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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
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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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
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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
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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.

Aim of the study: To summarize current intra-operative
techniques for assessing tibial plateau fracture reduction, with
a particular focus on their feasibility and applicability in low-
resource settings.

Material and methods: This narrative review synthesizes
literature describing intraoperative assessment strategies for
tibial plateau fractures. Although no single study specifically
addressed reduction assessment in low-resource environments,
relevant articles discussing imaging-based assessments (e.g.
fluoroscopy, 3D imaging), direct visualization approaches (e.g.
arthrotomy), and tactile reduction techniques were included
based on clinical relevance and applicability.

Results: Conventional 2D fluoroscopy remains the most
widely used intraoperative imaging modality, despite its limited
sensitivity for subtle articular incongruities. Direct visualization
techniques, including arthrotomy, provide reliable tactile
and visual assessment without requiring advanced imaging.
Emerging innovations such as smartphone-assisted tools and
3D printing hold promise but currently lack validation in low-
resource settings. There remains a notable gap in literature
addressing tailored intraoperative assessment protocols for
resource-constrained environments.

Conclusions: In the absence of advanced intraoperative
imaging, reliance on fundamental principles—such as thorough
preoperative planning, direct visual and tactile assessment,
and structured surgical technique—remains essential. There
is an urgent need for context-specific research and pragmatic
innovations to improve intraoperative fracture assessment and
surgical outcomes in low-resource settings.

Key words. Tibial plateau fracture, intra-operative assessment,
fluoroscopy, tactile reduction, low-resource settings.

Introduction.

Tibial plateau fractures are complex peri-articular injuries that
necessitate precise anatomical reduction to restore joint congruity
and function. Inadequate reduction is strongly associated with
worse long-term outcomes-particularly the development of post-
traumatic osteoarthritis and reduced mobility. A recent 10-year
cohort study demonstrated that approximately 9% of patients
progressed to total knee arthroplasty over 4mm significantly
increasing this risk [1]. Additionally, medium- to long-term
follow-up of 130 patients found radiographic osteoarthritis in
50% of cases, correlating with worse functional scores and
quality-of-life outcomes [2].

In high-resource environments, intraoperative tools such as
three-dimensional fluoroscopy, cone-beam CT, and navigation
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systems help detect subtle misalignments and hardware
misplacements [3,4]. However, these modalities are often
unavailable in low- and middle-income countries (LMICs) due
to limited infrastructure, cost constraints, and training gaps
[5]. Consequently, surgeons in these settings more commonly
depend on 2D fluoroscopy, direct visualization techniques (e.g.,
arthrotomy, submeniscal exposure), and tactile assessment
using cortical landmarks to evaluate reduction. Notably,
more than 30% of complex fractures may be inadequately
assessed by fluoroscopy alone [6,7]. Although pragmatic,
these strategies may fail to identify minor but clinically
significant articular incongruences, particularly in the posterior
plateau. There is a clear need to standardize and disseminate
intraoperative assessment strategies that are both effective and
feasible in resource-constrained environments. This narrative
review explores and synthesises existing literature alongside
practical solutions — spanning imaging methods, visual and
tactile techniques, and pragmatic adaptations — to highlight
opportunities for improved fracture care in low-resource
settings.

Review.

This article is presented as a narrative review, synthesizing
current knowledge and practical approaches for intraoperative
assessment of tibial plateau fracture reduction, with a particular
emphasis on their applicability in low-resource settings.

While a targeted exploration of the literature was performed
to inform this review, no single study was identified that
specifically addressed intraoperative reduction assessment
techniques in low-resource environments, highlighting a notable
gap in the current literature. Consequently, this review draws
upon relevant studies describing imaging-based assessments,
direct visualization approaches such as arthrotomy, and
tactile reduction techniques, integrating them through expert
interpretation and thematic synthesis to provide practical
insights transferable to resource-constrained surgical practice.

No formal systematic search, inclusion/exclusion criteria, or
meta-analysis was undertaken. Rather, studies were selected
based on their clinical relevance, significance to the topic,
and potential applicability to settings with limited surgical
infrastructure.

