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Abstract

This paper develops survivability evaluation procedure (KUSAR ST-33 program) for bullet penetration into human body based on the
AIS (abbreviated injury scale) and the NISS (new injury severity score). Depending on the energy and geometrical configuration of bullet,
the shape of temporary wound cavity inside human body is different and this influences the extent of injury. First, some bullet experi-
ments are carried out to extract representative shapes of temporary cavities according to bullet types, and three-dimensional matrix repre-
senting human anatomical structure is constructed from scanned CT images of upper body. By mapping the extracted cavity shapes to the
3D matrix for anatomical structure, volume of damaged tissues of some internal organs including blood vessels and bones are calculated.
Finally, the AIS and the NISS scores depending on the trajectories of bullets and energy levels are computed with some random variation
effects. Bullet trajectories and consequent damaged anatomical structure are visualized.
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1. Introduction

To determine the type and severity of injuries due to the
bullet penetration to human body or gunshot wounds, this
paper develops survivability analysis procedure based on the
KUSAR ST-33 program, shown in Fig. 1. It is known that,
depending on the energy level and the geometrical configura-
tions of bullets, the survivability rate of soldiers with gunshot
wound vary statically. For this reason, the temporary and per-
manent cavities which occur by bullet penetration are different
and the damage mechanisms are influenced. The developed
3D injury assessment procedure visualizes the bullet trajecto-
ries and temporary cavities inside the human body and pro-
vides the survivability score based on the AIS (abbreviated
injury scale) by which complex and variable factors related to
the survivability are reduced to a single number.

A simulation based computation of the vulnerability and
survivability rates of combat soldiers or civilians from pene-
trating harmful objects is needed in order to estimate the med-
ical response and to predict the outcomes of wounded patients
[1-5]. Further, it plays an important role in developing a pro-
tecting system or weapons to minimize or maximize hazard
injuries [4]. Therefore, some relevant researches have been
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conducted. A human model simulating the vulnerability of
soldiers aboard ships was developed (see Ref. [2] and refer-
ences therein). In Ref. [6], a mathematical (probabilistic) rep-
resentation of a conditional survival function was proposed
using the tactical medical logistics (TML+) planning tool.
There are several studies for the army that simulate the human
damages as a result of explosions or high speed impacts [1-5,
7-15]. In addition, some military research centers have been
developing several computer programs for the purpose of
vulnerability assessment [1-5].

The present KUSAR ST-33 program was developed by fol-
lowing procedures. Firstly, some experiments on ballistic
gelatins were conducted to extract the shapes of the internal
bullet cavities. Finite element (FE) simulation of bullet pene-
tration was conducted using the viscoelastic material model
obtained from the tension test for human cadaver muscle and
from the relaxation test for pig organs. Secondly, the cross
section images of upper body scanned by a medical CT ma-
chine are segmented into numbered pixels and stacked to con-
struct a three-dimensional matrix. Thirdly, the three-
dimensional matrix is used to determine the amount of dam-
age of some major organs depending on the bullet trajectory
and extracted cavity shapes. Lastly, the AIS (and NISS) scor-
ing system is adopted to get the injury severity and survivabil-
ity information due to the damaged organs.

The remaining parts are organized as follows. In Sec. 2.1,
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Fig. 1. Four steps of survivability evaluation procedure in KUSAR ST-
33 program.

the shapes of temporary cavities of several bullets are ex-
tracted from gunshot experiments. In Sec. 2.2, from the CT
images of a human body a three-dimensional anatomical
structure is established [16-26]. In Sec. 2.3, the bullet trajec-
tory and shape of temporary cavity are defined for 3D ana-
tomical structure to extract the damaged volume of some ma-
jor organs. In Sec. 2.4, with the help of the AIS (abbreviated
injury score) and the NISS (new injury severity score), the
injury severity of a human depending on the bullet trajectory
and energy is computed. In the example of Sec. 3, several case
studies were included to illustrate how the developed proce-
dure predicts tangible outcomes that represent a difference of
survivability. Finally, our findings and conclusions are sum-
marized.

