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ABSTRACT

One of the main problems in the maxillofacial surgery is the reconstruction of
the defects of mandible that occurred after tumor resection, injury or infection. One
of the main conditions that determine the bone defect regeneration speed is the
distance between the fragments. The term critical size bone defect is widely being
used in the medical literature, and this term applies to the condition when the full
reparative regeneration of the damaged bone tissue is not achieved without the
surgical or other involvements. Today, various auto, allo and xenografts, synthetic
and biosynthetic bone implants are being used for the restoration of maxillofacial
bone defects. Autologous bone graft is considered to be the gold standard, but in the
cases of large size bone defects its use is limited. Apart from this, autologous bone
implants have another main flaw which is the necessity of performing an additional
surgery for acquiring it. The main objective of our study was to create a new
biologically active bone implant and to use it for the reconstruction of the
maxillofacial bone defects. Decellularized three-dimensional matrix, using the
methods of bioengineering, was obtained from the cattle femur bone. Paracrine
factors were obtained from the human bone marrow stem cells through using the
lyophilization methods. In the preclinical part of the study, the mandibular defect
modelling was performed, and also, reconstruction of the created defect with the
bioactive bone implant. In the clinical part, four patient cases that had the
maxillofacial defects are reviewed. Three patients have developed the critical size
defect due to the mandible tumor resection, and one patient has developed defect in
the zygomatico-orbital area following the car accident. In the first two cases, the
mandible defect has been restored with autologous bone graft. In the other two cases,

the maxillofacial bone defects have been restored with the bioactive bone implants.



The study results have confirmed the efficiency of the bioactive bone implants for
maxillofacial defect reconstruction. The bioactive bone graft has demonstrated
biocompatibility, osteconductive, osteinductive, osteointegration and bone
remodeling features. The bioresorption speed similar to a new bone formation rate is
also characteristic to this graft; it also possesses the mechanical resistance and stability

that is similar to the natural bone.

Key Words: Decellularized bone transplants; Bone marrow stem cells; Barrier

membrane; Bone.
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gdo—Lobols  JoOmeyosdo 9MHom—9mo 15305MO  5dGHWYOEME  3OMBEYISL
§969m596L Lodbogbols ®9Bgdzoobl [1-3], BHMs3d0L [4-6] b 0bx3gd300L Fggyo©
§o6dmgddboero d39s ydol dzerol ©9xgdEHdoL smygbs [7-9]. M93s®sEowmwo
MbGHIMA69B0O gdol 3MBEGHEMmO3dwo IRIJHIOOL s0gdo b3Tome bobyMdarogo
36MOm39L0s S BsdsEm© 6-8 M39L LoFoMHMYOL. JMHI—9MH JOMHOMNE 30MHMBL,
OmIgEo3  2obloBEg®mgL  d3eol  ©IBIIHOL  Mga9bgmsgool  LoLfGmoggl,
§960m59bL 369963 gOL Jmeol sMOLYdMwo EsImEMgds [10-15]. LsdgwoEobm
WoBHIMOGHMOT0  FoMommE  49dm0oygbgds  BHgMdobo  dzerol  ©IBIJGHOL
360030310 Bmds, H™mIwol EOMLyE JoOweyomewo 56 Msodg Lbgs Bstgzol
369309, 396 brM30900©Y05 d3¢M3560 Jumzgowrols LGrxmeo MHgaqbgszos. [16-20].

©E9oLsM30L  BmfmEIPdMos  FMOZoo  dMHM, s,  Jugbm,
LobmgBozmMo s  dombobomgdozmco d3em3560  BHEMobL3sbE6EJd0,

O0Igdo3 3o8m0yggbgds 36:0G03wo Bmdol yds-Lsbols dzermgzsbo ©gRgdEHgdoL
50boY9bs.

