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Abstract

Background. The Ilizarov method is a recognized technique for treating severe skeletal injuries, allowing for a comprehensive
restoration of both bone and soft tissue components. Despite the fact that bone lengthening and transport are widely known
techniques, distraction of a longitudinally split fragment is still used extremely rarely.

The aim of the study is to describe a series of clinical cases involving patients operated on using this technique.

Methods. We present a series of observations of five patients who underwent distraction of a longitudinally split fragment
using the Ilizarov method between January 2006 and December 2022. Clinical information was obtained from case histories,
all surgical interventions were documented. Postoperative examination was performed using radiography.

Results. A case series demonstrates the successful application of this technique for reconstruction of partial bone defects
resulting from trauma or osteomyelitis. The study included five patients (4 men and 1 woman) who underwent surgery
4.8-34.0 months after trauma for a partial defect of the proximal tibia ranging from 4 to 8 cm in length. Distraction was
performed in different directions along the sagittal and longitudinal axes. The time of external fixation ranged from 3.5
to 4.8 months, the external fixation index ranged from 0.49 to 1.22. The ASAMI (Association for the Study and Application
of the Methods of Ilizarov) functional score at the follow-up examination was excellent in all five patients. The ASAMI
bone tissue assessment showed excellent results in all patients, except for one patient with residual equinus (good result).
No other complications were reported.

Conclusions. The Ilizarov method provides a minimally invasive and comprehensive approach to the elimination of partial
bone defects, affecting simultaneously the skeletal and soft tissue components. Due to the longitudinal splitting during
fragment transport and distraction osteogenesis, this method promotes bone and tissue regeneration and helps to avoid a
volumetric bone defect and more complex segmental bone transport. Moreover, the role of transverse transport of the tibial
cortex increases in the treatment of peripheral arterial diseases.
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Pecdepar

AxkmyansHocms. Metop Vnu3apoBa — 9TO OOIIENPU3HAHHBI METO] JIEUeHUST TSIKEbIX TOBPEKAEHNI CKeleTa, T03BOJIs-
0NV KOMIUIEKCHO BOCCTAHABIMBATh KaK KOCTHBIE, TAK ¥ MSITKOTKaHHbIe KOMITOHEHThI. HecMOTps Ha TO, UTO YAJIMHEHMe
¥ HeCBOOOAHASI TPAHCIUIAHTAIIVSI KOCTY (TPAHCIIOPT KOCTH) SIBJISTIOTCS IIMPOKO M3BECTHBIMM TEXHUKAMMU, IVICTPAKIIVS TIPO-
IIOJIbHO pacIeryieHHOro (hparMeHTa Mmo-1peskHeMy IIPUMEeHSIeTCsT KpaiiHe peKo.

Ilens uccnedosaHus — OMNUCATDb CEPUIO KIMHUUECKUX CTYUAEB C yUaCTVEM IMalyieHTOB, OTIePUPOBAHHBIX METOIOM AVCTPAK-
LMY MIPOAOIBHO pacileruieHHOTo (GpparMeHTa.

Mamepuan u memodsi. IIpefcraBieHa cepusi HaOIIOOEHMIT MISITU TALMEHTOB, KOTOPBIM B mepuop ¢ sHBaps 2006 1o me-
Ka6pb 2022 r. 6bUIA BHIMOJHEHA AUCTPAKIIMS TPOAOIBHO paCIIerieHHOTo dhparMeHTa mo metomy Mnnsaposa. KinnHudeckast
mHdopmalus 6bUTa TOMyYeHa M3 UCTOPUit 6one3HM, BCe OIlepaTHBHbIE BMENIATENbCTBA ObLIM 3aJ0KYMEHTMPOBAHBI.
TMocneonepaloHHOe 06C/IefOBaHNe MPOBOAMIOCH METOIOM PEHTreHorpadun.

