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SUMMARY

The question of handgun use in a city or densely populated aglomerations requires a highly practical level of solution fo this issue,
though with the knowledge of theoretical presumptions of wound ballistics of ricochet projectiles. The application of wound ballistics in-
to the practice of a forensic pathologist, as well as a surgeon or a traumatologist, enables a good understanding of the dynamics of
projectile penetration through anatomic structures of the human body. In forensic assessment, gunshot wounds of limbs are relatively
frequent cases. By the integration of wound ballistics principles into the research of gunshot wounds, it is also possible to establish,
whether the projectile entered into the anatomic structures under direct trajectory steadily or whether through the course of its trajecto-
ry, before reaching the human body, it firstly contacted a particular object in the space, i. e. whether the injury could have been cau-
sed by a ricochet projectile. In connection with unclear gunshot wounds and their morphological image, it is necessary to consider the
possibility of the effects of a ricochet projectile, especially when persons are injured accidentally.

The daily practice of the officers of the Police Corps of the Slovak Republic essentially enhances the necessity of being informed about
the behaviour of parametrically designated ricochet projectiles in a ballistic experiment with the use of a model of a built-up area in
a town, with typical materials and surfaces of objects in between and a model of a human limb part as a potential target of an uncon-
trolled ricochet projectile. The proposed design of the situation is undoubtedly of an enormous significance, even when forensically eva-
luating the morphological consequences of ricochet projectiles.

By the application of results of such experiments and their final comparison, when different types of projectiles are used, it is also pos-
sible to contribute to the experts’ groundwork in the process of rearmament of the official armed forces. The main aim of our work is to
point out the high potential of the wounding effect of ricochet bullets of a particular calibre cartridge with focus on injuries of the femurs
of the lower limbs. The carried out ballistic experiment was designed for the needs of the experimental part of a diploma thesis of a stu-
dent from the Faculty of Medicine of Comenius University in Bratislava and his results point out at the possibilities for civilian safety stra-
tegies during the infervention of the armed forces as well.
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Kvantifikované hodnotenie zraiiujiceho potencialu odrazeného projektilu pistolového naboja kalibru 9 mm
vzor 82 v balistickom experimente

SUHRN

Otézka pouzitia ruénej strelnej zbrane v meste alebo husto osidlenych aglomeréciach vyzaduje vysoko praktické droven riesenia
problematiky, aviak s poznanim teoretickych predpokladov zrariujicej balistiky odrazenych projektilov. Aplikécia poznatkov zra-
fiujucej balistiky do praxe stdneho lekéra, ale aj chirurga ¢&i traumatoléga umoziiuje dobré porozumenie dynamiky penetrécie
projektilu cez anatomické struktiry fudského organizmu. Strelné poranenia konéatin patria v stdnolekérskom posudzovani k po-
merne ¢astym pripadom. Integraciou principov zrafujicej balistiky do skdmania strelnych poraneni je mozné uréit aj to, & pro-
iektil prenikal do anatomickych $truktir stabilne pod priamou trajektériou, alebo ¢&i doslo v priebehu jeho trajektérie najskar ku kon-
taktu s urcitym objektom v priestore pred zasiahnutim ludského tela, t.j. ¢i zranenie mohol spésobit odrazeny projektil. V stvislos-
ti s nejasnymi strelnymi poraneniami a ich morfologickym obrazom je nutné hlavne u néhodne zranenych oséb uvazovaf aj o moz-
nosti G&inku odrazeného projektilu. Kazdodennd prax prislusnikov Policajného zboru Slovenskej republiky zasadne umociiuje po-
trebu oboznémenia sa so sprévanim parametricky vytypovanych odrazenych projektilov v balistickom experimente s pouZitim mo-
delu mestskej zastavby s typickymi materidlmi a povrchmi vmedzerenych objektov a modelu &asti [udskej konéatiny ako potencidl-
neho ciela nekontrolovatelnej odrazenej strely. Takto navrhnuty dizajn situdcie mé dozaista znaény vyznam aj pri forenznom hod-
noteni morfologickych désledkov odrazenych projektilov. Aplikaciou vysledkov takychto experimentov a ich findlnym porovnanim
pri pouziti réznych druhov streliva je mozné prispief aj k odbornym podkladom v procese prezbrojenia oficidlnych ozbrojenych
zloziek. Ciefom nasej prace je poukézaf na vysoky potencidl zrariujiceho efektu odrazenych striel naboja konkrétmeho kalibru so
zameranim sa na poranenia dlhych konéatinovych kosti. Pouzity balisticky experiment bol navrhnuty pre potreby experimentélne;
&asti diplomovej préce $tudenta Lekarskej fakulty Univerzity Komenského v Bratislave a jeho vysledky poukazujd aj na moznosti
stratégie ochrany civilného obyvatelstva pri zésahu ozbrojenych zloziek.