2. Survivability analysis for ballistic wounds

2.1 Experiments on bullet penetration

It is impossible to test bullet penetration phenomena directly
on humans and there are many limitations in obtaining the
related information. Furthermore, some legal and ethical is-
sues exist that involve investigating gun related accidents or
criminal firearms discharges. To approximate the internal
damages of personnel, we carried out real bullet firing ex-
periments inside 10 % ballistic gelatin blocks, as shown in Fig.
2. With a high speed camera, temporary cavity can be ob-
tained and this information can be regarded as a replication of
the damage mechanisms inside personnel with some discrep-
ancies. Information about the shape and characteristics of
temporary cavity generated inside gelatin blocks was also
collected from relevant Refs. [7, 9, 27, 28]. Depending on the
energies and shapes of bullets, not to mention, the energy dis-
sipation mechanisms inside gelatin blocks are different [7, 9,
27, 28]. From our experiments on gelatin block, we witnessed
that the overall trajectories of bullets are not significantly al-
tered. We admit that some variations of the penetration trajec-
tory are expected in human body due to the inhomogeneous
material properties and the existence of bones and membra-
nous structures. Along the bullet trajectory, some internal
organs will be damaged.

Different phenomena are observed from our ballistic gelatin

(b)

Fig. 2. (a) Specifications; (b) gun firing simulation and experiment for
various bullets.

experiments, depending on the energies and shapes of bullets.
The energy of a .22 LR gun with a 2.9 g bullet (projectile)
before impact is about 195 J, and inside the ballistic gelatin,
the bullet loses some energy and becomes unstable, resulting
in some tumbling motion. Just before exit of the 30 cm gelatin
block, the bullet rotates 180 degrees. With the tumbling phe-
nomenon, the sizes of temporary cavities are dramatically
increased, and from a medical point of view, the correspond-
ing parts of internal organs will be damaged. A .38 special gun
has energy of 420 J before impact. This bullet also rotates
about 90 degrees inside the gelatin block. A 9 mm bullet with
462 J of impact energy travels several centimeters before it
begins tumbling. The 9 mm bullet also rotates 90 degrees
before it exits. The .45 ACP bullet with 483 J of impact en-
ergy also travels through the gelatin block. Compared with the
first three bullets, the .45 ACP bullet has a larger energy.
Therefore, it shows little rotation and less tumbling than those
of the first three bullets. The .357 Magnum, which has 725 J
of pre-impact energy, shows a similar straight trajectory. Even
though it has the highest energy, its damage due to the tempo-
rary cavity is minimized.

Fig. 3 lists the temporary cavity shapes of the above gun-
shot experiments [7, 27, 28] in Fig. 2. Depending on different
bullet trajectories and different sizes of temporary cavity, the
injury scale can be different, which initiated our research. In
our analysis, information about various damage mechanisms
depending on the type of bullet can be saved in a database and
integrated.

2.2 Generation of a 3D anatomical structure matrix

To score the severity of injury by gunshot, the temporary
cavity shapes of the various bullets studied in the previous
section can be integrated with the 3D anatomical information
[16-26]. To achieve this, this research proposes making a 3D
anatomical structure matrix from high quality human body CT
scans. Although there are many researches for the modeling of
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Fig. 3. Extraction of temporary cavity shapes for (a) .22 LR; (b) .38
special; (¢) 9 mm; (d) .45 ACP; (e) .357 magnum bullet.

human body feature [29-31] and related application programs
using a digital human model [32], researches for the modeling
of internal anatomical structure of human body and its appli-
cation program are not found well. This subsection describes
how to construct the 3D anatomical structure matrix imple-
mented in our vulnerability analysis.

