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Abstract

Background. The problem of treating wounded patients with defects of soft tissues and bones of the extremities
continues to be relevant. One of the ways to close soft tissue defects, especially in case of bone tissue loss,
after open fractures of the extremities is acute shortening and creation of artificial angular deformity of the
segment.

The aim of the study — to demonstrate the possibilities of acute shortening and angulation of the segment
as a technique to replace soft tissue and bone defects in treatment of a patient with a gunshot wound to the
lower leg.

Case description. A 30-year-old wounded man was admitted to the clinic with an extensive defect in soft
tissues and bones of the lower leg in the middle third. To reduce the wound size, acute shortening and
angulation of the lower leg was performed. The intentional angular deformation was 24°, shortening —
up to 8 cm. The residual soft tissue wound defect was closed with local tissues and split skin autograft.
The tibia was fixed by the Ilizarov hinge-distraction apparatus with following gradual correction
of the angular deformity. After that, one performed osteotomy of the tibia in order to eliminate
shortening with the Ilizarov method (the distraction rate of 1 mm per day). After restoring the length
of the lower leg, in order to replace the defect along the anterior surface of the tibia, a marginal “flake” was
formed from a displaced fragment. At a follow-up examination, in 18 months after the injury the patient
walks with full weight bearing on the injured limb without any additional means of support, continues to
perform military service duties in accordance with his position.

Conclusions. The presented clinical case demonstrates that acute shortening of a limb segment with creation
of artificial angular deformity is an effective method for temporary closure of a gunshot defect of soft tissues.
The technique allowed closing critical soft tissue defect of the lower leg and restoring the anatomy (length) of
the segment. Consequently, one was able to achieve satisfactory treatment results and restore the functions
of an injured limb. Besides, acute temporary shortening technique eliminated the need to perform technically
sophisticated and lengthy microsurgical reconstructions, which are associated with a flap replacement for
closure of soft tissue defects in a shotgun fracture area.

Keywords: gunshot fractures, soft tissues defects, bone defects, acute shortening, angulation, external fixation,
limb salvage surgery.
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Pedepar

AxkmyansHocme. [Ipobiema jedeHUs paHeHbIX € AedeKTOM MSITKUX TKaHel M KOCTelt KOHeUHOCTel MpoIo-
SKaeT COXPaHSITh CBOI aKTyaJIbHOCTb. OIHUM 13 CITIOCOO0B 3aKPhITHS MITKOTKAHHbBIX IeheKTOB, 0COGeHHO ITpU
MOTepe KOCTHOM TKaHM, Y NMalMeHTOB C OTKPBITBIMU ITepesioMaMy KOCTel i KOHEUHOCTEN SIBSIETCSI OCTPOE YKO-
poueHNe U Co3TaHNe UCKYCCTBEHHO YIIIOBOH nedopmMalm cerMeHTa.

Ilenv — Ha KIIMHMYECKOM IIpMMeEpe OoKa3aThb BO3MOXXHOCTY MPUMEHEHMS TEXHMUKM OCTPOTO YKOPOYEHMSI U aH-
TyJIsaaumy CerMeHTa OJjisd 3aMelleHns ,ZLe(beKTOB MSITKMX TKaHel U KOCTU pu JieueH MnauueHTa C OrTHeCTpeJib-
HBIM paHEeHMeM I'OJIeHN.

