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ABSTRACT

In comparison with two-dimensional (2D) culture, three-dimensional (3D) cultures of
mesenchymal stem cells (MSCs) in spheroids (3D spheroids) offer a more physiologically realistic
condition. Accordingly, 3D culture has been used to improve the immunomodulatory properties of
MSCs and their survival after transplantation. Several methods have been developed to generate 3D
spheroids of MSCs to date; however, these methods are time-consuming or expensive, thus limiting
their wide application. In this study, we compared two inexpensive and simple culture methods for
the generation of 3D spheroids from the MSCs of mouse compact bone: pellet culture and rotating
vessels using low-binding 96-well plates. The effectiveness of the two methods was determined by
the number of obtained spheroids, their diameter, and the expression of the MSC marker CD44
using morphometric and immunofluorescent methods. A higher number of homogeneous 3D
spheroids was obtained from the MSCs of compact bone using a rotating vessel compared to that
obtained with pellet culture. The immunofluorescence assay further showed that the developed 3D
spheroids highly expressed CD44 on the cell surface. Thus, we suggest that the method of rotating
vessels is effective for generating 3D spheroids from the MSCs of compact bone. This method can be
used to promote research on the biology of stem cells and develop new therapeutic approaches in cell
therapy and regenerative medicine.
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INTRODUCTION

Mesenchymal stem cells are a heterogeneous
fibroblast-like cell population that can be isolated
from nearly all mammalian tissues and organs, such
as bone marrow, adipose tissue, synovial membrane,
skeletal muscle, umbilical cord, etc. MSCs have at
tracted the attention of scientists and clinicians due
to their multilineage differentiation potential, low
immunogenicity and active participation in tissue
repair and regeneration after migration to the site
of tissue injury [1-3]. When stimulated by appro
priate signals, MSCs are capable of differentiating
into several specialized cell types, such as adipo

cytes, chondrocytes, osteoblasts, endothelial cells
and cardiomyocytes [4-6]. Moreover, recent studies
have shown that MSCs possess strong immunosup-
pressive and immunomodulatory properties that
are mediated both by cell-cell contacts and produc-
tion of various signaling factors [7-9].

Traditionally, MSCs are expanded according to
the standard 2D culture technique. However, this
technique does not provide appropriate physiolog
ical conditions as som#& vivo  characteristics of
MSCs are lost or compromised [10]. On the other
hand, the 3D culture of MSCs represents more phys -
iological conditions and has been used to improve
the immunomodulatory properties of MSCs and
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their survival after transplantation. For example, it
RBY been shown that conditioned medium from
sphrr otttectivdl§SGshibited the

production of pro-inflammatory cytokines such as
TNF-a, IL-6, IL-12p40, IL-23, and CXCL2 from one
hand, and increased the production of anti-inflam
matory cytokines IL-1ra and IL-10 by LPS stimulated
macrophages from another hand [11]. In addition
bdadsidtitrovas Mibém that

to self-activation of TNF-induced protein 6 (TSG6)
and COX-2 that increase PGE-2 production and
conversion of pro-inflammatory M1 macrophages
into anti-inflammatory M2 macrophages, as well as
more effectively suppressing TNF& production by
LPS stimulated macrophages [10-11].

Currently, several methods have been developed
to generate 3D spheroids of MSCs, such as hanging
drop technique [12], hydrogels [13], magnetic lev
tation [14] and nanoparticles [15, 16]. Despite being
effective, some of these methods are time consuming
or expensive. In this regard, we have been compared
two inexpensive and simple culturing methods for
generation of 3D spheroids from MSCs of compact
bone that only requires a low-binding plate with
U-shaped wells, orbital shaker or centrifuge.

In this study, we defined that the method of ro
tating vessels for the generation of the 3D spheroids
of MSCs in comparison to pellet culture method is
more efficient and reproducible, allows obtaining
more mature spheroids in 2 days.

Materials and methods

Animals. Male C57BL/6 mice 2-4week old were
purchased from SPF-vivarium of M. Aikimbayev>s
Kazakh Scientific Centre for Quarantine & Zoonot
ic Diseases (Almaty, Kazakhstan). The animals were
housed in a temperature-controlled environment
(23 °C) with 60% relative humidity applying a 12 h
light/dark cycle. The animals hadad libitum access
to food and water. Experimental procedures involw
ing animals were in full compliance with current
international laws and policies (Guide for the Care
and Use of Laboratory Animals, National Academy
Press, 1996) and were approved by the Local Ethics
Committee for Animal Use in National Center for
Biotechnology (Nur-Sultan, Kazakhstan).

