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Anthropological analysis of projectile trauma to 
the bony regions of the trunk
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AbstrAct: Ballistics literature often focuses on soft tissue injures and projectile trauma to the cranium. Min-
imal details on the bony characteristics of projectile trauma to the thorax/abdomen regions have been pub-
lished. This study aims to analyse projectile trauma to the bony trunk region including the ribs, vertebrae, 
scapula, sternum and the hip bone to form a better understanding of the characteristics and biomechanics 
of skeletal trauma caused by a projectile and contribute to the existing database on skeletal trauma caused 
by projectiles. Fourteen cases of documented projectile trauma to the bony regions of the trunk from 
the Hamman-Todd Human Osteological Collection at the Cleveland Natural History Museum, Ohio were 
analysed. Of the 14 individuals with gunshot wounds examined, 40 wounds occurred to the bones. Twen-
ty-four injuries to the ribs, 1 ilium, 11 vertebrae, 3 scapulae, and 1 sternum. Fracture patterns, heaving and 
bevelling can be used to determine the direction of travel of the projectile which can be evident on the ribs, 
sternum, scapula and ilium. It is critical to understand the wounding patterns associated with projectile 
trauma to the torso region as this is often targeted, due to being the centre of mass.
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Introduction

Much research in ballistics has focused on 
soft tissue injuries including autopsy fea-
tures and experimental aspects utilising 
animal models, ballistics simulants and 
dummy models (Bir et al. 2016; Hum-
phrey et al. 2017; Humphrey and Kumara-
tilake 2016; Jönsson et al. 1988; Mabbott 
et al. 2016; Schantz 1978). When it comes 
to bony injuries from projectiles, a lot of 
research has been conducted into maxil-
lofacial ballistics trauma (Berryman et al. 

1995; Lahren et al. 1987; Stefanopoulos et 
al. 2015; Viel et al. 2009). The literature 
has been able to document the character-
istics of projectile skeletal trauma to the 
skull as well as soft tissue characteristics, 
however minimal details on the thorax/
abdomen bony regions in particular the 
scapula, ribs, sternum and vertebrae have 
been published (Langley 2007).

In 1995, Ubelaker (1995), published 
an anthropological analysis of an indi-
vidual who was assassinated sustaining 
gunshot trauma. The analysis produced 
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evidence for projectile path and thus di-
rection of fire based on the displacement 
of bone fragments, fractures, bevelling 
and appearance of the fractures. More re-
cently, Langley (2007), produced an an-
thropological analysis of gunshot wounds 
to the chest region with the focus on as-
sessing the usefulness of the character-
istics of the wounds in determining the 
direction of fire. Using 54 documented 
cases of gunshot wounds to the thorax, 
Langley (2007), found that due to the 
ribs occupying a  significant portion of 
the thorax, they were commonly hit by 
a projectile and that the bullets leave dis-
tinctive marks on ribs which are able to 
determine the direction of fire. Langley 
concluded that further analyses of the 
bony structures of the thorax are need-
ed to get a  better understanding of the 
biomechanics associated with bony pro-
jectile trauma to the thorax. Most foren-
sic anthropology text books also describe 
bone trauma from projectiles (Byers 
2015; DiMaio 2015; Dirkmaat 2014). 
Many other researchers have investigat-
ed the biomechanics of gunshot wound-
ing, characteristics of wounds caused 
by different projectiles, how low veloci-
ty projectiles cause injury, prediction of 
the calibre of the weapon and manner in 
which death occurred (Berryman et al. 
2012; Berryman and Symes 1998; de la 
Grandmaison et al. 2001; DiMaio 2015; 
Lahren et al. 1987; Langley 2007; Smith 
and Wheatley 1984; Spitz and Spitz 
2006). However, misinterpretations have 
been noted, thus there is a need to un-
derstand the relationships between soft 
and hard tissue trauma injuries (Fackler 
1987; Fackler 1988). Symes et al. (2012), 
have suggested that the interpretation 
and assessment of high velocity impact to 
osseous tissue is only in its early stages 
and therefore more research is necessary 

to properly understand and accurately in-
terpret the bone injuries resulting from 
projectiles.

This study aims to analyse projectile 
trauma to the bony trunk region includ-
ing the ribs, vertebrae, scapula, sternum 
and the hip bone to form a better under-
standing of the characteristics and bio-
mechanics of skeletal trauma caused by 
a projectile. This study will contribute to 
the existing literature on skeletal trauma 
caused by projectiles. 