Kloéové slova: Termindlna balistika — Balisticky experiment — Odrazeny projektil — Strelné poranenia
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The knowledge about the wounding effect of different type pro-
jectiles of small calibre ammunition can be practically used in me-
dical fields: forensic medicine, surgery or traumatology, as well as
on the level of criminalistics expertise research. The effects of pro-
jectiles at a direct shot are constantly analysed in detail and exa-
mined in different simple and also complicated experiments (1,2).
Ricochet projectiles and their effect, as well as their wounding po-
tential in connection with the human body, is though a less repre-
sented field of the experimental wound ballistics. We got involved
in the study of injuries caused by ricochet projectiles by the case
of shooting in Bratislava — Devinska Nova Ves in 2010, when it was
necessary to establish whether the projectiles shot from the weapon
systems of the armed forces wounded civilians as well (3). It is pos-
sible to examine the mentioned issue from medical point of view
and forensic medical evaluation of the effects on an elaborated si-
mulation model of a ballistic experiment (4). The ricochet projecti-
le is a proiecﬁ|e which diverts from its direction, so that before re-
aching the target person, it contacts a certain object in between.
The contact of the projectile with the surface of the object in bet-
ween leads fo a significant change as far as to the loss of stability
of the projectile. The instability of the ricochet projectile is charac-
terised by a significant change of the dip angle o above the bea-
ring border (5). It is an angle formed by the longitudinal axis of
the bullet with the velocity vector (tangent of the projectile trajecto-
ry). It practically means that the loss of projectile stability will ma-
nifest itself by the turn of the projectile around the cross—wind axis.
It is understandable that the change of the dip angle will be sub-
stantial as long as the projectile affer the ricochet from the object
in between will stay intact. The wounding effect of the ricochet pro-
jectile and especially the shape of the place where the bullet ente-
red will, however, depend on whether there will be a significant de-
formation or fragmentation of the projectile. The ricochet of the fi-
red projectile itself from the obstacle is a relatively complicated ac-
tion, influenced by several factors (calibre of the bullet, its shape,
construction, used materials, weight, ve|ocity and the ang|e of in-
cidence of the bullet to the obstacle, as well as the characteristics
of the objects in between) (6,7).

MATERIAL AND METHODS

The ballistic (shooting) experiment was created with the purpose
of simulating a real situation from practice of an officer from the
Police Corps of the Slovak Republic. It was an experiment with a se-
ries of shots (10 shots) from a handgun with an unexpected hit of
a concrete wall of a house or a horizontal solid surface (bitumen co-
at of the road) with consequent expected ricochet of the projectile
by the use of the weapon system CZ (type 82) and a cartridge (ty-
pe 82). The priority of the design of the experiment was to verify
the expected results at the ricochet of the projectile and its effects
as well as the safe accomplishment, reproducibility of the results,
repeatibility of the experiment, archivation of the results and the
low financial costs of the equipment of the shooting bay. The arran-
gement of the ballistic experiment (measuring sequence) is evident
from Figure 1. The shooting situation was arranged in one of the
boxes of the shooting range ,Haréés” in Komdrno, approved and
used for the purposes of competitions of dynamic shooting accor-
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Fig. 1. Photography of the real arrangement of the shooting bay
from the view of the shooter.

