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Objective. To determine the nature of the destruction of the bone and
surrounding tissues in gunshot fractures of the long bones of the ex-
tremities and to create their clinical and radiological classification.
Material and methods. 123 cases with gunshot fractures of the long
bones of the extremities (127 fractures) were studied.  The number
of intermediate fragments, the magnitude of their transverse dis-
placement, the length of the bone destruction zone, the shape and size
of the soft tissue wound were studied. During the operation, the state
of the anatomical connection of the fragments with the periosteum
and muscles was assessed. Based on known data on the mass and
speed of traumatic agents, calculations of their energy that occur
during the action of a bullet and a hit by a moving car were made.
Results. 97 % of the victims had multifragment fractures, among them
50 % had 2-3 intermediate fragments, 30 % — 4—6 and 22 % — 7
or more, or a primary bone defect was formed. Based on the number
of formed intermediate fragments, the magnitude of their transverse
displacement and the presence (or absence) of anatomical connec-
tion with living tissues, we distinguished three types of gunshot frac-
ture: 1 — with slight or moderate transverse displacement of the in-
termediate and main fragments (within the diameter of the bone and
with preservation of the longitudinal orientation); 2 — with signifi-
cant transverse displacement of one or more intermediate fragments
(in the direction of the projectile movement) with loss of anatomical
connection with the periosteum and formation of a parietal defect
of the bone and a wound of medium or large size; 3 — with excessive
transverse displacement of all intermediate fragments (in the direc-
tion of the projectile movement) with loss of their anatomical con-
nection with the periosteum and formation of a complete transverse
defect of the bone. It was found that in the majority (66%) of gunshot
fractures, despite the presence of a soft tissue wound, the intermedi-
ate and main fragments retain an anatomical connection with the
periosteum and muscles, and this is of great importance in choosing
treatment tactics.

Mema. 3’sicysamu xapaxmep pyuny8amHs KiCMKU 1 OmMo4yio-
yux i MKaHUH 3a 60ZHENAILHUX NEPeloMI8 0082UX KICMOK KiH-
YIBOK i cmeopumu iIx KIIHIKO-PeHMEEHONO2IUHY KIACUDIKayiio.
Memoou. Jlocnidsicerno 123 ocobu 3 6ocHenanbHuMu nepeiomamu
doe2ux KICMok Kinyisox (127 nepenromie). Busuanu kinokicme npo-
MICHUX YNIAMKIG, 8EIUYUNY IXHbO20 NONEPEUHO20 3MILEHHS, NPO-
MANACHICIS 30HU PYUHYS8AHHA KICMKU, )opMy ma po3mipu pauu
m’akux mranun. 11io uac onepayii oyinrosanu cman anamomiy-
HO20 36 A3KY YAAMKI8 3 oKicmam i m’azamu. Ha niocmasi gioomux
O0aHux npo macy i WeUOKICms MpagMyUUX a2eHmié nPpoeedeHo
Po3paxyuxu ixuvoi emepeii 3a ymos Oii Kyai uu yoapy aemomo-
obinem, saxuii pyxacmocs. Pesynomamu. Y 97 % nocmpasicoanux
b6ynu bazamoynamrkosi nepenomu, ceped Hux 50 % manu 2—3 npo-
midicHi ynamxu, 30 — 4—6 i 22 % — 7 i Oinvuie npomidiCcHUX yaam-
Ki6, abo ymeopuecs nepsunnuil degpekm xicmku. Ha niocmaei
KINbKOCMI YMBOPEHUX NPOMINCHUX YIAMKIE, 8eIUYUHU iX none-
peunoeo nepemiwents ma HaasHocmi (abo eiocymuocmi) ana-
MOMIUH020 363Ky 3 HCUBUMU TMKAHUHAMYU HAMU UOLIeHO mpu
munu 602HenaIbHUX nepeaomie. 1 — i3 He3HauyHUM abo nomip-
HUM nonepeyHuM nepemiyyeHHAM NPOMIHCHUX | OCHOBHUX YIAMKIE
(v Medicax nonepeyHura Kicmxu i 3i 30epesiceHHAM N083008HCHbOL
opienmayii); 2 — 31 3HAUHUM NONepPeYHUM NePeMiUeHHAM 0OHO20
abo 0eKiIbKOX NPOMINCHUX YIAMKIG (30 HANPAMOM PYXY CHAPAOa)
31 BMPAMOI0 AHAMOMIUHO20 36’83KY 3 OKICMHO-M S308UM (Dym-
JIAAPOM MA YMBOPEHHAM NPUCTIHKOBO20 Oehexmy KicmKu i panu
cepeonix abo GeauKux posmipie; 3 — i3 HAOMIDHUM NONEPEUHUM
nepemMiyeHHAM YCIX NPOMIJICHUX VIAMKI6 (3a HANPSAMKOM PYXY
cHapaoa) 3 6Mpamor HUMU AHAMOMIUHO20 36 13KY 3 OKICMHO-
MAZ06UM DYMIAPOM MA YMBOPEHHAM NOBHO20 NONEPEUHO20 Oe-
¢exmy xicmxu. Bucnosxu. Busagneno, wo 3a oinvwocmi (66 %)
B802HENANLHUX NePeoMis, He OUBNAYUCL HA HAABHICMb paHu
MAKUX MKAHUH, NPOMINCHI Ul OCHOBHI YIAMKU 30epiearoms aHa-
MOMIYHUL 38 S130K 3 OKICMAM I MA3AMU, Ye MAE 8AICIUBE 3HA-
yeHHs 8ubOpy makmuxu aAikyeanus. Knwouosi ciosa. Boenenanvhi
nepenomu, Mopgponozis, kiacugpikayis.
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Introduction

