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Ankle arthrodesis after combat related injuries
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Combat related injuries of the ankle joint (4J) are often accom-
panied by severe changes in the musculoskeletal system, which
require arthrodesis of the damaged joints in the final stage
of treatment. Objective. To analyze the results of AJ arthrodesis
in patients after combat related injuries, to highlight aspects
of the use of different fixation methods. Methods. AJ arthrodesis
was performed in 21 patients with the consequences of severe
combat related injuries of the posterior part of the foot. An in-
tramedullary locked rod (18 patients), screws (2 patients) and
an llizarov-type external fixation device (EFD) were used for
fixation in one patient. The results were assessed no earlier than
6 months after the start of loading using the AOFAS (posterior
part), SMFA (short musculoskeletal functional assessment) and
EQ-5D-5L (mobility, self-care, usual activity, pain, anxiety,
VAS) scales and questionnaires. Results: In the specified terms,
the results were traced in 21 patients. A differential approach
was used in choosing the method of fixation of the AJ. A signifi-
cant increase in function was obtained according to the AOFAS,
SMFA and EQ-5D-5L scales (p < 0.001). Conclusions. AJ ar-
throdesis in patients with the consequences of severe combat
related injuries allows to restore the resistance of the limb and is
the final stage of treatment of these patients.

botlosi nopanenns HuxiCHbOI KiHYIGKU, 6 MOMY YUCII OLISAHKU
Haon’amroso-eominkosoco cyenoba (HI'C), € nativacmiviumu
Ha noxi 0010 U 3a36uUlali CYNpo8OONCYIOMbCA MANCKUMU 3MIHA-
Mu onopno-pyxogoi cucmemu. Opmoneouuni pekoHcmpyKmue-
Hi 8MPYYAHHA € QIHATLHUM emanom NiKY8aHHs YpadceHb yiei
OINAHKU [ HANPABAEH] HA BUKOHAHHI ApmMpooesy yepe3 MaXiCKI
BHYmMpIHb0CY2n10006i yuikooxcenus HI'C, wo cynposodocyromo-
Csl NICAAMPABMAMUYHUM OCMEoapmpO30M i3 eupadicenum 060-
avosum cunopomom. Mema. IIpoananizyeamu peszyiomamu
apmpooesy HI'C y xeopux nicisi gocnenaibHux nopamens, Gu-
CceImaUmu acnekmuy 3acmocy8anHs pPizHuUxX cnocooie gikcayii.
Memoou. Ilposedenuii apmpodez HI'C y 21 nayienma 3 nac-
JOKAMU MANCKUX BOCHENANbHUX NOPAHEHb 3A0HbLO2O BIOOLILY
cmonu. Bik nocmpascoanux cmanosus (38,1 + 10,9) poky, oxci-
HOK 6yn0 2, wonogixie — 19. 3acmocysanu onsa ¢ikcayii inmpa-
MmeoynapHuil brokosanuti cmpusicens (18 oci6), eeunmu (2) ma
6 00H020 — anapam 306HiwnboI Qikcayii (A3®) muny Inizaposa.
Memoouxa apmpooesy HI'C nepedbauana ukoHauHs 080X 00C-
Mynig: 1ameparbHO20 ma MedianrbHo20, OCMAHHIN 30IUCHI08A-
U 3a HeobXiOHocmi. Pezynomamu oyinroganu ne paniue 6 mic.
nicia nouamky HAGAHMAICEHHA 34 WKALAMU Md ONUMYEAlb-
nuxamu AOFAS (3ao0muiti 6iooin), SMFA (short musculoskeletal
functional assessment) ma EQ-5D-5L (mobinonicme, camooo-
CY208YBAHHS, 36UYAUHA AKMUGHICMb, 0inb, mpusoea, VAS).
Pesynomamu. Y 3a3naueni mepminu pe3yromamu oyiniogaiu
v 21 nayienma. 3acmocogysaiu ougepenyiiinuii nioxio y eubopi
memooa ¢ixcayii HI'C. HezaoosineHuil pe3ynvmam ompuma-
HO 6 1 eunaodky, 6ionosiono 0o AOFAS, ane 32i0H0 3 wkaramu
SMFA ma axocmi scummsa EQ-5D-5L giomiueno cymmese no-
Kpawjenus NOKA3HUKI6 camoodCiy208y8anusa nayienma uepes
6 mic. 3aghixcosano docmogipnuii npupicm @yuxkyii 3a wikaramu
AOFAS, SMFA ma EQ-5D-5L (p < 0,001). Bucnosxu. Apmpooe3
HI'C'y oci6 i3 nacniokamu msdicKux nOpaHeHb 0036075€ BIOHO8-
J106amu 0NOPO30AMHICIb KIHYIGKU Ma € (DIHATbHUM emanom
JiKyeanns yux nayicumis. Kniouogi cnosa. Boenenanvhe nopa-
HEeHHsl, HAON SIMKOBO-2OMIIKOGULl CY2N00, apmpooes3, onopos-
oammuicmo KinyieKu.
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Introduction

