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Organ models in wound balistics: experimental study

Yara balistiginde organ modelleri: Deneysel ¢alisma
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BACKGROUND

Effects of various types and diameters of guns and related
treatment principles are different. Our study was performed to
experimentally demonstrate the effects of different gunshots
in body tissues.

METHODS

9x19 mm hand-gun and 7.62x51 mm G-3 infantry rifle were
used in the study. Injury models were created through hand-
gun and rifle shootings at isolated soft tissue, lower extremity,
liver and intestine tissue simulants made of ballistic candle.
High-speed cameras were used to capture 1000 frames per
second. Images were examined and wound mechanisms were
evaluated.

RESULTS

It was observed that the colon content distributed more within
the surrounding tissues by the rifle shootings comparing with
hand-gun shootings and could be an infection source due to the
large size of the cavity in the colon. Especially when the bullets
hitting the bone were investigated, it was seen that much more
tissue injury occurs with high speed bullets due to bullet defor-
mation and fragmentation. However, no significant difference
was found between the effect of hand-gun and rifle bullets
passing through the extremity without hitting the bone.

CONCLUSION

To know the type of the gun that caused the injury and its
characteristics will allow to estimate severity and size of the
injury before the treatment and to focus on different alterna-
tives of treatment. Therefore, use of appropriate models is
required in experimental studies.
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AMAC
Degisik tip ve captaki silahlarin etkileri ile etkilerine bagl te-
davi prensipleri farklilik gosterir, calisma da degisik ozellikte-
ki silahlarin viicut dokulari igindeki etkilerini deneysel olarak
gostermek amaciyla planlandi.

GEREC VE YONTEM

Calisma i¢in 9x19 mm tabanca ve 7.62 x 51 mm G-3 piyade
tiifegi olmak iizere iki tip silah secildi. Balistik mum esligin-
de olugturulan izole yumusak doku, bacak, karaciger ve
bagusak modellerine tabanca ve tiifek ile ates edilerek yara-
lanma modelleri olusturuldu. Saniyede 1000 goriintii alan
yiiksek hizli kameralarla ¢ekimler yapildi. Goriintiiler incele-
nerek elde edilen yaralanmalar ve olusum mekanizmalar: de-
gerlendirildi.

BULGULAR

Kolon yaralanmalarinda olusan kavitenin biiyiik olmas1 nede-
niyle kolon igeriginin tabancaya oranda daha fazla ¢evre do-
kular arasina yayildig1 ve enfeksiyon kaynagi olabilecegi goz-
lendi. Ozellikle kemige garpan mermiler incelendiginde, mer-
mi deformasyon ve fragmantasyonu nedeniyle yiiksek hizli
mermilerde daha fazla doku hasar1 olustugu, kemige carpma-
dan ekstremitelerden gecen mermilerdeyse tabanca ve tiifek
mermisi arasinda belirgin bir fark olusmadig1 gézlendi.

SONUC

Atesli silah yaralanmalarinda yaralanmaya neden olan silah ve
silahin ozelliklerinin bilinmesi tedavi dncesi yaralanmanin
siddet ve boyutlarinin tahmin edilmesini ve farkli tedavi sece-
neklerinin uygulanmasini saglayacaktir. Bu nedenle deneysel
caligmalarda uygun modellerin kullanilmasi gerekir.

Anahtar Sozciikler: Balistik; deneysel nodeller; yaralar, silah
atig1/patoloji.
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Gunshot wounds are the second leading cause of
death after traffic accidents within young popula-
tion, in many countries. Treatment of thousands of
injured people is one of the most significant tasks
for trauma physicians. Different types and diame-
ters of firearms show different effects though they
are presented under the same title. This experimen-
tal study aimed to ensure trauma physicians see the
effects of different types of gunshots in body tis-
sues.
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Fig. 1. Parabellum hand-gun
and G-3 infantry rifle
used in the study.

Fig. 2. (a-¢) Weak blast effect Fig. 3. (a-c) Strong blast effect
of hand-gun bullet in simulant by G-3 infantry rifle (diameter,

(diameter, 3 cm). 18 cm).
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MATERIALS AND METHODS

Two types of guns, hand-gun and infantry rifle
were used in the study. Parabellum bullets (Machine
Chemistry Industry, 9x19 mm, 8 gram grain weight,
340 m/sec velocity) were used for shots with hand-
gun and bullets of 7.62x51 mm G-3 (Machine
Chemistry Industry, 9.1 gram grain weight, 860
m/sec velocity) for shots with infantry rifle and all
shootings were done from a distance of 5 meters
(Fig 1a, b). Digital cameras with the capacity of
1000 frames per second (Kodak, Ektapro Imager
1000 HRC) were used to display the effects of bul-
lets.

