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Abstract

The issue of selecting a material for bone reconstruction in orthopaedic surgery remains relevant and continues to evolve in tandem
with technological advancements.

This review aims to analyze one relatively novel aspect of orthopedics, namely, the combined use of bone grafts with 3D technology.

A literature search was conducted using modern actual European and American medical data bases. All search results were filtered by
language and period of 2014-2024. There were more then 10000 articles by keywords and after exclusion remained 10 articles. For analyzing
cohort studies we used Coleman Methodology scale and table viewing for each of study for analyzing demographic data, clinical and radiological
outcomes. There were a different types of researches, including clinical case study, retrospective cohort study, and prospective cohort study. All
the articles reviewed provide radiological findings and four present clinical outcomes after treatment.

The findings from the research have demonstrated the potential of the chosen approach. However, at present, there has been a relatively
small number of published works on the relevant topic, even including descriptions of clinical cases. It is certainly true that the integration of
additive technologies with bone allotransplantation has great potential for complex orthopedic cases and can be recommended for widespread
adoption in global practice.
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Introduction

Currently, osteosynthetic material should be readily
available in sufficient quantities to fill major defects in
cancerous lesions and be sufficiently flexible to restore
physiological levels of joint surfaces during surgeries
on periarticular areas. In addition to meeting the basic
requirements for biological compatibility, implantable bone
matrices must also possess satisfactory osteoconductive
abilities [1]. The "gold standard" for selecting such a material
remains autologous bone, but the process of obtaining bone
samples is a further source of trauma for patients, which
carries certain infectious and surgical risks. Additionally,
the amount of autologous bone that can be collected at
one time is limited, and it cannot be used to replace large
amounts of bone tissue [2]. Therefore, orthopedic surgeons
are increasingly challenged by the question of selecting
an osteosynthetic material that is either synthetic or
allogeneic. In the search for a suitable transplant, both new
synthetic materials and innovative methods for harvesting
donor bone grafts have been investigated and employed.

The synthetic materials used in bone tissue
engineering are more pliable and financially affordable,
giving greater freedom to replace the bone cavity and fill
the defect completely. Fast production methods such as
powder-based 3D printing, laser melting, and inkjet printing
make it possible to create customized models serving as an
adequate replacement for defects, and their porosity helps
with rapid and acceptable vascularization and further
remodeling. However, plastic fabrication requires high
temperatures, eliminating the possibility of adding bioactive
materials and limiting mechanical strength, preventing
early loading and improving the development of damaged
limbs [3]. As a result, this leads to a longer recovery period
and increased risks of early breakage and repeated fracture
at the surgical site. Some success has been found with bone
cement based on calcium phosphate, which allows the
modeling of the necessary defect directly in the operating
room through extrusion at room temperature. However,
its osteoconductive characteristics are only close to those
of real bone tissue. The high cost does not permit adequate
filling of large bone defects, but it is a promising option for
certain applications [4].

In parallel, many variants of bone allograft
harvesting techniques are being developed, which makes

Materials and methods
Database and selection

A literature search was conducted using PubMed,
Wiley Online Library, Web of Science Core Collection, Europe
PubMed Central (PMC), Springer Link, and the Cochrane
Library. The search was performed on 8 April 2024. The
following key search terms were used: "bone cyst", "3D
printing”, "bone defect”, "bone allograft”, "allograft”, and
"additive technology”. The results of the search were
carefully analyzed using search filters to select articles
published in English no later than 2014 and related to the
field of orthopedic surgery. From the resulting articles,
only those that studied the combination of allografts with
3D printing for the surgical treatment of bone defects were
selected.

The exclusion criteria for this study were as follows:
1. Literature not in English language.
2. Abstracts, editorials, and review articles.