Today’s combat injury is a severe injury due to
the high kinetic energy of projectiles and the use
of a wide range of means of destruction. All gunshot
wounds can be divided into bullet and mine-explosive
(mine-explosive trauma, MET) with high, medium
and low energy of impact on the human body, which
depends on many factors. In MET, damage occurs
both because of direct contact with an explosive de-
vice and as a result of injury by elements (fragments,
shrapnel, etc.). Severe injury can also occur without
direct contact with the projectile (device), i. e. as a re-
sult of the action of the blast wave on protective ele-
ments and their direct traumatic effect (for example,
an explosion in a car without the penetration of frag-
ments into the interior) [1].

Lower limb injuries are the most common on
the battlefield [2—4]. At the same time, gunshot
wounds to the lower leg and foot occur in 26 %
of cases, with bullet wounds prevailing over explo-
sive trauma [5].

Injuries to the talocrural joint (TCJ) have their
own characteristics due to the small volume of soft
tissues around the bone and joint, which, for example,
in 80 % of cases of gunshot wounds leads to bone
fractures with a predominance of intra-articular in-
juries and trauma to the vascular and neurovascular
trunks [6]. A corresponding problem of injuries to
the TCJ is the issue of preserving the lower limb or
performing primary amputation. We were unable
to track the frequency of TCJ injuries separately in
the literature [5, 7, 8].

Orthopedic reconstructive interventions are the fi-
nal stage of treatment of lesions in this area and are
aimed at performing arthrodesis due to severe in-
tra-articular injuries of the TCJ, accompanied by
post-traumatic osteoarthritis with severe pain syn-
drome [9]. External fixation devices (EFDs), partic-
ularly those using ring supports of the Ilizarov type,
are commonly employed for the fixation of the TCJ
after gunshot wounds. This method is associated
with microbial contamination of the tissues. The pos-
sibility of using other fixation methods and the fre-
quency of complications during their use are unclear.
The terms of union of the TCJ area when using dif-
ferent fixation methods are observed on average after
8—12 weeks [11], and bone union occurs in 69-77 %
of cases [12], which may require repeated surgical
interventions.

Purpose: to analyze the results of arthrode-
sis of the talocrural joint in patients after gunshot

wounds, to highlight aspects of the use of different
fixation methods.

Material and methods

The results of the treatment of 21 patients with
the consequences of severe injuries of the TCJ area,
who were hospitalized in the clinic at the State Insti-
tution “National Institute of Traumatology and Ortho-
pedics of the National Academy of Medical Sciences
of Ukraine”, Kyiv from 2014 to 2024, are presented.
The study was approved by the Bioethics Commis-
sion of the State Institution “ITO of the National
Academy of Medical Sciences of Ukraine” (protocol
No. 2 dated 07.02.2025). The study was conducted
in compliance with the requirements and provisions
of the Helsinki Declaration on Human Rights (2000),
including the revision of EC-GCP, the Constitution
and Fundamentals of Ukrainian Legislation on Health
Care (1992), and all ethical standards for conducting
clinical trials. All patients signed informed consent.