ding to the regulations of International Practical Shooting Confede-
ration (IPSC) (8). The area, where the experiment took place, was
deliminated by a back fixing wall in the height of 5 metres and si-
de fixing walls in the height of 2,5 metres. The arrangement of the
measuring sequence itself was inspired by the thesis of B. P. Kneu-
bishl (9), which by its simplicity and practicality was the most sui-
table. On the front of the bay there was a wooden peg attached to
its longitudinal axis, where its upper part was situated in the height
of 140 centimeters above the ground. There was a model concrete
block, measuring 50x50x10 centimeters placed horizontally in the
distance of 7 meters from this base point. The final element of the
experimental ballistic framework was a metal, solid construction in
the form of a gallows with a hook, placed in the distance of 150
centimeters from the back area of the concrete block, to which we
individually attached biological models of a human thigh (in substi-
tution by complete pig “s thighs including skin) oriented into their
anatomical position. Thus the basic axis of the experimental system
was created, composed of: muzzle of the handgun — concrete block
— pig “s thigh. A weapon system consisting of a handgun (handgun
CZ type 82, cal. 9 mm) was used. In the experiment a bullet with
homogeneous monoogival projectile of cal. 9 mm (type 82) was app-
lied (10), currently being used by the officers of the Police Corps of
SR. The sport shooter, fulfilling all the safety conditions, held the
gun with both hands, leaned against the solid support in the form
of a wooden peg, so the muzzle of the gun did not exceed the ed-
ge of the peg. Subsequently, there was a controlled pointing shot to
the upper part of the concrete block, whereby it was ct|wc1ys hit and
consequently, the projectile always ricocheted to the attached pig ‘s
thigh. The experiment itself was preceded by a series of 10 shots,
where a piece of A2 size paper (Fig. 2) was attached instead of
a thigh, intended for capturing and calibrating the estimated mo-

Fig. 2. Photography of the A2 form paper used for capturing the
shot projectiles.
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Fig. 3. Scheme of arrangement of the shooting bay (side view)
with the particular values marked.

vement direction of the projectile after the ricochet as well as the
height from the ground at given distance of 150 centimeters from
the concrete block. To increase the probability of the hit of the he-
terogeneous biological model, the exact location of the model was
determined from the average height of the ricochet projectile acqu-
ired from10 attempts. In total there were 4 pieces of pig s thighs
shot, whereby each biological model was numbered from 1. to 4.
Model No. T was hit 4 times, model No. 2 once, model No. 3 4 ti-
mes and model No. 4 once. Biological model No. 4 was finally hit
by a direct projectile as well, i.e. without a ricochet from the conc-
rete block, for the possibility of comparing the gunshot wound cau-
sed this way with wounds caused by a ricochet projectile. The hits
in individual models were numbered with ordinal numbers of shots
and photodocumentation was prepared, whereby one of the attemp-
ts was also captured on a didactic video-recording recorded by
Panasonic DMC-FZ8 camera.

After each shot we recorded the distance of the trace of the pro-
jectile on the concrete block from the projection of the muzzle of
the weapon barrel to the ground and the height of the hit on the
skin of the pig “s thigh from the ground. The hit models were sub-
sequently wrapped into a plastic wrap and transported to the fo-
rensic facility at the Institute of Forensic Medicine Healthcare Sur-
veillance Authority in Bratislava, where each model was submitted
to X-ray in two projections upright on each other (anteroposterior
and lateral). The place of the entrance of the bullet, bullet's track,
the gunshot fractures of the long bone (femur) as well as the final
positions of the projectiles (at entrance — no exit wound) and the
places of the shots were revised by preparation of the biological
models by autopsy techniques with the purpose of forensic evalu-
ation of the experiment.

With the use of the theory of the flat path of projectiles, we de-
termined the basic ballistic parameters of the trajectory of the bul-
let and the assumed wounding potential of the ricochet bullet. A cal-
culation of the decrease of bullet velocity of handgun cartridge ca-
libre 9 mm (type 82) was performed, where the penetration of the
bullet through a 20% gelatine block as a substitution of the soft bi-
ological tissue was mathematically predicted. There were several
parameters of bullet of handgun cartridge calibre 9 mm (type 82)
and the penetrated environment set: d — calibre of the bullet [cm];
m, — weight of the bullet [g]; vg - striking velocity of the bullet [m
s'1]; v — instantaneous velocity of the bullet at a given place [m s
1]; p — mass density of the environment [g cm™3] - for biological
materials and their substitution p = 1 g. cm™3; § - bullet resistant

area [em?2]; € - index including the characteristics of the environ-

ment (water — 0,3, also valid for body fluids or brain tissue; 20 %

gelatine solution; muscle tissue — 0,45). To determine the immedi-

ate velocity v of the ricochet bullet after passing a certain track s in-

side the penetrated tissue the following mathematical formulas we-

re used: V=", -e”"* [m 51}, for parameter b p=PSC [emT].
2-m ;