OnucaHue KIuHU4ecKoz20 cayuas. Panenslii 30 JieT MOCTYNMUI B KIMHUKY C OOMIMPHBIM AedeKTOM MSITKUX
TKaHeil ¥ KocTelt rojileHu B cpenHeit TpeTu. C 1e/1bI0 YMEeHbIIEeHYSI pa3MePOB paHbl BBIIIOJHEHBI OCTPOE YKO-
poueHue u aHTYAAIMs ToneHu. [IpegHamMmepeHHas yrinoBas gedopmaiys rojeHy coctapmia 24°, ykopoueHue
— 1o 8 cm. ITocse 3aKpBITHUSI OCTATOUHOTO paHeBOTro JedeKTa MITKMUX TKaHell MeCTHbBIMM TKaHSIMM U paciie-
IUIEHHBIM KOKHBIM ayTOTPAHCIIJIAHTATOM BBITIOJNIHEHA (UKCcAIMsT 6OJbIIEOEePIIOBOI KOCTY HMIAPHUPHO-IMC-
TPaKIMOHHBIM ammapaToMm MamsapoBa c mocienymoleil MocTerneHHOV KOppeKkuyeit yriioBoii gegopmanyn,
Ha (JIefyIoleM 3Tare — OCTeOTOMMUS 60Jbllie6epIioBOil KOCTH C I[ebI0 YCTPAaHEeHUs YKOPOUYEHUSI MEeTOIOM
Wnusaposa (Temn guctpakuuu 1 MM B cyTku). [locie BocCTaHOBIEHMS IJIMHBI TOJIEHNU C 11€J/1bI0 3aMelleHUsI
nedekTa 1o nepegHei MTOBEPXHOCTY 60JbIe6epIioBOI KOCTY BBITIOMIHEHO (OPMUPOBaHME KPaeBOro «OTIle-
Ima» OT IepeMelieHHoro ¢parmMeHnTa. IIpy KOHTPOJIBHOM OCMOTpe depe3 18 mMec. mocjie paHEHUS MalVeHT
XOIUT C TOJTHOM HArpy3Koil Ha TPaBMMUPOBAHHYIO KOHEYHOCTH 6€e3 [TOTOMHUTENbHBIX CPEICTB OMOPHI, IPO-
JOJKAeT UCIIOMHSTH 00513aHHOCTY BOEHHOM CJIY>KObI B COOTBETCTBUM C 3aHUMAEMO TOJISKHOCTBIO.
3axnatouerue. OcTpoe yKOpoUeHMe cerMeHTa KOHEeUHOCTH ¢ (opMupoBaHMEM MCKYCCTBEHHOM YIJIOBOII [Te-
dbopmanym sBasercss 3¢GdeKTUBHOV METOOMKON IS BPEMEHHOIO 3aKpbITUSI OTHECTPeNbHOTO AedekTta
MSITKMX TKaHeH, IMO3BOSIONIel 3aKPbITh KPUTUUECKUIT MIATKOTKAHHBIN HedeKT rosieHn, BOCCTAHOBUTD aHa-
TOMMIO (IJIVHY) CETMEeHTA U, Kak CJIe[CTBUE, TOOUTHCS YIOBAETBOPUTEIbHBIX Pe3y/IbTaTOB JieueHUsI M BOCCTa-
HOBJIeHUS (PYHKI[MIT TTOBPEXKIEHHOM KOHEeUHOCTH. KpoMe TOro, TeXHMKA OCTPOrO BPEMEHHOTO YKOPOUeHUS
MCKITIOUaeT MOTPeOHOCTh B TEXHUUECKM CIOKHBIX U JJIUTEIbHBIX MUKPOXUPYPIUUECKUX PEKOHCTPYKIIUSX,
CBSI3aHHBIX C TlepeMeleHeM JIOCKYTa IJ1s1 3aKPBITUS NedheKTOB MATKUX TKaHel B 06/1aCTy OTHECTPeIbHOTO
repejoma.

KnroueBbie ¢j1oBa: OrHeCTpebHbIE TIepesioMbl, 1eGeKTbl MSITKUX TKaHel, medheKTbl KOCTH, OCTpPOoe YKopoye-
HMe, aHTY/IS1Ms], BHEIITHMIT OCTEOCUMHTE3, OPTAHOCOXPAHSIONIME OIlepalli.
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INTRODUCTION

In the structure of combat injuries, gunshot
wounds to the limbs account for over 70%, with
40% of these being fragmentary fractures of
long bones [1]. Primary and secondary defects of
soft tissues and bones are identified in gunshot
fractures. Primary defects occur due to the
direct damaging effect of the projectile, while
secondary defects arise from initial debridement
or subsequent surgical interventions [1, 2]. The
main techniques for replacing soft tissue defects
involve various types of grafts, both free and
pedicled [3, 4].

Nowadays, the nature of injuries has changed
compared to previous military conflicts. Current
combat surgical trauma to the musculoskeletal
system is characterized by a high frequency of
extensive primary defects in soft tissues and
bones, vascular and nerve damage, and the
avulsion and destruction of limb segments.
Additionally, there is an increase in the number
of multiple injuries and polytrauma [5, 6].

According to the literature, one method
for closing soft tissue defects, especially when
combined with bone loss, in open fractures
of limbs is acute shortening and creating an
angular artificial deformation of the segment
[7,8]. After correcting this deformation, subsequent
restoration of the segment's length and shape is
usually achieved through distraction osteogenesis
using the Ilizarov technique [9, 10]. There are a few
reports in the literature on the results of applying
the technique of acute shortening and angulation
in patients with gunshot defects of soft tissues
and limb bones [10, 11].

