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Syme’s operation in the treatment of gunshot injuries of the foot
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Syme’s operation for gunshot injuries of the foot may be a vi-
able alternative to transtibial amputation. Objective. To ana-
lyze the results of the use of Syme’s operation in patients with
gunshot injuries of the foot, to highlight the important points
of surgical technique, rehabilitation and prosthetics. Methods.
The results of treatment of 12 men with gunshot wounds to
the foot aged 23—54 years (mean age (36.1 = 2.7) years) who un-
derwent Syme surgery were analyzed. All patients were military
personnel at the time of injury. Clinical, instrumental and mi-
crobiological examinations were used. The severity of the inju-
ry and the prospects of reconstructive treatment were assessed
by the Hannover Fracture Score (HFS-97), the anatomic defect
present and the severity of static-dynamic disorders. The results
were evaluated according to VAS (pain) and ALAC (prosthesis
using). Results. Healing of postoperative wounds in all cases
occurred without complications. The observation period was
from 8 months. up to 7 years (3.5 years on average). All 10 pros-
thetic patients use a prosthesis: 1 — walking on a prosthesis
outside the home (ALAC 1V), 5 — independent mobility (ALAC
V), 4 — mobility does not differ from the norm (ALAC VI). In
two cases (15,4 %) due to pain syndrome (7,3 and 6,8 accord-
ing to VAS) prosthetics was impossible — reamputation at the
level of the leg. Conclusions. Syme’s operation provides a good
functional result of prosthetics in case of gunshot injuries of
the foot, is a real alternative to transtibial amputation in cases
with preserved hindfoot.
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Onepayin Caiima npu 802HENANbHUX YUIKOOJICEHHAX CMO-
nu mModice 6ymu peanrbHo AlbMEePHAMUEOr MpPAHCMIOIAIbHIl
amnymayii. Mema. Ilpoananizyeamu pesyiomamu 3acmo-
cyeannsn onepayii Caiima 6 nayienmie i3 60cHeNnaIbHUMU
VUIKOOJICEHHAMU CMONU, SUCEIMIUMU BANCTUBT MOMEHMU Xi-
pypeiunoi mexwixu, peabinimayii ma npome3syeanns. Memoou.
IIpoananizosano pesynomamu aikysanns 12 4onoeikie iz oche-
NATLHUMU YUKOOHCEHHAMY cmonu y 6iyi 23—54 poxu (cepeo-
niu 6ix (36,1 + 2,7) poky), akum suxonanu onepayiro Caiima,
yci nayienmu Ha MoMeHm nopamneHns Oyiu 8iliCbKOB8OCIYIIc-
bosyamu. 3acmocoeysanucs KAiHIUHI, THCMPYMeHmanvHi ma
MiKpobionoeiuni  obcmeosicenns. Taxckicmv  YWKOONHCEHHS
i nepcnexmugu peKoHCMpYKMuUHO20 NiKYBAHHS OYIHIOBAIU 3d
Hannover Fracture Score (HFS-97), nasenum anamomiunum
depexmom, GUPANCEHICMIO CMAMUKO-OUHAMIYHUX PO31a0I6.
Oyinrosanus pesynvmamie nposoounu 3a BAILl (6inv) ma wixa-
1010 ALAC (kopucmyeanns npomesom). Pesynomamu. 3azoenns
nicasgonepayitinux pam 6 ycix unaokax cmaioce 6e3 yckaiao-
nenwv. Tepmin cnocmepedicenns cmanosug 6i0 8 mic. 0o 7 pokie
(v cepeonvomy 3,5 poxy). Yci npomesosani 10 nayienmie kopuc-
mylombscs npomeszom: 1 — x00vba na npomesi 3a medzucamu no-
mewkanns (ALAC IV), 5 — nezanescna mobinonicme (ALAC V),
4 — mobinvHicmy He 8i0pizHacmbes 6i0 Hopmu (ALAC VI).
YV 06ox sunaokax (15,4 %) uepes bonvosuii cunopom (7,3 ma 6,8
3a BALLl) npome3sysanns 0y10 HeMONCIUBE — PeAMNYMAYis HA
pisni cominku. Bucnosku. Onepayia Caiima 3abe3neuye eapnuil
@yuryionaneHull pe3yrbmam npome3y8anHs npu 602HENATbHUX
VUKOOICEHHAX CMONU, € PEANbHOIO ANbMEPHAMUBOI0 MPAHCII-
bianvuitl amnymayii y eunaoxkax 30epedicenoco 3a0Hb020 Gi0-
oiny. Knwouosi cnosa. Cmona, oenenanvha mpasma, onepayis
Caiima.
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Introduction

Treatment of gunshot injuries to the limbs is an
urgent problem of modern traumatology due to
armed conflicts in various countries of the world. For
Ukraine, this problem has gained special importance
since 2014, when Russia began armed aggression. Fire
injury of the foot is characterized by the complexity
of restoring the structures of this part of the human
body and requires the involvement of specialists from
many surgical specialties. Published results of restor-
ative treatment of gunshot wounds in this area are
quite ambiguous due to the heterogeneity of clinical
material, different socio-economic conditions of in-
dustrialized countries and those that are developing.