Fractures caused by projectiles with a reserve
of kinetic energy are different from those we are
used to seeing in peacetime, as they are associated
with the action of a high-energy carrier. From the ex-
perience of recent years, it is evident that fractures
of long bones caused by bullets or shrapnel occur
in the following forms: comminuted (26 %), shat-
tered (69 %), and with the formation of a primary
bone defect (5 %) [1]. Our previous analysis of gun-
shot fractures showed that they approached types B
(40 %) and C (47 %) in terms of the fracture plane and
the number of fragments, according to the AO clas-
sification (Fracture and Dislocation Classification
Compendium) [3]. However, some types of gunshot
bone destruction were not accounted for, such as frac-
tures that involve the presence of a bone defect.

In scientific articles on the treatment of gun-
shot fractures, the Gustilo-Anderson classification
for open fractures is used, which was proposed in
1976 [4] and later refined in 1984 [5]. Regarding
the relationship between the nature of the fracture
plane and the extent of soft tissue damage, the au-
thors of the classification note that for types I and II
of open fractures, there is one transverse or oblique
plane, while for type IlII, there are several planes and
the formation of intermediate fragments. It should be
noted that this classification is based on the experi-
ence of treating open fractures inpeacetime, among
which fractures with a single fracture plane are most
common.

The morphology of a gunshot fracture is inextri-
cably linked to the destruction of the surrounding
soft tissues, and all of this must be considered and
evaluated as a whole. From our point of view, having
a uniform mechanism of injury and similar patterns
of destruction, gunshot fractures require a separate
classification that would divide them by severity,
healing prognosis, and would also serve as a basis for
choosing the treatment method.

Objective: To investigate the nature of bone de-
struction and the surrounding tissues in gunshot frac-
tures of long bones in the limbs and create a clini-
cal-radiological classification for them.

Materials and Methods

The study was conducted in compliance with
the requirements and provisions of the Helsinki Dec-
laration on human rights, the Constitution and ba-
sic health protection laws of Ukraine, and all ethi-
cal standards regarding clinical research (Protocol
No. 256 dated 17.11.2025, State Institution Professor
M. L. Sytenko Institute of Spinal Pathology and Joint

Diseases of the National Academy of Medical Sciences
of Ukraine). All patients signed informed consent.