Most patients (18 subjects, 86%) were injured af-
ter the start of the full-scale invasion of the Russian
Federation on 24 February 2022. Among them, 2
(9.5 %) were civilians. The age of the patients was
(38.1 = 10.9) years, there were 2 women, and 19 men.

The patients received treatment at the evacuation
stages in accordance with the rules for providing
medical care to the wounded. At the time of hos-
pitalization, they had no wounds or clinical signs
of infection.

The study did not include patients with conse-
quences of minor injuries to the TCJ area and those
who required high amputation of the lower limb.

Arthrodesis of the TCJ was performed with screw
fixation, intramedullary locking rod, and external
fixation device. The function of the lower limb was
assessed before and after surgical treatment using
the AOFAS scale (TCJ segment and hindfoot (HF)),
SMFA (Short musculoskeletal function assessment)
and EQ-5D-5L quality of life questionnaire. The data
were entered into Excel spreadsheets, and the signifi-
cance of the difference in means was calculated using
a paired two-sample t-test. The results were evaluated
no earlier than 6 months after the start of loading the
limb after surgery.

Additionally, the type of injury (mine-explosive
or bullet), the degree of tissue damage according to
the Gustilo-Anderson classification, the time from
the moment of injury to reconstructive surgery,
the number of previous operations, the presence of an
infectious process at the previous stages of treatment
or after the performed reconstructive surgery were
analyzed.
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Results

Severe cases of gunshot wounds of the TCJ are
characterized by significant disintegration of the
anatomy of this area (Fig. 1), the supporting function
in this case is achieved by arthrodesis of the damaged
joints.

The technique of arthrodesis of the TCJ in-
volved performing two approaches: lateral and me-
dial, the latter was performed if necessary. A feature
of the approaches after TCJ injuries is the presence
of post-traumatic scars, which can be quite large in
area, different in localization, and depends on the na-
ture of the injury, methods of treatment and closure
of soft tissue defects. In our study, lateral access to
the TCJ was not possible in 2 injured patients (10 %
of cases), so the main one was medial, due to sig-
nificant cicatricial changes of the lateral surface
of the TCJ. Resection of the lateral bone was man-
datory, which could later be used for plastic surgery
of bone defects; in 2 patients it was not performed
due to damage to this bone. Next, sparing resection
of the articular ends of the TCJ of the tibia and talus
was performed in such a plane that it was possible to
set the foot at 90° to the axis of the lower leg and in
a neutral position of the posterior part of the foot to
the supporting surface.

We mostly used intramedullary locking rod (ILR)
for fixation (18 out of 21 cases), due to existing bone
defects in the wound area, complex disintegration
of anatomical structures (not only the TCJ, but also
the entire posterior part of the foot) with significant
changes in the subtalar joint. In 6 patients (29 %
of cases), a significant defect of the tibia or talus in
the TCJ area was diagnosed, but bone defect replace-
ment was used in 4 (19 % of cases). In 2 with existing
defects, stability of fixation was achieved by using
intramedullary rod fixation without bone autoplasty.

In 2 patients, screws were installed for fixation
of the TCJ (without fixing the subtalar joint), since
the patients had a rapid development of post-trau-
matic osteoarthritis of the TCJ after injury, but there
were no avascular changes in either the talus or de-
generative changes in the subtalar joint. In 1 per-
son, a rod EFD on Ilizarov-type ring supports was
used for fixation due to the manifestation of clin-
ical signs of infection during hospitalization and
preparation for surgical intervention. EFD fixation
was in the stabilization version without further cor-
rection of fragments, since the plane of resection
of the articular surfaces provided for the installa-
tion of the foot at an angle of 90° to the tibia with
tight contact of the surfaces. In the case of ILR
fixation, dosed loading of the limb was started
4-5 weeks after dynamization of the fixator, in
the case of screws — after 8 weeks, and in the case
of EFD — after 12 weeks, when signs of union were
noted. The presence of a defect and bone autoplasty
during surgery did not affect the timing of the start
of dosed loading with ILR fixation.