3. Experimental work on laboratory animals and
articles on tissue engineering.

4. Articles that did not discuss the use of allogeneic

the possibility of creating a local bone bank affordable and
technically simple. According to the results of aretrospective
cohort study, it was found that an allograft is an acceptable,
safe, and effective material for the restoration of large bone
defects [5]. Additionally, during a retrospective analysis of
164 histories, it was concluded that it is advisable to use
bone allografts in the treatment of benign bone formations
with a low complication rate [6]. All available allograft
harvesting approaches aim to achieve absolute biological
safety of the donor's bone while fully preserving its tissue
structure and osteoconductive properties. To do this, various
combinations of physical and chemical methods are used,
such as the rapid freezing of spongy bone tissue, chemical
treatment with reagents at high concentrations, treatment
of bone tissue at feverish temperature, or ultrasound. The
techniques proposed by many institutes have been assessed
and used for many years in different countries of the world,
depending on the adaptability of the local infrastructure to
a particular method.

Thus, the youngest technique is a combination of the
two previously mentioned methods, namely, the production
of bone allografts not according to the standard procedure
but individually, using additive manufacturing technologies.
The constructive interaction of these two methods is even
more intriguing, as when they are used together, the process
of filling bone defects is technically straightforward and
available in most developed and emerging countries. This
is thanks to both the rapid development and widespread
adoption of 3D printing and the prevalence of accredited
allograft harvesting methods.

According to our data, there has been no systematic
review of the use of allografts in the surgical treatment of
bone cavity defects using additive technologies. Therefore,
considering the novelty of this area and the high potential of
the combination of two modern technologies for filling bone
defects, this review aims to study this issue and explore the
existing relevant work carried out in this area.

The research question is: What techniques and
results are currently available for using bone allografts with
additive technologies in the treatment of bone cysts?

The purpose is to study the feasibility of using bone
allografts in combination with 3D printing.

tissue.

5. Articles that did not consider the use of three-
dimensional (3D) printing.

6. Articles that did not cover clinical or radiological
findings.

7. Articles published before 2014.

8. Research in bone tissue engineering area

Two reviewers independently conducted the
literature search process to ensure accuracy. Next, a third
author reviewed and excluded any duplicate articles.
Articles were also screened, and those whose content, after
careful consideration, did not completely align with the
subject matter of the study were eliminated. These included
articles that focused on laboratory studies of allografts
under laboratory conditions using tissue engineering or
on the use of three-dimensional (3D) modeling in the
preoperative preparation phase and not during surgery.
This systematic review was conducted according to the
guidelines established by PRISMA (2020) [7]. The technical
process for searching is illustrated in Figure 1.
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Figure 1 - Literature Search Strategy

Given the novel nature of the research field, the
resulting number of articles is believed to be sufficient
for research. Additionally, the authors of this paper had
to accommodate for the variation in design among the
publications analyzed. Therefore, of the 10 selected papers,
five were case reports and five were cohort studies. These
letters were further evaluated by an external reviewer
using the Coleman Methodology Scale [8], which is widely
employed in orthopedic research. This scoring system
consists of two parts: part A encompasses the scope of
the study, average follow-up duration, number of surgical
interventions, type of study, diagnostic information,
description of surgical techniques, and postoperative
rehabilitation. Part B covers the assessment of results and
the selection process. The overall score ranges between 0

Results

Ten articles published from 2015 to 2022 have been
analyzed. Of those, five analyzed articles described a clinical
case study of the use of additive technology in combination
with an allograft, four articles described a series of cases
within the scope of a retrospective cohort study, and one
article presented a prospective cohort study. In two articles,
the use of an allograft was performed during surgery on the
femoral condyles. Four articles described the use of original
surgical techniques to correct the tibia, and two articles
described the use of a combination of additive technologies
and an allograft on the proximal humerus.

Additionally, in the article by Zhigang Wu et al,,
a series of cases are described within the framework of
a developed bone banking system that uses a virtual 3D

Table 1 - Demographic data for clinical case studies

and 100, with a higher number indicating a lower influence
from randomness, bias, and associated factors. Two
reviewers independently read the full texts of each study
and assigned marks. The average of the two reviewers'
marks was then used as a proxy for the study's quality.