The study is based on the experience of treat-
ing 123 patients with gunshot fractures of long
bones in the limbs at the State Institution Professor
M. L. Sytenko Institute of Spinal Pathology and Joint
Diseases of the National Academy of Medical Sciences
of Ukraine (93 cases) and the Communal Non-profit
Enterprise M.1. Kononenko Chuhuiv Central Hospital
(30 cases). By the localization of the affected segment,
the distribution was as follows: lower leg 38 (34 %),
thigh 30 (24 %), shoulder 30 (24 %), forearm 25 (18 %).
Among them, in 4 cases, two segments were affected in
different combinations (a total of 127). These patients
were admitted urgently either directly from the trauma
site (36 cases) or within 3-12 days after the injury for
continued treatment with an external fixation device.

Clinical evaluation of the shape and size
of the wound channel or defect

Among the variety of gunshot wounds, we con-
sider it rational to distinguish three variants. The tun-
nel form of the wound channel has the following
characteristics:

— the length of the channel exceeds or corresponds
to the size ‘of the skin wound;

— the volume of soft tissue defect is not large,
disappearing into the depth due to the adhesion
of the walls, and the edges of the skin wound can be
approximated with sutures;

— it can be either a blind or a through wound.

Sectoral form of the defect, which extends either
to the soft tissues only or to both the soft tissues and
the destroyed bone. The characteristics of this form are:

— the possibility of visual control over almost
the entire wound surface;

— tissue deficiency and difficulty in approximating
the wound edges.

A combination of both variants is possible when
the entry tunnel part of the wound channel transitions
into a sectoral form (tunnel-sectoral form).

During the initial examination of a gunshot frac-
ture, it is not always possible to measure and assess
the extent of soft tissue destruction, especially when
the channel has a tunnel form. The main objective
parameter is the size of the skin wound, which we
propose to classify as small (up to 3 cm), medium
(4-10 cm), and large (over 10 cm), taking its largest
longitudinal dimension as the basis.

Characteristics of bone destruction and fragment
displacement based on radiographic data

Since most fractures were comminuted and could
be classified as types B and C, we focused on the fol-
lowing signs:
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1. The number of intermediate fragments, their
shape, and size;

2. The extent of the maximum transverse displace-
ment of the main fragments (Fig. 3) relative to each
other. This was measured with the fragments fixed
by an external device and expressed as a percentage
of the transverse size of the bone;

3. The extent of the maximum transverse displace-
ment of intermediate fragments (Fig. 3) relative to
the surface of the main fragments, also expressed in
relative units. Special attention was given to the pres-
ence of rotational displacement of fragments, which
could indicate their detachment from soft tissues. If
there was a transverse displacement of the intermedi-
ate or main fragment relative to the bone's transverse
diameter, it was considered insignificant or moderate;
if it exceeded the full transverse diameter, it was con-
sidered significant; and if it went beyond the surface
of the segment, it was considered excessive.

4. The extent of the bone destruction zone (Fig. 1)
was also determined as a percentage relative to
the length of the segment.

Additional information about the extent of inter-
nal soft tissue destruction and the state of the ana-
tomical connection between intermediate fragments,
the periosteum, and muscles was obtained during
the primary surgical treatment of the wound. During
the procedures to remove metal projectiles, an attempt
was made to visually and palpably assess the size
of muscle destruction, as well as the condition of in-
termediate fragments that were found far from their
natural position. It is worth noting that the ability
to inspect destruction in the case of a tunnel wound
channel is limited, so palpatory examination was re-
lied upon. When necessary, in cases where metal ob-
jects needed to be removed, the wound channel was
rationally expanded, and the condition of the tissues
was visually assessed.

