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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Segmental bone defects represent one of the most demanding
challenges in trauma and orthopaedic surgery. These defects
commonly result from high-energy trauma, tumour resection,
infection, or non-union, often compounded by soft tissue loss
and systemic comorbidities. A broad range of reconstructive
strategies is available, including autologous grafting,
vascularized fibular grafts, allografts, distraction osteogenesis,
and the Masquelet induced membrane technique. Treatment
selection depends on defect size, host biology, and soft tissue
condition, with classification systems such as Ferreira and
Tanwar offering structured guidance.

While traditional methods remain essential, recent advances
are reshaping the reconstructive landscape. Biologics, synthetic
bone substitutes, and 3D printing technologies are expanding
the armamentarium, though their roles in routine care remain
under evaluation. Despite these innovations, complications such
as infection, prolonged treatment, and graft failure persist.

This review synthesizes current concepts in bone defect
management, including established and emerging techniques. It
emphasizes that success depends not only on surgical method
but also on host optimisation, early soft tissue reconstruction,
and multidisciplinary collaboration. Future progress will
require robust multicenter trials and incorporation of patient-
reported outcomes to refine treatment algorithms and validate
novel approaches.

Key words. Bone defect, critical-sized defect, trauma, non-
union, masquelet technique, bone transport, vascularized fibular
graft, autograft, allograft, 3d printing, limb reconstruction,
orthopaedics.

Introduction.

Segmental bone defects remain among the most complex
challenges in trauma and orthopaedic surgery. They typically
arise from high-energy trauma, tumour resection, chronic
infection, or non-union, and are often accompanied by soft tissue
damage, infection, and systemic compromise [1,2]. Successful
reconstruction is essential not only for restoring limb function
but also for preserving overall quality of life—yet the biological
and mechanical demands involved are formidable [3].

From a healthcare perspective, the management of large bone
defects imposes a considerable economic burden. Prolonged
inpatient care, multiple surgical interventions, complex
reconstructions, and lengthy rehabilitation contribute to high
treatment costs, which may exceed those of primary fracture
management by several folds. Furthermore, complications
such as infection, non-union, and implant failure add to both
clinical complexity and financial strain on healthcare systems.
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Consequently, bone defect management represents not only
a clinical challenge but also a significant public health and
economic concern [3].

A critical-sized bone defect is generally defined as one that will
not heal without surgical intervention. Early experimental and
clinical studies suggest that defects exceeding 2 cm in length
or involving more than 50% of cortical circumference rarely
unite spontaneously. However, definitions vary, and healing
depends on local biology, fixation stability, and host factors.
Precise characterisation of the defect and associated conditions
is therefore vital to guide management [4].

To support clinical decision-making, multiple classification
systems have been proposed—ranging from simple size-based
schemes to more comprehensive approaches that incorporate
soft tissue and host factors [5,6]. Among these, the Ferreira and
Tanwar classification offers a structured algorithm that considers
defect size, soft tissue reconstructability, and systemic or local
host status [1]. Such frameworks have enhanced consistency in
reporting and reinforced the need for individualised treatment
strategies.

A diverse range of reconstructive techniques has been
developed, including autologous bone grafting, allografts,
vascularised fibular grafts, distraction osteogenesis, the
Masquelet induced membrane technique, and custom implants
[7]. Each method has specific indications and limitations, with
outcomes influenced by patient selection, surgical execution, and
multidisciplinary support. Concurrently, advances in biologics,
3D printing, and regenerative medicine are expanding treatment
options, though their roles in routine practice remain to be fully
defined [8].

This review synthesises current concepts in the management of
bone defects in trauma and orthopaedics. It outlines established
techniques, explores biological and technological adjuncts, and
examines decision-making frameworks that inform clinical
practice. It also highlights ongoing challenges and emerging
directions in this rapidly evolving field.

Review.

This review adopts a narrative methodology, aiming to
synthesise current concepts, clinical strategies, and emerging
innovations in the management of bone defects in trauma and
orthopaedics. A comprehensive literature search was performed
across PubMed, Embase, and Google Scholar for English-
language articles published between 1990 and 2025.

Search terms included: bone defect, critical-sized defect,
segmental bone loss, trauma, Masquelet, bone transport,
vascularised fibula, autograft, allograft, and prosthesis.
Additional articles were identified by screening reference lists
of relevant studies and review papers.
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Masquelet Induced Membrane Technique:

The Masquelet induced membrane technique is a two-stage
reconstructive procedure designed to stimulate bone regeneration
within a biologically active chamber. In Stage 1, the bone defect
is thoroughly debrided, and a polymethylmethacrylate (PMMA)
cement spacer is inserted to maintain space and induce formation
of a vascularised membrane. This membrane, rich in growth
factors and osteoinductive cytokines, typically matures over
6-8 weeks. In Stage 2, the spacer is carefully removed while
preserving the membrane, and the defect cavity is filled with
autologous cancellous bone graft or a graft composite. Stable
fixation is maintained throughout both stages. The membrane
prevents graft resorption and promotes revascularisation,
allowing reconstruction of defects up to 12 cm with high union
rates when combined with adequate fixation and infection
control.