Pe3zynemamet. Cepusi cJryuyaeB JeMOHCTPUPYeT YCIelIHoe NMpYMeHeHMe JaHHOM MeTOOMKY [T PeKOHCTPYKLIMIM OTPaHMU-
YEHHBIX KOCTHBIX J1e(DeKTOB, BO3HUKIINX B PE3y/abTaTe TPABMbI M1 OCTEOMUENNTA. B rcciemoBaHme 6bUTM BKIIOUEHBI TISTh
MalMeHTOB (4 MY>KUMHBI 11 1 JKeHII[MHA), KOTOPBIM OblTa BBIITOJHEHA omepanys yepes 4,8—34,0 Mec. 1ocjie TpaBMbI T10 110-
BOJly OTpaHMYEHHOTO AedeKTa MPOKCUMATbHOTO OTAeIa 60bIIe6epIi0BOii KOCTY IIMHOI OT 4 1o 8 cM. [IMCTpaKIMs Mpo-
BOAWIACH B Pa3HBIX HAIIPABIEHMSIX BJIOJIb CATUTTATIBHON M TIPOJOIBHON Oceil. Bpems BHelHel dhukcaluy BappupoBaIoCh
ot 3,5 mo 4,8 mec., muaekc BHentHeit Gukcauum — ot 0,49 no 1,22. dyHKiMoHambHbIN MoKasaTenb ASAMI (Association for
the Study and Application of the Methods of Ilizarov) Ha KOHTPOJTBHOM OCMOTpE OGbUT OTIMYHBIM Y BCEX IMSATU MAIVIEHTOB.
OreHka KOCTHOM TkaHy 10 ASAMI rokasasna OTIMYHbIe Pe3yIbTaThl Y BCeX MalleHTOB, 3a MCKII0YeHVeM OGHOrO MalieHTa
C OCTATOYHBIM 9KBMHYCOM (XOPOIINI pe3yabTat). JIpyrux ocaoKHEeHU He HAabTI0qa10Ch.

3axnouenue. Meton MnusapoBa obecreunBaeT MUHMMAJIbHO MHBA3MBHbBIN M KOMIUIEKCHBIM TOAXOMA K YCTPaHEHWUIO
OTPaHMYEHHBIX KOCTHBIX Te(eKTOB, BO3EICTBYS OMHOBPEMEHHO Ha KOCTHbBIE M MSITKOTKaHHbIE KOMIIOHEHTBI. Biaromapst
MPOOJIbHOMY paclieIieHMI0 TPV TPAHCIIOPTYPOBKe GparMeHTa U AVCTPAKIMOHHOMY OCTEOTeHe3y 3TOT METOJ, CIT0Co6-
CTBYET pereHepanuy KoCTeil u MITKUX TKaHeil M TomMoraeT n36exxaTb 06beMHOT0 KOCTHOTO AedekTa 1 6osiee CI0KHOM
CerMeHTapHO} TPaHCIIOPTUPOBKM KOCTU. Bosiee TOro, Bo3pacraeT posib MOMEPEYHOro TPAHCIIOPTAa KOPTUKATBHOTO CJIOST
60JTbIIIE6EPITOBOIT KOCTY TIPU JieueHuM 3a6oyieBanmii mepudepudeckux apTepuii.

KioueBbie ¢JIOBa: KOCTHbIE TedeKThbl, HeCBOOOAHAS TPAHCILIAHTAIMS KOCTY, TPAHCIIOPT KOCTH, MeToxn im3aposa, ocTe-
OMMUEJTNT.

Ins uutupoBaHus: Baugenoynke @., Manaronu 3., Kupuenko A. JIMcTpakiys poIoJbHO pacilerieHHbIX ()parMeH-
TOB MO MeTony Vnm3apoBa: cepusi KIMHUYECKUX CYYaeB JIEUeHMST YaCTUYHBIX KOCTHBIX JedeKToB. Tpasmamosozus
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INTRODUCTION

Bone defects encompass a spectrum of conditions,
ranging from bone loss due to trauma or infection,
to non-union fractures and congenital deformities.
Conventional treatment strategies, including bone
grafting, internal fixation, and prosthetic replacement,
oftenencounterlimitationssuchasdonorsitemorbidity,
implant failure, and compromised biomechanical
function [1]. In contrast, the Ilizarov method offers
a minimally invasive, yet comprehensive approach
to address both skeletal and soft tissue components
of partial bone defects. Bone defects present unique
challenges in orthopedic surgery, necessitating
innovative approaches to promote successful bone
healing and restore functional integrity. Among the
diverse array of treatment modalities, the Ilizarov
method has emerged as a versatile and effective
technique for managing these complex skeletal
injuries [2].

Although segmental bone defects treatment
is a more common occurrence, sometimes limb
lengthening and reconstruction surgeons deal with
partial bone defects. They may be associated to post-
traumatic conditions, such as partial defect at docking
site, at the level of regenerate bone, after resection
for localized osteomyelitis (Cierny—Mader type II and
III osteomyelitis [3]).