The first step of our work is to obtain a set of high quality
CT scan images. Medical imaging techniques such as comput-
erized tomography (CT), magnetic resonance imaging (MRI)
or ultrasound imaging generate a representation of a patient’s
anatomy for medical diagnosis [16-26]. For the 3D segmenta-
tion of human body, 100 cross section images are taken for the
marked region in Fig. 4, as this region is important in comput-
ing the injury score. The areas of major vessels, bones, major
thoracic and abdominal organs are manually indexed for each
CT image, as shown in Fig. 4. The in-plane resolution of in-
dexed pixels is 3.9 mm and the distance between adjacent CT
image slices is approximately 3.5 mm. By combining all the
indexed pixels of 100 images, we can construct a set of hexa-
hedral voxels with approximated size of 3.7 mm (average of
3.5 mm and 3.9 mm). The pixels for vessel, bone, heart, lung,
liver, and stomach are indexed as 1, 2, 3, 4, 5 and 6, respec-
tively. The pixels for the remaining parts are indexed as 9. The
pixels out of the body are indexed as 0.

Note that there is little research that considers damage to the
vessel part of the anatomy. Following discussion with a medi-
cal doctor, it is commented that the injury to the major blood
vessels in the chest is an important factor in determining sur-
vivability. The major vessels included in the indexed pixels
are ascending and descending aorta, aortic arch, thoracic and

Considered region

100 X 100 pixels = 2D matrix

100 CT image

Pixel size
=3.9mm
Interval between images
=3.5mm

Sk
2 Bone 3 Heart
6 Stomach
Fig. 4. A 3D anatomical structure obtained from CT images (picture on

the left side representing human body is uncopyrighted picture
downloaded from https://pixabay.com).

‘) 0 Non-Body
_J | 9 Remainder

Approximated voxel size
- 3.7mm

abdominal aorta, brachiocephalic trunk, common carotid ar-
tery, subclavian artery, pulmonary trunk, and main branches
of the pulmonary artery and pulmonary vein, subclavian vein,
internal jugular vein, brachiocephalic vein, superior vena cava
and inferior vena cava. The bones included in the index are
thoracic and upper lumbar vertebrae, scapula, sternum, ribs.

2.3 Calculation of damaged tissues

We defined the bullet trajectory and temporary cavity shape
using the indexed voxels of anatomical structure. The indexed
voxels are stored in the form of the three-dimensional matrix.
To aid the programming convenience, we used element posi-
tion of the 3D matrix as coordinates for calculating bullet tra-
jectory. In this case, real-size voxels are mapped into unit-size
voxels, as shown in Fig. 5. After that, the bullet trajectory is
generated by linear line defined by the two points, i.e., an im-
pact point and an exit point. With the bullet firing information
provided by a user, it is possible to consider the various direc-
tions of bullet penetrations.

The cavity shapes from the gunshot experiments in Sec. 2.1
are mapped along the bullet trajectory line. Furthermore, the
two idealized shapes, i.e., parabolic and semi parabolic shapes,
can be implemented by a user definition. Following discus-
sions with researchers for the Republic of Korea Army, some
random irregularities in the bullet trajectory and the cavity size
are implemented with the “rand” matlab function. A user can
define a maximum perturbed distance from the straight trajec-
tory as shown in Fig. 10(b). This maximum perturbed distance
and the sum of six sine (or cosine) functions with random
frequencies generated by the “rand” matlab function are used
to generate random disturbances. In addition, a user can define
a maximum radius increase of temporary cavity. This value is
also multiplied to a random value between 0 and 1 also gener-
ated by the “rand” matlab function.

Now, assuming that the tissues of internal organs inside the
cavities are damaged, the indexes of the voxel elements within
the cavity are extracted and used to calculate the volume of



5042 G. H. Yoon et al. / Journal of Mechanical Science and Technology 32 (10) (2018) 5039~5047

Virtual voxel size:
1 (no unit)

Real voxel size
:3.7mm

¥ »

Mapped

3D Matrix
AX,Y,Z)

Set of voxels

fX.Y,2)

Entrance |
point

Origin (0.5,0.5,0.5)

X=1,2,..,100 Y=1,2,...,100 Z=1,2,...,100

Fig. 5. Definition of bullet trajectory in 3D matrix of anatomical structure.
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Fig. 6. (a) Flowchart of the damage computing algorithm; (b) the ra-
dius modeling of temporary cavities (idealized parabola and semi
parabola shapes and the cavity shapes from experiments).

damaged tissues for each indexed organ. The overall calcula-
tion procedure for 3D matrix is illustrated in Fig. 6(a). Some
mathematical algorithms are developed to extract the indexes
of the voxel elements within the cavity defined by Fig. 6(b).

