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ABSTRACT

Gunshot wounds are among the most severe forms of traumatic injury, characterized by a complex clinical
course, a high rate of complications, and substantial disability in affected individuals. Against the backdrop of
ongoing armed conflicts, widespread access to firearms, and an increasing number of terrorist attacks, the fre-
quency of such injuries continues to grow, placing the issues of their diagnosis and treatment at the forefront of
contemporary clinical practice.

Although a considerable body of research has been dedicated to gunshot injuries, numerous aspects of their
pathogenesis, tissue morphological changes, and the recovery of maxillofacial structures remain poorly under-
stood. This highlights the need for continued experimental and clinical investigation aimed at gaining a deeper
insight into the mechanisms of tissue damage, as well as at developing more effective approaches to surgical
correction and patient rehabilitation.

To study the ultrastructural changes in the skin and oral mucosa the following tasks were set:

1. To study the ultrastructural changes in the skin and oral mucosa after gunshot-induced jaw injury in an in
vivo experimental rat model.

2. To study the ultrastructural changes in the skin and oral mucosa after gunshot-induced jaw injury in an in
vivo experimental rat model.

Materials and Methods

The study was conducted on seven adult Wistar rats, divided into three groups: Group I — control (intact
animal); Group Il — experimental group with mechanically induced injury; Group III — experimental group with
firearm-induced injury.

For electron microscopic examination, fragments of bone and soft tissue from the rat jaws were fixed in a
2.5% glutaraldehyde solution prepared in phosphate buffer at pH 7.4, followed by post-fixation in a 1% osmium
tetroxide solution in the same buffer. The samples were then dehydrated in a graded series of ethanol. Impregnation
and embedding of the material were performed in a mixture of Epon—Araldite epoxy resins. Subsequently, ultrathin
sections were contrasted according to the Reynolds method.

Results of the Study

It was established that, following a gunshot injury, the examined tissues exhibited more pronounced mani-
festations of productive inflammation than after a mechanical fracture. The gunshot wound affected wider areas
with destructive and necrotic changes in the soft tissues of the rats compared to mechanical trauma. These altera-
tions were characterized by an accumulation of numerous histiogenic cells, primarily macrophages and mast cells.
Moreover, some mast cell granules showed signs of histamine release, suggesting a reaction to an allergic compo-
nent, possibly to gunpowder residues in this experimental setting.

Additionally, after the gunshot injury, the tissues experienced extensive and severe damage, including de-
struction and necrosis of both connective tissue cells and collagen fibers. At the same time, the affected area
demonstrated an increased number of fibroblasts actively engaged in protein synthesis directed toward collagen
production and the formation of collagen fibrils compared with mechanical fracture.

On the 7th day after the gunshot injury, the soft tissues of the rats showed productive inflammation in the
proliferative phase, accompanied by elements of reparative regeneration. By contrast, on the 7th day after a me-
chanical fracture, the intensity of productive inflammation in the soft tissues was significantly lower than that
observed after the gunshot wound.
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Relevance of gunpowder, firearms have undergone constant evo-

The challenge of managing gunshot wounds and  lution, with successive generations of projectiles being
their long-term consequences has historically been, and  engineered to deliver ever-greater destructive force.

continues to be, one of the most demanding and urgent Recent fundamental research in wound ballistics

problems in military and field surgery. Since the advent  and bone tissue regeneration has shed light on the spe-

cific impact of high-energy projectiles on bone, reveal-

ing destruction at the micro- and ultrastructural levels,
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as well as a potential influence on the rate and quality
of bone consolidation [1,2]. Nevertheless, the precise
nature of ultrastructural changes occurring in bone tis-
sue during gunshot fractures remains incompletely un-
derstood [3,4,5,6].

The patterns of firearm injuries, the development
of associated complications, and the clinical course of
wound-related conditions with high mortality rates all
reflect the use of ammunition with diverse projectile
characteristics in combat settings. In light of this, nu-
merous authors stress the importance of studying
wound ballistics as a prerequisite for accurately evalu-
ating injury profiles, determining appropriate surgical
strategies, and elucidating the mechanisms underlying
firearm trauma. The widespread adoption of modern
small arms firing various projectile types at high muz-
zle velocities, combined with their unstable in-flight
orientation, has altered wound ballistic patterns and
contributed to a marked increase in injury severity
[7,8,9].

Aim of the Study

The aim of the study was to investigate the ultra-
structural changes in the skin and oral mucosa at the
carly stages following firecarm and non-firearm jaw in-
juries.

To achieve this goal, the following tasks were set:

1. To study the ultrastructural changes in the skin
and oral mucosa after firearm-induced jaw injury in ex-
perimental rats.

2. To study the ultrastructural changes in the skin
and oral mucosa after non-firearm-induced jaw injury
in experimental rats.

Materials and Methods

The study was conducted on seven adult Wistar
rats divided into three groups: Group I — control (in-
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tact animal); Group II — experimental group with me-
chanically induced injury; Group III — experimental
group with firearm-induced injury [1].

For electron microscopic examination, fragments
of bone and soft tissue from the rat jaws were fixed in
a 2.5% glutaraldehyde solution prepared in phosphate
buffer at pH 7.4, followed by post-fixation in a 1% os-
mium tetroxide solution in the same buffer. The sam-
ples were then dehydrated through a graded ethanol se-
ries. Impregnation and embedding of the material were
performed using a mixture of Epon—Araldite epoxy res-
ins. Subsequently, ultrathin sections were contrasted
according to the Reynolds method [2].