RESULTS

Results of the ballistic indexes

Based on the carried out 10 shots it was determined that the shot
and ricocheted projectiles hit the concrete block in average in midd-
le distance of 7,18 metres from the muzzle of the weapon barrel
and the hits in the biological model were on average in the height
of 0,26 metre above the ground. From the known height of the muzz-
le of the weapon barrel, the average distance of the places of hits
on the concrete block from the weapon barrel and the average he-
ight of shots in the models, the average values of the angle of inci-
dence 6 of the projectiles to the concrete block — 10,20° and the
angle of reflection 6, of the projectiles from the conrete block in the
direction of the model - 5,14° were defermined by calculations (Fig.
3). There are comparisons of the results of the ballistic indexes with
the works of other authors presented (9), where a similar weapon
system was used, though with a cartridge of 9 mm Luger FMJ, which
considering the similarity of physical characteristics (calibre, weight,
initial velocity of the projectile), is possible to compare with the we-
apon system CZ (type 82) with the use of 9 mm cartridge (type 82).
The other given values were: d = 9,27 mm; mg=4,7g; vg=391m
s1; (bg = 0,02368 cm™1, bgg = 0,050377 cm1); depth of the pe-
netration — s = 5; 10; 15; 20; 25; 30 cm, p =1 gcm3; S5 = 0,636
cm2; Sgg = 1,353 cm?2; C=0,35. In table No. 1 the results are ref-
lecting the instantaneous velocity of the bullet of handgun cartridge
9 mm (type 82) in particular sections of the penetrated trial block
(20% gelatine). The determined value of the striking velocity vy of
the bullet onto the trial block was 391 m s1.

Forensic and medical evaluation of the damage of the tissues
On the biological model No. 1 there was not found a fracture
of the femur, which was also proved by the X-ray image, despite
four hits of the model by ricochet projectiles (Fig. 4). On the X-ray
image of the biological model No. 2 (Fig. 5), there was no evident
gunshot wound of the thigh bone, however, after a preparation by
autopsy fechniques there was a visualised defect with a character
of the tangential shot with the development of butterfly fracture li-
ne on the diaphysis of the bone (Fig. 6). After the X-ray scree-
ning, on the biological model No. 3, a multiple damage of the fe-
mur in the sense of the presence of two different large oval sha-
dows localized in the bone was described. One of these formati-
ons was identified in the depth of the lateral condyle of the femur
and further was described in the area of the distal third of diaphy-
sis, where there was also a damaged line of the bone forceful as
a butterfly fracture (Fig. 7). After the performance of the autopsy
it was verified that in the depth of 4,5 centimetres under the der-
mal covering, there is a fragmented fracture in the distal third of

Table 1. The instantaneous velocity of the bullet v in particular sections s of the penetrated trial block

s [cm] 5 10 15 20 25 30
v [m. s7] 347 309 274 243 216 192
5=90°

s [cm] 5 10 15 20 25 30
vim s1] 304 236 184 143 171 86
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Fig. 4. Native X-ray image of the biological model No. 1 in la-
teral view.
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Fig. 6. Photography of the tangential shot of the diaphysis of the
femur (the defect is circled).