2.4 Application of injury scoring system (ALS and NISS)

The computed volume of damaged internal organs is scored
using the abbreviated injury scale (AIS) and the new injury

AIS Score Description 1
1 Minor ’?ng
2 Moderate g 06
3 Serious = 04
w
4 Severe
0.2
5 Critical
0
6 Maximal 1 2 3 4 5 6

AlS score

Fig. 7. The abbreviated injury scale system and the survivability rate
according to the AIS score.

severity score (NISS) systems [8-15, 27, 33-36]. The AIS is an
anatomy based scoring system developed by the Association
for the Advancement of Automotive Medicine (AAAM) in
order to classify and describe the severity of injuries and esti-
mate the survivability. Based on statistical approaches, the
threat to life associated with the injury can be digitized. The
AIS is a widely used anatomical scale for traumatic injuries. It
has been revised since 1969 with major updates. In the AIS
system, we can see numbers, which vary from 1 to 6, as
shown in Fig. 7. The injury cases with AIS Score 1 are minor
injuries and the injury cases with AIS Score 6 are untreatable
injuries.

With the AIS system, the new injury severity score (NISS)
can be computed as a measure of injury severity for patients
with multiple traumas. The NISS (new injury severity score)
is the sum of the squares of the three largest values of the AIS
scores regardless of body region. Compared to the NISS, the
original ISS (injury severity score) is the sum of the squares of
the highest AIS scores for the three most severely injured
body regions. In the calculation of the ISS, body regions are
divided into six regions (head or neck, face, thorax, abdomen,
extremities and external). But as expected, it is not enough to
summarize the injury severity of a patient with multiple trau-
mas with a single number. So in emergency centers, various
scoring systems such as the revised trauma score (RTS), the
acute physiology and chronic health evaluation (APACHE),
the trauma score-injury severity score (TRISS), or a severity
characterization of trauma (ASCOT) are used.

The AIS score for each organ is computed depending on the
damage rate of each organ (defined by the damaged volume
per the total volume) as Table 1. For instance, whether the
damaged volume of the vessel parts is below 5 % of the total
vessel volume or not, the AIS score is set to 5 or 6. In the
similar way, the AIS scores of the other organs are calculated
according to the criteria of Table 1 which is a quantitatively
simplified version of the original AIS score originally devel-
oped in the framework of KUSAR ST-33. Then, the square
sum of the three largest values among the AIS scores of indi-
vidual organs is defined as the NISS score. The anatomical
structure inside cavity is visualized in the present KUSAR ST-
33 program, as shown in Fig. 8. The sectional views (top, right,
and front views) are represented. Fig. 9 shows the entire proc-
ess of the developed program.
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Table 1. Criteria for AIS score decision from the damage rate of each
organ (D: Damage rate (%)).

Vessel 0<D<5 5<D<100
AIS score 5 6

Bone 0<D<15 15<D<100
AIS score 4 5

Heart 0<D<5 5<D<100
AIS score 5 6

Lung 0<D<25 25<D<50 50<D<100
AIS score 3 4 5

Liver 0<D<25 25<D<50 50<D<100
AIS score 3 4 5
Stomach 0<D<15 15<D<50 50<D <100
AIS score 2 3 4

- Temporary cavity type: 9mm bullet - Bullet energy: 462 J

Top view (x-y): Right view (y-z): Front view (x-z):
Bottom - Top Left - Right Front - Back

3 g X =50, Y, =1, Z,, =50
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Total = 514685.133 mm® Total =26.5949 %
Fig. 8. An AIS score computing example.
Input condition Output result
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. . Severity score
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Fig. 9. The AIS computation procedure.

