dakynteT, HCTUTYT 3a cyacky meauumHy, Kocoscka Mutposuua, Cpbuja

CAXETAK

YBoa/Unrb Pacvn 6apyTHux yectrua (PBY) Ha Koxu XpTBe je
BarkaH [10Kas, ca BUCOKOM npeLm3Howhy, kopuwheH aa 6u ce
[06uMnn oAroBopy 0 PeKoHCTPYKUKMju forahaja, Te aa 6u ce
objacHune paHe 13a3BaHe BaTPEHVIM OPYXKjeM.

Linsb oBe ekcnepumMeHTanHe cTyguje je 6una aHanmsa Makpo-
CKOMCKMX KapaKTepucTiKa paHa HacTanmx NpojeKkTuanma us
BaTPEHOr OPYXKja, @ 3aBNCHO Of Kanubpa 1 BpcTe opy»Kja Te
YAIbEHOCTN.

Mertop Cryauja je cnpoBefieHa y Oferbemy 3a 6anuctmuka u
MeXaHOCKOMCKa BelTauerwa PepepanHe ynpase nonuuuje.
EKcnepumeHT je cnpoBefeH Ha 55 y30paka CBUHCKE KoXe.
EkcnepumeHTanHa nyuHasa je BplleHa nomohy cuctema 3a
CUrypHy nyuay. MyLarbe je BpLIEHO ca TpY yAa/beHOCTH:
KOHTaKT, 5 cmun 10 cm.

Pesyntatn [punnukom nprcnoHa opyxja, paHe HacTane ny-
LiakbeM 13 ayTOMaTCKe NyLUKe 1Mane Cy XOPU3OHTasHe 1 Bep-
TVKanHe gujameTpe 3HaTHO Behe O OHYX HAHECEHUX MyLiatbeM

DOI: https://doi.org/10.2298/SARH191212020G

13 nuwTosba. finjametTpy paHa y3poKoBaHUX PasnnyunTum
MULITO/bUMA CY UMaJN ClIMYHE KapaKTepUCTHKe, 6e3 3HauajHe
pa3nuke. Ha yaasbeHOCTV of NeT LIeHTUMETapa Hajy»Ku Aeo Ha-
THEYHOT NPCTEHA je MMAo pasnuumTe BpegHoCcTy 1 Mehy paHama
HaHeCeHVM ncnasbyBakbeM NpojeKTina 13 NuwWTosba. ujameTpu
paHa 13a3BaHuX NPOjeKTUIMMa ca yaasbeHocTr og 10 cm nay y
KOPWCT NPETXOAHO HaBeAeHNM pe3ynTatima. PBY je ctatmctiy-
K 3HaYajHO Pa3NIUmMT 1 OBMCaH O BPCTM opyxja (p = 0,004).
3aKsbyyak [lnjameTpu 1 NOBPLUMHA PaHe KOPVCHHU Cy MOKa3a-
TesbU y pa3nnMKoBatby 13Mely paHa HaHeCeHMX NPojeKTUIMa
13 NULLTOSba OAHOCHO ayToMaTcKe nyLuke. MeTopa je HecurypHa
y yTBphVBatby Kanvmbpa 1 ygarbeHocTu nyuara. PBY nma mHoro
Behe moryhHocTt 3a 6ygyhe aHanuse, anv 1 oHe He Mory 6UTK
KopuwheHe 3a yTBphrBarbe Kannbpa npojekTina ncnambeHor
13 NULLTO/bA.

KrmbyuHe peun: paHe HaHeceHe BaTpeHUM opy»jem; pacun 6a-
PYTHMX YeCTMLIA; MaKPOCKONCKY Npernef; Kanvbap; yaarmbeHoCT
nyLarba

Srp Arh Celok Lek. 2020 May-Jun;148(5-6):350-356



