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NPUMEHEHMUE 3D-TEXHOJIOI'U B MEJJUIIUHE

Annomayun. TpéxmepHnvle mexHONO2UU —CBAZLIBAIOM  MEOUYUHCKUE
uz00padicerHus c UHMEPAKMUBHOU susyanuzayuel, Qusuueckumu
AHAMOMUYECKUMU MOOEISIMU U U320MABIUBAEMBIMU U30ETUAMU, A UX YEHHOCb
3aeucum om KIUHUYEeCKOU Ul 00pazoeameibHol 3a0aiu U Kauecmea UCXOOHbIX
OoanHvlx. B OamHom yenesom HappamueHom 0030pe HA OCHO8E NEPBUYHBIX
uccned08anuil U OYUYUAIbHLIX MEXHUYECKUX PEKOMEHOAYUL PACCMAMPUBAIONCSL
omoenvHble obracmu npumenerus 3D-mexnono2uil 8 meouyuHe: Xupypeuieckoe
naaHUupoBanue, MeOUYuHcKoe 00pazosanue, NPOU3BOOCMBO MEOUYUHCKUX
uzdenuil u ouoneyams. OmooparHvle UCCIe008aAHUSL NOOMBEPHCOAIOM VIIYUUUEHUEe
NOHUMAHUSL AQHAMOMUU U USMEHeHUe NIAHO8 JIeYeHUsl 8 CIOJCHBIX CIYYasx;
BUPMYATIbHASL PEalbHOCHb MOdcem Obimb NOoAe3HA Npu 0OVUeHUU AHAMOMUU,
Xoms e€ npegocxoocmeo HAO MpPAOUYUOHHBIM O0O0yUeHUueM HeOOHO3HAUHO,
buoneyams 0eMOHCMPUPYem IKCNEPUMEHMATILHBLLL NPO2PeCC, HO He 00KA3bleaem
B03MONCHOCHb PYMUHHOU 3AMEHbL YEablX 0P2aH08 YeloseKkd. Bneopernue 0oicho
ONUPAMbCSL HA UBMEPUMbBLE Pe3VIbMambl, 8AIUOUPOBAHHbIE pAbOUUe NPOYeCcChl,
KOMNEeMeHmMHOCMb  NepPCoHANd U  pPearucmuyHyio oyeuky 3sampam. 3D-
MexXHOoNI02UY  AGNAIOMCA  YEHHbIM OONOIHEHUEeM, Ko20a UX B03MONCHOCMU
COOMBEMCmaEYIom YemKo OnpeoeéHHOl MeOUYUHCKOU NOMPEOHOCMUL.
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APPLICATIONS OF 3D TECHNOLOGIES IN MEDICINE

Abstract. Three-dimensional technologies connect medical images with
interactive visualizations, physical anatomical models, and manufactured
devices, and their value depends on the clinical or educational task and the
quality of the underlying data. This focused narrative review, based on primary
research and official technical guidance, examines selected applications of 3D
technologies in medicine: surgical planning, medical education, device
manufacturing, and bioprinting. Selected studies support improved anatomical
understanding and changes in planning for complex cases; virtual reality can
provide useful anatomy instruction, although its superiority over conventional
teaching is not consistent; bioprinting demonstrates experimental progress
without establishing routine replacement of whole human organs. Adoption
should be guided by measurable outcomes, validated workflows, staff
competence, and realistic cost assessment. 3D technologies are valuable adjuncts
when their capabilities are matched to a defined medical need.
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Introduction

Medicine requires clinicians and students to understand structures that
extend through three dimensions. Conventional images display this anatomy
through sections or projections, which must be mentally integrated. Digital 3D
reconstruction offers another way to inspect spatial relationships, while additive
manufacturing converts a digital design into a physical object. These approaches
address related problems but should not be treated as a single intervention. A
screen-based reconstruction, an immersive virtual environment, and a printed
surgical model have different requirements and possible uses.

For this review, 3D technologies include anatomical reconstruction from
imaging, virtual reality for learning, physical models for planning, and additive
manufacturing for medical applications. Bioprinting is considered separately
because producing living tissue introduces biological requirements beyond
geometric accuracy. The central question is therefore not whether 3D technology
Is innovative, but whether a particular application improves a defined decision,
learning outcome, or manufacturing process.