3. Damage simulation examples

This section shows some simulation results with the devel-
oped procedure (KUSAR ST-33). The program computes
different AIS and NISS scores depending on the impact points
and the energies of different bullets related to the size of tem-
porary cavity.
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Fig. 10. An example of calculating the survivability due to the front
gun shot: (a) Illustration of entrance and exit position of bullet; (b)
random variation of bullet trajectory and radius of temporary cavity.

3.1 Example 1: Survivability analysis of front gunshot

For the first example, the gunshot impact on 16 points of
the chest is considered as Fig. 10. We assumed that bullets
have sufficient energies and penetrate the body almost per-
pendicularly. The variations of the exit position of bullet and
the fluctuations of the bullet trajectory and the radius of tem-
porary cavity are included with randomness in Fig. 10(b). The
bullet exit position can be any point inside the circle with ra-
dius of 10 units (10x3.7 mm=3.7 cm ). It is controlled by a
random parameter « . For the smooth variations of bullet
trajectory and radius of temporary cavity, six sine functions
(or cosine functions) are summed whose frequencies are ran-
domly chosen. These random characteristics were included to
consider the environmental factors such as soldier proficiency,
wind, target movement and the resistance factors inflicted to
bullet. Some additional random variations can be modeled, but
this has not been implemented in the present program. Fur-
thermore, to overcome current limitations and improve the
accuracy of the program, real combat data should be inserted.

Fig. 11 shows the computed mean AIS and the mean NISS
scores with a 9 mm bullet with 462 J of energy for 16 points.
To obtain the mean scores, 100 bullet penetration simulations
are carried out for each impact point. As mean AIS score is
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Table 2. AIS mean score and NISS mean score of the first example
(Fig. 11).

Table 3. The standard deviations of the AIS and the NISS scores of the
first example (Fig. 11).

Position AIS (mean) NISS Position AIS (STD, standard deviation) NISS
(x¥) | Vessel | Bone | Heart | Lung | Liver S:;El_ (mean) (%Y) | Vessel | Bone | Hear-t | Lung | Liver S:;El_ (STD)
(20,20) | 0.40 | 4.00 | 0.00 | 3.00 | 3.00 | 0.00 35.28 (20,20) | 1.36 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 4.36
(20,40) | 2.90 | 4.00 | 0.00 | 3.00 | 0.00 | 0.00 39.50 (20,40) | 248 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 12.40
(20,60) | 1.50 | 4.00 | 0.00 | 3.00 | 0.00 | 0.00 32.50 (20,60) | 2.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 11.51
(20,80) | 5.00 | 400 | 0.00 | 3.00 | 0.00 | 0.00 50.00 (20,80) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00
(40,20) | 5.03 | 400 | 520 | 3.00 | 3.00 | 0.00 68.53 (40,20) | 0.17 | 0.00 | 0.40 | 0.00 | 0.00 | 0.00 5.38
(40,40) | 557 | 400 | 578 | 3.00 | 0.00 | 0.00 80.85 (40,40) | 0.50 | 0.00 | 042 | 0.00 | 0.00 | 0.00 6.52
(40,60) | 6.00 | 400 | 4.10 | 3.00 | 0.00 | 0.00 74.12 (40,60) | 0.00 | 0.00 | 1.93 | 0.00 | 0.00 | 0.00 6.18
(40,80) | 5.42 | 4.00 | 0.00 | 3.00 | 0.00 | 0.00 54.62 (40,80) | 0.50 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 5.46
(60,20) | 5.06 | 400 | 6.00 | 3.00 | 3.00 | 0.91 78.05 (60,20) | 0.60 | 0.00 | 0.00 | 0.00 | 0.00 | 1.05 3.86
(60,40) | 5.69 | 400 | 6.00 | 3.00 | 0.00 | 0.00 84.59 (60,40) | 046 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 5.11
(60,60) | 6.00 | 400 | 527 | 3.00 | 0.00 | 0.00 79.97 (60,60) | 0.00 | 0.00 | 045 | 0.00 | 0.00 | 0.00 491
(60,80) | 590 | 4.00 | 0.00 | 3.00 | 0.00 | 0.00 59.90 (60,80) | 0.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 3.32
(80,20) | 125 | 4.00 | 5.01 | 3.00 | 3.00 | 0.30 54.89 (80,20) | 2.18 | 0.00 | 0.78 | 0.00 | 0.00 | 0.72 9.17
(80,40) | 480 | 4.00 | 3.88 | 3.00 | 0.00 | 0.00 61.65 (80,40) | 098 | 0.00 | 2.14 | 0.00 | 0.00 | 0.00 10.08
(80,60) | 430 | 400 | 0.00 | 3.00 | 0.00 | 0.00 46.50 (80,60) | 1.74 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 8.72
(80,80) | 5.00 | 400 | 0.00 | 3.00 | 0.00 | 0.00 50.00 (80,80) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00
Max(Mean AIS) Mean NISS X, €{51015,..9095}, Y, =1, Z,. €{51015,..9095}
T | | X, =X +20(2=0.5), Y, =100, Z, =Z,. +20(c-0.5)