Bone Transport:

Bone transport utilises the principle of distraction osteogenesis
to regenerate bone across a defect. Following corticotomy, a
segment of bone is gradually transported across the defect at
a rate of approximately 1 mm per day using an external fixator
such as an Ilizarov or Taylor Spatial Frame. As the segment
advances, new bone (the “regenerate”) forms in the distraction
gap, while docking occurs at the far end of the defect. Once
consolidation is achieved, the external frame is removed and,
where necessary, supplemented by internal fixation to reduce
external fixation time. Variations include bifocal or trifocal
transport for long defects and hybrid constructs using plates
or intramedullary nails. This technique enables simultaneous
restoration of bone length and alignment while stimulating
natural biological regeneration, though it demands meticulous
pin care, patient compliance, and prolonged rehabilitation.

Priority was given to high-impact clinical trials, seminal
studies, widely cited reviews, and recent publications reflecting
technological or biological advances. Due to the narrative
nature of this review, no formal quality appraisal or quantitative
synthesis (e.g., meta-analysis) was undertaken. Instead,
evidence was thematically organised to present current practice
patterns, established reconstructive principles, and novel
adjuncts influencing clinical decision-making.

Management Strategies for Bone Defects:

The choice of reconstructive strategy for segmental bone
defects is primarily influenced by defect size, soft tissue

Table 1. Management Strategies for Bone Defects.

Defect Type Size Range Preferred Techniques
- Autologous bone grafting
Type ISmall <2 cm (Iliac crest, RIA)- Internal
fixation
Type IMedium 2 6cm - Ma'squelet technique +
fixation
- Bone transport (Ilizarov,
Type llILarge 6—-12 cm circular fixators)- Free
vascularised fibular grafts
- Vascularised fibular graft
Type IVMassive >12 cm + allograft- Ilizarov-based

segmental transport
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Alternative/Adjunct Options

- Masquelet technique (if soft tissue
compromised)- Acute shortening + flap

- Bone transport (external fixation)- Non-
vascularised cancellous grafts (children/UL)

- Staged Masquelet- Trifocal distraction

- Amputation (if unreconstructable or host
compromised)

integrity, and host physiology. The Ferreira and Tanwar
classification system offers a practical algorithm that integrates
these factors and stratifies defects into four types [1].

Small defects (<2 cm, Type I) are typically treated with
autologous bone grafting and stable fixation. Iliac crest or
reamer—irrigator—aspirator (RIA) grafts are commonly used,
and in cases of soft tissue compromise, acute shortening or the
Masquelet technique may be considered.

Medium-sized defects (2—6 cm, Type II) often respond well to
the Masquelet technique, especially when combined with rigid
fixation. Bone transport using external fixation may be preferred
in infected or complex wounds, while non-vascularised grafts
may suffice in paediatric or upper limb cases.

Large defects (6—12 cm, Type III) usually require advanced
methods such as bone transport with circular external fixators,
vascularised fibular grafts, or staged reconstruction using the
Masquelet technique. Each approach has specific advantages
and potential complications, including prolonged treatment and
infection risk [2].

Massive defects (>12 cm, Type IV) present the greatest
challenge. Vascularised fibular grafts alone or in combination
with allografts can restore both length and mechanical integrity.
However, when host or soft tissue conditions are unfavourable,
early amputation may offer a more functional and durable
solution [3].

Across all categories, host optimisation and early soft tissue
coverage are critical to reconstruction success [9].

Biological and Non-Biological Reconstruction Options:

Reconstructive approaches for segmental bone defects can
broadly be categorised into biological and non-biological
strategies, with the choice guided by defect size, soft tissue
status, host biology, and functional requirements.

Biological reconstruction remains the cornerstone of treatment.
Autologous bone grafting, typically harvested from the iliac
crest or through the reamer—irrigator—aspirator (RIA) system,
is effective for small to moderate defects, providing osteogenic,
osteoconductive, and osteoinductive potential. For larger or
load-bearing reconstructions, vascularised fibular grafts offer
viable osteogenic tissue with intrinsic blood supply, enabling
both biological integration and mechanical stability, though
they carry risks such as stress fractures and donor-site morbidity
and require microsurgical expertise [10].

The Masquelet induced membrane technique, a two-stage
method that stimulates local regeneration via a biologically

Notes

High success with primary
grafting

Stable fixation essential for
Masquelet success

Higher complication risk;
prolonged treatment

Consider functional
outcomes and host status



active membrane, has demonstrated reliable union rates in
defects up to 12 cm [12]. Similarly, distraction osteogenesis—
employing external fixators such as the Ilizarov frame or
Taylor Spatial Frame—promotes new bone formation under
controlled mechanical tension. Hybrid constructs, combining
bone transport with internal fixation or intramedullary nails,
have reduced external fixation times, while motorised internal
transport nails represent a promising advancement [13].