The study materials were statistically processed
using both parametric and non-parametric analysis
methods in Microsoft Office Excel 2016 electronic
spreadsheets. The statistical analysis was carried out
using the'STATISTICA 10.0 software. For describing
quantitative indicators, the measurement results were
calculated using descriptive statistics methods: mean
(M) and its standard deviation (SD), minimum and
maximum values. To compare independent groups in
cases of small sample sizes and absence of normal
distribution of data, the Mann—Whitney U test was
used. To study the relationship between phenomena,
where the quantitative data distribution deviated from
normal, the non-parametric method of Spearman’s
rank correlation coefficient was applied [6].

Results and Discussion

The analysis revealed the following distribution
of gunshot fractures by the number of fragments:

* No intermediate fragments (single plane frac-
ture) — 4 (3 %);

* 1-3 intermediate fragments — 63 (49.6 %));

* 4—6 intermediate fragments — 38 (30 %);

* 7 or more intermediate fragments — 11 (8.7 %);

* Presence of a primary bone defect — 11 (8.7 %).

Most of the fractures were comminuted fractures
(97 %). Among these, 49.6 % had 1-3 intermedi-
ate fragments, and as the number of fragments in-
creased, the frequency of such fractures decreased.
It is also important to note that in 8.7 % of fractures,
a bone defect was formed, preceded by a condition
with a large number of intermediate fragments dis-
placed in the direction of the projectile's motion, ac-
companied by soft tissue destruction. In 2 of the in-
jured patients, the intermediate fragments were lost
during the previous stages, while in the remaining 9,
they were removed during repeated surgical wound
debridements.

A characteristic feature of comminuted gunshot
fractures of long bones was that the destruction oc-
curred through the formation of cracks and splits,
mainly oriented in the longitudinal direction, re-
sulting in intermediate fragments with an elongated
shape. This can be explained by the fact that cracks
form along the interosteonal substance [7], and os-
teons in long bones, as known, are oriented in the lon-
gitudinal direction. As for the extent of bone destruc-
tion, the fractures were distributed as follows: 54 %
of gunshot fractures affected 25% of the segment
length, 43 % were in the range of 26—50 %, and 3 %
had a length greater than 50 % of the segment length.
Thus, we can see that significant bone destruction is
associated with the formation of mainly longitudinal
splits.

Displacement of main fragments

After the main fragments were joined by the ex-
ternal fixation system, in most fractures (76 %),
a transverse displacement occurred that did not ex-
ceed the transverse diameter of the bone at this level.
In the remaining 24 %, the displacement exceeded the
transverse diameter. This was the position achieved
during the primary surgical treatment of the wounds
and fixation of the fragments with the external pin
apparatus. As a rule, the fragments were aligned by
traction of the segment, restoring its anatomical axis.
This position of the main fragments was considered
acceptable.
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Magnitude and direction of intermediate fragment
displacement and the nature of soft tissue destruction

The displacement of the intermediate fragments
varied, and thus, we identified three clinical groups
of gunshot fractures.

The first group consists of fractures where both
intermediate and main fragments retain moder-
ate displacement in width, creating an expansion
of the damaged part of the bone, up to about 50 %
(Fig. 1). In this case, the intermediate fragments
maintain their longitudinal orientation and show no
significant rotational displacement. Most of these
fractures were combined with a blind or through-and-
through tunnel-shaped soft tissue wound of small or
medium size — 80 cases (63 %). This group also in-
cludes gunshot fractures with a single fracture plane
(4 cases, or 3 %), with minor or moderate transverse
displacement of the fragments.

The second group is characterized by interme-
diate fragments (or one of them) being displaced
transversely to a significant or excessive extent, ex-
ceeding the full transverse diameter of the bone and
extending beyond its boundaries. These fragments
lost their longitudinal orientation or rotated around
their longitudinal and transverse axes. The radio-
logical signs indicated possible periosteum detach-
ment from the intermediate fragments displaced in
this manner (Fig. 2). Based on the characteristics and
size of the wounds (medium or large), it was observed
that the direction of fragment displacement corre-
sponded to the trajectory of the projectile. The vi-
ability of the intermediate fragments.was evaluated
during the surgical wound treatment. If a fragment
was detached from the soft tissues and surrounding
necrosis had developed, it was removed, leading to
the formation of a wall defect. However, another
portion of the intermediate fragments remained con-
nected to the periosteum and muscles by their outer
surface, forming a kind of bridging structure between
the main fragments. This variant of bone destruction
was recorded in 32 cases (25 %).