Materials and Methods
The Hamman-Todd Human Osteologi-
cal Collection at the Cleveland Natural 
History Museum, Ohio, contains 44 doc-
umented cases of gunshot trauma. Two 
cases had been returned to their respec-
tive families; twelve had unknown loca-
tion of wound or not visible wound (i.e. 
soft tissue trauma only); 3 had wounds 
to the limbs; thirteen had wounds to the 
cranium and fourteen had wounds to the 
torso region, that were sustained in real 
life situations. The fourteen torso region 
cases are discussed here. Each case was 
documented as gunshot wound being the 
cause of death, and where known, the 
manner of death was also documented (4 
homicide, 10 unknown). The age and sex 
were noted from the Museums records 
(mean age 29.86 (SD 7.57); sex: female 
14.2%, male 85.7%). Causative weapon 
was not known in the cases; however, 
no shotgun injuries were present due 
to the unique wounding properties of 
these types of weapons. Shots expelled 
from such a firearm form a large cloud of 
pellets that expands in diameter as dis-
tance increases. Due to the small size of 
each pellet, its kinetic energy is low and 
therefore one could expect multiple low 
impact injuries.
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A visual examination of the entire 
skeleton (where present) occurred to 
determine the location of the wounds. 
A Canon 5D Mark III with macro lens-
es camera was used to photograph the 
wounds. No autopsy records or patholo-
gists evaluations were available to assess 
soft tissue details, thus only anthropo-
logical analysis of the wounds occurred. 

Results
Of the 14 individuals with gunshot 
wounds examined in this study, 40 
wounds occurred to the bones. Twen-
ty-four injuries to the ribs, 1 ilium, 11 
vertebrae, 3 scapulae, and 1 sternum. 

Vertebrae

In the vertebrae, the injuries were often 
a shattering of the vertebral body, small 
clear fractures, and missing segments of 
bone including the pedicle. This occurs 
in the cervical, thoracic and lumbar ver-
tebrae (Figures 1–4). 

Fig. 1. Vertebrae of Individual HTH 524, displaying 
7th, 8th and 9th vertebral body shattering

Fig. 3. Vertebrae of Individual HTH 1812, display-
ing fracture and missing segments of Lumbar 4

Fig. 2. Vertebra of Individual HTH 1430, displaying 
clear fracture and missing segment of cervical 
vertebra (A, B)

Fig. 4. Vertebrae of Individual 659, displaying ver-
tebral shattering of thoracic 3, 4, 5 and 6 (A, B)
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Sternum

The sternum, particularly the corpus 
sterni (Figure 5), showed both an entry 
and exit wound which were distinguish-
able from each other, thus the ability to 
determine the projectile path. The entry 
wound was smaller with radiating frac-
tures. The exit wound, larger and more 
irregular in shape, also produced radiat-
ing fractures, however these heaved out-
wards.

Ribs

The ribs showed varying types of wounds. 
The first being small nicks in the bone as 
the projectile passed and minimally made 
contact with the bone. These present as 
semi-circular/oval defects on either the 
caudal or cranial edge of the ribs (Fig-
ures 6, 7, 8, 9, 10, 11). The diameter of 
the wound may reflect the calibre of the 

Fig. 5. Sternum of Individual HTH 1163. Full ster-
num displaying entry wound (A), entry wound 
(B), and exit wound (C), with small radiating 
fractures Fig. 9. Right 8th rib of individual HTH 596 (A). 

Wound located on cranial edge on articulating 
end of rib. Fractures running along length of 
rib in spiral pattern (B), and the clear circular 
entry wound (C)

Fig. 6. Superior view of Individual HTH 65 right 
4th rib (A) with arrow indicating wound on 
cranial edge of the sternal end. Close view of 
the wound (B), indicated by arrow

Fig. 10. Individual HTH 1238 left 9th rib displaying 
bone nick on cranial edge with depressed bone 
(A, B), and small radiating fractures lifting out-
wards (B)

Fig. 7. Inferior view of Individual HTH 65, left 4th 
and 5th rib (A), with arrow indicating wound 
on caudal edge of sternal end of 4th rib. Close 
view of wound (B)

Fig. 8. Individual HTH 1662, displaying circular 
defect in sternal end, caudal edge with flaking 
inwards (A, B)

Fig. 11. Individual HTH 1361. Left 3rd rib dis-
playing circular defect on sternal end, caudal 
edge (A). Clear circular entry with missing 
segments (A), external bevelling and flaking of 
exit wound (B)
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bullet, being large or small, however, such 
evidence is not definitive. The second type 
are fractures on either the sternal or ver-
tebral end of the rib. These fractures run 
along the length of the rib (Figures 12, 13). 

