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Radiological findings in gunshot wounds caused 
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A b s l r a c t  Experimental gunshots were made with hunt- 
ing ammunition using a dummy model made of skin and 
foam rubber as the target. After penetration of intermedi- 
ate targets of wood by the bullets, the characteristics of 
the wounds changed and their dimensions increased. The 
morphology of the wounds presented a very varied spec- 
trum. When the gunshots had initially passed through 
wood 50 mm thick, radiographs of the skin showed a 
quantity of metallic residues of between 10 gm and 1 mm. 
The metallic particles were wiped off the surface of the 
projectile by the target itself, whereby the best "wipe-off 
effect" was achieved with skin. The experimental findings 
suggest that the formation of the fine metallic residues is 
analogous to the development of the bullet wipe formed 
by lead bullets. Larger fragments flew into the target in- 
dependently of the bullet and depending on the distance 
between the intermediate and final targets. A case exam- 
ple is documented. 
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skin were radiographed (B6hm et al. 1969; Stone and Petty 
1991; Schyma 1995). The victim's polyester jacket did 
not show any traces of gunshot residues, and even the 
edges of the entry hole in the jacket, which measured 
8 m m x  15 mm, were free of black discoloration. However, 
the entrance wound, which was situated under the right 
costal arch, had an unusual form, with a diameter of 12 
mm and a serrated edge. Unexpectedly, it contained many 
metallic fragments of different sizes (Fig. 1). We were en- 
deavoured to find out where the metallic residues had come 
from. Backspattering was excluded, because the ribs un- 
der the entrance wound were not fractured. Systemic ex- 
periments were conducted to elucidate the problem. 

Materials and methods 

The weapon used for the experiments was a rifle produced by 
Merkel, calibre 7 × 65 R, with a barrel length of 65 cm. The test 

Introduction 

The reason for the research described was the unfortunate 
death of a man who was accidentally shot by a hunter 
from a distance of about 30 m while walking in the forest. 
The weapon concerned was a rifle produced by Blaser, 
and the ammunition used was 7 x 65 R of the "Nosier" 
type produced by Hirtenberger. To prove that the shot was 
really fired from the assumed distance, the clothing and 
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Table 1 Characteristics of the test ammunition (RWS Rheinisch-Westf~ilische Sprengstoffwerke, Germany, KS Kegel spitz, TIG Tor- 
pedo Ideal Geschog) 

Manufacturer Calibre Type of projectile Nose shape Weight Velocity v 0 Diagram of Construction 

Hirtenberger a 7 x 6 5 R  Nosler Cone l l . 3 g  175grains 785m/s ~ ~ ~  

RWS 7 x 65 R Semijacket Rounded 11.2 g 173 grains 770 m/s 

RWS 7 × 65 R H jacket Hollow point 11.2 g 173 grains 830 m/s 

RWS 7 x 65 R Brenneke TIG Cone 10.5 g 162 grains 870 m/s 

RWS 7 x 65 R Brenneke TIG Cone 11.5 g 178 grains 820 m/s 

RWS 7 x 65 R KS Pointed cone 10.5 g 162 grains 860 m/s 

aHirtenberger, Austria 

ammunition, i.e. bullets of calibre 7 mm, is shown in Table 1. The 
firing distance was always 25 m. The target was composed of 
a piece of pig skin (20 cm x 20 cm) and a block of foam robber. 
The skin was fixed tightly over the foam rubber by eight pins 
(Fig. 2). In the first series, direct gunshots were fired at the targets, 
while for the second series of gunshots a plank of wood 25 mm 
thick was placed 3 m from the target. Each plank was used only 
once. The marksman had to aim at the plank and to hit the target 
behind it. In the third experiment the 25-mm-thick plank was re- 
placed by one 50 mm thick. For the last experiment, the 50-mm- 
thick plank was placed 6 m from the target (Fig. 2). The skin and 
the block of foam rubber were radiographed with a microfocus 
tube by 30 kV X-ray. 

some banana  shaped.  In  all cases,  the edges o f  these en- 
t rance wounds  showed  pennon-shaped  irregulari t ies  and 
b lack  discolorat ion.  Mos t  o f  the T IG bullets  d i sassembled  
into two parts,  which  hit  the target  at a d is tance o f  about  
75 mm.  Both  wounds  had  f inely serrated, b lackened  edges  
and were  12-13 m m  in d iamete r  (observed  at a dis tance of  
3 m be tween  in termedia te  and f inal  targets).  The radio-  
graphs revea led  a great  many  meta l l ic  par t ic les  arround 
the entrance wound  (Fig .5) .  Fur ther  rad iographs  were 
taken in two planes ,  in the di rect ion of  f ir ing and vert i -  

Results 

The direct  gunshots  did  not  show any par t icu lar  f indings.  
The entrance wounds  measured  be tween  5 m m  and 7 m m  
and the edges of  the wounds  were always smooth. Through 
X-ray  the bul le t  wipe  was eas i ly  d iscernible  as a fine 
meta l l ic  r ing but  no other  traces o f  meta l  were  found. 