Data Collection. We collected the following
information from each of the included publications: author,
year of publication, type of study design, number of cases
reported in cohort studies, age of the patients at the time
the study was conducted, duration of follow-up, scales used
to measure clinical outcomes, conclusions regarding clinical
outcomes, methods used for instrumental evaluation
of outcomes, and conclusions regarding instrumental
outcomes.

archive for the treatment of bone cancer at various locations
[9].

Chao Dong and colleagues describe a series of cases
from a retrospective study in which 17 patients with bone
tumors underwent surgery using personalized guides
that were printed on a 3D printer. During treatment, 12 of
these patients received grafts, 7 received a combination of
allogeneic and autologous grafts, 3 received only allogeneic
grafts, and 2 received only autologous grafts [10].

Clinical case descriptions: The patient population
examined in this study ranged in age from 7 to 40 years. The
demographic data, as well as information on the surgical
procedures, are presented in Table 1.

Author Year Age of patient Observation period Operation area
Di Felice Ardente, P. 2020 40 1,3,12 Proximal humerus after a stale (1 month) Hill-Sachs fracture
Okoroha, K. R. 2018 26 1,4,12,18 The medial condyle of the left femur following the destruc-
tion of a previously placed autograph
Eero Huotilain- 2019 22 3,4,12 The lateral condyle of the femoral bone, following an unsuccessful
en, Mika Salmi, Jan surgery for dissecting osteochondritis, using an autograft
Lindahl

Alessandri, Giulia 2022 7 Proximal tibia in varus deformity of both lower extremities
Distal Tibia: Condition after Tumor Resection (2012) and
Osteosynthesis of Allograft Fracture (2014) In 2015, the patient
Yang, Hongsheng 2022 32 44 underwent the removal of the metal fixers following their tibia
condition after tumor resection in 2012 and osteosynthesis for an

allograft fracture in 2014
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All the articles reviewed provide radiological
findings and four present clinical outcomes after treatment.
The mean age of the patients was 25.4 years, and the mean
follow-up period was 17.2 months.

Cohort Studies. The remaining four articles presented
the results of using a specific technique without comparing
to a control group. All four articles presented clinical

Table 2 - Demographic data for cohort studies

outcomes, and four articles presented radiological findings.

Two articles described cases of tibia intervention,
and one article described the use of an operative technique
for the proximal humerus. Two articles provided data on the
various surgical locations. The demographic data for this
type of article are presented in Table 2.

N Number of pa- . Observation i
Author Year of publication Type of Study P Age of patients period Coleman’s scale ball
Russo et al 2021 Retrospective study 4 60,5 37,3 87
Steele J.R. etal 2020 Retrospective cohort study 15 54 26,5 33
Wu, Z. G. etal 2015 Retrospective cohort study 14 21,7 27,5 60
Dong, Chao et al 2022 Retrospective cohort study 17 25+-19 26,5 75
W.V. Genechten et al 2022 Prospective cohort study 30 48+-13 12 106

The average number of patients was 16, the average
age of the patients was 52.3 years, and the average follow-
up period was 25.9 months. Coleman Methodologe Scale
average score is 72.2.

Outcomes. In two studies, researchers Yang,
Hongsheng, and others, as well as researchers Dong,
Chao, and others, used the MSTS scale to evaluate clinical
outcomes [10, 11]. Authors Van Genechten, Wouter, and
colleagues evaluated clinical outcomes using several scales,
including the KOOS10 [12] The same scale was also used
by Eero Huotilainen, Mika Salmi, and Jan Lindahl, [13]
and other researchers used different criteria to evaluate
clinical outcomes, which we believe to differences in the
geographical location of the studies and the usual structure
of the research methodologies within their own academic
schools. Additionally, it was also important when choosing a
scale for clinical assessment within cohort studies that some
articles reported cases of surgical treatment for pathologies

Discussion

Based on the previous articles and numerous other
studies, bone allografts can be considered suitable and
universal materials for repairing defects in tubular bone.
According to Chen C] and Brien EW [15], bone allografts have
fewer complications than other bone substitute materials
when used to fill large bone defects in orthopedic oncology,
including autotransplants. Furthermore, in experimental
studies, histological analyses have demonstrated that bone
allografts result in significantly faster bone healing than
hydroxyapatite grafts [16].