Most patients had the consequences of mine-ex-
plosive trauma with shrapnel wounds (Table 1), which
is a result of modern wars with the use of explosive
shells. In our study, there were no consequences
of bullet wounds, but this is more of an exception
than a rule, since bullet wounds of the talocrural joint
usually occur on the battlefield [3].

Severe injuries of the TCJ were observed in METs
that occurred in the event of a car explosion without
the penetration of fragments, as well as during in-
jury by a “petal” type mine. It should be noted that
the latter variant of injury did not lead to amputation
of the lower limb if the servicemen used footwear
with the appropriate class of protection against such
mines.

Fig. 1. Radiographic
images and clinical
presentation of patient G.
exhibiting the sequelae
of shrapnel injury to
the TCJ and the posterior
part of the foot
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Among the features of gunshot wounds are injury
to soft tissues, tendons, vessels and nerves, primary
contamination of wounds with microorganisms,
which requires appropriate tactics with staged surgi-
cal interventions. In our study, the number of previous
operations ranged from 1 to 8, on average (4.7 £ 2.6).
All of them were aimed at bone stabilization, infec-
tion prevention, staged necrotectomies and second-
ary closure of the tissue defect. Accordingly, the time
from injury to reconstructive intervention took on av-
erage (10.8 £ 6.9) months (from 1 to 30 months). Dur-
ing reconstruction, 11 out of 21 patients (52 %) had an
equinus foot position, which did not allow full load-
ing of the limb and sufficient assessment of the possi-
bility of its single-bearing loading.

We obtained good anatomical and functional re-
sults, taking into account the indicators of the AO-
FAS scales (segment for TCJ and HF) and SMFA, as
well as the data of the EQ-5D-5L quality of life ques-
tionnaire (Table 2 and 3), with a significant increase
in function 6 months after the start of limb loading
after surgery.

Infectious complications in the postoperative pe-
riod were observed in 2 patients (9.5%). In one case,
after drainage of the pathological focus and targeted
antibiotic therapy, the infectious process was stopped,
the wound healed with secondary tension. In another
patient, after 6 months of observation and union at
the site of TCJ resection, the metal fixator was re-
moved, and the infectious process was transferred to
the remission stage (Fig. 2).

Table 1

Distribution of patients by nature of injury, type of TCJ injury according to the Gustilo-Anderson classification,
number of previous surgical interventions, and history of clinical infection

No. Type of injury G-A Time to arthrodesis Number of previous History of clinical
of the TCJ, months interventions infection
1 MET (fragments) II 9 6 —
2 MET (fragments) 11 10 3 —
3 MET (fragments) II-A 9 5 —
4 MET (fragments) II 13 1 —
5 MET (mine) I1I-A 30 1 —
6 MET (fragments) II 4 7 —
7 MET (fragments) II 8 3 —
8 MET (fragments) 11 10 5 —
9 MET (fragments) II 5 4 —
10 MET (fragments) II-A 9 8 yes
11 MET (fragments) 11 11 8 —
12 MET (mine) II-A 2 7 —
13 MET (mine) — 1 4 —
14 MET (fragments) 11 12 5 —
15 MET (fragments) III-A 24 7 —
16 MET (car bomb) — 10 1 —
17 MET (fragments) II-A 8 8 yes
18 MET (fragments) III-A 10 7 —
19 MET (car bomb) 11 21 1 —
20 MET (fragments) 11 11 6 —
21 MET (fragments) III-A 8 5 yes
Table 2
Average lower limb function scores according to the AOFAS and SMFA scales
before and after surgical treatment with comparison of the difference in means
Scale Before intervention (n = 21) After intervention (n = 21) p (at & =0,05)
AOFAS 24.6 £16.3 79.8 +£10.5 p <0.001
SMFA 126.5+19.4 46.7 £ 14.5 p <0.001
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Clinical example