In the study, we examined experimental isolated
soft tissue, liver, colon and lower extremity injury
models. Four bullets were fired at each model.
Fresh muscle tissue of a pig and calibrated ballistic
candle was used as soft tissue simulant."’ Kraton
(14%) was boiled and melted in liquid paraffin;
placed in molds of 50x25x25 cm (one day, 4 C
degrees)." High-speed camera with the intervals of
one millisecond, recorded bullet’s entry into the
block and its blast effect which went up to a diam-
eter of 3 cm (Fig. 2 a-c) for the hand-gun and then
blast effect reaching to a diameter of 15-18 cm (Fig.
3a-c) in G-3 infantry rifle shots.

Fresh sheep liver placed inside of carved ballis-
tic candle blocks was used as the liver simulant
(Fig. 4). Livers were taken from the slaughter-hous-
es and no additional slaughter was made for this
study. Livers were transported within cold Ringer’s
lactate solution and shootings were done within the
first hour. In shots with hand-gun, the moment bul-
let bored the candle block and liver and weak blast
effect was observed (Fig. 5a-c). After shooting, bul-

Fig. 4. Fresh sheep liver in ballisitc candle (liver model).
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Fig. 5. (a-c) Weak blast effect of hand-gun bullet in liver. Liver integrity maintained.
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Fig. 6. Tunnel-shape injury caused by hand-gun bullet in
liver tissue.

Fig. 7. (a-c) Large blast effect by rifle bullet in liver.

lets made a tunnel-shape hole in the liver and
caused 2-2.5 centimeters of blast effect (Fig. 6).
Shots with rifle caused large blast effect and sub-
stantial disruption on the liver (Fig. 7a-c, 8).

In colon simulant, fresh large intestine of a
sheep was placed in candle blocks without dis-
charging intestinal content (Fig. 9). In shots with
hand-gun, the moment when the bullet bored the
block and the colon was monitored (Fig. 10a-c).
The bullet created small perforation areas with the
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diameters of 1.5 centimeters over the colon wall
(Fig. 11). In shots with infantry rifle, when the bul-
let passed through the tissue, a large cavity was
formed on intestinal loops due to blast effect and
there were large blast perforations with a diameter
of 8 cm (Fig. 12a-c; Fig. 13).

Lower extremity injury simulant was applied in
two different ways. In the first group, isolated soft
tissue lower extremity injury model was formed by
shots against 15 cm blocks. Shootings showed that
hand-gun bullets made weak blast effect with the
diameter of 2 cm (Fig. 14) and infantry rifle bullets

Fig. 8. Large disruption by rifle bullet in liver.
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Fig. 9. Fresh sheep intestine in a carved candle block
(Intestine model).

made moderate blast effect of 4-5 cm which was
close to the exit point (Fig. 15). In the second
group, fresh calf humerus bone was placed in the
candle block. Hand-gun bullets caused full perfora-
tion on bone tissue, created weak blast effect and
led to a fragmented fracture in a limited area (Fig.
16). In shots with infantry rifle, contrary to those
with hand-gun, large cavity due to blast effect and
a severe fragmented fracture was monitored on the
bone tissue (Fig. 17).

DISCUSSION

Simulation of heterogeneous body tissues is a
technically difficult issue in firearm injuries.
Firstly, solid materials such as wood, clay block
and paraffin were used to show the bullet effects.”
Although having some advantages that temporary
cavity turns into permanent cavity due to non-elas-
tic structure and cavity size can easily be measured,
these materials cannot simulate body tissues since

Fig. 11. Small area of perforation over intestinal wall caused
by hand-gun bullet.

they have a high resistance to bullets and cause
shorter injury channel than body tissues.” 10%
Ordinance Gelatin is the most frequently used sim-
ulant in ballistic studies.” In 2003, Uzar et al.,
showed that ballistic candle calibrated with ordi-
nance gelatin and muscle tissue can be used in
dynamic ballistic studies." In our study, shootings
were done after melting 14% Kraton in liquid
paraffin (at 4°C for 24 hours).