The aim of this study is to demonstrate the
effectiveness of using the technique of the acute
shortening and angulation of the segment for
replacing soft tissue and bone defects when
treating a patient with a gunshot wound to the
lower leg.

Case description

In May 2022, a 30-year-old military servant
sustained a gunshot injury to the right lower
leg, resulting in a gunshot defect of the middle
third of the tibia, damage to the anterior tibial
artery, the peroneal nerve, the peroneal muscles,
and the tendons of the extensor of the toes. At
the site of the injury, the patient underwent
the debridement of the wound of the lower
leg, ligation of the anterior tibial artery, and

fixation of the tibia with an external fixator
from the military-Field rod kit (MFRK). During
evacuation by air medical transport, the patient
received infusion, anticoagulant, and antibiotic
therapy. The patient was transported to the clinic
36 hours after the injury.

Upon admission, the overall condition of the
patient was assessed as moderate according to
the VPH-SP scale (19 points). The severity of the
injury was rated as severe on the VPH-P scale
(OR) (6.6 points) [12]. On the AIS (Abbreviated
Injury Scale), the severity of the injury was 3
points (significant but not life-threatening) [13].
According to the Gustilo-Anderson classification
of open fractures, the fracture was classified as
type IIIB [14]. The defect size in the tibia was 8
cm, classified as type 3 according to the SoFCOT
classification (French Society of Orthopaedics
and Traumatology) [15].

Local status upon admission: the right lower
leg was fixed with the MFRK external fixator,
which was stable, and there were no signs of
skin inflammation around the half-pins. Plantar
flexion in the right ankle was limited, and dorsal
extension was absent. On the anterior surface of
the right lower leg in the middle third, a lacerated
and contused wound measuring 17x14 c¢m was
visible with slight serosanguineous discharge.
The wound bed was formed with damaged
peroneal muscles, extensor muscles of the
toes, and the tibia. There was a 2 cm-wide area
of preserved skin in the middle of the wound.
Pulsation of the dorsalis pedis artery was absent,
but the pulsation of the posterior tibial artery was
distinctly detectable. No signs of foot ischemia
were present (Figure 1).

Three days after admission, the patient
underwent surgery: a repeated debridement of
the lower leg wound, during which devitalized
tibial fragments were removed. One of the
bone fragments, which had not lost connection
with the soft tissues, was fixed with a screw to
the distal fragment of the tibia. To reduce the
wound size, acute shortening and angulation of
the lower leg were performed. The intentional
angular deformity of the lower leg was 24°,
and the shortening was up to 8 cm. During the
shortening, blood flow in the distal parts of the
limb was monitored using Doppler sonography
and pulse oximetry. The remaining wound
defects were covered with a vacuum drainage
system (Figure 2).
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Figure 1. View (a) and X-rays of the patient’s right lower leg in frontal and lateral projections (b) upon
admission to the clinic: gunshot fractures of the tibia and fibula, fixation with the MFRK device (2 rods

in each fragment)

Eight days after admission, as a result of
treatment procedures, the wound was cleaned,
and granulation tissue appeared. The external
fixator was reinstalled, and the soft tissue wound
defect was closed with local tissues and a split
skin autograft (Figure 3).

Figure 2. View and X-rays of the right lower leg after repeated
debridement:

a — the lower leg is fixed using the MFRK device with 4 rods
in the position of shortening and deliberate recurvation,

the wound size has decreased;

b — a polyurethane sponge is placed in the wound;

¢ — X-rays of the lower leg in frontal and lateral projections,
the recurvation angle was 24°

On the 15" day after engraftment, the
operation was performed: partial removal of the
external fixator, leaving one half-pin in each
fragment to maintain the position of the lower
leg, and fixation of the tibia with the Ilizarov
hinged-distraction apparatus (Figures. 4, 5).
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Figure 3. View of the lower extremity after closure of
the skin defect

Figure 4. View of the lower extremity on the 1t day
after surgery: the right lower leg is fixed with the
Ilizarov hinged-distraction apparatus

In the following 8 days, the angular deformity
of the lower leg was corrected with the subsequent
corticotomy of the tibia in the upper third
(Figure 6). Thirty days later, distraction was
initiated in the ring fixator at the osteotomy
site to correct the shortening using the Ilizarov
method (distraction rate of 1 mm per day).