Distraction oflongitudinally split fragmentswas first
described by professor Gavriil Ilizarov [4]. Angiogram
and scanning electron micrograph demonstrated
new blood vessels form with their orientation in the
direction of the tension vector during the process of
fragment distraction. This new blood vessel formation
occurred in either transverse direction or longitudinal
direction or, indeed, in any direction, depending
upon the tension vector. In clinical application, he
has used this technique to thicken bones for the
purpose of eliminating a defect in one of the paired
bones or correcting osseous defects, and to improve
the shape of limbs. Moreover, the growth of newly
formed capillaries under the influence of tension-
stress proceeded so actively that growth overtook the
rate and rhythm of distraction. Therefore, distraction
of a split bone fragment was potentially a treatment
method of circulatory limb disorders such as severe
atherosclerosis obliterans or Buerger’s disease [4].

Successively, V.I. Shevtsov et al. described longitu-
dinal distraction of fragments as a technique to treat
bone defects of the lower limb [5].

The aim of this study is to report our experience
about using the technique of bone fragment transport
with the Ilizarov method to treat partial bone defects.

METHODS
Patients

We followed the Helsinki Declaration throughout
this study. Five patients underwent transport of
a bone fragment with the Ilizarov method in our
institution between January 2006 and December 2022.
We reviewed their medical records and collected the
clinical information.

Surgical procedure

For reconstruction of a partial defect, a cortical
fragment was longitudinally split off in order to be
gradually transported along sagittal or longitudinal
axis. The splitting of the fragment was accomplished
with an osteotomy. A two or three-ring circular
external fixator was applied as needed. The separated
cortical fragment was fixed with two or three
1.8 mm K-wires. In case of longitudinal transport, the
fragment was fixed with two olive wires, connected
to a separated half-ring and tensioned. The half-ring
was connected to the frame with two or three rods for
gradual transport. In case of sagittal transport, the
fragment was fixed with three wires specially bent
into a pigtail. The external ends of these wires were
attached to slotted rods and connected to the frame.
In this manner, the split cortical fragment could be
gradually moved. Distraction at a rate of 1 mm/day
started on the fifth day after the surgery.

Rehabilitation

The patients were encouraged to walk with crutches
weight-bearing as tolerated. Range of motion (ROM)
exercises were encouraged immediately after the
surgery. The insertion sites of the dedicated pins were
disinfected with a 0.05% chlorhexidine gluconate
solution once a week.

Postoperative Assessment

Follow-up X-rays were taken every two weeks during
transport of the bone fragment. After that, the X-rays
were taken every month until rigid consolidation of
the osteotomized site was observed.

RESULTS

See Table 1. We also include a narrative report of these
five well-documented cases.
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Table 1

Demographic and clinical data of the patients who underwent transport of a bone fragment
with the Ilizarov method

Parameter Case 1 Case 2 Case 3 Case 4 Case 5
Age — Sex 34y.0.—M 43y.0.— M 26y.0.—F 43y.0.— M 54y.0.—M
Affected segment Prox. Tibia Prox. Tibia Prox. Tibia Prox.Tibia Prox. Tibia
Etiology Partial defect at C-M 3 post- Partial defect at C-M 3 post- C-M 3 post-
docking site traumatic docking site traumatic traumatic
osteomyelitis osteomyelitis osteomyelitis
Duration from the injury to 34 4.8 13 6.0 7.6
surgery (months)
Defect size (cm) 4.5 6.5 4.3 4.0 8.0
Direction of the transport Proximal to Distal to Distal to Proximal to Posterior to
distal proximal proximal distal anterior
Ex-fix time (months) 54 3.5 3.5 4.8 3.9
Ex-fix index 1.22 0.53 0.81 1.2 0.49
Follow-up period (years) 19 ? 1.2 4 2.5
ASAMI — Bone Excellent Excellent Excellent Excellent Excellent
ASAMI — Function Good Excellent Excellent Excellent Excellent
Postoperative Equinus foot None None None None
complications
Case 1 We decided not to open the nonunion site; we

A 27-year-old male patient sustained a leg injury in a
motorcycle accident. He suffered an open fracture of
the proximal tibial shaft complicated by a traumatic
laceration of the posterior tibial artery (Gustilo-
Andersen IIIc). An external fixator was placed for
damage control. A cross-leg flap was performed for
soft-tissue coverage. The external fixator was removed.
We first visited this patient 6 months after the injury.
He had fracture nonunion with no signs of infection.