Firearm injuries are classified in two categories
as civilian (hand-gun) and military (infantry rifle).
Principle of this classification is determined by the
physical features of the hand-gun and infantry rifle
bullets causing the injury."” Though their weight
and diameters are alike (hand-gun bullet: 5-9 gram
weight, 7.65-9 mm diameter; infantry rifle bullet:
3-9.5 gram weight, 5.56-7.62 mm diameter) there
are certain differences between the effects of hand-
gun and infantry rifle bullets because of their differ-

Fig. 10. (a-c) Weak blast effect in intestine after shot with hand-gun.
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Fig. 13. Large blast perforation by infantry rifle over intestin-
al wall.

ences in velocity, energy and shape.” Penetration
caused by the bullet itself through boring and rup-
turing live tissues is its first and major effect.”
Each bullet advances through body tissues after
boring the skin at a certain velocity and while

changing the places of the tissues and rupturing
them it leaves an injury channel which is known as
“Permanent Cavity”.” Hand-gun bullets having
weaker blast effect show their real effects by per-
manent cavity.”” Size of permanent cavity with
infantry rifle bullets depends on the characteristics
of body tissues, length of injury channel and ratio
of energy transferred to the tissue.”” Permanent
cavity size for infantry rifle bullet is similar to that
for hand-gun bullet along the first 10-12 cm in soft
tissues.” After 10-12 cm, the biggest difference
between the effects of two bullets occurs: tempo-
rary cavity or blast effect. Temporary cavity which
is generally known as blast effect occurs through
pressure waves produced by the bullet in soft tis-
sues.”™ Bullet going out of the barrel by spinning
around its long axis gains balance within low-den-
sity air as a result of gyroscopic effect caused by
this spin velocity and travels in a frontal position.”
* Bullet traveling in a balanced manner on the air
loses its balance when it penetrates into the hetero-

Fig. 14. Lower extremity injury model in which hand-gun
bullet affected isolated soft tissue.
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Fig. 15. Isolated soft tissue lower extremity injury model
with rifle bullet.
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Fig. 16. Weak blast effect produced in lower extremity tissue
model with bone injury by hand-gun bullet.

geneous body tissues. While it is traveling in low-
density air (1.18 kg/m’), gyroscopic effect is domi-
nant and balances the bullet. Entering body tissues
which are 800-900 times higher-density (1060
kg/m’), resistance to the bullet and retardation force
increase equally.” While the bullet advances
through the tissue, 2-4 degrees of deviations are
observed between the flight path and bullet long
axle owing to the resistance force increasing in a
very short time (1/10.000 second) and at a very
high ratio.”*" Although a minor one, this deviation
is enough for the bullet to start tumbling within the
tissue. The bullet penetrates the tissue in a frontal
position and when it turns 90 degrees during tum-
bling, its largest surface contacts with the tissues;
resistance of the tissue against bullet and energy
transfer from the bullet to the tissues increase more
at that moment.””' Most significant factor determin-
ing the severity and depth of the injury is this ener-
gy transfer between the bullet and tissue and is
called “Effective Kinetic Energy”.”* A small pro-
portion, 1% of the released energy is consumed as
heat energy. Released energy is left to the environ-
ment as 99% pressure and due to sequential pres-
sure waves, soft tissues are driven outward in a
radial direction away from the path of the bullet and
in that area a space, impossible to see with bare
eyes is opened and closed in a very short time.””
Pulsatile space which continues to expand even
after the bullet exits the body and closes sponta-
neously within milliseconds (3-4 millisecond) and
is called temporary cavity (blast impact).
Temporary cavity size determines one of the
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Fig. 17. Large blast effect produced in lower extremity tissue
model with bone injury by rifle bullet.

biggest differences among hand-gun and infantry
rifle wounds.”® 2-3 cm of temporary cavity which
is produced immediately after the bullet penetrates
the tissue for hand-gun bullets manifests a slight
expansion, 10-12 ¢cm from entry.” This expansion
which lasts a few milliseconds in muscle tissue is
easily tolerated and tissue collapses without having
an apparent deformity. 7.62 bullets of G-3, AK-47
(Kalashnikov) rifles used in many state armies pro-
duce their temporary cavities 12-15 cm from the
entry point.”'” Cavity reaches its largest diameter
(15-25 cm) within 25 cm and bullet exits the target
which is 45-50 cm wide in a back-side-front posi-
tion after making a 180° turn.”" These effects of
hand-gun and rifle bullets were captured from the
images provided by high-speed cameras during
shootings at ballistic candle blocks designed as soft
tissue simulant (Fig. 2, 3).