Three months later, the length of the lower leg
was restored (Figure 7). Since a defect persisted on
the anterior surface of the tibia, a marginal “split”
was formed from the displaced fragment to fill the
defect (so-called marginal graft) (Figure 8).

After 4.5 months, the contact between the
“split” and the distal fragment was achieved
(Figure 9a), and after 7.5 months, a good
remodeling of the regenerate was observed
(Figure 9 b).

The patient was continuously monitored by
clinic specialists to assess treatment outcomes,
determine further management strategies, and
direct the patient to medical rehabilitation and
health resort treatment.

Fourteen months after the injury, the external
fixator was removed (Figure 10). The anatomical-
functional result was evaluated as good 18
months after the injury, with a score of 83 on the
Neer-Grantham-Shelton scale [16]. The patient
walks without additional support and continues
to perform military duties according to his
position. There is no dorsal flexion of the right
foot (Figure 10).

Figure 5. X-rays of the lower leg in frontal and
lateral projections after fixation with the Ilizarov
hinged-distraction apparatus, the recurvation angle
was 24°

Figure 6. X-rays of the lower leg in frontal and
lateral projections after osteotomy of the upper third
of the tibia
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Figure 7. X-rays of the lower leg in frontal and
lateral projections after restoration of limb
length: maturing tibial regenerate

Figure 8. X-rays of the lower leg in frontal and
lateral projections after the formation of the
marginal “split” of the tibia

Figure 9. X-rays of the patient’s lower leg in frontal and
lateral projections in the Ilizarov apparatus with 4 rings:
a — the contact between the “split” and distal fragment
of the tibia is determined,;

b — the reconstructed bone regenerate of the tibia in the
upper third is determined

Figure 10 (a). X-rays and the appearance
of the wounded 18 months after the injury:
a — X-rays of the lower leg in frontal

and lateral projections — a rebuilt bone
regenerate in the upper third and a healed
fracture in the lower third of the tibia, a
healed fracture of the fibula are noted
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Figure 10 (b). X-rays and the appearance of the wounded 18 months after the injury:

b — functional result of treatment

DISCUSSION

The literature contains sufficient evidence that
the method of acute limb shortening is one
of the techniques for replacing soft tissue
defects. This approach allows for the primary
closure of extensive wounds with subsequent
reconstruction of the limb using external fixators,
significantly reducing the need for microsurgical
operations [8]. Today, various terms are used
to describe this technique — acute shortening,
primary shortening, acute deformity, angular
shortening, intentional temporary deformity,
intentional deformity, intentional temporary
shortening and deformity, shortening with
angulation and rotation, etc. [17, 18]. We agree
with K. Plotnikov et al., who propose a unified
term — “artificial deformity creation” (ADCr),
which can include various options for the
shortening, angulation, and rotation of the limb
segment, either separately or in combination [9].

Acute shortening using the Ilizarov apparatus
can be applied in the treatment of open fractures
of the tibia associated with soft tissue defects.
C.Senetal.reported good and excellent functional
outcomes in 23 out of 24 patients, with all
24 patients showing signs of bone union accor-
ding to D. Paley's classification [19].

Several studies have been published on the
treatment of patients with bone and soft tissue
defects wusing acute shortening techniques
combined with intentional angular deformity
formation of the limb segment [20, 21, 22].
K.G. Bundgaard and K.S. Christensen described
a case of surgical treatment of a patient with

a defect of the tibia and fibula measuring 9 cm
and 3 cm, respectively, associated with a soft
tissue defect measuring 10x15 cm located in
the projection of the anterior and lateral fascial
compartments, against the background of a
wound infection caused by Staphylococcus aureus.
The patient’s limb was fixed with a ring external
fixator, and the bone defect was managed by
acute shortening of 3 cm, followed by the gradual
formation of a deformity with an anteriorly
open angle until the proximal and distal wound
edges made contact. The second stage involved
osteotomy of the tibia in the upper third, bone
transport,and gradual correction of the deformity.
The fixator was removed after a year. The authors
reported that the described technique allowed
for the elimination of the bone defect through
distraction osteogenesis and the soft tissue
defect, including muscle, through distraction
histogenesis [20].