The question of amputation of the foot in case
of gunshot injuries arises both at the stages of evacu-
ation and in the remote period. In a number of cases,
the preservation of the plantar skin of the heel area
provides the necessary conditions for the Syme ope-
ration, the functional consequences of which, under
the conditions of compliance with indications, sur-
gical technique and rehabilitation, exceed the results
of transtibial amputation. In the available modern
literature, there are few reports on the Syme opera-
tion for gunshot wounds of the foot [1, 2], although
the functional capabilities of the residual limb after
exarticulation in the supracalcaneal joint provide
not only full-fledged independent locomotion, but
also the possibility of short-term loading without
a prosthesis.

We hope that our modest experience of using
the Syme operation in the case of gunshot wounds to
the foot will contribute to the return of this undeser-
vedly forgotten operation to wider use in Ukraine.

Purpose: to analyze the results of the use of Syme
operation in patients with gunshot injuries of the foot,
to highlight the important points of surgical tech-
nique, rehabilitation and prosthetics.

Material and methods

The study involves (since 2016) 12 male patients
with gunshot wounds to the foot who underwent
Syme surgery. Their age was 23-54 years (on aver-

age (36.1 = 2.7) years), all patients were servicemen
of Ukraine at the time of injury. The study was ap-
proved by the academic council of the State Estab-
lishment “Institute of Traumatology and Orthopedics
of the National Academy of Sciences of Ukraine”
(Protocol No. 8 dated 18 April 2023), its conduct
was in accordance with the principles of the Helsinki
Declaration on Human Rights and the requirements
of the local bioethics committee. Informed consent
was obtained from all patients. Study design: case se-
ries, retrospective analysis.

The study implied assessment of the clinical ma-
terial, the nature of the injury (explosive mine inju-
ry (EMI), shrapnel, bullet), single or multiple injury,
time since the injury, the number of surgical treat-
ments and, separately, the number of interventions
before the Syme operation (re-amputation, osteosyn-
thesis, cement-antibiotic spacer implantation, auto-
dermoplasty, skin plastic with a rotary or microvas-
cular flap). Patient data are shown in Table 1.

Examination of patients

Clinical: sensitivity of the plantar surface
of the foot, compensation of regional blood flow (pul-
sation of aa. tibialis posterior, dorsalis pedis); thevol-
ume of active and passive movements in the supracal-
caneal-tibia joint.

Instrumental: ultrasound flowmetry or dopplerog-
raphy in the case of impossibility of clinical observa-
tion of pulsation during the study of blood flow along
a. tibialis posterior, X-ray, CT and MRI as indicated.

Microbiological: in the presence of an infectious
process, during surgery - biopsy material, in the case
of open wound surfaces or in suspicious cases. Eva-
luation of fresh injuries was carried out according to
HFS-97 [3], under the conditions of the consequenc-
es, the existing anatomical defect, the severity of sta-
tic-dynamic disorders and the prospects of further
restorative treatment were studied.

Indications for Syme surgery: severe foot injury
precluding successful anterior amputation/re-ampu-
tation, HFS97 total score > 20.

Table 1

Characteristics of clinical material

Injury nature Mono/Polytrauma

Number of surgical treatments on the foot

Number of interventions on the foot Time since injury

EMI: ' ) from 3 days
— anti-personnel mine; 4/2 2-8 (4.3 on average) 1-4 (3.0 on average) to 8 months
— explosion in the car 0/1 4 3 (3 months

Shrapnel 2/2 2—-4 (3.0 on average) 1-5 (3.4 on average) and 12 days

Bullet 1/0 3

on average)




ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2024. No 2

Contraindications: lack of blood flow along a. tibi-
alis posterior, the patient's desire to keep the residual
foot.

Preparation for surgery

In cases of fresh injuries, staged amputation was
performed at the level of the transverse metatar-
sal joint in order to rehabilitate the residual limb as
quickly as possible. Based on the condition of the tis-
sues, a decision was made to manage the wound —
open or with the use of negative controlled pressure.
Prevention of thromboembolism and antibacterial
therapy were carried out in accordance with current
hospital instructions.