The third group consisted of 11 cases (8.7 %)
where all or most of the intermediate fragments were
displaced beyond the segment, detached from the soft
tissues, leading to the formation of a total bone defect
(Fig. 3). In the case of the last two variants, the frac-
ture was accompanied by a soft tissue wound, which
had a tunnel-sectoral or sectoral shape of medium or
large size. For a general representation of these types
of gunshot fractures, a schematic illustration is pro-
vided (Fig. 4).

The numerical values of the transverse displace-
ment of intermediate fragments in the first and sec-

ond groups of patients were calculated using the
non-parametric Mann-Whitney U-test. In the first
group (n = 80), the average displacement was
(271 £ 14.6) % (range 1-56), while in the second
group (n = 32) it was (78.2 + 14.0) % (range 57-100).
A statistically significant difference was observed be-
tween the groups for this parameter (U =0, Z =—6.32;
p =0, p <0.05), which is an expected result, as a prior
biased distribution by groups was made.

The number of intermediate fragments in group 1
(n=80) averaged (2.9 £ 2.2) pieces (range 0-9), while
in group 2 (n = 32) it was (4.4 £ 2.5) pieces (range
0-9). A statistically significant difference was found
between the groups for this parameter, calculated us-
ing the Mann-Whitney U-test (U = 286.5; Z = -2.26;
p=0.02; p <0.05).

A moderate direct correlation was observed be-
tween the magnitude of the maximum transverse
displacement of intermediate fragments and the total
size of the wound in both groups (r = 0.44; p < 0.05).

The extent of bone destruction in group 1 (n = 80)
averaged (24.2 £+ 9.5) % (range 6—44), in group 2
(n = 32) it was (30.2 £ 9.6) % (range 13—48), and in
group 3, it was (20.5 £ 7.6) % (range 6-32). There
was no statistically significant difference between
the groups for this parameter (Mann-Whitney U-test:
U =248.00; Z=-1.92; p = 0.05; p > 0.05). This value
is not a criterion for group classification, but in all
cases, it influences the choice of method for connect-
ing the main fragments.

A moderate direct correlation was found between
the extent of bone destruction and the number of in-
termediate bone fragments in all groups (r = 0.37;
p <0.05).

It was observed that the nature of bone destruc-
tion in gunshot fractures significantly differs from
fractures occurring in peacetime, particularly those
caused by high-energy projectiles (such as vehicles
moving at high speeds). For the latter, the character-
istic fracture pattern is a transverse single-plane frac-
ture or a fracture that forms one intermediate trian-
gular-shaped fragment (so-called “bumper fracture”).

Building on known facts, let us explore the spe-
cific features of the mechanogenesis of bone destruc-
tion in gunshot fractures. First, we will calculate and
compare the kinetic energy carried by bullets from
common types of firearms [8] and a passenger car in
motion using the well-known formula E = mv/2 (see
Table).

The calculations show that a passenger car weigh-
ing 1300 kg moving at a speed of 60 km/h carries 7
to 12 times more kinetic energy than a bullet from
a fircarm with an initial velocity of 800-954 m/s.
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Fig. 1. Photographic prints of the injured limb and X-ray
of a 45-year-old patient Ts. who sustained a gunshot fracture
of the middle third of the left tibia with moderate transverse
displacement of the intermediate fragments and a blind tunnel
wound of medium size. First clinical group.