A. Lerner et al. reported the use of acute
shortening with the ring external fixator for the
treatment of severe bone injuries and soft tissue
defects. All 12 patients had open fractures
classified as type IIIB according to the Gustilo-
Anderson classification, with an average bone
mass loss of 7.9 cm and an average score of
6.7 on the Mangled Extremity Severity Score
(MESS) scale [23]. All patients underwent acute
segment shortening, and 3 patients also had
deformity with an angle of 50 to 60° at the
fracture site, open anteriorly, to minimize the
existing bone and soft tissue defect. One of these
3 patients required a local flap for coverage,

91 2024;30(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CASE REPORTS

while 2 required split skin grafts. After wound
healing, the authors corrected the deformity
over the course of another 3 weeks [21].

Thus, one of the best devices currently used
for correcting artificial deformities is the ring
external fixator. Acute shortening alone leads to
the formation of a simple uniplanar deformity,
while additional angulation creates a biplanar
two-component  deformity —  specifically
shortening and angular deformity in two
planes. If a rotational component is added to
axial shortening and angulation, a complex,
multicomponent, multiplanar deformity appears.
The Ilizarov method allows for the correction of
each component of the deformity. Each stage
of correction requires radiographic control to
confirm its effectiveness [9, 24]. One of the ways
to address the problem of complex deformity
correction, which arises after soft tissue defect
closure using the artificial deformity creation
method, is the use of circular hexapod fixators
[11, 18, 25].

S.J. Nho et al. described a surgical technique
for limb segment shortening by creating an acute
angular deformity in the treatment of nonunion
against the background of a chronic infection
and persistent deep wound infection. Acute
shortening eliminated the need for further soft
tissue reconstruction. In the case presented in
this work, acute shortening alone was insufficient
to close the wound. When an additional
deformity component was created, the wound
edges were approximated without tension. Once
the wound healed, the Ilizarov/Taylor apparatus
was adjusted to restore the length and correct the
angular deformity. The ability of the Taylor frame
to correct complex deformities is particularly
useful in the treatment of patients with this
pathology [25].

K. Plotnikov et al. analyzed literature
data on the use of acute shortening in open
tibial fractures with soft tissue defects and
divided the studies into two groups. In one
group, the authors applied acute shortening
techniques, combinations of acute shortening
and subsequent gradual shortening, acute
shortening and angulation, as well as
combinations of acute shortening, angulation,
and rotation in cases of acute trauma. The other
group of authors used the acute shortening
method in the treatment of patients with

infectious complications as a consequence of
trauma. The ring external fixator was most
frequently used for deformity correction, and
less often, the Taylor Spatial Frame (TSF)
hexapod system. Corrections using various
types of monolateral external fixators were
performed much less frequently. In the group of
patients with infectious complications, the ring
external fixator was most frequently used, and
less often, the Taylor hexapod. Only two authors
used monolateral external fixation devices for
deformity correction. The review also noted
that the limit of acute shortening should be
determined by the condition of the soft tissues
and the vascular status of the injured limb.
To ensure the safety of acute shortening, it is
recommended to use intraoperative Doppler
ultrasound and monitor blood flow in the
distal vessels of the limb (a. dorsalis pedis and
a. tibialis posterior) or pulse oximetry on the big
toe. According to several authors, the maximum
acute shortening performed in a single stage was
3 cm. Analysis of the studies revealed that the
size of the bone defect in the group of patients
with acute trauma ranged from 1 to 22 c¢cm, and
from 1 to 14 cm in the group of patients with
traumatic sequelae. The total external fixation
time (including primary fixation, deformity
correction, and consolidation) for acute trauma
ranged from 2-3 to 53 months. In the treatment of
patients with infectious complications of trauma,
this period varied from 3 to 16 months. In both
groups, the authors noted a reduction in the need
for microsurgical intervention, specifically the use
of free flaps, when applying the acute shortening
method to close extensive soft tissue defects [9].

CONCLUSIONS

The clinical case we presented demonstrates
that acute shortening of a limb segment with the
formation of an artificial angular deformity is an
effective method for the temporary closure of
gunshot soft tissue defects. This method allowed
us to close a critical soft tissue defect in the lower
leg, to restore the segment's anatomy (length),
and, as a result, to achieve satisfactory treatment
outcomes and the recovery of function in the
injured limb. Moreover, the technique of acute
temporary shortening eliminated the need for
technically complex and extended microsurgical
reconstructions, which involve flap transfer for
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the closure of soft tissue defects in the area of 4

the gunshot fracture.
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