Fig. 5. Native X-ray image of the biological model No. 2 in la-
teral view.
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Fig. 7. Native X-ray image of the biological model No. 3, the
arrows pointing to the oval shadows.
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Fig. 8. Photography of the defect of the bone (frqgmented fracture
with splinfers), the arrow pointing to the ogival of the projectile.

diaphysis of the femur with butterfly development of fragmentati-
on splinters (Fig. 8). This fracture was caused by the front ogival
part of the projectile of the handgun’s cartridge of 9 mm (type 82)
from homogeneous material, of approximate length of 5 mm (Fig.
9). By further preparation of the bones and adjacent muscles in
the distal direction, a defect in the area of the lateral condyle of
the femur in an irregular circular shape with a diameter of 4 cm
was revealed. In the depth of 3 mm from the chondral surface of
the lateral condyle of the femur, a part of the projectile (fragment)
without its front ogival, in the shape of cylinder shape with appro-
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Fig. 9. Photography of the extirpated ogival of the bullet of car-
tridge type 82.

ximate length of 6 mm was found (Fig. 10). By the visualisation of
the damaged section of the bone and its extirpation from the fe-
mural muscle, the comp|ex shooting defect created by the projec-
tile in the bone tissue of the swine femur bone was more closely
described. After the revision and evaluation of this gunshot wound
of the swine femur, we suppose that after penetrating the skin, the
projectile entered into the bone through the lateral condyle of the
femur, where its fragmentation into two unidentical parts — front
ogival and the remaining cylindric part — occured. After separati-
on, the ogival penetrated the tissue of the bone approximately 8 cm



Fig. 10. Photography of the defect in the lateral condyle of the
femur, the arrow pointing on the part of the projectile.
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Fig. 11. Photography of the assumed entrance of the projectile in-
side the bone, the fragments of the projectile arranged into the
projection of their initial positions.

Fig. 12. Native X-ray image of the biological model No. 4 (the
bone defect is circled).

in proximal direction and a litle medially up to the area of the di-
stal third of the diaphysis, where it caused a fragmented fracture
of butterfly character (Fig. 11). On the X-ray image of the biolo-
gical model No. 4 a circular defect in the area of the distal epip-
hysis of the femur was described (Fig. 12). The autopsy of the mo-
del showed that it is a gunshot wound — perforation of the bone in
the area of the distal epiphysis of the femur with a circular entran-
ce of the bullet in approximate diameter of 1 centimeter, type dfrill
hole, localized on the outer part of the lateral epicondyle of the fe-
mur. The shot in the bone was of irregular shape, with the diame-
ter of approximately 1 centimeter, whereby the fracture line on the
chondral sufrace of the epicondyle pointed about 2,5 cm into the
joint cavity (Fig. 13). It was determined that the projectile headed
from the lateral part medially and there was an entrance - exit
wound of the lateral epicondyle of the femur on a considerable
areaq, isolated — without damage of other bones, whereby the tra-
jectory had the length of 4 — 5 centimetres. By projecting the po-
sition of the lateral epicondyle onto the surface of the skin of the
biological model it was clarified, that this gunshot wound was cau-
sed by direct — unricocheted projectile, which was shot directly at
the biological model.

DISCUSSION

In his thesis Dr. Kneubihl, with the use of equally arranged sho-
oting bay, experimentally determined that a cartridge of calibre

10

Fig. 13. Photography of the lesion in the lateral condyle of the
femur.