Biological adjuncts have further expanded reconstructive
options. Among these, bone morphogenetic proteins (BMPs)—
particularly BMP-2 and BMP-7—stimulate osteogenesis by
inducing mesenchymal stem cell differentiation into osteoblasts
and enhancing callus formation. Their use as graft enhancers
has improved union in challenging non-unions and critical-sized
defects, although concerns persist regarding cost, regulatory
restrictions, and ectopic ossification [4].

3D-printed bespoke implants are an emerging technology
bridging the gap between biological and mechanical
reconstruction. These patient-specific titanium or porous metal
implants, designed using preoperative CT or MRI data, allow
precise anatomical restoration and immediate structural stability
while promoting osseointegration. Clinical applications
have expanded to complex periarticular, pelvic, and long-
bone defects, with early results demonstrating encouraging
integration and functional outcomes, though long-term data and
cost-effectiveness analyses are still awaited [14].

Allografts and extracorporeally sterilised autografts continue
to play a role in selected cases by providing structural support,
though incorporation is slower and fracture risk higher. Hybrid
constructs combining vascularised fibula with structural
allograft may optimise both biological viability and mechanical
strength [11].

In contrast, non-biological strategies are generally reserved
for patients in whom biological reconstruction is not feasible.
Segmental prostheses offer immediate mechanical stability and
early mobilisation, particularly in oncological or periarticular
defects, but are limited by risks of loosening, mechanical failure,
and infection. In cases of severe host compromise, irreparable
soft tissue loss, or failed reconstruction, amputation may offer
a more predictable and functional outcome, especially with
modern prosthetic technology [15,16].

Ultimately, biological and non-biological strategies form a
continuum rather than a dichotomy. Successful reconstruction
depends on selecting the most appropriate approach based on
defect characteristics, host physiology, and patient-centred
goals, supported by multidisciplinary collaboration.

Decision-Making Frameworks and Host Optimisation:

Successful bone defect reconstruction relies not only on
surgical technique but also on appropriate patient selection and
host optimisation. Treatment decisions should account for defect
size, soft tissue condition, host physiology, and functional goals.

The Ferreira and Tanwar classification provides a structured
algorithm by integrating defect size, soft tissue status, and
systemic or local host compromise [1]. It helps stratify cases,
guiding choices from autologous grafting for small defects to
vascularised fibular grafts or bone transport for larger ones.
Importantly, it also identifies situations where reconstruction
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may not be feasible, and amputation offers a more functional
outcome.

Host optimisation is critical for surgical success. Factors
such as diabetes, smoking, malnutrition, immunosuppression,
or chronic infection significantly reduce healing potential.
Measures including nutritional support, glycaemic control,
smoking cessation, and infection eradication can convert a
compromised (“Type B”) host into a suitable (“Type A”)
candidate for reconstruction [9].

Equally vital is soft tissue management. Early and stable
coverage—often via vascularised flaps—improves vascularity,
reduces infection risk, and promotes bone healing. Collaboration
with plastic and reconstructive surgeons is often essential in
limb salvage cases.

Finally, functional status, rehabilitation potential, and patient
goals must inform the reconstructive plan. While young, active
patients may tolerate complex, staged procedures, others with
comorbidities or low functional demands may benefit more
from prosthetic rehabilitation after amputation [14].

Ultimately, shared decision-making—grounded in clinical
algorithms and aligned with patient values—remains central to
achieving the best outcomes.

Limitations of the Review.

This review was conducted using a narrative approach
and is therefore subject to inherent limitations. No formal
quality appraisal or risk of bias assessment was performed,
and study inclusion was based on thematic relevance rather
than predefined eligibility criteria. While efforts were made
to include seminal and recent literature, selection bias and
omission of relevant studies remain possible. Additionally, the
evolving nature of reconstructive technologies means that some
emerging techniques may not yet be adequately represented in
the literature.

Conclusion.

The management of segmental bone defects remains one of the
most demanding challenges in trauma and orthopaedics. A wide
range of biological and mechanical strategies are available,
from autologous grafting and the Masquelet technique to
distraction osteogenesis and vascularised fibular grafts. No
single method is universally superior; instead, treatment should
be individualised based on defect characteristics, host biology,
and patient-specific goals.

Recent advances—including hybrid fixation systems,
biological adjuncts, and 3D printing—continue to expand
the reconstructive toolkit. However, high complication rates,
prolonged treatment durations, and variable functional outcomes
persist. Optimal results depend not only on technical expertise
but also on host optimisation, early soft tissue coverage, and
multidisciplinary collaboration.

Future progress will require well-designed multicentre trials,
standardised outcome reporting, and integration of patient-
reported measures to guide evidence-based, patient-centred
care.
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