Wi th  in terposi t ion of  the 25 -mm plank  the character is-  
tics of  the wounds  changed  distinctly.  The d iamete r  of  the 
les ion was a lways  larger  than 7 mm,  the cal ibre  used.  A 
few bullets were recovered,  the front parts (nose) of  which 
were  deformed.  Rad iog raphy  revea led  fine pan i c l e s  of  
meta l  in the region  o f  impact .  A few larger  f ragments  (up 
to 1 mm)  were  de tec ted  up to 10 cm f rom the poin t  o f  im- 
pact.  The angle  o f  bul le t  def lec t ion  was be tween  1 ° and 
2 °, which  caused  a devia t ion  of  be tween  50 m m  and 100 
m m  from the des i red  centre of  target.  The  most  s ignif icant  
di f ferences  in the wounds  were  obse rved  after the pene-  
trat ion of  the 50 -mm- th i ck  p lank  of  wood.  The  KS bul le t  
caused  the only c i rcular  entrance hole  with a d iamete r  of  
13 m m  (Fig. 3). The  edges  were  f inely serrated and pow-  
dered  with  b lack  part icles .  The other  types  o f  bul le ts  left  
much  larger  entry  holes,  wi th  d iameters  of  up to 25 m m  
and with  var ious  forms;  some were  shaped  l ike f igures of  
eight,  some B shaped,  some keyho le  shaped  (Fig. 4) and 
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Fig. 2 Sketch of positioning for the experiments (c~ angle of bullet 
deflection) 
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Fig.3 Radiograph of the pig skin. Entrance of a KS bullet after 
penetration of wood 50 mm thick. Inner diameter 13 mm 

Fig.5 Radiograph of pig skin and foam rubber. Entrance of the 
11.5 g TIG projectile after penetration of wood 50 mm thick. The 
black background is the foam rubber. Largest diameter 17 mm 

Fig. 4 Radiograph of the pig skin. Entrance of the H-jacketed pro- 
jectile after penetration of wood 50 mm thick, measuring 12 mm × 
17 mm 

cally to the direction of firing. Their  analysis confirmed 
the presence of metall ic traces over and under  the skin. 
Figure 6 shows a Nosler bullet  recovered from the cotton 
wool filled butt after penetrat ion of the 50-mm wooden 
plank. The upper part of the projectile was completely de- 
stroyed, and the jacket  was peeled back into pennons.  

Fig. 6 Nosler bullet recovered in the cotton wool filled butt after 
penetration of 50 mm thick wood. The nose (left) is destroyed, and 
the jacket peeled back 

The last series of experiments (6 m distance between 
the plank and the final target) was the most  difficult to re- 
alize because the angle of deflection Of the bullets was 
2o-3 ° . In most  cases, the deviat ion from the centre of the 
target was more than 25 cm. Consequently,  approximately 
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Fig. 7 Radiograph of the pig skin. Entrance of the Nosler bullet 
after penetration of wood 50 mm thick. Note the radial metallic 
stripes. The wound measures 8 mm x 18 mm 

70% of the gunshots did not hit the 50 cm x 50 cm butt. 
At a distance of 6 m between the targets, particles were 
present only in the direct area of the entry hole. In the case 
of the TIG bullets, there was 125 m m  between the impacts 
of  the fragments. The X-ray analysis showed similar im- 
pacts with a large amount of  metallic residues (Fig. 7), but 
the traces were concentrated around the entrance wounds. 
The largest particles measured up to 2 mm, and the finest 
dust only 10 gm. 