Figure 1. X-ray showing poor contact at the docking site
with an anteromedial partial defect

applied the Ilizarov apparatus for closed progressive
realignment and compression. After 6 months,
the fracture was still not healing, pin tracts were
infected. So we opted for a surgical revision and
resection of a 7 cm long segment of necrotic bone.
A distal osteotomy was performed for segmental
defect reconstruction with bone transport. At the
end of bone transport, X-rays showed a poor contact
at the docking site with an anteromedial partial
defect of 4.5 cm (Figure 1). We decided to use the
technique of fragment transport to deal with this
mismatch and increase stability of the docking site.
We performed a partial osteotomy of the anterior
aspect of the tibia for setting up an anterior
fragment to be transported from proximal to distal.
The fragment was fixed with two 1.8 mm olive K-wires
and connected to a 5/8 ring for progressive bone
transport. The frame was removed 5 months later
when docking site union was achieved. We observed
a gradual bone remodeling during following months
(Figure 2). At the last follow-up, four years after
frame removal, the patient had a residual equinus
deformity of the foot. No recurrence of infections or
other complications were observed.
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Figure 2. X-ray showing the fragment fixed with two 1.8 mm olive K-wires and connected to a 5/8 ring. Different stages
of progressive distraction of the fragment are explained by some sketches. Note regenerate remodeling at 8 months

follow-up

Case 2

A 43-year-old male patient suffered a fracture of the
proximal tibia. He underwent open reduction and
internal fixation with a plate and screws in another
hospital. He developed a fracture related infection
requiring the hardware removal.

We first visited this patient five months after the
injury presenting dehiscence of the plate removal
wound. The diagnosis was a Cierny—Mader type III
osteomyelitis. Anterior resection of necrotic bone
was performed and resulted in a partial bone defect
of the proximal metaepiphysis. We percutaneously
performed a partial osteotomy of the anteromedial
cortex. The continuity of the posterior cortex was

Figure 3. Picture and X-ray showing the fragment split
by percutaneous approaches with osteotomy. Note wound
dehiscence with soft tissue defect

maintained (Figure 3). The Ilizarov apparatus
was applied to ensure stability, the fixation was
extended to distal femur because the defect was
too proximal to achieve a good stability of the
proximal ring. The fragment was fixed with two 1.8
mm olive K-wires and connected to a half-ring for
progressive bone transport from distal to proximal
(Figure 4).

The fragment transport successfully reconstructs
the anterior bone defect of the proximal tibia. What is
more, in this case, fragment bone transport really was
an instrumented advancement of a local vascularized
osteomyocutaneous flap and bridged the soft tissue

defect as well [6] (Figure 5).
o . by
‘ -
i
t‘,‘ “'
l I
L ‘

"y
&
- m | T[) ‘
&5

— 9 1 i
Figure 4. X-rays and a sketch showing the fragment fixed
with two 1.8 mm olive K-wires and connected to a half-ring
for progressive distraction from distal to proximal
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Figure 5. Picture taken after 4 cm long partial anterior
resection. A partial osteotomy of the anterior aspect
of the tibia was performed to set up the fragment to be
distracted from proximal to distal

Case 3

This case is quite similar to case 1. A 26-year-old
female patient had a partial anterior defect at docking
site after segmental bone transport for infected
nonunion. The partial defect length was 4.3 cm.

Figure 6. Picture showing performed partial osteotomy
of the anterior aspect of the tibia for setting up an anterior
fragment to be transported from proximal to distal

The fragment was transported from distal to proximal.
Duration of external fixation was 3.5 months.
The patient’s last follow-up was at 14 months
after frame removal with no reported recurrence
of infections or other complications.

Case 4

A 43-year-old male patient suffered a fracture of the
proximal tibia. He underwent open reduction and
internal fixation with a plate and screws in another
hospital. He developed a fracture related infection
requiring the hardware removal.

We first visited this patient after plate removal still
presenting a draining sinus tract. The diagnosis was
a Cierny—-Mader type III osteomyelitis. We operated
this patient in six months after the injury. A partial
anterior resection of a 4 cm long segment was necessary.
We performed a partial osteotomy of the anterior
aspect of the tibia for setting up an anterior fragment
to be transported from proximal to distal (Figure 6).
The continuity of the posterior cortex was maintained.
We finally applied the Ilizarov apparatus to ensure
stability; the fragment was fixed with two 1.8 mm olive
K-wires and connected to a half-ring for progressive
bone transport (Figure 7, 8). The frame was removed
less than in 5 months after the surgery when union
was achieved. The patient’s last follow-up was at
4 years after frame removal with no reported recurrence
of infections or other complications (Figure 9).