Isolation and culture of MSCs from mouse
compact bone.lsolation of MSCs from mouse
compact bone was performed according to the
42

method described by Zhu et al. [17]. Briefly, mice
were humanely killed by cervical dislocation. Hu-
meri, tibia, and femur were dissected from the hind
limbs in a laminar flow hood using sterile instru

ments and washed thoroughly with cold a-MEM
(Gibco, USA) containing 100U/ml Penicillin/100
pg/ml streptomycin (Gibco, USA). Muscle and
connective tissues from bones were removed by
a scissor and sterile gauze. After removing the
epiphysis, the bones of the humeri, tibiae, and fe

murs were kept in a Petri dish with 5 ml a-MEM
medium supplemented with 2% fetal bovine se

rum (FBS) (Gibco, USA). Next, a syringe needle
was inserted into the bone marrow cavity and the
marrow was flushed out with a-MEM medium.
The bone cavities were thoroughly rinsed 3 times
using a syringe until they were blanched. The di

aphysis of humeri, tibiae and femurs was cut into
1¢3 mm?’ chips by a scalpel. The bone fragments
were transferred with forceps into a Petri dish
containing 3 ml of a-MEM media supplemented
with 10% FBS and 1 mg/ml collagenase type II
(Gibco, USA). The fragments were incubated in
a shaker-incubator (Biosan, Latvia) for 2 hours, at
37°C and 200 rpm. After the enzymatic treatment,
the media was removed and enzyme-treated bone
fragments were washed 3 times with 5 ml a-MEM,
transferred into a T25 culture flask and cultured
in MSCs complete medium: a-MEM media sup

plemented with 10% FBS, 0,1% Pen/Strep and
non-essential amino acids (Gibco) at 37°C and 5%
CO, for 3-5 days. After 5 days of incubation, the
culture flasks were washed with phosphate-buff
ered saline (PBS) to remove non-adherent cells
and kept in MSCs complete medium. The culture
medium was changed every 2 days. When the cells
reached 70¢80% confluence, cells were harvested
using Tryple Express (Gibco, USA), counted and
split into new culture flasks [18].

Colony-forming units assay (CFU)Ihe cells
were harvested using Tryple Express, and the total
cell number was determined by using an automatic
cell counter BioRad TC20 (BioRad, Germany). Har-
vested cells were seeded into culture flasks at density
100 cells/cm2 and 1000 cells/ cm2 cells and cultured
for 2 weeks. Generated colonies were washed with
PBS and stained with 0.5% Crystal Violet (Sigma,
USA) in methanol for 10 minutes at room tempera
ture. After staining, flasks were washed with PBS,
allowed to dry, and colonies were counted and an
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alyzed by using a stereomicroscope SZ61 (Olympus,
Germany).

Multilineage differentiation assay.For adipo-
genic differentiation, 1x10*cells/cm* were plated in
a 6-well culture plate and cultivated in an adipogen-
ic differentiation medium composed of high glucose
DMEM (Gibco, USA), supplemented with 15% FBS,
0.2 mM L-glutamine (Gibco, USA), 100 uM L-ascor-
bic acid (Sigma, USA), 200 uM indomethacin (Sig
ma, USA), and 100 nM dexamethasone (Sigma,
USA). The medium was changed twice a week. After
21 days, the cells were fixed with 4% paraformalde
hyde solution (PFA) (Sigma, USA) and stained with
Oil Red O (Sigma, USA).

For differentiation, the cells at 90% conflu
ence were cultivated in an osteogenic differenti
ation medium composed of low glucose DMEM
(Gibco, USA) supplemented with 15% FBS (Gibco,
USA), 200 uM L-ascorbic acid (Sigma, USA), 10
mM b-glycerolphosphate (Sigma, USA), and 100
nM dexamethasone (Sigma, USA). The medium
was changed twice a week for 3 weeks. Osteogenic
differentiation was evaluated using Alizarin Red S
(Sigma, USA) staining.