5.00 §5.42 4590 H5.00 54.62 59.90 50.00 —

T AT T 6

4.00 1 6.00 f 6.00 & 430 74.12 79.97 46.50 —

80.85 84.59 61.65 —

68.53 78.05 54.89 —

Fig. 11. The survivability computation for 9 mm bullet with 462 J of
energy.

computed for an individual organ, the mean score shown in
Fig. 11 is maximum score among the organs. As expected, the
AIS score near the heart and the main blood vessel parts above
the heart is 6, which is the highest score of the AIS scoring
system. Due to this high score, the ballistic wound near the
heart is very fatal and instant death is expected. When this
bullet impacts near the left side area, i.e., (20,20), (20,40) or
(20,60), the score is reduced to 4. This score is due to the fact
that the important organs such as heart, major vessels are far
from the side. When the impact point moves to the right side
between 40 and 60, the score increases, as expected. The
NISS score shows the similar tendency. Tables 2 and 3 give
the detailed values for the scores. Because random parameters
are used, there are few statistical variations for the repeated
simulation.

Fig. 12 shows the refined AIS score distribution of Fig. 11.
From this information, survivability of some wounded soldiers

LIl

Fig. 12. Visualization of the detailed survivability computation for 9
mm bullet with 462 J of energy.

can be predicted by observing the positions of penetration
wounds although bullet energies of different kinds of weapons
should be considered as following examples.

Fig. 13 shows that the AIS score and the NISS score when
the energy of a 9 mm bullet is decreased to a half and a quarter
of the initial value, respectively. Here, it is also assumed that
the radius of temporary cavity linearly decreases with respect
to the impact energy of bullet. Reduction of bullet energy can
be considered when the distance between the gun and body
increases. The NISS score near the heart at (60, 60) is signifi-
cantly decreases from 79.97 to 73.69 and 60.69 while the
NISS score at (20, 20) slightly decreases from 35.28 to 33.64
and 32.65. Therefore, the results in Figs. 11 and 13 imply that
the extent of change of survivability rate according to the bul-
let energy varies for different impact points.
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Max(Mean AIS)

Mean NISS

80 y 4.85 ‘5.31 80
I

60
40

20

(b)

+49.25 - 53.41 -

- 58.82 - 73.69 -

©67.21 - 77.00 -

+59.60 - 72.32

40 60

Mean NISS

- 47.00 - 49.86 -

- 51.28 - 60.69 -

£ 63.23 - 68.13 -

- 48.76 - 60.63 -

36.08 —

32.25 —

31.55 —

3835 —

Fig. 13. The survivability computation (using the formulation in Fig.
6(b)) for a 9 mm bullet with (a) 231 J (a half of the energy of Fig. 11);
(b) 115.5 J (a quarter of the energy of Fig. 11).

