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According to various authors, in wartime, injuries to the limbs
as a result of combat trauma account for 44 to 70 % of all mus-
culoskeletal injuries. In approximately 80 % of wounded, gun-
shot bone fractures are characterised by the presence of a bone
defect of varying size. Despite certain difficulties and complica-
tions in the treatment of bone defects, orthopedic surgeons have
quite effective methods of treating this pathology. However,
a promising area of treatment is the technology of manufac-
turing an individual implant using 3D-printing of the scaffolds
of existing bone defects and double-plate osteosynthesis with
autobone grafting. Objective. To present the possibilities of sur-
gical treatment of wounded with bone defects of the limbs as a
result of gunshot wounds. The preliminary results of surgical
treatment of 2 wounded with diaphyseal bone defects due to gun-
shot wounds of the upper and lower extremities, who were treat-
ed in the trauma department of the Military Medical Clinical
Centre of the Eastern Region in 2022—2024, were analysed. To
improve the functional results of treatment, we proposed three
stages of rehabilitation treatment and implemented appropri-
ate rehabilitation measures. To replace bone defects, we used
the «double-plating» method with autobone grafting and indi-
vidual implants made by 3D-printing. The results of surgical
treatment were evaluated by clinical, radiological and function-
al data. It was found that fixation with two plates in combination
with autogenous bone grafting ensures stable fixation, which
helps to consolidate the bone defect and restore the functional
capacity of the limb, and the use of individual implants made
by 3D-printing allows to replace the lost bone tissue, which
leads to the restoration and preservation of the functional state
of the damaged limb.

Ilpoananizoeano nimepamypui Odcepena ma GUsGNEHO, U0
68 YM08aX 6IlIHU YWKOONHCEHHA KIHYIBOK YHACNIOOK 0O0U0807
mpaemu cseaioms 6i0 44 0o 70 % 6i0 ycix mpaem onopno-
pyxosoeo anapama. Maiixce y 80 % nopanenux eoenenanvhi
nepenomu Kicmok xapakmepu3zylomvCs HAsA8HICMIO KIiCMKO8020
Odepexmy piznoi eenuuunu. Heszeadgcarouu na neeuni mpyorowi
il yCKIAOHeHH s, nio yac NiKy8aHus oedhexmia KiCmox 6 apceHai
0pmoneoig-mpasmamonoié € 00Cums eheKmueHi MemoouKu.
Hapasi nepcnexmugnum Hanpsamom € mexHonozii 6u2omogien-
Hsl [HOUBIOYANIbHO20 IMRAanmama 3a 0onomozow 3D-Opyky
Kapkacié HasaeHux Oegexkmis KiCmoK i HAKICMKO8Ul ocmeo-
cunmes 060Ma NAACMUHAMU 3 AYMOKICMKOBOIO NAACTUKOIO.
Mema. Hagecmu moocausocmi Xipypeiuno2o niKyeanusa ocio iz
Odepexmamu Kicmok KiHYi60K YHACNIOOK B02HENANbHUX NOpa-
Henw. [looano nonepedui pe3yromamu XipypeiuHo2o iiKy8anHs
2 gilicbko80CAYHCO08YIG 13 diadizapHumu oedhekmamu Kicmox
YHACAIOOK 802HENANbHUX NOPAHEHb BEPXHbOI MA HUNCHbOT KIHYI-
80K, AKI NIKYBANUCS Y MPABMAMOI02IYHOMY BIOOLIeHH] BillCbKO-
60-Meduuno20 Kainiunozo yenmpy Cxionozo peziony y nepioo
2022-2024 poku. /[ns 600CKOHANEHHSA (DYHKYIOHATLHUX Pe3Yilb-
mamie 3anponoHO6aHO MpU emani 6iOHOBHO20 NIKY8AHHA MA
681POBAVIICEHO BIONOGIOHI peabinimayiiuni 3axoou. Jns 3ami-
WeH sl KICMKO8UX deexmis ukopucmogysaiu menoo «double-
plating» 3 aymoxicmkogoio niacmuxow i IHOUGIOYaIbHI
imnaanmamu, eueomoeneni memooom 3D-0pyky. Pesynomamu
XIpYp2iuHO20 NIKYEAHHA OYIHIOBANUCH 3a KAIHIKO-DEeHM2eHOoN0-
2iYHUMU Mma QYHKYIOHATLHUMU NOKa3HUKamu. Bcmanoeneno,
wo @ixcayia 0soma nAACMUHAMU 68 NOECOHAHI 3 AYMOLEHHOIO
KICmK08010 nIacmukorw 3abesneuye cmabinvHicms Qikcayii,
Wo cnpuse KoHconioayii Kicmkogozo degexmy ma 6i0OHO6IeH-
HIO (DYHKYIOHATbHOI CRPOMOJICHOCIT KIHYIBKU, A 8UKOPUCHAH-
Hsl THOUBIOYANbHUX IMNIAHMAMIE, 6USOMOGIEHUX MEmOoOOM
3D-0pyKy 0036015€ 3aMmicmumu 6mpavery Kicmkogy mraHumy,
Wo npueooums 00 6iIOHOGIEeHHs Ma 36epPedceHHst (PYHKYIOHATb-
HO20 cmaHy yukooacenoi Kinyieku. Knouosi crnosa. [lechexmu
Kicmok, iHousioyanvni imnaanmamu, 3D-0pykoeani xkapxacu,
ocmeocunmes, 602HeNnalbHi nopanents, 60lo06a mpasma, eepx-
M Ma HUICHA KIHYIBKU.
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Introduction