Figure 7. Picture showing the half-ring corresponding to
the split fragment connected to the frame for progressive
distraction
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Figure 8. X-ray showing the split fragment connected to
a half-ring for progressive distraction

Case 5

A 48-year-old male patient suffered a tibial
plateau fracture as a result of a road traffic injury.
He underwent open reduction and internal fixation
with a medal and lateral plate. He developed a
fracture related infection with wound dehiscence,
plate exposure. The hardware was removed; hybrid
external fixator and negative pressure wound therapy
were applied. An area of 3x6 cm of the tibia remained
exposed and looked necrotic. It was finally covered
with a gastrocnemius flap.

We first visited this patient in 6 month after the
injury. He had a stable hybrid external fixator and was
able to walk with two crutches. However, the patient
presented a draining sinus tract on the anterior
aspect of the proximal third of the tibia near the area
which was previously exposed and then covered with
the flap.

Although the fracture was healed, X-ray and CT
showed periosteal new bone formation and anterior
cortical remodeling. A FDG PET-CT confirmed a
superficial osteomyelitis limited to the anterior cortex
as for Cierny—Mader type III osteomyelitis.

We operated this patient in seven months after
the injury. First of all, we removed the hybrid external
fixator. After surgical approach to the proximal third
of the tibial shaft, we observed an anteromedial
segment of necrotic bone; we performed a partial
anteromedial resection of 8 c¢m (Figure 10).

Figure 9. X-ray at the last follow-up shows the fragment
filling the previous defect and remodeling of proximal bone
regenerate

We performed a partial osteotomy for setting up a
posteromedial segment, maintaining the continuity
of the lateral aspect of the tibia. The posteromedial
fragment was fixed with three 1.8 mm K-wires
specially bent into a pigtail. We finally applied the
Ilizarov apparatus to ensure stability (Figure 11).
The fragment was progressively transported from
posterior to anterior to fill the defect (Figure 12).
The frame was removed less than in 4 months after
the surgery when union was achieved. The patient’s
last follow-up was at two years and a half after frame
removal with no reported recurrence of infections or
other complications.

Figure 10. Partial
resection of an 8 cm long
anteromedial segment
of necrotic bone
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Figure 11. The posteromedial fragment was fixed with three 1.8 mm K-wires specially bent into a pigtail.
The Ilizarov apparatus was applied to the leg to ensure stability

Figure 12. The posteromedial fragment was gradually distracted from posterior to anterior to fill the partial defect.
Note complete union and remodeling at the last follow-up

DISCUSSION

Bone defects represent a significant challenge in
orthopedic surgery, requiring innovative approaches
to promote successful bone healing and restore
functional integrity. Traditional treatment modalities,
such as bone grafting and prosthetic replacement,
are associated with limitations, including donor site
morbidity and implant failure. In contrast, the Ilizarov
method offers a minimally invasive yet comprehensive
approach to address both the skeletal and soft tissue
components of partial bone defects. This paper
explores the efficacy and advantages of utilizing
the Ilizarov method for bone fragment transport in
managing partial bone defects, as demonstrated by
the presented case series.

The Ilizarov method, initially developed by
professor G. Ilizarov, has revolutionized orthopedic
surgery by introducing the concept of distraction
osteogenesis [4]. This technique involves the gradual
distraction of bone segments, stimulating new bone
formation and tissue regeneration. The method
utilizes external fixation devices to stabilize fractured
bones and facilitate controlled bone transport,
allowing for precise alignment and reconstruction
of complex bone defects.

One of the key advantages of the Ilizarov method
is its ability to address both skeletal and soft tissue
components of the defects simultaneously. This is
particularly beneficial in cases where traditional
treatment modalities may not adequately address the
extent of tissue damage. By promoting angiogenesis
and tissue regeneration, the Ilizarov method
facilitates the formation of healthy bone and soft
tissue, leading to improved functional outcomes and
reduced complication rates.

The case series presented in this study highlights
the versatility and effectiveness of the Ilizarov
method in managing partial bone defects of various
etiology. Case 1 and Case 3 demonstrate successful
reconstruction of partial defect at docking site
resulting from a segmental bone transport for post-
traumatic bone defect. Case 2, Case 4 and Case 5
show the application of this technique to reconstruct
partial defects after resection of Cierny—Mader type
IIT osteomyelitis. By utilizing bone fragment transport
with the Ilizarov method, these patients achieved
favourable outcomes with minimal complications,
highlighting the efficacy of this technique in
challenging clinical scenarios. Additionally, this
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technique proved to be adaptable to different
anatomic conditions. Indeed, fragment transport was
feasible along both longitudinal and sagittal axes.
In Case 1 and Case 4 the fragment was transported
from proximal to distal, while in Case 2 and Case 3
the fragment was transported from distal to proximal.
Finally, in Case 5 the fragment was transported from
posterior to anterior.