For chondrogenic differentiation, the cells were
resuspended at 1.25 x 10°cells/ml in a chondrogenic
differentiation medium composed of high-glucose
DMEM supplemented with 1% I'TS+Premix (Sigma,
USA), 100 pmol/L ascorbate-2-phosphate (Sigma,
USA), 0.1 pum dexamethasone, and 10 ng/ml TGF-{1
(Gibco, USA). To create chondrogenic micromass
pellets, 2.5x10° cells from this cell solution was
placed in a 96-well polypropylene tube, centrifuged
at 500xg, and placed in an incubator at 37°C and 5%
CO,. The medium was changed twice a week. After
3 weeks, the cell pellets were harvested, fixed with
10% neutral-buffered formalin (Sigma, USA), par-
affin-embedded, sectioned at 5 um, and stained with
Toluidine blue (Sigma, USA).

Flow cytometry analysifhe characteriza
tion of the cells was conducted by antibody panels
which commonly used for basic characterization of
MSCs preparations [19]. CD29, CD31, CD44, CD45,
CD90, CD105, CD106, Sca-1 antibodies as well as
mouse IgG2a and IgG2b isotypes (all from BD Bie
sciences, USA) were used to evaluate developed
MSCs of compact bone. Analysis of cells, stained
with antibodies was performed on Attune flow ey
tometer (Thermo Scientific, UK). Resulted data was
counted using Flowjo program.

Generation of the 3D spheroids by the meth
vebalwrotating and their dissociation.For
the generation of 3D spheroids was selected Achil
Ii8-8D%rofanondl@yet ells at
were seed at 2 x 10*cells per well to U-shaped bot
tom 96-well non-adhesive plate (Nunc, USA) in 100
uL/well of MSCs complete medium. The plate was
incubated in shaker-incubator at 250 rpm/min at 37
° C and 5% CO2 for 36-48 hours. The size and num-
ber of 3D spheroids were observed using an inverted
microscope (Axio Observer Al, Carl Zeiss, Germa
ny) at a phase-contrast with 10x magnification. The
number of 3D spheroids was counted by the next
formula [21]:

Total number of spheroids=spheroid count (in
50ul)/50pl x Volume of spheroid suspension (ul)

To obtain spheroid derived cells, 3D spheroids
were dissociated using 3-7 min (depending on the
size of spheroids) incubation in Tryple Express and
plated to adhesive culture dish [22].

Generation of 3D spheroids by pellet culture
method. Axdcording to the literature, the method
pelitlruttmmnonly used for chondrogen-
ic differentiation of MSCs [19] was implicated for 3D
spheroids development [23]. In this method, 2 x 10*
cells were placed in 96 well low-adhesive plates at 200
uL/well of MSCs complete medium and centrifuged
at a speed of 450g for 10 min. Then, the cells were in-
cubated at 37°C and 5% CO, incubator for 48 h.

Viability of cells.Spheroid derived cells were
stained with trypan blue, counted and examined on
the percentage of viable cells using automatic cell
counter (Bio-rad, Germany).

Immunofluorescence analysis of 3D spheroids.
3D spheroids were analyzed through the standard
immunostaining protocol [19]. 1x10° cells per well
were seeded into a 4-well slide (BD Biosciences,
USA) and incubated overnight in a CO, -incubator
to form a monolayer. Then cell monolayer was fixed
with 4% PFA in PBS (pH 7.2) for 20 min. After a 5
min treatment with Triton X-100 cells were washed
three times with PBS and incubated in 1% solution
of bovine serum albumin (BSA) for 30 min. In this
assay, spheroids were stained with MSCs markers:
CD44 FITC (1:100) (BD Biosciences, USA) antibody.
For imaging by confocal microscopy, the cell nucleus
was treated with propidium iodide dye (PI). Analysis
of the stained samples was conducted confocal laser
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scanning microscope LSM 780 (Carl Zeiss, Germa-
ny). Images processing were conducted using Zen
2011 software and Image] program.

Statistical analysis. Data are presented as mean
+ SD. The statistical significance was calculated us-
ing Student>s test, P <0.05 was considered statistical-
ly significant. Statistical analysis was conducted with
Yafidaa cakStatistica 6.0 (StatSoft,

RESULTS AND DISCUSSION

After isolation of MSCs from mouse compact
bone, they were first analyzed and characterized
based on morphology. Morphological analysis re-
vealed that MSCs have a typical fibroblast-like mor-
phology with an irregular shape, long processes, and
oval nuclei containing two or three nucleoli (figure
1). Next, MSCs were evaluated based on their ability

to form clonal fibroblastic colonies (figure 2A). CFU
assay showed that MSCs of compact bone possesses
the high proliferative activity and ability to form col-
onies which are characteristic for MSCs.