Fig. 2. Photographic prints of the limb and X-ray of a 25-year-
old injured patient H. who had several displaced, non-viable
intermediate fragments removed during the primary surgical
treatment, in the direction of the entry wound, which was
closed after cleaning by suturing the edges. After 2 months,
periosteal bone regeneration (indicated by the arrow) had
formed over the remaining intermediate fragments. Second
clinical group.

This fact leads us to assume that the magnitude of ki-
netic energy itself is not the cause of fragmentation
during bone destruction. As we can see, a bullet or
metal shrapnel primarily destroys bone by creating
numerous longitudinal cracks, which, as they expand,
lead to the fragmentation of the bone. According to
fracture mechanics theory [9], this is the most com-
mon form of brittle failure: “the result of the ava-
lanche-like growth of microcracks (at speeds up to
1/3 of the speed of sound), when elastic deformation
reaches a magnitude that atomic bonds break...”.
There is also quasi-brittle failure, which is character-
ized by a certain zone of plastic deformation before
cracks appear. According to [7, 10], compact human
bone fails in a brittle manner. The authors note that
the nature of this process depends on the deformation
rate: at low deformation speeds, the failure process
can be considered viscous, while at high deformation
rates, it is distinctly brittle. Thus, we can hypothesize
that in the case of a gunshot fracture, under the in-
fluence of high projectile speed, high-speed stress
and deformation occur in the bone, leading to brittle
failure and the formation of many fragments. Inter-
estingly, the authors of this theory note a direct cor-
relation between the amount of energy expended and
the number of cracks (fractures) formed [9].

From a mechanical standpoint, it is crucial to dif-
ferentiate between the processes of bone destruction
and the subsequent damage to soft tissues. J. J. Am-
ato et al. [11] and G. R. Baum et al. [12] experimen-
tally and clinically demonstrated that when a pro-
jectile with high velocity strikes bone, the resulting
fragments gain kinetic energy and act as secondary
projectiles that damage soft tissues. However, this is
only possible if the fragments accumulate enough en-
ergy to damage the periosteum, muscles with their
fascial sheaths, aponeuroses, and skin. These struc-
tures, in contrast to bone, have distinct physical and

Fig. 3. Photographic prints of the X-ray and appearance of the tibia of a 45-year-old patient
A. who sustained a gunshot fracture of the tibia with excessive displacement of intermediate
fragments in the direction of the bullet's movement (the transverse displacement of the main
and intermediate fragments is indicated by the arrows). Seven intermediate fragments
were separated from the soft tissues and removed during the primary treatment, resulting
in a complete bone defect of 9.5 cm. The wound was classified as tunnel-sectoral, and
the distal portion was later closed with a skin flap. The entrance wound was enlarged due to
compartment syndrome and subsequently sutured. Third clinical group.
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Tt
The Kinetic energy of a moving car and bullets from different types of firearms avle
Source of kinetic energy Weapon caliber (mm) |  Mass of kinetic energy carrier (g) Speed (m/s) Amount of energy (J)
Car — 1300 000 16.6 (60 km/h) 17 911 400
AK 47 7.62 7.9 800 2528 000
AK 74 5.45 34 914 1420 173
M 193 5.56 3.6 954 1 638 208

Fig. 4. Schematic representation of types of gunshot
fractures.

[a]

Fig. 5. Schematic representation of the distribution of the bullet's
force impulse under central impact (a) and when acting atan angle (b).

mechanical properties and can withstand similar
forces, but with different outcomes. For example,
the periosteum, which contains a strong fibrous layer
with longitudinally arranged collagen and elastin,
demonstrates viscoelastic behavior and can endure
tensile stress up to 26.67 MPa [13], unlike the brittle
nature of bone. This means that the periosteum can
deform plastically and elastically to some extent, ab-
sorbing the energy carried by the fragments without
sustaining significant damage.