In these five cases, the duration of external
fixation ranged from 3.5 to 5.4 months, such a short
time for an infected bone defect. Indeed, the external
fixation index (EFI) ranged from 0.49 to 1.22, clearly
lower compared to EFI reported by other authors with
traditional reconstructive technique, such as acute
shortening and re-lengthening or segmental bone
transport [2, 7, 8, 9].

In Cierny—Mader type II and III osteomyelitis the
osteonecrosis is not circumferential but affects only
one sector and partial resection should be indicated,
as in Case 2, Case 4 and Case 5. Then, this technique
is indicated for reconstruction: the longer the defect,
the greater the advantage compared to a segmental
transport is, because fragment distraction is along
the short side of the defect, which is constant and
corresponds to the diameter of the bone.

No complications related to bone fragment
transport were reported. The only complication
observed was a residual equinus foot deformity in
Case 1, which is related to the complex post-traumatic
condition, absolutely not to the bone fragment
transport procedure.

Furthermore, the Ilizarov method offers several
advantages over traditional treatment modalities.
Its minimally invasive nature reduces the risk of
complications, such as infection and nonunion,
while also allowing for early mobilization and
rehabilitation. In particular, we would like to
highlight that in Case 2 such complex osteotomy was
performed with percutaneous approaches to obtain
a partial fragment (Figure 3) maintaining blood
supply. Additionally, the ability to transport bone
fragments from distant sites provides a versatile
solution for addressing complex bone defects, even
in cases of compromised vascularity or previous
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surgical interventions. What is more, in Case 2,
characterised by the presence of wound dehiscence,
the technique was effective in bridging soft tissue
defect as well. Bone fragment transport, as well
as segmental bone transport, was effective as an
instrumented advancement of a local vascularized
osteomyocutaneous flap [6] (Figure 5).

Rehabilitation protocols following bone fragment
transport with the Ilizarov method play a crucial role
in optimizing outcomes. Since partial bone continuity
was maintained, the patients were encouraged
to engage in weight-bearing activities and ROM
exercises to promote bone healing and functional
recovery.

Although positive results were reported in
the treatment of chronic limb ischemic diseases,
this application of fragment distraction remained
infrequent for decades. Recently, the role of tibial
cortex transverse transport has been emerging, several
groups in China confirmed outstanding clinical results
in the treatment of Buerger’s disease, diabetic foot,
and arteriosclerosis obliterans [10, 11, 12, 13, 14].

Despite the promising results demonstrated in
this case series, this is an advanced application of the
Ilizarov method and requires experience. Challenges
may arise during the course of treatment, such
as pin tract infections and delayed bone healing,
that require close attention and management.
Additionally, patient compliance with correction plan
and rehabilitation protocols is essential for achieving
successful outcomes.

CONCLUSIONS

The Ilizarov method represents a valuable tool in
the management of partial bone defects, offering
a minimally invasive and comprehensive approach
to bone reconstruction. Through bone fragment
transport and distraction osteogenesis, this technique
facilitates the formation of a healthy bone and soft
tissue, leading to improved functional outcomes and
reduced complication rates. Further research and
larger-scale studies are warranted to validate these
findings and refine treatment protocols for optimal
patient care in orthopedic surgery.

JOIIOTHUTEJIbHASI MTHO®OPMALIVISA

3asneneHHslii 6K1a0 A8MOpPos

Bce aBTOpBI caenany SKBMBAJIEHTHBIN BKJIAJ B MOJTO-
TOBKY MyOIMKAIMA.

Bce aBTOpBI MpowIn U omoOpuian (GUHANBHYIO BEpPCUI0
PYKOIIMCY CTaThy. Bce aBTOPBI COTIAaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCe acreKThl paboThl, YTOOBI 06ECTIEUNTD HaZIexkKa-
liee pacCMOTpeHMe U pellleHre BCexX BO3MOKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEXKHOCTbIO JTF060i1 YacTu
paboThI.

Hcmounuk  ¢uHaHcupoeaHusi.  ABTOpPbI  3aSIBJISIIOT
06 OTCYTCTBUM BHEITHEro (GMHAHCUPOBAHMS TIPU MPOBee-
HUU UCCIIeIOBAHMSI.
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