A 36-year-old patient G., military serviceman.
In the anti-terroristic operation zone (2015) as a re-
sult of an MET (stepped on an anti-personnel mine
with his left foot), the left foot was amputated and
open comminuted fractures of the right TCJ (Gusti-
lo-Anderson IITA) bones and toes of the foot occurred.
Staged treatment, final amputation of the left lower
limb at the level of the proximal third of the tibia,
successful prosthetic repair. Open injuries of the right
lower limb were healed, the fusion of the right TCJ
fracture did not occur, due to the use of the leg,
a varus deformity was formed, and deforming arthro-
sis significantly progressed. Full loading of the limb
is impossible. He was hospitalized and examined in
the clinic of the State Institution “National Institute
of Traumatology and Orthopedics of the National
Academy of Medical Sciences of Ukraine”. Resec-
tion arthrodesis of the TCJ with intramedullary fixa-
tion with a blocked retrograde tibial rod in a dynamic
blocking variant was performed. The postoperative
period was uneventful, after 1.5 months the patient
began to bear weight in the “Chobit” orthosis, after
another month — without restrictions. Examination
after 6 months: walks without additional support, full
weight-bearing on the right lower limb (Fig. 3).

Discussion

Intra-articular gunshot fractures of the TCJ are
characterized by pronounced post-traumatic changes,
which are accompanied by the development of os-
teoarthritis and require reconstructive interven-
tions aimed at immobilizing the joint with the foot
in a functionally advantageous position [9, 13]. This
improves the function of the limb, despite the lack
of complete recovery.

In our study, an unsatisfactory result was obtained
in 1 case, according to AOFAS, but according to
the SMFA and EQ-5D-5L quality of life scales, asig-
nificant increase in patient self-care indicators was
noted 6 months after the start of loading the limb,
while the patient's function recovery is still ongoing.
Therefore, we also used patient-oriented scales in
the assessment of results. If we consider only the AO-
FAS scale, then the number of good, positive and neg-
ative results in our study coincides with the observa-
tions of recent years by foreign specialists [9, 13].

We excluded from the analysis patients requiring
high lower limb amputation (HLA) based on the sum
of the signs and the absence of prospects for recon-
structive and restorative treatment. Despite the pos-
sible reluctance of the patient and doctors to perform
HLA, the results of reconstructive interventions in

Table 3

Average values of EQ-5D-5L before and after surgical treatment
with comparison of the difference in means

EQ-5D-5L Before intervention (n = 21) After intervention (n=21) p (at a = 0,05)
Mobility 39+0.8 2.1+0.5 p <0.001
Self-care 29+1.1 1.5+£0.6 p <0.001
Routine activity 3.8+0.9 22+0.6 p <0.001
Pain 3.8+0.9 2.1+0.6 p <0.001
Anxiety/depression 2.6+09 1.4+0.5 p <0.001
VAS 534+14.8 81+£6.0 p <0.001

Fig. 2. Radiogra-
phic images and
clinical presentation
of patient G.
exhibiting the
condition after
reconstructive
and restorative
treatment and remo-
val of the metal
fixator
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Fig. 3. Radiographic images, computer scans and clinical presentation of patient G. before and after reconstructive and restorative
treatment on the right lower limb

such cases, even in the case of achieving wound heal-
ing and bone consolidation, do not provide a signifi-
cant increase in limb function, which is confirmed by
relevant studies [10, 14, 15].

Depending on the type of TCJ injury, the main
ones are mine-explosive (fragmentation, direct con-
tact with mines and in the case of a car explosion)
and bullet wounds. The former are more common in
the case of combat operations in open and rural areas
[3], which may explain the absence of consequences
of bullet wounds in our study.