1. Imaging-Based Intraoperative Assessment:

Intraoperative imaging remains a cornerstone of assessing
fracture reduction during tibial plateau surgery. 2D fluoroscopy
is the most widely used modality, providing real-time
visualization during reduction and fixation. However, its
sensitivity in detecting small intraarticular incongruities-
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particularly posterior depression fragments or marginal step-
offs-is limited. Studies by Haller et al. and Khoury et al. have
shown that subtle malreductions frequently go unnoticed when
relying solely on fluoroscopy [8,9]. In a large series of 559
cases, Beisemann et al. found that intraoperative 3D imaging
necessitated revision of reduction or implant placement in over
25% of procedures, where initial 2D fluoroscopy had failed to
detect the issue [10]. Advanced modalities such as intraoperative
CT and cone-beam CT offer enhanced visualization and have
been associated with improved articular alignment and reduced
revision rates. However, their cost, space

requirements, and technical demands limit widespread use,
particularly in low-resource environments. Furthermore, the
workflow integration and learning curve of these tools may
present additional barriers to implementation in settings with
constrained surgical capacity. Despite these limitations, even in
resource-constrained settings, optimizing standard fluoroscopy
use remains critical. Strategies such as using dedicated lateral
and AP projections, ensuring limb positioning to avoid
rotational artifacts, and correlating intraoperative findings with
preoperative CT can improve the accuracy of assessment.

2. Open and Tactile Reduction Methods:

In environments where advanced intraoperative imaging
is unavailable, open reduction through arthrotomy provides
a direct and reliable method for assessing the articular
surface during tibial plateau fracture fixation. This allows
for visualization and tactile evaluation of reduction quality,
particularly in complex fracture patterns. The midline lateral
parapatellar (LP) arthrotomy, as described by Heineman et al.,
offers over twice the articular exposure compared to traditional
anterolateral approaches without increasing operative time
or complication rates, making it particularly advantageous in
resource-constrained settings [11].

Intraoperative assessment in such contexts heavily relies
on tactile feedback and palpation of cortical landmarks.
Surgeons use fingers or instruments to detect step-offs, gaps,
or incongruity, with judgment informed by experience. Several
studies support this practice: Rodriguez et al. demonstrated its
utility in restoring alignment and length during femoral revision
procedures [12]; Wang et al. showed strong correlation between
palpation-based judgment and mechanical stability in screw
placement [13] and Crostelli et al. highlighted the success of
landmark-guided screw placement in spinal surgery without
imaging-a transferable principle to trauma care [14].

Despite the subjective nature of these methods, they remain
indispensable where imaging falls short. Surgical training
programs focusing on these tactile skills may enhance fracture
care outcomes in underserved regions.

3. Innovative and Adaptable Tools in Low-Resource Settings:

High-income surgical environments benefit from advanced
intraoperative technologies such as navigation, computer-
assisted alignment, and intraoperative CT. However, these are often
impractical in resource- constrained settings due to infrastructure,
cost, and training limitations. In such contexts, adaptation of core
fracture management principles becomes crucial.

The AO Foundation’s principles emphasize the value of
preoperative templating using standard radiographs, careful
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intraoperative assessment of fracture morphology, and
methodical planning using available imaging. These practices
remain the backbone of fracture surgery in low-resource
settings and can be optimized to ensure consistent decision-
making. Clear communication with patients regarding the limits
of what can realistically be achieved-given both the complexity
of injury and systemic constraints-is another cornerstone of
ethically sound, resource-aware care. Emerging tools such as
mobile device-based alignment apps have shown early promise
in providing intraoperative guidance. For example, Jiménez-
Pérez et al. demonstrated the technical feasibility and

ergonomic potential of mobile devices to assist with bone
fracture reduction in real time, particularly when traditional
navigation systems are unavailable [15]. These innovations may
enhance intraoperative decision- making and training, though
further clinical validation is needed.

Study Limitations and Future Directions.

This narrative review is limited by the scarcity of high-quality,
targeted studies addressing intraoperative assessment of tibial
plateau fractures specifically in low-resource settings. The
reliance on extrapolated data and conceptual transfer from related
orthopaedic contexts may introduce bias or overgeneralization.
Additionally, the absence of quantitative analysis limits direct
comparison between techniques. Future research should focus
on prospective trials or implementation studies evaluating
pragmatic tools- such as enhanced fluoroscopy protocols,
tactile training curricula, or mobile-assisted assessment-within
real-world low-resource environments. Collaborative efforts
between academic centres and global surgery networks could
drive innovation tailored to underserved settings and inform
evidence-based guidelines.

Conclusion.

Effective intraoperative assessment of tibial plateau fracture
reduction remains a cornerstone of successful orthopaedic care.
In low-resource settings, where advanced technologies may
be unavailable, reliance on fundamental fracture management
principles-including  preoperative templating on plain
radiographs, detailed assessment of available imaging, and
thoughtful intraoperative planning-becomes paramount.

Techniques such as direct visualization, tactile evaluation,
and anatomical landmark alignment remain highly relevant.
While mobile device-assisted tools and 3D printing offer exciting
potential, their integration must be grounded in clinical pragmatism
and contextual appropriateness. Equally important is maintaining
transparent communication with patients about achievable
outcomes based on local constraints and injury complexity.

Strengthening core surgical competencies, fostering innovation
appropriate to resource limitations, and advocating for context-
specific research will be essential to advancing equitable
orthopaedic trauma care worldwide.
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