According to various authors, in war conditions,
limb injuries due to combat trauma reach from 44 to
70 % of all musculoskeletal injuries. Almost 80 %
of wounded individuals have gunshot fractures
of bones characterized by the presence of a bone
defect of various sizes, primary due to the action
of a high-energy projectile, or secondary bone resec-
tion against the background of the development of an
infectious process [1-5].

Despite certain difficulties and complications
during the treatment of diaphyseal and metadiaphy-
seal bone defects, there are quite effective methods
of treating this disorder in the arsenal of orthopedic
traumatologists. In particular, the use of various bone
transplantation techniques (autologous, allogeneic,
xenotransplantation and artificial bone transplanta-
tion), the Masquelet technique (induced membrane
formation), distraction osteogenesis according to
G. A. Ilizarov, fibula transplantation (on a vascular
pedicle or with a skin flap) and the method of lon-
gitudinal osteotomy of the fibula with subsequent
transport [6—10]. The listed methods of treating bone
defects in patients with gunshot wounds have their
indications, complications, disadvantages and advan-
tages and are widely used in modern war conditions
[11-15].

A promising direction is the technology of man-
ufacturing an individual implant using 3D printing
of frames of existing bone defects, which, depending
on their type, are divided into single-component and
composite [16-20].

In general, the treatment of gunshot wounds
of the extremities requires a comprehensive ap-
proach, including bleeding control, early stabilization
of the affected structures, infection control, recon-
struction of soft tissues and bones, as well as further
rehabilitation and physiotherapy. Choosing the op-
timal treatment strategy for wounded with gunshot
bone defects is a difficult clinical task due to the high
risk of complications and duration [21].

Purpose: to present the possibilities of surgical
treatment of wounded with bone defects of the ex-
tremities due to gunshot wounds.

Material and methods

The preliminary results of the surgical treatment
of 2 wounded with diaphyseal bone defects due to
gunshot wounds of the upper and lower extremities,
who were in the traumatology department of the Mil-
itary Medical Clinical Center of the Eastern Region
in the period 2022-2024, are presented. The study
materials were approved by the local Bioethics Com-

mittee of the MMCC of the Eastern Region (Pro-
tocol No. 3 dated 18.03.2024). Patients involved in
the study signed an informed consent. The mecha-
nism of injuries was due to the impact of high-energy
weapons.

Indications for surgery: presence of a gunshot
wound to the limb, diaphyseal bone defect, healed
soft tissue defects in the area of reconstructive and re-
storative intervention, absence of signs of general and
local infection. Contraindications: signs of an infec-
tious process, severe post-traumatic stress disorder,
alcoholism and drug addiction.

To determine the nature of the damage, the classi-
fication of bone defects proposed by K. D. Tetsworth
et al. [22] was used, according to which bone defects
were defined as D3B (size from 4 to 8 cm) and D3C
(defects larger than 8 cm).