9 mm Luger FMJ after ricocheting from a concrete sheet at the ang-
le of incidence 10° disposes of approximately 90% of its original
kinetic energy (%), from which it is possible fo establish that a pro-
jectile ricocheted this way has a considerably high wounding po-
tential. The issue of unclear cases of gunshot wounds, among which
the effect of ricocheted projectiles undoubtedly belongs, falls un-
der less explored tasks of terminal ballistics (11). As the better un-
derstanding and application of the theoretical presumptions and
unverified hypotheses into practice requires an experimental simu-
lation, it is necessary to adopt a particular methodical process ba-
sed on the application methods of indirect identification which was
chosen in this work according to the model of Swiss authors (9). It
is possible to assume that in the future, when preparing experi-
ments, the used procedures can be applied. An important output
for forensic research from the experiment is the extent and the cha-
racter of the wounds caused by a ricochet projectile. By the use of
the biological model in the form of an intact pig’s thigh in its ana-
tomical position, very good and evaluable results are achieved.
As the biomechanics and histology structure of the pig models com-
pared to human tissues have minimal or almost no differences, they
advocate the use of exactly this form of a model with biological cha-
racter (12). The knowledge of constructive and ballistic parame-
ters and the wounding potential of ricochet projectiles represents
for a forensic pathologist as a specialist an advance in his profes-
sional understanding of cases of shotgun wounds beyond the bor-
ders of ordinary, where it is necessary to think in wider context.
From the results of the carried out experiment it is possible o de-
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duce that the accuracy and the purposefulness of the use of the
weapon system, that represents in the services of the Police Corps
of SR a relatively high wounding potential, was fully manifested.
A considerably negative fact is that its unwanted effect was poin-
ted out at and unfortunc:te|y, its little influenceable effects, which
can be essential for accidentally injured civilians. In one of the ex-
periments the projectile ricocheted from the concrete block, subse-
quently penetrated through the joint surface of the thigh bone and
the projectile separated into two uneven parts, highly probable that
under the effect of the homogeneous material of the bullet and still
high over the limit velocity (kinetic energy) of the projectile after
the ricochet. The front ogival part of the divided projectile continu-
ed in its penetration inside the bone so it caused the clinically do-
cumented fragmentated fracture of the diaphysis, forensically eva-
luable as an entrance — no exit wound. The solution if this ferminal
ballistic task shows that the unsteadily penetrating bullet is capa-
ble of striking a particularly higher volume of shot fissues and trans-
mit a much larger part of its kinetic energy than it is in case of a bul-
let, which penetrates the tissues more steadily and in real situati-
ons therefore records a penetration wound. When solving this par-
tial task of wound baillistics, a requirement for the modification of
the recently used relations arose, so we would also be able to sol-
ve cases of gunshot wounds — entrance — no exit wounds with the-
se models, where the bullet through the course of its penetration
stops and stays in the hit tissue at the end of the wound channel.
The exponential function on which the current mathematical models
are based, do not provide this possibility. The nature of the guns-
hot defects of the ricochet projectile of the femur shows the same
tendencies of the development of the fracture line of bones as by
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Najnovsia sidnolekérska uéebnica pojednéva o jedoch - chemickych alebo biologickych substanciach, kioré mézu zé-
vazne funkéne alebo strukturélne poskodif Zivy organizmus alebo viest k jeho zéniku. Sirokej odbornej lekérskej, ale aj
nelekérskej obci sa tu pontka skutoéné kompendium - mnozstvo prehl'ccjne spracovanych zakladnych faktov, ktoré su
bezpodmienecne potreEné k pochopeniu 3pecifickych toxickych Géinkov chemickych a biologickych substancii.

UéeEnicq koncizne, kompaktne a vedeckr zjednocuje stéasné pohlady a nazory, ktoré na mnohé otazky, tykajice sa to-
xikolégie, v stdnolekérskej praxi panovali. Kompendium dokladuje, Ze sodnolekérska toxikolégia prévom zaujima v me-
dicinskom vzdelani vyznamné postavenie.

Modernd a praktické u¢ebnica je primarne adresovand $tudentom studijného odboru vieobecné lekérstvo, ale jej univer-
zé8lnosf ju zdroveri preduréuje na vyuZitie aj v pribuznych vednych odboroch, ¢i k postgraduélnemu 3tadiu.
Kompendium pozostava zo 17 kapitol, pricom dodrzuje systémové ¢lenenie podla forenzne najvyznamneisich toxickych
latok (alkoholy, drogy, lieciva, huby, kovy, plyny, vybrané chemikdlie a zdraviu skodlivé potraviny). Zérove# vsak posky-
tuje integrovany pohlad na toxikoﬁ)gické a Elinicko-quobgické ndlezy a postupy v intenciéch potrebnych pre sidnole-
kérsku prax. Kniha je dobre obrazovo zdokumentovana (9 tabuliek a schém, 6 perokresieb, 2 fotografie). i

Kompendium sodnolekarskej alkoholégie je spoloénych dielom autorského kolektivu z oboch strén rieky Moravy - Ustavu sidneho lekérstva a medicin-
skych expertiz JLF UK a UNM v Martine (6 autorov) a Ustavu soudniho lékaFstvi LF MU v Brne (5 autorov) a uz len touto skutoénostou dokladuje vy-
znamnost a potrebu ¢esko-slovenskej medzirepublikovej spolupréce aj na sidnolekérskom poli.

MUDr. Jaroslav VAN
predseda Slovenskej stdnolekérskej spolonosti SLS
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