Since liquids are good conductors, pressure
waves of temporary cavity extend quite well
through parenchymal tissues in organs such as
liver, spleen and kidney.” Due to their soft struc-
tures, cavity is stretched without encountering a
high resistance and since they are fragile in nature,
the cavity opened does not collapse as in muscle
tissues.”” In other words, temporary cavity turns
into permanent cavity.”* This situation occurs par-
ticularly in liver injuries because the liver has suffi-
cient volume for cavity formation. In our study,
fresh sheep livers were placed into ballistic candle
block and differences between the effects of hand-
gun and infantry rifle bullets were monitored. 2.5-3
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cm of weak blast effect by the hand-gun bullet and
large disruption caused by the infantry rifle in the
liver were displayed at intervals of one millisecond.

Colon injuries are one of the most significant
factors in firearm-related abdominal injuries which
affect morbidity and late mortality.""™ Surgical
treatment alternatives are the first issue to discuss
about injuries caused by hand-gun or infantry rifle.
Primary repair might be applied in injuries by hand-
gun bullet considering its frequency in residential
areas such as city, town, etc., chance for a surgical
intervention within the first hours and the presence
of only minor perforations without blast effect."""
In our study, we observed that there was no evident
blast effect within and through the intestines and
small perforation areas having a diameter of 1-1.5
cm were available on colon model for the shots with
hand-gun (Fig. 9-11), while blast effect was pro-
duced through intestines and large blast perforations
were present on colon wall in shots with infantry
rifle (Fig. 12, 13). In blast injuries producing large
perforations on colon wall and caused by infantry
rifle bullet, large resection should be applied togeth-
er with anastomosis or ostomy instead of debride-
ment and primary repair."*'* As seen from shots at
colon with infantry rifle, local wound infection and
necrotizing fasciitis is one of the most crucial com-
plications in such injuries since the colon content is
spread out to not only the wound channel but also
dissected muscle and subcutaneous tissue during the
formation of high pressure cavity."" Therefore,
debridement should be applied both for bullet path
and surrounding tissues in such injuries."*""

Extremity injuries are the most common form in
gunshot traumas."® Hand-gun bullets not hitting the
bone and passing through only soft tissues do not
produce large deformation in the extremities if the
bullet path is shorter than 15 cm. Similarly, no large
deformation is observed in lower and upper extrem-
ity injuries caused by infantry rifle bullets since the
tumbling which results in blast effect could not be
completed in a limited area of 15 cm."""* In isolated
soft tissue extremity simulant, our study determined
that infantry rifle had a moderate blast effect with a
diameter of 4-5 cm while the blast effect of hand-
gun shots were weak as expected. If infantry rifle
bullet enters by making an angle over the knee and
passes through after producing a path longer than 15
cm through the lower extremity muscles, strong
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blast effect is produced. In such condition, blood
circulation of the lower extremity might be affected
due to large deformation. Even femoral fractures
might be observed although the bullet does not hit
the bone."™"

One of the factors affecting the severity, depth
and size of the injury in penetrating traumas caused
by gunshots is bullet fragmentation."”"' The basic
factor which causes bullet broken into pieces
through body tissues is the bone tissue."” While
low-energy hang-gun bullets change their shapes
when they hit the bone tissue, infantry rifle bullets
are easily broken into fragments."” The bullet hit-
ting the solid bone tissue is disintegrated (primary
fragmentation) and it also causes fragmentation
within bone tissue (secondary fragmentation)."”
Bullet fragmentation leads to two major and danger-
ous effects through body tissues."® The first one is
the increased fragment effect. Metals of lead, copper
alloy within the bullet and each fragment of bullet
has the effect of shrapnel through tissues. Second
danger is increased cavity effect. An intact rifle bul-
let produces a cavity through body tissues as a result
of tumbling movement; however in bullet fragmen-
tation tumbling is not necessary for a cavity forma-
tion. While tearing and disintegrating the tissues,
each fragment transfers its own energy separately to
the environment; cavity is formed sooner and it is
larger compared to the normal bullet."”" In our
study, we presented visual aspects of injuries
formed over isolated soft tissue and lower extremity
model having bone injury.

Gunshot wounds are one of the most serious
problems for trauma surgery. Since infantry rifles
are commonly used by terrorist groups or other
crime organizations and considering the number of
hand-guns reaching to millions, trauma physicians
working in civilian hospitals encounter with such
injuries more frequently. We believe that informa-
tion about the gun which causes injury and its char-
acteristics will allow to estimate the severity and
size of the injury before surgical treatment and to
focus on different treatment alternatives.