Operation technique

Position of the patient on the back, tourniquet on
the thigh. Access: Anterior transverse component —
1 cm distal and 1 cm anterior to the bimalleolar line,
both ends of this incision were joined by a stirrup
incision anterior to the heel fat pad. Cutaneous nerves
(nn. suralis, peroneus profundus) were carefully se-
lected and crossed, taking care not to get them into
the scar. The capsule of the metacalcaneal joint was
dissected, the foot was bent, and a single-toothed
hook was inserted into the metacalcaneal bone.
Traction by the hook allowed us to visualize the ten-
don of m. flexor hallucis longus, medial to which is
the tibial vascular-nerve bundle. The lateral ligaments
were carefully crossed, the calcaneus was freed
from the tissues, while avoiding strong stretching
of the tissues. A single-toothed hook was placed on
the back surface of the calcaneus, pulled downwards,
and the Achilles tendon and plantar tissues were cut
off. Excision of the foot was completed by crossing
the aponeurosis. The tourniquet was released and
the blood flow through the flap was assessed. If there
was no bleeding from the edges of the flap, despite
the indicators of preoperative studies, a decision was
made on transtibial amputation (TTA).

In case of bleeding from the edges of the flap,
the operation was continued. Approximately
1.0—1.5 cm of the epiphysis of the tibia together with
the bones were cut off, the dissection plane should
be perpendicular to the axis of the tibia. All the ten-
dons that appeared in the wound were crossed as
proximally as possible. The “ceiling” in the bone
area was a little narrowed. Before suturing, the skin
flaps were adapted and, if there was excess tissue,
the dorsal flap was shortened. Tubular drainage
was installed, the plantar cushion was centered on
the surface of the tibia, and the skin was sutured.
It is important to adequately drain the large dead
space after metacalcaneal and calcaneus extraction.
To reduce the dead space, a plantar flap was sewn

with a through seam, which was brought to the skin
of the front surface of the lower leg.

In the absence of indications, the first dressing
was performed after 48 hours, then the drain was
removed. Three weeks after the operation, the su-
tures were removed and a circular plaster cast with
a ring was applied, in which full weight bearing was
started. Plaster was changed as the stump lost weight
until its volume stabilized. During the manufacture
of the prosthesis, the patients walked in a plaster cast.

The results were evaluated according to the fol-
lowing indicators: healing of the postoperative
wound, pain in the residual limb (severity according
to VAS), the need for re-amputation, the level of pros-
thesis use according to the ALAC (Artificial Limb
and Appliance Center) scale [4]:

I. The prosthesis has exclusively cosmetic
significance;

II. The prosthesis is used only for transportation;

III. Walking on a prosthesis inside the house;

I'V. Walking on a prosthesis outside the home;

V. Independent mobility of the prosthetic device;

V1. The mobility of the prosthetic device does not
differ from the norm.

Items III and IV include the use of crutches,
crutches, or walkers.

Results

Healing of postoperative wounds in all cases oc-
curred without complications. The observation peri-
od was from 8 months up to 7 years (3.5 years on
average). In two patients, a violation of the postope-
rative rehabilitation protocol resulted in chronic pain
in the residual limb, which ultimately led to re-ampu-
tation at the lower leg. In all other cases, the patients
were successfully implanted: 5 of them had indepen-
dent mobility (ALAC V), in 4 the mobility did not
differ from the norm (ALAC VI) (Figure). The func-
tional results of the treatment are shown in Table 2.

As can be seen from the Table, all 10 prosthetic
patients used the prosthesis, and 9 of them had mobi-
lity levels V and VI on the ALAC scale. Five of them
returned to military service, 5 of those who were dis-
charged have permanent employment.

Discussion

J. Syme in 1842 published the technique and
results of exarticulation in the supracalcaneal-ti-
bial joint using the plantar skin of the heel area to
close the tibial fissure [5]. The operation turned out
to be extremely effective in the case of amputation
of the foot due to various disorders of acquired and
congenital origin, and the idea gave birth to a number
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Table 2
Functional results of Syme operation
Result of treatment VAS (pain, cm) Returned to military service Discharged, but working Discharged, not working
ALACIV (n=1) 2.0(1.2-29) 1 —
ALACV (n=)5) 1.8(0.7-2.3) 2 2 1
ALAC VI (n=4) 0.9(0.4-1.5) 3 1 —
pe-TTA (n=2) 7.3;6.8 1 1

of osteoplastic modifications: operations by M. L. Pi-
rogov, H. B. Boyd, G. Neff, and others. The advan-
tages of the Syme operation are low energy con-
sumption during walking, durable and load-bearing
residual limb, preservation of proprioception [1, 6].
Disadvantages include migration of the plantar flap,
non-cosmetic appearance, and a significant propor-
tion of re-amputations in adult patients [1, 2].