Other fractures can occur mid-shaft, often 
fracturing a  rib completely into separate 
pieces, two or more which can be recon-
structed (Figure 14). The third is a combi-
nation of a small circular nick in the bone, 
with fractures that run along the edge of 
the rib, some appearing similar to spiral 
fracture patterns (Figures 8, 9). What has 
been referred to as butterfly fractures in 
long bones, may also occur in these types 
of rib fractures (Figure 15). When the cir-
cular defect is present, the entry and exit 
side may be distinguished with the use of 
bevelling on the exit wound, entry wound 
is circular and smaller than the exit, de-
pressed or heaving fractures (Figure 8, 9, 
11). Multiple fractures may appear in the 
same individual, which can be difficult to 
distinguish as peri- or post-mortem (Fig-
ure 16, 17). These fractures can be simple 
transverse fractures across the width of 
the rib, or run along the rib, as in oblique 

Fig. 14. Individual HTH 1361. Right 6th rib dis-
playing fracture through shaft bending laterally

Fig. 15. Individual 1238 right 3rd rib. Caudal edge 
on articulating end displaying oval defect with 
radiating fractures similar to a butterfly pattern 
seen in long bone fractures

Fig. 12. Individual 524 displaying fracture running 
along length of rib on caudal edge of articulat-
ing end

Fig. 13. Individual HTH 2104. Right 5th and 6th 
ribs with fractures running along cranial sur-
face edge of sternal end (A). Left 1st rib dis-
playing small notch, and other rib with damage 
to sternal end
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fractures. If the bullet arrests in the rib, it 
may form a wound similar to Individual 
HTH 985 (Figure 18), where the bone re-
models around the bullet (as would occur 
if the bullet was not removed and the pa-
tient survived). 

Scapulae

Due to the irregularity and non-uniform 
thickness of the scapula, the wounds 
vary. The three injuries to the scapulae 

Fig. 16. Individual HTH 1163 displaying commin-
gled ribs with various fractures with no clear 
entry or exit wounds

Fig. 19. Individual HTH 659 with circular wound in 
subscapular fossa with fracturing

Fig. 17. Individual HTH 659. Fracture of left 3rd rib 
through shaft (A, B). Right 2nd, 3rd, 4th ribs with 
no distinct entry or exit wounds but fractures 
through shaft (C). Left 2nd rib with fracture 
through and along shaft (D)

Fig. 20. Individual HTH 1709. Left scapula with 
damage to infraspinous fossa (A), while right 
scapula shows damage to infraspinous fossa 
and vertebral border of scapula spine and miss-
ing segments (B)

Fig. 18. Individual HTH 985. Wound on right 7th 
rib. Potentially due to bullet arresting in rib and 
bone displaying signs of remodelling around 
bullet
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in this study showed that when a bullet 
penetrates the subscapular fossa (Fig-
ure 19) a clear circular wound is visible 
but fracturing into segments occurs. In 
individual HTH 1709 (Figure 20), both 
the left and right scapulae were injured. 
The fracturing pattern on the left scap-
ula shows in the infraspinous fossa 
fractured fragments heaving in the dor-
sal direction. The right scapula shows 
similar fracturing of the fragile and thin 
infraspinous fossa as well as the verte-
bral border of the scapular spine. In this 
individual, no clear entry or exit wound 
was visible. Most likely the projectile en-
tered the thorax anteriorly and caused 
cavitation that produced injuries to both 
scapulae.

Ilium

The ilium also showed distinct entry 
and exit wounds. The entry was oval in 
shape with depressed bone fragments 
and small radiating fractures. The exit 
wound, had significant external bevel-
ling.

Discussion

When firing a  weapon at an individual, 
the majority of people will aim for the 
centre of mass, this being the thorax and 
abdomen region or torso. In classical 
training of military and police, the train-
ees are instructed to aim at the centre of 
mass of the body, which is located in the 
torso region. Within the torso are major 
organs and thus death is highly likely. 
However, along with the soft tissues, 
there are also bony structures including 
the sternum, vertebrae, ribs, scapula, 
clavicle and lower down the pelvis. The 
projectile is therefore often to produce 
skeletal trauma to these regions in the 
victim. However, it has been found that 
a  bullet can pass through the intercos-
tal spaces without leaving evidence on 
the bone (Langley, 2007). The analysis 
of soft tissue, when available, can deter-
mine many details about an individual’s 
death, however, the analysis of the skel-
etal elements by a  forensic anthropolo-
gist can provide additional support and 
is critical when only skeletal material is 
available. 