Discussion 

Examination of gunshot residues with high-resolution ra- 
diography (Bajanowski et al. 1991; Schyma 1995) has the 
great advantage of showing up not only primer residues, 
but also metallic particles of  any other origin, in such a 
way that their form and distribution can be recognized. In 
the present case, this made it possible to discover the 
metallic traces (Fig. 1). The fact that the anorak was free 
of  gunshot residues proved that the shot must have been 
fired from a distance of more than 3 m. Therefore, the par- 
ticles observed on and under the skin could not have been 
primer residues, but could only have been transferred by 
the bullet. By comparison, the direct gunshots left no metal 
traces other than the bullet wipe. The incident in question 
occurred in a forest, and reconstruction at the scene re- 
vealed that there was a tree nursery between the hunter 
and the victim, which suggested the hypothesis that a tree 
or a branch was in the trajectory of the projectile. System- 
atic experiments proved that intermediate wooden targets 
(at least 50 m m  thick) caused a similar pattern of metallic 
traces in the skin. At first, it was assumed that the bullet 
divided into large and fine fragments, which sprayed onto 
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the target in cone form after penetration of the wood. How- 
ever, given a distance of 3 m between the plank and the final 
target there were few metallic fragments on the skin, the 
largest amount being found under the skin. DiMaio (1985) 
described this phenomenon for ricocheting bullets, but no 
comparable reports exist concerning incidents with dis- 
tance of more than 1 m between intermediate and final 
targets. When the final target was 6 m behind the inter- 
posed plank there were only minimal metal traces on the 
skin and they were concentrated in the region of the im- 
pact wound. These repeated observations led to the con- 
clusion that most of the metallic fragments were trans- 
ferred onto and under the skin by the projectile itself after 
penetration of the wood. A similar process has been ob- 
served with the bullet wipe of lead bullets, which showed 
large amount of  metal residues. To elucidate the formation 
of metal traces in the target, various textiles, skin, foam 
rubber and gelatin were shot at through an intermediate 
target consisting of a 50-mm-thick wooden plank. Each of 
the above materials showed more metal particles than one 
would expect to find in the bullet wipe of a direct gunshot, 
but only skin contained the high concentration of metal 
particles described. One explanation for this is the elastic- 
ity of the skin, which provides the necessary conditions 
for formation of the patterns observed. The hypothesis is 
that the bullet was deformed by the penetration of wood, 
the jacket being partially peeled back and the lead core, 
"scrubbed". The loosened, but not mobile, particles were 
wiped from the surface of the bullet by the skin. This ex- 
planation is supported by Fig. 5 which shows an impact at 
the edge of the skin. The metallic traces were only in the 
skin and not in the foam rubber radiographed at the same 
time. The radial stripes of metallic residues in Fig. 7 doc- 
umented the wiping-off procedure of the projectile. 

The division of the TIG bullets in two pieces was to be 
expected after penetration of the wood, and caused each 
bullet to make two impacts. This phenomenon is not pe- 
culiar to TIG projectiles but can also be observed with 
other hunting ammunition (C16ment et al. 1992; Sauvestre 
et al. 1994). The separation of jacket and core after pene- 
tration of an intermediate target is well known (DiMaio 
1985). 

This experimental study confirmed that the morphology 
of the wound was atypical when the bullets had passed 
through intermediate targets (DiMaio 1985). Systematic 
investigation showed that these findings are regularly as- 
sociated with hunting ammunition and intermediate wood 
targets. After penetrating wood the different types of hunt- 
ing bullets caused various wounds, but they left metallic 
particles in a similar characteristic manner. Stone and Petty 
(1991) emphasized the importance of recognizing inter- 
posed targets for the correct interpretation of gunshot 
wounds. Only visual evidence of gunshot residues, e.g. by 
X-ray, avoids misinterpretation of the origin of metallic 
particles (Schyma and Bittner 1995). 

Acknowledgements We wish to thank Mr. and Mrs. U. Kahlen of 
the Dynamit Nobel Company (Troisdorf, Germany), who helped 
us in many ways in the conduct of this research. 



C. Schyma et al.: Hunting ammunition 

References 

Bajanowski T, Htittenbrink KB, Brinkmann B (1991) Detection of 
foreign particles in traumatized skin. Int J Legal Med 104: 161- 
166 

BOhm E, Schreiber HP, Suchenwirth H (1969) R/Sntgenologische 
Untersuchungen zur Schugentfernuugsbestimmung. Dtsch Z Ges 
Gerichtl Med 65:112-121 

C16ment S, Dumont D, Piva C (1992) Balles pour gros gibier: nn 
projectile, trois orifices d'entrde. J Mdd Ldg Droit Mdd 35: 
197-200 

DiMaio VJM (1985) Gunshot wounds. Elsevier, Amsterdam New 
York, pp 77-92 

205 

Sauvestre JC, Durand R, Mercier JF, Cldment S, Frogd E (1994) 
Etude de la balle fl~che Sauvestre. Une balle originale pour 
gros gibier. J Mdd L~g Droit M~d 37 : 85-105 

Schyma C (1995) D&ermination de la distance de fir par analyse 
d'images: radiographie des residus de tir au calibre .22 lr. In: 
Mangin P, Ludes B (eds) Acta Med Legal 1994. Springer, 
Berlin Heidelberg New York, pp 301-303 

Schyma C, Bittner M (1995) Fehlerm6glichkeiten der Schugent- 
fernungsbestimmung bei rikochettierten Vollmantelgeschossen. 
Arch Kriminol 196 : 30-37 

Stone IC, Petty S (1991) Interpretation of unusual wounds caused 
by firearms. J Forensic Sci 36 : 736-740 