This article aims to explain representative applications and critically
interpret their evidence. It also proposes practical evaluation criteria for hospitals
and medical universities considering adoption. The analysis distinguishes
published findings from implementation proposals and avoids assuming that

better visualization necessarily leads to better patient outcomes.

Materials and Methods
This article uses a focused narrative review design, not a systematic review
or an original clinical experiment. Targeted web searches were performed on 15
October 2026 using combinations of “3D printing medical devices,” “3D printed

29 €6

models congenital heart disease,” “virtual reality anatomy randomized trial,” and

“3D bioprinting collagen heart.” Primary studies were verified through PubMed
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records, publisher material, or institutional repositories. Official US Food and
Drug Administration guidance was consulted for manufacturing considerations.

Sources were selected purposively for direct relevance to a representative
application and a clearly identifiable publication or issuing organization. The core
evidence comprises a multicentre surgical-planning study, a randomized
anatomy-education trial, experimental bioprinting research, and official
manufacturing guidance [1-4]. No claim is made that these sources exhaust the
literature or represent all specialties. Commercial promotional claims were not
used as evidence of effectiveness.

The synthesis compared intended use, study design, reported outcome, and
limits on interpretation. Clinical decision changes, examination performance,
technical feasibility, and regulatory guidance were treated as distinct forms of
evidence. No pooled effect estimate, formal risk-of-bias score, or statistical
reanalysis was produced. The article uses published information only; it reports

no newly recruited participants, patient records, or experimental measurements.
Results

Anatomical models and surgical planning

Valverde and colleagues studied 40 patients with complex congenital heart
disease across ten international centres. Their prospective case-crossover study
compared decisions based on routine images with decisions after inspection of
printed anatomical models. The models changed the surgical decision in 19 cases;
in the other 21, the decision remained unchanged [1]. This finding supports a role
in selected anatomically difficult cases, but it does not demonstrate that printing
Is necessary for every patient or that a changed plan automatically improves long-
term outcomes.

The reported agreement between model and imaging measurements
indicates that physical representations can reproduce relevant geometry within the

tested workflow [1]. However, a model remains an interpretation of its source
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Images. Its usefulness should be judged against the question that prompted its
creation: for example, whether a spatial relationship is difficult to understand or
whether alternative approaches need discussion. Visual realism alone is an
insufficient acceptance criterion.

A practical implication is that model requests should specify a clinical
guestion before production. The requesting team can then document whether the
finished model clarified that question, altered a plan, or added no useful
information. Such documentation would make local evaluation more informative

than collecting satisfaction scores alone.

Synthesis of findings

Across the selected sources, evidence supports specific uses more clearly
than universal claims. Surgical planning research addresses decisions in complex
cases, educational trials address learning tasks, and bioprinting experiments
address technical or biological feasibility. These outcomes cannot be combined
into a single estimate of “3D effectiveness.” Each application requires its own

comparator and success criteria.

Discussion

The main implication of this review is that implementation should begin
with a problem definition. A hospital might seek better discussion of difficult
anatomy, while a university might need reusable resources for spatial learning.
These goals require different investments and evaluation methods. Purchasing
equipment before defining the goal risks producing attractive models without
demonstrating meaningful benefit.

A phased approach is proposed. An institution could first test a limited set
of teaching or planning applications, assign a multidisciplinary team, and record
production time, failed outputs, user feedback, and objective outcomes.
Educational evaluation should compare equivalent teaching time and examine

knowledge retention. Clinical evaluation should distinguish a changed decision
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from a better outcome and, where feasible, compare similar cases managed with

and without the additional technology.

Conclusion
3D technologies can support anatomical understanding, selected surgical
decisions, and medical education. Their adoption should be proportional to the
evidence for each use. Validated production, purposeful teaching design, and
measurable outcomes provide a more credible basis for implementation than
novelty alone. Bioprinting should be discussed according to demonstrated
experimental capabilities, with clear separation from claims of routine organ

replacement.
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