The use of allografts allows the preservation of bone
structure, promoting faster and more complete repair of
bone defects, making allografts suitable for use in adult cyst
treatment and pediatric orthopedic applications [17].

Thus, the clinical case of a 7-year-old girl suffering
from spondyloepiphyseal dysplasia with a complication due
to pronounced varus deformity of both lower extremities
described in the article by Giulia Alessandro, Leonardo
Frizziero, and others is a good example. The primary method
of surgical treatment, namely, tibial hemiepiphysiodesis
with tension band plates (TBPs), showed its ineffectiveness
was ineffective after two years of follow-up. The authors
performed an osteotomy of the tibia with a customized
allograph and individual instruments printed on a 3D
printer. X-ray results after surgery showed significant
but incomplete correction of the deformity. Another
disadvantage of this article is the lack of dynamic data on
the patients during further follow-up in dynamics. Given the
history of previously unsuccessful surgery, it is difficult to
ensure a positive outcome of the chosen treatment [14].

in both the upper and lower limbs, which prevented the use
of standardized scales such as the KOOS.

Almost all the authors in their articles used X-rays
for instrumental assessment of allograft survival. Also in
separate articles, namely, Alessandri, Julia, and others, the
measurementofinstrumental indicatorsin the form ofangles
of mind, aTFA, and FC-TC was used as part of the assessment
of the results of treatment of orthopedic pathology [14].
Most of the authors while working on oncological diseases
of bones, assessed the restoration of bone tissue within the
operated limb and the presence of generalized metastases.
We do not consider CT and/or MRI scans of the chest and
abdominal cavity used for this diagnosis when considering
the assessment of treatment outcomes due to the lack of
informative data within the scope of the area we studied.
The assessment of the location of the allograft and bone
resorption in the operated area using CT studies was carried
out in four out of 10 articles.

Also noteworthy is the description of the case by the
authors Pierluigi Di Felice Ardente, MD, Fernando Menor
Fusaro, MD, etc. Unlike the rest of the articles presented,
it describes the restoration of bone integrity after injury
and not after orthopedic or oncological disease. Thus, a
Hill-Sachs fracture in a 40-year-old patient was diagnosed
2 months after the injury using CT. To eliminate defects in
the articular surface of the humeral head, alloplastic tactics
using personal 3D-printed blade guides for both the injured
area of the recipient and the donor allograft were chosen.
The results of control observations after 1, 3, and 12 months
showed excellent fusion of allograft and bone, as well as
the full range of movements of the shoulder joint as a good
clinical result. However, as the authors themselves noted,
this method has a limitation in the form of the need for
CT, which cannot be used in routine studies of emergency
traumatology. It also takes several days to prepare, which
predictably leads to worse results than early surgical
treatment [18].

In an article by John R. Steele, MD, Rishin ]. Kadakia,
MD, et al, a comparison was made between the use of
allograft and a 3D-printed titanium sphere as a blocking
component in arthrodesis of the talus-tibial joint with
retrograde BIOS nail [19].

Special attention should be given to the description of
a virtual bank of three-dimensional (3D) models of existing
allografts created based on the orthopedics department of
the Lanzhou General Hospital, Lanzhou Military Region.
Over the past four years, high-technology operations using
preselected virtual allografts based on their volume, size,
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and structural features have helped to save staff time and
effort during preoperative planning and reduce surgery
time and intraoperative blood loss. The authors describe
these successes as necessary for a more comprehensive

examination in a multicenter study.

A pronounced limitation in the number of patients

is noted in the authors Russo. R, etc. The description of 4
cases, of which one patient had allograft rejection, cannot
be called indicative and sufficient for recommendation [20].