An additional problem in patients is the develop-
ment of equinus foot posture, which makes it impos-
sible to load the entire surface after injury. Preven-
tion of the development of such posture at the stages
of treatment in several cases allows avoiding ortho-
pedic surgical interventions, since the destruction
of cartilage from injury can spontaneously lead
to ankylosing of the joint. If the limb is fixed after
removal of the EFD in an orthosis or plaster cast,
the desired angle of 90° can be obtained to achieve
resistance of the limb and avoid further surgical
interventions.

During the treatment of patients with the con-
sequences of gunshot wounds to the area of the
TCJ, we applied a differential approach to choos-
ing a fixation method, which was aimed at achiev-
ing resistance with maximum preservation of limb
function. This approach is similar to the approach
to treating the consequences of traumatic injuries to
the TCJ [11].

For the treatment of post-traumatic changes in
the joints that developed because of gunshot wounds,
many authors consider it advisable to use only
EFD of various modifications [6, 9, 10, 13]. Despite
the contamination of tissues with microorganisms

during the wound, the use of internal fixation is pos-
sible, it does not cause more complications, compared
to other methods [16, 17]. The use of ILR in cases
of existing bone defects in these patients provides
reliable fixation and allows for early rehabilitation
and loading of the limb. This is especially important
considering the time from the moment of injury to
the performance of TCJ arthrodesis (Table 1), since
the prolonged absence of loading of the limb nega-
tively affects the restoration of its functionality. Post-
operative complications with internal fixation in our
study were in 2 cases, while removal of the fixator
was performed in one wounded patient, which did
not affect the overall result, since bone union was
achieved.

Such complications and their number do not go
beyond the known data during the treatment of pa-
tients with consequences of open fractures using
various fixation methods [12], therefore, we believe
that ILR is not contraindicated and can be used in
patients with consequences of gunshot wounds with
fixation of the TCJ. Bek et al. [9], who used EFD for
fixation of the TCJ, indicate the presence of previous
operations in patients with consequences of gunshot
wounds of the hindfoot, which preceded the arthrod-
esis of the TCJ. These interventions were aimed at
arthrodesis of the joints adjacent to the TCJ, damaged
during the injury. In our study, the use of ILR allowed
us to solve the issue of simultaneous stabilization
of the TCJ and the subtalar joint in cases where there
was damage to both the talus and calcaneus, which
was 2/3 of the cases of gunshot wound consequences,
which makes the use of ILR even more appropriate
in patients with the consequences of gunshot wounds
of the TCJ.



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1 19

In cases without avascular changes in the talus or
severe degenerative changes in the subtalar joint, it
is absolutely reasonable to block only the TCJ (fix-
ation with screws or a combination of screws and
a plate). It is important to maintain maximum mobil-
ity of the posterior part of the foot, and the mobility
of the subtalar and transverse metatarsal joints pro-
vide 30 % of the amplitude of movements of the an-
kle joint, allowing to preserve a significant share
of human motor activity.

In the presence of clinical signs of infection, we
used the TCJ area for fixation of the EFD on Ilizarov-
type ring supports. Undoubtedly, EFD is an accept-
able option in case of existing infectious processes in
the surgical area.

At the same time, the possible choice of types
of EFD is quite wide and allows to perform a number
of tasks during the treatment of patients with similar
issues. In our observation, we waited for the signs
of bone union before starting the load in this patient
due to pronounced osteoporotic changes in the bones
of the foot and fears of the development of osteolysis
around the rods, but the use of EFD gives an oppor-
tunity to start early load on the operated limb [18],
which is relevant during the treatment of this cate-
gory of patients, as mentioned above.

Conclusions

The final stage of treatment of the consequences
of severe gunshot wounds of the TCJ area with
the prospect of restoring the function of the limb is
the arthrodesis of this joint. Severe disintegration
of its anatomy, as well as the subtalar joint, in com-
bination with existing bone defects, makes the option
of fixation using ILR a priority during surgical inter-
vention. Rapid rehabilitation of these patients is very
important, since the treatment period after injury is
extended in time and negatively affects the restora-
tion of the function of the injured limb. At the same
time, a differential approach should be applied to fix
the TCJ in such patients to achieve the maximum
possible functional result.