Unlike soft tissues, bone offers more 
resistance against penetration by a bullet 
due to its composition, hardness, density 
and strength (Bartlett 2003; Janzon et al. 
1997; Stefanopoulos et al. 2015). Due to 
its nature, bone tissue cannot absorb the 
energy transferred from a  bullet to the 
extent in which soft tissues do. Instead, 
bones act like a  brittle material (Kieser 
et al. 2014; Stefanopoulos et al. 2015), 
when the stress/strain is beyond that 
they can rebound from, fractures occur. 
Ballistics fractures fall within sudden 
force and high speed category (Chapman 
2007; Hamblen et al. 2007), and such 
fractures could result from direct im-
pact of projectiles with excessive speed 

Fig. 21. Individual HTH 290 with wound on left 
ilium displaying circular wound (A), and clear 
exit wound with external bevelling (B)
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or a  projectile at a  vulnerable point in 
the bone (Byers 2015; Chapman 2007). 
The force exerted must be greater than 
what the bone can withstand and often 
occurs with projectiles moving at veloci-
ties ranging between 61 and 171 metres 
per second. When this occurs, the bone 
will fracture (DiMaio 2015; Harvey et 
al. 1962; Sellier and Kneubuehl 1995). 
Huelke et al. (1968) found that for vis-
ible damage of the bone, a  velocity of 
213.36 m/s or more was required. 

The skeletal wounding potential of 
a projectile will depend on numerous fac-
tors associated with the projectile itself as 
well as the bone which it makes contact 
with. These will affect the characteristics 
of the injury. The type of bone which the 
bullet contacts will affect the character-
istics of that injury. Bone consists of, on 
a molecular level, collagen and a calcium 
phosphate (hydroxyapatite) which give it 
its flexibility, strength and rigidity. Bone 
can be categorised according to the shape 
(i.e. long, short, flat, irregular). Projectile 
injuries to the flat bones, such as the cra-
nial vault, have the distinguishing fea-
ture of bevelling which can determine the 
entry and exit wound (Chapman 2007; 
DiMaio 2015; Quatrehomme and İşcan 
1997, 1998a,b, 1999). The ribs have an 
oval elongated cross-section, and contain 
some tubular properties, although the 
entire inside of the rib is comprised of 
trabecular spongy bone. Wounds in the 
ribs may also show bevelling or flaking 
in the direction of bullet travel, as seen 
in (Figures 8, 11, 14). This bevelling ap-
pearance of wounds is critical in deter-
mining the direction of travel of a bullet, 
and as seen in this study, can be seen in 
the ribs (Figure 8, 11, 14), sternum (Fig-
ure 5), ilium (Figure 21). It is less seen in 
the scapula (Figure 19, 20), potentially 
due to the thin nature of this bone com-

pared to the thicker sternum which has 
a  greater trabecular bone content (Ter-
signi-Tarrant and Shirley 2012). 

The direction in which the force of the 
bullet penetrates the bone will also deter-
mine the characteristics of the wounds. 
If a  bullet penetrates the thorax cavity, 
travelling through the intercostal spaces, 
no bone defects may appear. However, if 
the bullet contains a significant amount 
of energy which is deposited into the 
surrounding tissues by Newtons Laws, 
a temporary cavity will occur which may 
cause fractures in the midshaft of the 
ribs (Figures 14, 16, 17). Unlike in soft 
tissues, the temporary cavity in bone tis-
sue is not followed by the collapse of the 
cavity, rather the lack of elasticity caus-
ing a pulverisation effect to the bone (i.e. 
fracture) (Huelke et al. 1968; Janzon et 
al. 1997; Stefanopoulos et al. 2015). The 
transfer of energy to bone in ballistic in-
juries is less understood (Kieser et al. 
2014; Molde and Gray 1995; Stefanopo-
ulos et al. 2015), in comparison to that 
in soft tissues. The soft tissues, due to 
their elastic properties, are able to absorb 
the energy transferred and revert back to 
their normal state, unless their elastici-
ty is overcome. In bones, this elasticity 
value is less than that in soft tissues i.e. 
less energy is required to fracture the 
bone and it acts in a brittle manner. The 
amount of energy transferred to bone is 
influenced by the amount of contact time 
between the bullet and the bone, and this 
is inversely proportional to the velocity. 
Thus, a bullet travelling with low veloc-
ity will have more contact with the bone 
compared to a  high velocity bullet and 
therefore it is possible for these slow bul-
lets to cause more damage (Rothschild 
2011; Stefanopoulos et al. 2015). How-
ever, high velocity bullets can have an 
explosive effect where when penetrating 
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soft tissues indirect fractures are caused 
to nearby bones (e.g. ribs or long bones) 
due to the expansion of the temporary 
cavity and the transfer of high energy 
(Clasper 2001; Hollerman et al. 1990; 
Humphrey and Kumaratilake 2016; Jan-
zon 1983; Mellor 1994; Stefanopoulos et 
al. 2015).