During our literature review revealed that the

included articles reported satisfactory graft survival rates

Table 3 - Clinical and instrumental outcomes

with a low incidence of postoperative complications.

etal.

outcome score
(KOOS), e UCLA
activity
score

operation (p<0.001) Baseline
UCLA activity score was
5.7+2.3,
which increased to
7.6+2.2 at one year (p=0.002)

Authors pu%?fcggifon Chmcilcgﬁfcomes Clinical outcomes Ini:g;}rﬂg’;tal Instrumental outcomes
Di Felice Disabilities of the Good final positioning of the
Ardente, P. 2020 Arm, Shoulder, X-ray, CT allograft and its fixation with
et al and Hand scale, screws 1 year after surgery
At 4 weeks postoperatively,
she had a ROM of 0°-125°,
with mild pain over the medial One-year postoperative
Okoroha, K. R joint line. At 4 months, she radiograph demonstrating
otal 2018 Knee ROM progressed to nonimpact, X-ray excellent incorporation of the
aerobic exercises and then to allograft into the medial femoral
low-impact aerobic exercises at condyle
6 months. Full ROM after 12
months
Three months after surgery on
the X-ray, satisfactory standing
Significant reduction of pain of the graft structure and the
E. Huotilainen ~ engraftment process of the
et al 2019 KOOS syndromeszué’; rr;(;nths after X-ray, MRT allograft were noted. Four months
gery after surgery, MRI scans revealed
a lack of strong vascularization of
the allograft
X-ray (MAD:
mechanical axis ; ;
- N ; There is a good correction (MAD
dlStgnfe;n?T};A' from 100 to 39; a TFA from 45 to 3;
Alessandri, 2022 tibi af ato lca le; FC-TS from 49 to 86) in the right
Giulia 1 ’;Ce_r%‘gra aln.g & tibia and less in the left (MAD
femoral czi)rrfi el'e_ from 100 to 51; aTFA from 44 to
L fonay 15; FC-TS from 55 to 72)
tibial
shaft angle)
X-ray showed a small amount of
callus formation at the fracture
end of the allograft bone and
44 months after the last fibula. While the fracture
operation found the patient to did not heal completely, the
be independent in all activities intramedullary nail had closel
Y. Hongshen Musculoskeletal of daily living, with normal adhered to t%,le surroundin y
: etgal g 2022 Tumor Society weight-bearing and mobility. X-ray, CT bone. A CT scan showed th agt
score However, he did have limited the intramedullary nail system
movement of the ankle joint and matched well with the tibial
had difficulty with squatting bone marrow cavity, and the
MTS score of 24. biomaterials on the surface of the
intramedullary nail were well
integrated with the host bone
X-rays at a 1-year follow-up
didn’t show any resorption signs.
MEPS, DASH, and VAS were 90 X-rays and CT scan at
R. Russo et al 2021 MEPS’\})A%SH and (80-100), 11.8 (0-25), and 1 (0-3) X-Ray, CT 2-year follow-up showed partial
points, respectively peripheric allograft resorption
in all cases, without screw
prominence
The rate of total fused
articulations was significantly
higher ;n the 3D sphere group
92%) than in the femoral ;
o The rate of graft resorption was
head allograft group (62%; p = Lo - ;
Steilf ";1] R. 2020 .018). The number of patients X-ray, CT ileg:éﬁacﬁg %};glgﬁi lr(l5t%l‘i°£e)nt1ﬁ§rlll
achieving successful fusion of - gth 3gD ph e
all 3 articulations was higher in mn the sphere g
the 3D sphere group (75%) than
in the femoral head allograft
group (42.9%, p = .22).
X-ray film on follow-up showed
good bone healing. There was no
. They had an average functional : joint narrowing, subchondral bone
Wu, Z. G. 2015 Functional score score of 25.7+1.1 points. Xray collapse, limb-length discrepancy,
or screw loosening in any of the
patients
D. Chao et al 2022 MSTS MSTS Score was)24 (range:
: 13-30.
The NRS pain score decreased
. ; from 6.1+1.9 at baseline Beginning to advanced bone graft
Numeric rating to 2.9+2.3 per year. KOOS incorporation was observed three
scale (NRS) e knee
infury and outcome was 31.4+17.6 months after surgery on CT-
W.V. Genechten ost egoagthritis preoperatively and increased scan while all osteotomies were
e 2022 to 70.2+15.0 at one year after X-ray, CT consolidated at one year on plain

radiographs. Five patients had
their implants removed
within the first year (7.8

months+3.6) for local irritation.
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The main advantage of this systematic review lies
in the strict adherence to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) protocol
and the use of precise inclusion and exclusion criteria. These
factors made our study more dependable, as we carefully
examined all the most recent scientific data on this topic.