Conflict of interest. The authors declare the absence
of a conflict of interest.

Prospects for further research. In-depth study of the long-
term consequences of injuries and the results of treatment
of these patients.

Information on funding. This study is not commercial and
has no external funding.

Authors’ contribution. Lyabakh A. P. — idea and con-
cept of the study, evaluation of the study results, formulation
of conclusions; Pyatkovsky V. M. — structure and drafting,
formulation of research methods; Turchyn O. A. — summary
of the study results, statistical processing of the results; Om-
elchenko T. M. — evaluation of the results and discussion
of the study results; Evlantyeva T. A. — literature search, prep-

aration of literary sources; Kharchyk V. S. — patient selection,
medical documentation processing, data summarization in Excel
table.

References

1. Powers, D. B., & Delo, R. I. (2013). Characteristics of bal-
listic and blast injuries. Atlas of the oral and maxillofa-
cial surgery clinics, 21(1), 15-24. https://doi.org/10.1016/].
cxom.2012.12.001

2. Mclntyre, J. (2020). Syrian civil war: a systematic review
of trauma casualty epidemiology. BMJ Mil Heal, 166(4),
261-265. https://doi.org/10.1136/jramc-2019-001304

3. Wild, H., Stewart, B. T., LeBoa, C., Stave, C. D., & Wren, S. M.
(2020). Epidemiology of injuries sustained by civilians and
local combatants in contemporary armed conflict: An appeal
for a shared trauma registry among humanitarian actors. World
Jjournal of surgery, 44(6), 1863—1873. https://doi.org/10.1007/
$00268-020-05428-y

4. Penn-Barwell, J. G., Brown, K. V., & Fries, C. A. (2015).
High velocity gunshot injuries to the extremities: Manage-
ment on and off the battlefield. Current reviews in muscu-
loskeletal medicine, 8(3), 312-317. https://doi.org/10.1007/
s12178-015-9289-4

5. Mohamed, A. Y., Ibrahim, H. S., Tagkoparan, H., & Tbrahim, Y. B.
(2023). Epidemiological characteristics and comparative out-
come of blast versus gunshot injuries of the extremities in
Somalia. Journal of orthopaedic surgery and research, 18(1).
https://doi.org/10.1186/513018-023-03527-9

6. Gonzalez, T., Briceno, J., Velasco, B., Kaiser, P., Stenquist, D.,
Miller, C., & Kwon, J. Y. (2020). Gunshot-related injuries to
the foot & Ankle: Review article. Foot & ankle international,
41(4), 486—496. https://doi.org/10.1177/1071100720901712

7. Covey, D. C. (2006). Combat orthopaedics: A view from
the trenches. Journal of the American Academy of Ortho-
paedic Surgeons, 14(Supplement), S10-S17. https://doi.
org/10.5435/00124635-200600001-00004

8. Dougherty, A. L., Mohrle, C. R., Galarneau, M. R., Wood-
ruff, S. 1., Dye, J. L., & Quinn, K. H. (2009). Battlefield
extremity injuries in operation Iraqi freedom. Injury, 40(7),
772-777. https://doi.org/10.1016/j.injury.2009.02.014

9. Bek, D., Demiralp, B., Kiirklii, M., Atessalp, A. S., & Bagsboz-
kurt, M. (2008). Ankle arthrodesis using an Ilizarov external
fixator in patients wounded by landmines and gunshots. Foot &
ankle international, 29(2), 178—184. https://doi.org/10.3113/
fai.2008.0178

10. McGuigan, F. X., Forsberg, J. A., & Andersen, R. C. (2000).
Foot and ankle reconstruction after blast injuries. Foot
and ankle clinics, 11(1), 165-182. https://doi.org/10.1016/].
c1.2005.10.002

11. Omelchenko, T. M., Lyabakh, A. P., Buryanov, O. A,
Khomych, S. V., & Lazarev, 1. A. (2016). Arthrodesis in
the system of reconstructive treatment of patients with the con-
sequences of injuries of the supracalcaneal joint. Bulletin
of orthopedics, traumatology and prosthetics, 1, 48-53. [in
Ukrainian]