Patients underwent standard general clinical and
biochemical blood and urine tests, bacteriological as-
says, determination of the level of acute-phase pro-
teins in blood, standard radiography, spiral computed
tomography (CT), electroneuromyography (ENMG),
and ultrasound examination of the vessels of the ex-
tremities (US) [21].

To improve the functional results of patients, we
proposed three stages of restorative treatment and im-
plemented appropriate rehabilitation measures:

— I — treatment using the principles of Damage
control orthopedics. Patients underwent primary and
repeated surgical treatments, fasciotomy, administra-
tion of extra-focal osteosynthesis devices, VAC thera-
py, and antibacterial spacers;

— II — conversion of the treatment method was
carried out by performing reconstructive and restor-
ative surgical intervention with replacement of bone
defects;

— III — treatment in rehabilitation centers
of Ukraine.

To replace bone defects, the “double-plating”
method with autologous bone grafting [23-25] and
individual implants made by 3D printing were used.
Titanium alloys were used as orthobiological material
[16, 18-20].

Surgical interventions were performed according
to the traditional method using standard preoperative
preparation of the patient and anesthesia. The choice
of the patient’s position on the operating table and sur-
gical access depended on the anatomical localization
of the bone defect, the features and tasks of the surgi-
cal intervention. For autologous bone grafting, a tri-
cortical graft from the wing of the iliac bone was
used, which was harvested according to the standard
method in sizes corresponding to the existing bone
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defect. In the postoperative period, antibiotic and
thromboprophylaxis were performed, analgesic and
symptomatic therapy was prescribed, and wound
healing was monitored. Typical orthoses were used to
immobilize the limb for the appropriate period neces-
sary for adequate bone consolidation and prevention
of contracture formation in adjacent joints.

The results of the surgical intervention were eval-
uated according to clinical, radiological and func-
tional data (time course of bone consolidation, range
of motion in the limb joints, degree of muscle atro-
phy, signs of infectious process, peripheral nerve neu-
ropathy, patient satisfaction with the results).

Results

The patients were men with upper and lower
limb injuries due to gunshot wounds. When using
the “double-plating” method with autogenous bone
grafting, two 3.5 mm bone compression plates were
used, located in two perpendicular planes.

Clinical example No. 1

A 30-year-old patient G. was hospitalized
to the traumatology department of the MMCC
of the Eastern region with a diagnosis of a penetrat-
ing gunshot wound of the right shoulder with a gun-
shot fracture of the right humerus. Post-traumatic
neuropathy of the radial nerve (Fig. 1).

As aresult of staged surgical treatment, a defect in
the humerus diaphysis measuring 4.5 cm was formed.
After preoperative preparation, open reduction was
performed under general anesthesia, bone-on-bone
osteosynthesis with two plates with bone autoplasty
of the right humerus (Fig. 2, a, b).

The postoperative period was uneventful, the su-
tures were removed on the 14th day after the inter-
vention, the wound healed with primary tension. He
underwent follow-up observation in the department
2 months after the operation. During the examination,
there was a postoperative scar without any abnormal-
ities, atrophy of the muscles of the right upper limb
of 1.5 cm, positive time course of muscle strength
recovery and areas of innervation of the radial nerve,
the amplitude of movements in the adjacent joints
was physiological. Control radiography 2 (Fig. 3, a)
and 12 months (Fig. 3, b) after the operation showed
positive bone consolidation. When using individual
implants made by the 3D printing method, titanium
alloys were used as an orthobiological material.

Clinical example No. 2

A 3l-year-old patient A., hospitalized to the trau-
matology department of the MMCC of the Eastern re-
gion with a diagnosis of gunshot shrapnel penetrating
wound of the right tibia at the border of the middle

and lower third with damage to the tibial artery. Af-
ter staged surgical treatment, a defect in the diaphy-
sis of the right tibia measuring 9.68 cm was formed
(Fig. 4).

After preoperative preparation under general an-
esthesia, open reduction was performed, intramed-
ullary osteosynthesis with a rod, and an individual
titanium implant with bone autoplasty of the defect
of the right tibia was installed (Fig. 5).