Our systematic review has several limitations. First,
only specific studies (original articles published in English)
have been included in this review. This may have resulted
in our omission of other high-quality literature from
other languages. Additionally, due to the limited number
of articles addressing the specific topic of interest to our
research, we had to include articles from various formats
and compare clinical case descriptions and cohort studies
based on subgroup analyses.

Third, the duration of the observations varied in
different studies, which could lead to biased results.

This is because despite the high level of use of 3D
printing in orthopedic practices and the extensive global
experience with allografts, its combined use is only just
beginning to be developed. This not only determines the

Conclusion

Today, there is an increasing focus on comparing
3D printing with allotransplantation in orthopedic
applications. This review has demonstrated that in most
cases, the symbiosis between these techniques consists
of tailored guides for more precise excision of defects or
corrective osteotomies, using similar tailored guides to
produce allografts of the desired shape. This challenging but
promising step allows orthopedic surgeons to build upon
existing work and conduct multicenter research in this
area. Certainly, the integration of additive technologies with
bone allotransplantation has great potential for complex
orthopedic cases and can certainly be recommended for
widespread adoption in global practice.
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Tyiingeme

Opmonedusinblk Xupypausioa cyliekmi Ka/inbiHa Keamipyee apHAaAFraH mamepudaadbl mayoay Maceseci e3ekmi 6o/bin Kaaa 6epedi
JiCaHe MEeXHON02USbIK JcemicmikmepmeH Kamap dambin Keseoi.

Bya wony opmonedusiHblH caavicmeipmaasl mypde xaxa acnekmiaepiniy 6ipiH, aman alimkanoa cylek mpaHcnAaHmayusicblH
3D mexHosozusicbiMeH 6ipze K0.10aHydbl maJjadayra 6arsimmanraH. ddebuemmepdi i3dey Kasipei 3amaHFbl e3ekmi Eyponasavik scaHe
AmepukaHOblK MeduyuHaablk depekmep 6a3aaapbiH nNalidanaHa omelpbin Jicyp2izindi. bapavik i30ey Hamuoceaepi min scaHe 2014-2024
Jcbladap KeseHi 6otibiHwa cysindi. Codaw keliin myliH ce3dep 6otibiHwa 10000-HaH acmam makaaa 6010bl, a1 AAblN MACMAFAHHAH KeUiH
10 makana Kaadel. Kozopmmuik 3epmmeynepdi masaoay yuwin 6i3 demozpagusiivl depekmepoi, KAUHUKAAGIK HCIHE PAOUOI0SUSAbIK
Hamuoiceaepdi maaday ywiH ap6ip 3epmmey ywin Coleman adicHamacbiHblY MacwmabblH HcaHe KecmeHi Kapaydbl K010aHObIK. 3epmmeydiH
apmypi mypsepi 60410bl, COHbIH [WiHJe KAUHUKAAbIK dHcardalidbl sepmmey, pempocneKkmuemi Ko2opmmul 3epmmey #caHe Nepcnekmueansi
Kozopmmbl 3epmmey. Kapacmulpblarax 6ap/avlk mMakKaaaa1apdd peHmaeHo102usAblK Hamudcesaep JcaHe emoeydeH KelilHel 4 KAUHUKA/AbIK
Homusicesep KeAmipiizeH.