12. Yasui, Y., Hannon, C. P., Seow, D., & Kennedy, J. G. (2016).
Ankle arthrodesis: A systematic approach and review of the lit-
erature. World journal of orthopedics, 7(11), 700. https://doi.
org/10.5312/wjo.v7.i11.700

13. Yildiz, C., Atesalp, A. S., Demiralp, B., & Giir, E. (2003).
High-velocity gunshot wounds of the tibial plafond man-
aged with Ilizarov external fixation: A report of 13 cases.
Journal of orthopaedic trauma, 17(6), 421-429. https://doi.
org/10.1097/00005131-200307000-00006

14. Ladlow, P., Bennett, N., Phillip, R., Dharm-Datta, S., Mc-
Menemy, L., & Bennett, A. N. (2018). Passive-dynamic an-
kle-foot orthosis improves medium-term clinical outcomes



20

15.

ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1

after severe lower extremity trauma. Journal of the royal
army medical corps, 165(5), 330-337. https://doi.org/10.1136/
jramc-2018-001082

Melcer, T., Walker, J., Bhatnagar, V., Richard, E., Sechri-
estll, V. F., & Galarneau, M. (2017). Correction: A comparison
of four-year health outcomes following combat amputation
and limb salvage. PLOS ONE, 12(2), e0173214. https://doi.
org/10.1371/journal.pone.0173214

Nguyen, M. P, Reich, M. S., O'Donnell, J. A., Savakus, J. C.,
Prayson, N. F., Golob, J. F., McDonald, A. A., Como, J. J., &
Vallier, H. A. (2017). Infection and complications after
low-velocity intra-articular gunshot injuries. Journal of or-

17.

18.

thopaedic trauma, 31(6), 330-333. https://doi.org/10.1097/
bot.0000000000000823

Baumfeld, D., Brito, A. S., Torres, M. S., Prado, K. L., De
Andrade, M. A., & Campos, T. V. (2020). Fraturas causadas
POR armas de fogo: Epidemiologia E taxa de infecg@o. Re-
vista Brasileira de Ortopedia, 55(05), 625—628. https://doi.
org/10.1055/s-0040-1702960

Golovakha, M. L., Klyackiy, Y. P., Maslenikov, S. O., &
Kosylo, V. V. (2024). Treatment of septic arthritis of the ankle.
Actual problems of orthopedics and traumatology: Jubilee
collection of scientific works [in Internet], 41-46. Available
from: https://archive.sytenko.org.ua/handle/123456789/1573

The article has been sent to the editors
27.01.2025

Received after review
22.02.2025

Accepted for printing
27.02.2025

ANKLE ARTHRODESIS AFTER COMBAT RELATED INJURIES
V. M. Piatkovskyi !, O. A. Turchin !, T. M. Omelchenko 2, T. A. Yevlantieva !, V. S. Kharchyk !, A. P. Liabakh !

!SI «The Institute of Traumatology and Orthopedics NAMS of Ukraine», Kyiv
2 Bogomolets National Medical University, Kyiv

<] Volodymyr Piatkovskyi, MD, PhD: piatk1981@gmail.com; https://orcid.org/0000-0001-5448-8759

<] Olena Turchin, MD, PhD: olenaturch@gmail.com; https:/orcid.org/0000-0002-8668-7063

<] Taras Omelchenko, MD, PhD, Prof.: tnomelchenko@gmail.com; https://orcid.org/0000-0003-1722-0803
< Tetiana Yevlantieva: t.yevlantieva@gmail.com; https:/orcid.org/0009-0009-6251-2814

D4l Vasyl’ Kharchyk: kharchyk vasyl@gmail.com; https:/orcid.org/0009-0006-7436-2524

<] Andrii Liabakh, MD, Prof.: anliabakh@gmail.com; https://orcid.org/0000-0001-5734-2392