The postoperative period was uneventful, the su-
tures were removed on the 14" day after the inter-
vention, the wound healed with primary tension. He
underwent a follow-up observation in the department
3 months after the operation. During the examina-
tion, the postoperative scar area was unremarkable,
there was 2 cm of muscle atrophy of the right low-
er limb, positive time course of muscle strength re-
covery, and the amplitude of movements in the adja-
cent joints was physiological. Control radiography 3
(Fig. 6, a) and 12 months (Fig. 6, b) after the operation
showed positive bone consolidation.

Discussion

The use of two plates is aimed at creating addition-
al stabilization of the fracture fragments, both during
primary fixation and surgical treatment of false joints
[23-25]. In our study, two compression plates were
used for rigid fixation of a bone autograft against
the background of a bone defect resulting from a gun-
shot wound. In our opinion, the proposed fixation has
certain advantages over traditional fixation methods
due to:

— fixation stability. The installation of two plates
in perpendicular planes provides a greater density
of attachment of the bone autograft areas. This allows
for better stabilization of the damaged bone segment,
promotes physiological consolidation of the bone in
the “bone-autograft” area, which is the key to early

Fig. 1. Photoprint of the radiograph of patient G. with a gunshot
fracture of the right humerus
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Fig. 2. Appearance of the surgical wound during the intervention
(a) and photoprint of the radiograph of the right humerus after
the operation (b)

Fig. 3. Photoprints of radiographs of patient G. 2 (a)
and 12 (b) months after open reduction, bone-on-bone
osteosynthesis with two plates with bone autoplasty of the
right humerus

dosed loads and prevention of the development of de-
layed union and false joint;

— uniform load distribution. Osteosynthesis with
two plates allows for a more uniform distribution
of the load on the bone, reduces stress on individual
bone areas and avoids the occurrence of stress areas,
which prevents the development of complications
such as destruction of the metal structure;

— regenerative potential. Gunshot fractures have
a longer consolidation period than closed ones and
are more often complicated by delayed union, devel-
opment of a false joint and infectious complications.
Therefore, the use of autologous bone grafting allows
not only to repair the bone defect, but also serves as
a source of bone regeneration.

A significant limitation to the use of two bone
plates for bone defects due to gunshot fractures is
certainly infection. Therefore, the key to the safe use
of this method is careful selection of patients for sur-
gical intervention.

Fig. 4. Photoprints of SCCT images at the stage of preoperative
planning in patient A. with a defect of the diaphysis of the right
tibia

Fig. 5. Appearance of the surgical wound during open reduction,
intramedullary osteosynthesis with a rod and installation of an
individual titanium implant with bone autoplasty of the defect
of the right tibia

Fig. 6. Photoprints of radiographs of patient A. 3 (a)
and 12 (b) months after open reduction, intramedullary
osteosynthesis with a rod and installation of an individual
titanium implant with bone autoplasty of the defect of the
right tibia

The use of individual implants manufactured by
3D printing has recently become increasingly pop-
ular. Thus, in recent decades, the issue of the influ-
ence of scaffolds (frameworks) on osteogenesis and
osteointegration has been actively studied. Today,
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scaffolds are obtained from natural and synthetic bio-
ceramics, biopolymers, metal biomaterials or their
alloys, as well as various composite biomaterials.
The literature provides a comprehensive overview
of the composition, mechanical and biological prop-
erties, 3D printing technology, advantages and appli-
cations of various single-component scaffolds, which
are used in particular in orthopedics and traumatol-
ogy for the repair of bone defects using 3D printing
[16, 19, 20]. From our point of view, it is advisable to
use individual implants made by 3D printing from
titanium alloys for the repair of bone defects caused
by gunshot wounds.

Conclusions

Bone defects due to gunshot wounds are an im-
portant problem of modern military traumatology.

Fixation with two plates in combination with au-
togenous bone grafting provides stability of fixation,
which contributes to the consolidation of the bone
defect and restoration of the functional capacity
of the limb.

The use of individual implants manufactured by
3D printing for bone defects due to gunshot wounds
allows replacing lost bone tissue, which leads to
the restoration and preservation of the functional
state of the damaged limb.
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of a conflict of interest.
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