3epmmey Homudiceaepi mayoanraH macindiy aseyemin kepcemmi. [leeeHmeH, Kasipei yakbimma muicmi makbipbin 60UbIHWA,
minmi KAUHUKAABIK H#ardaiiaapobly cunammamanapsii Koca aAFaHoa, cabiCmuIpMaabl mypde as #apusAaHFraH xcymeicmap 6ap. OpuHe,
addumuemi mexHoso02usaapdbl cyliekmepdi asnompaHcnaaHmayusaaymel 6ipikmipy Kypoeai opmonedusiivlK xcardainapoa yJaKeH
a/1eyemKe ue JcaHe OHbl 9/1eMOiK maxcipubede KeHiHeH eH2i3y YUliH YCbIHYFa 601amblHbl pac.

Tytlin ce3dep: cyliek kucmacwl, 3D 6acsin wwirapy, cyliek akayul, cyliek asi0epagul, ariozpagm, adoumusmi mexHoa02usl.
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A6cTpakT

Bonpoc evibopa mamepuaaa 0451 peKOHCMpPYKyuu KOCMHOU MKAHU 8 opmoneduyeckol Xupypauu ocmaemcsi aKkmya/abHbIM U
npodo/izcaem pasgueamusCsi 8 COOMEEMCMaUU C MeXHO102UHeCKUMU 00CMUIMCEHUSMU.

Lle/lb daHHo20 0630[)(1 — npoaHa/ausuposambv 00UH OMHOCUMENbHO HOBbILU acnekm opmoneduu, a UMEeHHO KOM6HHllpOBGHHO€
UucnoJ/ib3o8aHue KOCMHbIX mpaHcn/iaHmamaos ¢ 3D-mexHosn02usMu.

Bbis1 npogedeH nouck aumepamypbl € UCN01b308AHUEM COBPEMEHHbIX e8PONeliCKUX U AMePUKAHCKUX 6a3 MeUyuHCKUX 0aHHbIX. Bce
pe3ysbmamsl NOUCKA 6blAU 0M@PuUAbMPO8AHbI N0 A3bIKY U nepuody ¢ 2014 no 2024 200. [lo kaouesbiM €108aM 6bl10 HatideHo 6osee 10
000 cmametl, u nocse muameavHol 8bI60pKU ocmasiocs 10 cmametl. /51 aHAAU3a KO20PMHbBIX UCCACO08AHUL Mbl UCNOb308AAU WKAAY
Memodosozuu Koyamawa u npocmomp mabauy 045 Kaxcdozo uccaed08aHusl ¢ Yeablo aHaauda demozpaguyeckux 0aHHLIX, KAUHUYECKUX
u paduosiozuyeckux pesyabmamog. Bviiu npedcmassieHvl pasauvHbie munwl uccaedo8aHutl, 8 mom vucae KJAUHU4ecKoe uccaedogaHue
c/y4as, pempocneKmugHoe Ko2opmHuoe uccaedoganue u NnpocnekmueHoe KozopmHoe ucciedosaHue. Bo ecex paccmompenHbix cmambsix
npedcmas.ieHvl paduo02udeckue pe3yabmamsl, d 8 Yemvlpex — KAUHUYECKUe pe3y/ibmamsl N0C/1e 1e4eHUs..

Pesynbmamul uccse008aHus NpooeMOHCMpUposa U NOMeHyuaa 8blopaHHo20 nodxoda. OdHako 8 Hacmosiuwee 8pemst 0ny6AUKO8AHO
O0mHocUumMeIbHO He60.1bWoe Kou4ecmso pabom no amoil meme, 8KA04asl dadxce ONUCAHUS KAUHUYECKUX cay4aes. besycnioeHo, uHmezpayus
adoumusHblx mexHo102ull ¢ a110mpaHcnaaHmayuell KOCMHoU mKaHu umeem 6016w ol NomeHYyuas 051 CI0HCHLIX Opmonedu4eckux cay4aes
u Moxcem 6blmb peKOMeHA08AHA 0151 WUPOKO20 NPUMEHEHUS 8 MUPOBOU NpaKmuke.

Katouesvle cnoea: kocmuas kucma, 3D neuams, kocmHulil dedpekm, kocmuulil arno0epagm, arnozpagm, adoumugHsle mexHoA02UU.
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