Syme operation has found wide use in diabetic foot
surgery, however, in the case of traumatic cases, it is
used much less. Thus, in a systematic review of the li-
terature by R. Braaksma et al. [2], among the selected
36 full-text publications on Syme operation, only 3 are
devoted to traumatic cases in adults. The patient popu-
lation was 1,056, of which 213 were traumatic cases.

When considering combat trauma, information
on Syme surgery for gunshot wounds to the lower

Figure. Explosive-mine injury
of the right foot (anti-personnel mine)
of 2 weeks standing. View (a) and
X-ray (b) of the injured foot before
Syme operation. X-ray (c) and view
(d) of the residual limb 6 months after
surgery. Functional result of prosthetic
care (e)

extremity is patchy and scarce. F. A. Rathore et al.
[7] reported 9 cases in Pakistani army servicemen
during the period 2007-2011, which accounted for
7.3% of all lower extremity amputations. According
to the data of C. A. Krueger et al. [8], the percent-
age of exarticulations at the level of the supracalcane-
al-tibia joint among all amputations in American sol-
diers injured during the stay of the joint contingent in
Iraq and Afghanistan (2001-2011) was 1.5 % (25 cas-
es). In Asian countries, the Syme operation is prac-
ticed more widely. Thus, S. Necmioglu et al. (Turkey)
[9] published the results of treatment of 186 cases
(1993—2001) of lower extremity injuries due to mine
explosions. In their series of observations, the num-
ber of exarticulations at the level of the supracalca-
neo-tibial joint was 24 cases (23.8 %), and the per-
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centage of re-amputations after the Syme operation at
the level of the tibia was 4.2 % (1 case).

The effectiveness of the Syme surgery in trau-
matic cases is highlighted in a systematic review by
R. Braaksma et al. [2]. Problems with wound heal-
ing were noted in 5 %, re-amputations at the level
of the leg in 23 %. Our patients had no problems with
the healing of the postoperative wound, re-amputa-
tion at the level of the lower leg was performed in
2 cases (15.4 %). In these cases, non-compliance with
the postoperative rehabilitation protocol (lack of adapta-
tion of the residual limb to full load in a plaster cast)
caused a pronounced pain syndrome during the use
of the prosthesis, which became a strong indication
for re-amputation at the level of the lower leg.

According to the data of R. Braaksma et al. [2],
the percentage of prosthesis use was 78 %, and 66 %
of prosthetic patients had permanent employment.
Due to the lack of relevant information in the sources
selected for systematic analysis, the functional capaci-
ty of prosthetic persons was not analyzed. Among our
patients, out of 11 subjects with prostheses, 10 had
mobility levels V and VI, 5 patients returned to mili-
tary service (50 %). The other 5 were released from
military service but have permanent employment.

The advantage of our study is the assessment
of functional results of the Syme operation for gun-
shot injuries of the foot in cases where the preser-
vation of the bearing capacity of the lower limb is
impossible or previous reconstructive interventions
could not provide it. In such cases, re-amputation
at the level of the tibia is formally indicated, with
the features, complications and cost of prosthetic re-
pair inherent in transtibial amputation. At the same
time, the successful operation of Syme makes inde-
pendent mobility possible for a lower cost of the pros-
thesis, and inside the house the patient can walk on
the residual limb without it. Even in cases where
re-amputation is required, the patient and surgeon
have a good reserve of length.

We cannot compare the obtained results with
the literature data due to the lack of similar studies,
but it should be noted that there are also no compara-
tive studies of the results of the Syme operation and
transtibial amputation for gunshot injuries.

Conclusions

Syme's operation provides a good functional result
of prosthetic repair for gunshot injuries of the foot,
is a real alternative to transtibial amputation in cas-
es of such injuries with a preserved posterior part
of the foot. Covering the end of the residual limb with
specialized plantar skin creates conditions for almost
complete resistance, which significantly speeds up
rehabilitation after prosthetic repair. An additional
advantage is significantly lower costs for the manu-
facture of a prosthesis compared to transtibial ampu-
tation. Further comparative studies of quality of life
and functional capacity of patients undergoing tran-
stibial amputation and Syme's operation will con-
tribute to a differentiated approach to the selection
of the level of amputation of the lower extremity for
gunshot injuries of the foot and the wider application

of Syme's operation.
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