(b)

Max(Mean AIS) Mean NISS
| |
80 — 50.00 - 61.00 + 61.00 - 50.00 —
L
60 — 43.25 - 79.97 - 85.69 - 53.05 —
| |
40 — 49.75 - 88.00 - 88.00 - 71.17 —
L
20 — 42.61 - 81.95 - 85.69 - 69.01 —
IZ -
20 40 60 80
X
(2)
Mean NISS
80 —— 38.50 - 50.00 - 54.18 - 48.15 —
I
60 — 26.75 - 61.24 - 75.18 - 37.75 —
Ll
40 — 31.00 - 70.29 - 81.62 - 46.43 —
N
20 — 34.83 - 61.68 - 74.98 - 43.38 —
IZ L[]
20 40 60 80
X

Fig. 14. The survivability computation for (a) .357 magnum bullet (725

7); (b) .22LR bullet (159 J).
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12 bullet entrance position

Entrance position ® (,,.Z,.) atX,, =100

Exit position ® (V.Z.)

atX,, =1

Xemm =100
Y, € 1305070}
Z,., € {20 40 60 80}

@ : random value (0<a < 1)

Fig. 15. An example of calculating the survivability due to the side gun
shot.

Max(Mean AIS) Mean NISS

43.44 - 61.00 50.00

59.52 - 79.75 45.75

62.78 - 85.03 51.88

60.34 - 83.38 43.06

Fig. 16. The survivability computation for 9 mm bullet with 462 J of
energy (side gunshot).

Fig. 14(a) shows the computed AIS score and the NISS
score with a .357 Magnum bullet with 725 J of energy. Note
that the shape in Fig. 3 is used in the calculation of scores.
Because of the high dynamic energy of the bullet, the AIS and
the NISS scores increase. The NISS score at (20, 20) also
increases significantly by 7 points. Fig. 14(b) shows the mean
AIS score and the mean NISS score for a .22LR bullet with
159 J of energy. Because of relatively low energy, the overall
scores are smaller than those of a 9 mm bullet. But the injury
is still fatal near the heart.

3.2 Example 2: Survivability analysis of side gunshot

As a next example, the survivability rate for the side gun-
shot is computed with a 9 mm bullet of 462 J in Fig. 15. The
12 positions are considered assuming the penetration through
the body model. The random variations for exit position, bul-
let trajectory and radius of temporary cavity are also imple-
mented as previous examples.

Fig. 16 shows the varying survivability rates for the side
gunshot depending on the impact point. The mean AIS and
NISS scores increase when bullet impacts near the important
organs such as heart, major blood vessels and decrease when
bullet impacts far from the internal organs. In addition to this
example, a further sophisticated situation can be simulated
considering various gunshot situations.
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4. Conclusions

This research presents a survivability evaluation procedure
for gunshot wounds for the application of Republic of Korea
Army or police. This research was initiated as a part of a long-
term research to recognize and identify relevant items of in-
formation for human survivability. In order to develop a uni-
fied survivability model for Korea, some missing and unclear
information are independently researched and they are inte-
grated into the unified survivability program KUSAR ST-33
[37, 38]. In this regard, damage mechanism by bullet penetra-
tion was investigated by gunshot experiments with 10 % gela-
tin blocks whose behaviors are known to be similar to those of
human muscle. Depending on the energy and the shape of
bullets, the shapes of temporary cavities inside human body
are different. The temporary cavity shapes for gelatin block
are extracted for various bullets and are integrated with the 3D
anatomical structure for which internal organs were numbered
with different indexes. We assumed that the damaged tissues
inside temporary cavity influence the survivability and com-
puted the AIS and NISS injury scores related to survivability
rate depending on the trajectory of bullet. In short, this re-
search developed a survivability analysis procedure by the
combination of gunshot experiment results and 3D anatomical
structure matrix. For further research on this topic, it is neces-
sary to verify the computed survivability rate with real dam-
age cases and include vital signs.
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