REFERENCES

1. Uzar Al, Dakak M, Ozer T, Ogunc G, Yigit T, Kayahan C,
et al. A new ballistic simulant “transparent gel candle”
(experimental study). Ulus Travma Acil Cerrahi Derg
2003;9:104-6.

2. Uzar Al, Giileg¢ B, Kayahan C, Ozer MT, Oner K,

Ocak - January 2007



Organ models in wound badlistics: experimental study

10.

11.

12.

Alpaslan F. Yara balistigi -I kalic1 ve gegici yara boslugu
(kavite) etkileri. Ulusal Travma Dergisi 1998;4:225-9.
Fackler ML. Wound ballistics. A review of common mis-
conceptions. JAMA 1988;259:2730-6. [Erratum in:
JAMA 1988;260:3279]

Barach E, Tomlanovich M, Nowak R. Ballistics: a patho-
physiologic examination of the wounding mechanisms of
firearms: Part I. J Trauma 1986;26:225-35.

Cooper GJ, Ryan JM. Interaction of penetrating missiles
with tissues: some common misapprehensions and impli-
cations for wound management. Br J Surg 1990;77:606-10.
Fackler ML, Malinowski JA. The wound profile: a visual
method for quantifying gunshot wound components. J
Trauma 1985;25:522-9.

Peters CE, Sebourn CL. Wound ballistics of unstable pro-
jectiles. Part II: temporary cavity formation and tissue
damage. J Trauma 1996;40(3 Suppl):S16-21.

Hollerman JJ, Fackler ML, Coldwell DM, Ben-
Menachem Y. Gunshot wounds: 1. Bullets, ballistics, and
mechanisms of injury. AJR Am J Roentgenol
1990;155:685-90.

Swan KG, Swan RC. Principles of ballistics applicable to
the treatment of gunshot wounds. Surg Clin North Am
1991;71:221-39.

Knudsen PJ, Theilade P. Terminal ballistics of the 7.62
mm NATO bullet. Autopsy findings. Int J Legal Med
1993;106:61-7.

Poret HA 3rd, Fabian TC, Croce MA, Bynoe RP, Kudsk
KA. Analysis of septic morbidity following gunshot
wounds to the colon: the missile is an adjuvant for
abscess. J Trauma 1991;31:1088-94; discussion 1094-5.
Velmahos GC, Souter I, Degiannis E, Hatzitheophilou C.

Cilt - Vol. 13 Sayi - No. 1

13.

14.

15.

16.

17.

18.

19.

20.

21.

Primary repair for colonic gunshot wounds. Aust N Z J
Surg 1996;66:344-7.

Kozak O, Oner K, Yildiz M, Arslan I, Uzar Al, Alpaslan
F. Yiiksek kinetik enerjili silahlarla olugan kolon yaralan-
malar1. GATA Biilteni 1994;36:396-401.

Uzar Al. Mermi kinetigi ve yara balistigi. Ulusal Cerrahi
Kongre Kitabi. In: Sen D, editor. 15-19 Mayis 2002;
Antalya: 2002. p. 45.

Demetriades D, Rabinowitz B, Sofianos C, Prumm E.
The management of colon injuries by primary repair or
colostomy. Br J Surg 1985;72:881-3.

Trouwborst A, Weber BK, Dufour D. Medical statistics
of battlefield casualties. Injury 1987;18:96-9.

Uzar Al, Kayahan C, Giile¢ B, Ozer T, Kozak O,
Alpaslan F. Yara balistigi -II atesli silah yaralanmalarinda
mermideki sekil bozukluklar1 ve pargcalanma etkileri.
Ulusal Travma Dergisi 1998;4:235-9.

Fackler ML, Surinchak JS, Malinowski JA, Bowen RE.
Bullet fragmentation: a major cause of tissue disruption.
J Trauma 1984;24:35-9.

Uzar Al, Dakak M, Saglam M, Ozer T, Ogunc G, Ide T,
et al. The magazine: a major cause of bullet fragmenta-
tion. Mil Med 2003;168:969-74.

Uzar Al, Dakak M, Oner K, Atesalp AS, Yigit T, Ozer T,
ve ark. Tabanca ve piyade tiifegi mermileri ile olusturu-
lan yumugsak doku ve kemik yaralanmalarinin
kagilagtirilmasi: Deneysel. Acta Orthopaedica et
Traumatologica Turcica 2003;37:261-7.

Dakak M, Uzar AI, Saglam M, Ozer T, Gurkok S,
Balkanli K, et al. Increased damage from rifle wounds of
the chest caused by bullets striking commonly carried
military equipment. J Trauma 2003;55:622-5.

27