To evaluate the multilineage differentiation
ability of the MSCs of compact bone, three different
types of differentiation assays were performed. It was
revealed that MSCs can differentiate into adipocytes,
chondrocytes, and osteoblasts (figure 2B-2D).

To determine a phenotype of the MSCs of com-
pact bone, flow cytometry analysis was performed.
A comprehensive panel of positive and negative CD
markers was used to characterize the expression of
MSCs markers. It was observed that MSCs signifi-
cantly expressed surface markers such as CD29,
CD44, CD90, CD105, CD106, and Sca-1. In con-
trast, the expression of hematopoietic and endothe-
lial markers CD45 and CD31 in the culture of the
MSCs of compact bone was not detected (figure 3).

B) Formation of the monolayer in 10 days of MSCs cultivation. Magnification, 100x

Fig. 1. Morphological features of the MSCs of the compact bone mouse.

B) Osteogenic differentiation. Alizarin red S staining.
C) Adipogenic differentiation. Oil Red O staining.
D) Chondrogenic differentiation. Histological section of pellet culture stained with toluidine blue.
Fig. 2. Characterization of the MSCs of compact bone
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Fig 3. Flow cytometry analysis of the phenotype of mouse compact bone MSCs

To find a technically easy-to-use and productive
method for generation of 3D spheroids we examined

two methods: fiftllet cultureffi and rotating vesselsth

Schematic illustration of the methods of pellet cul
fiznatemg vessels are shown in

Centrifugation Incubation

E ©
Pellet culture @ @
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MSC 2D culture \
Rotating vessel

method
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®
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450g. 10 min 48 h, 37°C, 5% CO,
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>
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5% CO, \ —Q
oop
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Fig 4. Schematic illustration of methods used for the generation of 3D spheroids

In the method of pellet culture after examining
a 500g speed, which normally was used for chon
drogenic beads assembling, and 450g speed, it was
revealed that 450g speed was optimal for the genera -
tion of 3D spheroids.

Based on literature data, it is well-known that 3D
spheroids aggregation maintains by the next two mech -
anisms: cluster-based self-assembly and collision-based
self-assembly [20]. In this study, 3D spheroids of MSCs,
ghitetataltire, were aggregated with -
ter-based self-assembly mechanism when centrifugal
power forced cell-to-cell adhesion at the bottom of
the conical well. However, it causes a poor effect on
the viability of the cells. Therefore, the collision-based
self-assembly mechanism of rotating vessels method,
prelbeapditisormetttodhehere
generated 3D spheroids of the MSCs of compact bone
had a large size and were minimal in number per well

(16 spheres after 24 h and 24 spheres after 48 h of cid
turing), resulted in a high yield of homogeneous in size
(dulsagrespliera phrmdli 1
dpheres after 48 h of culturing) figure 5). The diameter
of 3D spheroids was 73 nm and 78 nm at pellet culture
method and 68 nm and 71 nm at rotating vessels meth -
tguféer 24h and 48h respectively ( 5 H).
Confocal microscopy imaging of stained 3D
spttimgd vadhedsrated that
3D spheroids of the MSCs of compact bone are high -
ly expressed MSCs marker CD44 on the surface (Fig.
6) than pellet culture-derived 3D spheres. Thus, the
lowest number of viable cells was generated by the
method of pellet culture because centrifugal force
damaged the cell structure. Moreover, on confocal
microscopy, it was observed that 3D spheroids, ob
tainediadtheumdshod of rotating vessels
uniform shape with PI expression in the nucleus
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(figure 6 H). Orthogonal views of 3D spheroids of of three-dimensional structures in the x¢z and y¢z
the MSCs of compact bone indicated the evidence directions relative to the image plane (figure 6).

Pellet culture

Rotating vessels

15 OPellet culture = Rotating vessels 90 7 OPellet culture ® Rotating vessels
3 80
E ol *
235 * }; )
2 30 901
E B
g 25 & 50
= e
20 g 4074
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_5 10 220
Z 5 10 +

0 0

24h 48h 24h

Incubation time Incubation time

Fig 5. Generation of 3D spheroids of the MSCs of compact bone by the methods of pellet culture and rotating vessels.
*p<0.05 means significant difference, mean+s.d. Magnification, 50x.