The specimens were examined and photographed
using a PEM-100-01 transmission electron microscope
(Ukraine). The study was carried out in the Electron
Microscopy Group of the Laboratory for Pathological
Anatomy and Electron Microscopy.

Results and Discussion

1. Examination of the condition of soft tissues in
rats of the intact group

On the 7th day, in the connective tissue area of the
skin of the intact rat, edema of the connective tissue
ground substance was observed, along with a loose ar-
rangement of collagen fibril bundles. Among these
bundles, single erythrocytes, disrupted collagen fibril
clusters, and spherical formations were identified, as
well as fibroblasts with a well-developed granular en-
doplasmic reticulum, indicating enhanced collagen pro-
tein synthesis.

In the dense layer of the skin's connective tissue,
slightly above the incision line, microvessels with di-
lated electron-lucent lumina and normal ultrastructure
were found. Between tightly arranged collagen fibril
bundles, large fibroblasts with evident signs of in-
creased protein-synthesizing activity were also ob-
served (Pic. 1, 2). )

v w0 e
i NN A\l
- _~ \ ~.s‘la:-.‘ 7 :
> ko [§ ;'tt*'w
e R 2

Pic. 1, 2. Ultrastructure of the connec
CT — connective tissue; @ — fibroblast; K® — collagen fibrils; flc — gingiva; EK — epithelial cell; 3plll —
keratinized layer of the epidermis; 3L — granular layer of the epidermis.

2. Results of modeling non-firearm mechanical
injury in rats

On the 7th day after mechanical injury, edema of
the connective tissue ground substance was observed in
certain areas of the soft tissues of the rat, along with
remnants of cellular debris, isolated damaged cells,
erythrocytes, and clusters of mast cells. In the fracture

zone, homogenization of the collagen fibrils in the
dense connective tissue was noted.

Adjacent to the fracture site, fragments of collagen
fibril bundles and large electron-lucent regions contain-
ing fibroblasts actively synthesizing collagen fibrils
were observed (Pic. 3, 4).
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Pic. 3, 4. Ultrastructure of the connective tissue ben

eath the gingiva of a rat on the 7th day after mechanical in-

o

Jury. x3,000.
CT — connective tissue; TK — mast cell; E — erythrocyte; K@ — collagen fibrils.

3. Results of modeling firearm injury in rats

On the 7th day after the gunshot wound, accumu-
lations of histiocytic-type cells were observed in certain
areas of the soft tissue within the wound region, many
of which were in a state of destruction and necrosis.
Among these, leukocytes and macrophages predomi-
nated. Between them, cellular debris and remnants of
destroyed cells were present.
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Pic. 5, 6. Ultrastructure of the connective tissue beneath the gingiva of a rat on the 7th day after firearm injury.
x3,000.
KI'P — histiogenic cells; CT — connective tissue; @ — fibroblast; M® — macrophage;, TK — mast cell.

Deeper within the connective tissue, large
macrophages, epithelioid cells, and fibroblasts were
also observed, exhibiting signs of active protein-
synthesizing processes directed toward the production

In other areas of the gunshot injury site, leuko-
cytes, erythrocytes, cells, and collagen fibrils in a ne-
crotic state were identified, covering a large area. Nu-
merous mast cells were observed in this region, some
containing granules in a normal state, while others
showed clear signs of degranulation (Pic. 5, 6).
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of collagen fibrils. In the superficial layers of the skin
epithelium, widening of intercellular junctions and
accumulation of vacuoles within the cells were noted
(Pic. 7, 8).
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Pic. 7, 8. Ultrastructure of the connecttve tissue beneath the glnglva of a rat on the 7th day aﬁér firearm zn]urj)-/
%3,000.
CT — connective tissue; M® — macrophage; TK — mast cell; EK — epithelioid cell; IIl — skin; E — epithe-
lium; 3L — granular layer; 3plll — keratinized layer.

Conclusions

The comparative study of ultrastructural changes
in the soft tissue (skin) seven days after firecarm injury
and mechanical fracture demonstrated that firearm in-
jury causes more pronounced manifestations of produc-
tive inflammation than mechanical trauma. The gun-
shot wound affected wider areas with destructive and
necrotic changes in the soft tissues of rats compared
with mechanical fracture.

These changes were characterized by the accumu-
lation of a large number of histiogenic cells, predomi-
nantly macrophages and mast cells. Moreover, some
mast cell granules exhibited signs of histamine release,
indicating a reaction to an allergic component — pos-
sibly, in this case, to gunpowder residue from the fire-
arm discharge.

In addition, after firearm injury, the tissues under-
went extensive and severe damage, including destruc-
tion and necrosis of both connective tissue cells and
collagen fibers. At the same time, an increased number
of fibroblasts actively engaged in protein synthesis di-
rected toward collagen production and collagen fibril
formation were observed compared with mechanical
trauma.

On the 7th day after firearm injury, productive in-
flammation in the proliferative phase with elements of
reparative regeneration was noted in the soft tissues of
rats. On the 7th day after mechanical fracture, the in-
tensity of productive inflammation in the soft tissues
was significantly lower than that observed after firearm

injury.
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