It is important to note that in 63 % of cases
(the first clinical group), the intermediate fragments
formed during a gunshot fracture did not undergo sig-

nificant displacement. This may indicate that the pe-
riosteal-muscular sheath around the fractured bone
was preserved, possibly with some tears. We can
hypothesize that this portion of fractures occurred
under conditions where the kinetic energy of the pro-
jectile was not maximized due to several factors, such
as the projectile passing through the segment with
minimal contact with the bone or its relatively low ve-
locity. Therefore, in these cases of gunshot fractures,
the soft tissue damage was relatively less, primarily
caused by the projectile itself.

The second and third types of gunshot fractures
showed signs of significant destruction of the pe-
riosteal-muscular sheath, leading to partial or com-
plete defects in the diaphyseal walls. This was the re-
sult of the action of greater kinetic energy, enough to
crush the bone, detach the fragments from the perios-
teum, and displace them a considerable distance. It is
essential to understand that only part of the projec-
tile’s energy may be used to destroy the bone, partic-
ularly in through-and-through wounds. We propose
that the effect of energy transfer from the projectile to
the bone depends on the angle of the applied force rel-
ative to the bone's surface. It is known from mechan-
ics that when a force is applied to an inclined surface,
the force is distributed according to the parallelogram
law — part of the force acts perpendicular to the sur-
face, and the other part acts parallel to the inclined
surface. Since long bones have a circular or triangular
cross-section, there is a high likelihood that the pro-
jectile's forces act at an angle, producing a tangential
vector that displaces the epicenter of bone destruc-
tion and the adjacent tissues in the corresponding di-
rection. This can explain the asymmetrical destruc-
tion, leading to the formation of a partial defect. In
cases where the projectile's force is large and directed
perpendicularly to the surface of the bone (toward
the bone’s center), total destruction may occur, creat-
ing a full transverse defect (Figure 5).

In our view, there are significant differences be-
tween the clinical types of gunshot fractures that
must be considered for predicting the healing process
and determining the appropriate treatment strategy
for these fractures.
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In the case of the first type, the axial alignment
of the fragments remains satisfactory after closed re-
duction and fixation of the main fragments with an
external apparatus. The preservation of the anatom-
ical connection of most of the periosteal-muscular
sheath with the main and intermediate fragments is
a key factor for the formation of periosteal bone re-
generation, which can cover the entire area of bone
destruction during further apparatus-based treatment.

The second type differs from the previous one
by a significantly larger volume of damaged soft tis-
sues and a partial (periosteal) bone defect. This type
requires additional treatment measures for wound
cleaning and closure, as well as various actions aimed
at achieving bone union of the main fragments.

The third type of gunshot fracture differs from
the previous types in that it results in a complete bone
defect of varying size, requiring a different treatment
approach, such as reconstructive and restorative sur-
geries or amputation.

Conclusions

Gunshot fractures caused by bullets or shrapnel
are characterized by the presence of a destruction
zone in the bone with the formation of intermediate
fragments. Depending on the amount of kinetic en-
ergy transferred, these fragments may move, causing
detachment from the surrounding soft tissues.

Diaphyseal gunshot fractures of long bones in
the extremities, depending on the degree of displace-
ment of the intermediate fragments-and whether or
not they maintain their anatomical connection with
soft tissues, can be divided into three types:

— Type I — With slight or moderate transverse dis-
placement of the intermediate and main fragments
(within the bone’s transverse diameter and maintain-
ing longitudinal orientation), which preserve anatom-
ical connection with the periosteal-muscular sheath
and do not extend beyond it. In this case; the soft tis-
sue wounds require minimal treatment (can be closed
with secondary sutures).

— Type II — With significant transverse displace-
ment of one or more intermediate fragments (in
the direction of the projectile’s movement), losing
their anatomical connection with the periosteal-mus-
cular sheath, and resulting in'a periosteal bone defect
and a medium or large wound.

— Type III — With excessive transverse displace-
ment of all intermediate fragments (in the direction
of the projectile’s movement), losing their anatomical
connection with the periosteal-muscular sheath, and
forming a complete transverse bone defect.
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