A bullet may also contact the bone at 
an angle, such as with the scapula (Fig-
ure 20), and the bone will fracture in 
a  comminuted way. When this occurs, 
the way the bone fractures (e.g. heaves 
outwards) can be used to determine the 
direction in which the bullet travelled. 
When the bullet penetrates any bone 
perpendicular to the surface, it is high-
ly likely that the bullet will completely 
penetrate the bone, and a  clear entry/
exit wound will appear. This could occur 
here in the sternum (Figure 5), scapula 
(Figure 19), ilium (Figure 21). When the 
bullet penetrates the ribs, perpendicular, 
it may not make contact with the whole 
rib and therefore produce a  nick in the 
rib. This nick will be oval/circular in 
shape, mimicking the shape of the bul-
let (Figures 6–11). If high energy, the rib 
may also fracture along the length of the 
rib (Figure 9, 12, 13, 15). 

Fractures in the ribs, and also the 
vertebrae, may also be due to the pass-
ing of a bullet in close proximity to the 
bones, however not directly penetrating 
them. This would possibly only occur if 
the energy of the bullet is high enough 
to transfer the energy to the surrounding 
tissues and overcome the strength of the 
bone. With the vertebrae, as also found 
by Langley (2007), there is no clear en-
try or exit wounds, and the vertebral 
body often is comminuted (Figures 1–4). 
Secondary missiles occur when min-
ute fragments from the impacted bone 
cause their own permanent cavity. This 

can also occur with fragmenting bullets. 
This causes further trauma to other por-
tions of the body that can magnify the 
damage beyond that of the simple drill-
ing effect of the bullet itself (Harger and 
Huelke 1970). These are most often seen 
through radiographic studies (Amato 
et al. 1989). It has been found through 
experimental studies that the secondary 
fragments (e.g. bullet fragments, jack-
eting and bone shards) have the same 
possibility of lethality as the original bul-
let. The amount of damage increases if 
the impact velocities are great (i.e. 243 
m/s) (Harger and Huelke 1970). It could 
be presented as jagged edges, blown out 
fracture edges, large quantities of bone 
loss (Robens and Küsswetter 1982). 

The fractures to the ribs may also 
be able to be described by the general 
types of fracture terminology based on 
the pattern of the fracture which reflects 
the type of force acting on the bone. For 
example, transverse fractures where the 
bone fractures perpendicular to its long 
axis under tension occur often (Figure 16, 
17), oblique fractures where a 45 degree 
angle to its long axis under bending and 
compression occurs (Figure 17), spiral 
fractures, often occurring in long bones, 
have been noted in the rib cases (Figure 
9). As ribs and shafts of long bones have 
a  shape of oval tube, the force acting 
on these bones in torsion will create an 
oblique-like fracture which encircles the 
axis of the ribs. An interesting find was 
in one case (Figure 15) where a fracture 
similar to a  butterfly fracture occurred. 
The bone is penetrated by a bullet, where 
the force is a  combination of tension, 
compression and bending creating a nick 
in the bone directly from the bullet and 
a triangular fragment and two segment-
ed pieces (Figure 15). This often occurs 
in long bones (Symes et al. 2012) and in 



216 Caitlin Humphrey, Maciej Henneberg

blunt force trauma. The force acting in 
this type of wound produces angulation 
fractures (Ubelaker 1995).

As with gunshot wounds to the crani-
um, bevelling is a distinguishing feature 
of entrance and exit wounds. This char-
acteristic has been seen here on some 
of the ribs (Figure 11) as well as on the 
ilium (Figure 21). The heaving of a frac-
ture in a particular direction or displaced 
fragments of bone can also determine the 
direction of travel (e.g. Figure 14).

Conclusion
It is critical to understand the wound-
ing patterns associated with projectile 
trauma to the torso region as this is the 
centre of the mass and is often targeted. 
The fracture patterns on the ribs can be 
used to determine the direction of travel 
of the projectile. Further analysis of more 
specimens will provide a greater under-
standing of these wounding patterns and 
controlled experimental studies may lead 
to the development of a  bone simulant 
which is able to be used in these exper-
iments. 
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