Mc rge

Pellet culture

Rotating vessels

Fig 6. Confocal laser scanning microscopy imaging of the 3D spheroids of MSCs. Self-assembled MSCs was stained by
CD90 -FITC antibodies (green). The cell nuclei were stained by PI (red). Magnification 100x

CONCLUSION vessels. Limitations of the method of pellet culture
include the formation of heterogeneous spheroids as
In this work were discussed the techniques of well as low viability of cells in the structure of 3D

3D spheroids formation: pellet culture and rotating  spheroid because centrifugation impacted to the cre-
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ation of low oxygen in the center of the sphere.

Advantages of the generation of 3D spheroids
from MSCs of compact bone by the method of ro
tating vessels: high yield of equal shaped spheroids,
easy control of microenvironment of the cells and no
need in specialized and expensive equipment. This
method creates an internal microgravity condition in
the wells with rotating cells supplying a low pressure
of the shear environment. Thereby, self-assembling
occurs by cell-to-cell adhesion and by the influence
of soluble components in MSCs culture medium
(nutrients, oxygen, growth factors). Furthermore,
during our study, it was shown that the number of
the MSCs of compact bone after 3D spheroid forma -
tion by the method of rotating vessels was increased
and the cells after dissociation process had normal
adhesive capabilities.

The number of studies suggested that aggrega
tion of cells in 3D culture increase paracrine effects
of the MSCs in inflammation conditions [22, 24] in
comparison with 2D systems when was observed the
decline of MSCs stemness. In this regard, the devel
opment of 3D spheroids from MSCs which enhance
their anti-inflammatory, tissue reparative effects
have therapeutic potential in regenerative medicine.
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TYUIH

Cdoeponarepaeri (3D chepouarep) meseHxuMasabl AiHrek sxkacymasjgapabin (M/IK-map) ym
oesnemMai (3D — three-dimensional) ecipyi eki esmmemai (2D - two-dimensional) ecipyre kaparanga
Gu3n0IOrUsIIBIK KaFAalIapabl dJaeKkaiiga ken tyabipaabl. M/ZK-1apablH MMMYHOMOLYJISIPJIBIK
KACHETTEPIH KAKCAPTY KIHE TPAHCIUVIAHTAIMSAAAH KeHiH oJIapAbIH aMaH KajgybiHa yurid 3D ecipyi
KoaaanblLabl. Kazipri yakesitra, MIXK-napasin 3D chepouarapbin any yumiH OipHeie daicrep
JKacajabl, ajiaiiia oJapAbIH KONIILIIrN yakbITThI KaxKeT eTeTiH HeMece KbiMOaT. by 3epTreyne 6i3
TYHIpHIiKTi 6Cipy sKoHe uiakoHaaPABI AHHAJABIPY dAicTepinae 96-yHFBIMAJIBI TOMEH YIITACTHIPATBIH
IUVIAHIIeTTEePAl maigajaHbil ThIIKAHHBIH bIKIIAaM cyiderinin MJ/ZK-napsinan 3D cdepouarepin
ajJydblH eKi KOJKeTIMAi JKoHe KapamaibIM JicTepiH CaJbICTBHIPAbIK. OPpOip aaicTiH THiMIiJIIriH
3epTrTey YIUiH aJbIHFAH cepouaTepAiH CAHBIH ecenTell, 0J1apAbIH AMaMeTPiH eJllediK, COHAal-aK
Mop(doMeTpUsIIBIK KoHe MMMYHOdIyopecueHTTi daicTepai nmaiigananbin CD44 mapkepain (MIK-
JapAbIH MapKepi) IKCNPEeCCHACHIH AHBIKTAAbIK. 3ePTTEYIiH HITHKeJepi OoiibIHIIA, (piaakoHIaPaAbI
aliHanabIpy daici TyHipmikTi ecipy JaiciMen cauabicTbipranaa bIKmaMm cyierinin MJIK-n1apbinan
y/IKeH caHaa¥rbl 0ipTexTi3D chepounarepai anmyramymkinaik 0epeni. OcpLnaiima, 6i3aiH epexrepimisre
cyiieHcek, ¢uakonaapabl aiiHaaabipy daici bikmam cyierinin MAZK-napsinan 3D cdepouarepai
anyra tuimai. Bya aaic giHrek :xacymanapbIiHbIH OHOJIOTHSCHIH 3€PTTeEY KIHE KACYIIAJIBIK Tepanus
MEeH pereHepaTuBTI MeAULUHALA JKAaHA TePaANUsVIbIK TICLIIepPiH 33ipiey YlIiH KOJIJaHbLIYybl MYMKIH.

Herisri ce3nep: bikmam cyierinin MJK-nap, 3D cdepounrep, Ttyiiipmikri ecipy aaici,
aliHaaMaJbl (JIAaKOHAAP JIci.
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CTBOJIOBBIX KJIIETOK MbIIIN
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! HayuonanvHolil yenmp 6uomexHono2u,

Kypeanvicuncxoe wocce, 13/5, Hyp-Cynman, 010000, Kasaxcman
?Espasuiickuii ynueepcumem um. /I.H. Iymunesa,
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ABCTPAKT

TpéxmepHoe kynbTuBupoBanue (3D - three-dimensional) Me3eHXMMaTbHBIX CTBOTOBBIX KIIETOK
(MCK) B cpepoupax (3D chepoupnsi) co3maer 6onpie pu3nomornyecKux yCroBuil B CpaBHEHNHU C
ABYXMEPHBIM KynbTuBupoBanueM (2D - two-dimensional). 3D xy1sTuBMpoBaHIe NCIONb3yeTCA A1
yIy4lIeHNsA UMMYHOMOAYyIupyomux cBoiictB MCK 1 ux BBIKMBaeMOCTH IOC/Ie TPAHCIUIAHTAIVN.
B Hacrosmee BpeMms, ObIIM pa3paboTaHbl HECKOIBKO MeTOHOB misA monydenus 3D chepoupos
MCK, ogHako 0OTPUIMHCTBO M3 HUX 3aHNMAaeT MHOTO BpeMeHM WIN JOporocrosaimyue. B gannom
MCC/IeJOBAaHUN MbI CPAaBHIIN ABA JOCTYIMHBIX ¥ IPOCTBIX MEeTOA KY/IbTUBMPOBAHUSA /1 OTyYeHN
3D cdeponpos n3 MCK KOMIAKTHON KOCTY MBIIIN, MICIONTB3Yys 96-TyHOYHbIE IVNTAHIIEThI ¢ HU3KNM
YPOBHEM CBA3BIBAHNA B METOJaX KY/IbTUBUPOBAHNA OC/TE HeHTPUQPYTUPOBAHN U HIEVIKMPOBAHNS
KneToK. [na wmsydyeHumsa 35¢@eKTUBHOCTM Ka)KJAOT0 MeTOJAa, MBI IOACYUTANN KOIMIECTBO
TOTy4YeHHbIX C(PepON0B, N3MEPIIN UX ANAMETP, a TAK)Ke ONPeenNIn IKCpeccuio mapkepa CD44
(mapkep MCK), ncnonbsys mopdomerpudeckne u mMMyHO(IyopecieHTHbIe MeTOAbI. Pe3yIbTaThI
Hallero MCCIEeSOBAHUA IOKa3aaM, YTO METOJ, INEeKMPOBAaHM:A, NMO3BONAET NOTy4YaTh Oonbiioe
KOMM4ecTBO OgHOpOomHbIX 3D cheponmos 13 MCK KOMIaKTHON KOCTH IO CPABHEHUIO C METOKOM
KyIbTUBMPOBAaHUA IOCHe IeHTpudyrupopanusa knerok. Kpome Toro, mmmyHodgmyopecneHTHBIN
aHa/INU3 MOKa3al, 4YTo NmonydyeHHble 3D cepoupbl AeMOHCTPUPYIOT BBICOKYIO sKcnmpeccuo CD44
MapKepa Ha OBEPXHOCTHU KIeTOK. TakuM 06pa3oM, OCHOBBIBAasACh Ha HAIINX IOTYy4YeHHBIX JaHHBIX,
MBI IIpefIoIaraeM, YTo MeTOJI, IeIKUPOBaHUA KIeTOK Hanbonee s¢pPexTuBeH ansa nonydenusa 3D
cpepongoB ns MCK KOMIAaKTHO KOCTU. DTOT METOJ MOXKET OBITh MCHONb30BaH A/IsA M3YYeHUS
OMO/IOTMM CTBONOBBIX K/IETOK M Pa3spadOTKM HOBBIX TepPameBTHMYECKUX IOAXOA0B B KIE€TOYHON
Tepanuy U pereHepaTuBHONM MefIMHeE.

KmroueBbie cnopa: MCK xoMnakTHOI KocTi, 3D cdeponpasl, MeTon ieHTpuPyrupoBaHus, MeTO,
IEeKNPOBaHUA.
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