SMBHMEMAMOHO  d30M3560 GHEMBL3WDEHBEJOOL 50mygbhgds gdo-Lsbols
JoGmeyosdo doBbgmeos mdoHml bEsbsEs©. ™mMIEs oo bmdol dzerol
©989JAHJOOL  9OLYDIMIOL  OML  9YGAHMEMYNYOO  BHOSBL3SBEHIBEHJOOL
3900myggbgds  3wobozme 3ModBHozsdo TYbrMIos, 3065006 domo oo
©509bmdom dm3mzggds 396 bgmbgds M93030963H0L MmEMYs60B0LH [50, 51].
2965 5doby  9MBHMEMAMMO  d3¢M3560  BHMOBL3WSBEH6EHJOOL  doHoms
MoMYmzom  »30LgdsL  Fo®mBmoaqbl  dolo  Fogdolsm3zol  sTsEHIOOMO
JoOmGaommo  m3gMoEool  BsGomgdol  sE0owgdwmds, 5353  990degds
200m0ofjgoml  @™bmMol  syowol  Lbgssbbgs  qoMomargdgdo  [52].
3 GHMEMAMOHO d30M3560 BHEOBL3bEHIBEHIOOL seEHgMbs@ogsl HorBmoygbl
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G563 56306 Egddo Bo3@gd00s Logmabaolmbs®osbo X OJJOOL
0993330035 5 5doGmd obobo bslosmYd0sb sdso MmbEgmobomdszow®do
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396300006900L  5BsMMBYE, M3 byl Mdwol dzarol gbmMgdsl s 0f393L
G563 563bE0L AmEoEgdsls [67]. (OR] d99bgds Ju9bmy9bmE
AMobL3bEGHOBGHIOL o ooBboson  Ly3dome 3o0o0o  BMMbMBMMHO
06939J30900L  3505(3930L M0olZo s 00MbMEO 3MIRWOJEHOL gobzoMMGdOL
5EdsmMds (71, 72].

Lobm9EBH03MMO s BoMLObMYBO3MMO  FoloErgdolysd odBsYdMEO
G563 563bEJOOL 39356 M30EMSEHGLMBIL (oMol doMTgmogligdsmds
@S 00MMYoBLMMBE00L 35600  MbBsGO. dombgszo sdoly obobo 396
MBOHY6390ymxzgb dzeol LOMEymzgowm Mga9bgMsEost. gl 3530000
G963 sbGOE300L 89009y Foo LLE MUEIM3MbMJ3ool Mbsemsb, dzarol
RMOI0OHIOOL 5655009335GIOMBBMD, B 9dob03Me MgHBoLEIbEMBLS o
LGodOEOMILMG [77, 78] .

365350 93G™MM0  5bodbogl,  ®MI 0o d3erM356
G563 563bEL Mbs sHoL0sMYOdIB BOMTYMO3LYdMDds, MUEJMIMbYi509,
MbGHIMobMJgos,  MBEIMObEIYME30s, MLEIMYgbgbo o dgeol
690MY0oM9gds. Mbs  2o5Bbl  BMOMZsbo  LEHOWIGHMES, sboero  dzerol
RMOI0OHGOOL 3Hgd3ol dgLlsdsdobo domMmgHBMEODsMdOL LoBJsMg , BodmEowwy®o
dgeol dbgoeglo d9dobozmMo HaHBOLEIBEHMS S BEBSBOWMMOHMDS, 0gmb 05GO S

50030 bgandobsfigomdo [21, 22].

B3960 303mmgBol Msbsbdo bbgzowggbs MHJmbsbo Lodmberols dsmdsgols

d3e0olosb 300900 EI3ILYILSMODBOMYGOMEIO BOMEMYOMSE  SJEH0IMO

20



dgemgsbo Fo@®moduo d9degdl  ©s5305YMBOEML 0095 OO  d3erm3560
G563 56396 E0LsmM30L Hoygbgdmeo dmmbmgzgbgdo.

339308 oBobl  FoMImoygbs  sboEro  BOMEMAOMMS©  5dBH0EO
33360 BHMobL3bEHIBBHOL  F9ddbs s  dolo  odmyggbgds  Yds-Lobol
JoGmEy0sd0. 58 30BboL Jobom{glzsw sg0Lsbgm G900 9M3569gd0:

*  30m0bg0b69M00L FgnMmEIdol dodmygbgdom dlbgowxngbs MHJmlsbo
Logmbarols dotMdsyols d3w0sb L53Q96DMIoegdosbo

©IGILIM0BOMYOM0o d3erm3560 JoBModuol domgds;

e d3ol 33060l 0gMM3560 MNMGIOOL 35653006 Bod@mEMmgdol
doqdol dgomeol 99dw9dsggds

*  OIBIWMEIMHODOMGOMEO dgemgzsbo do@®ogLbol 95
WOoMBo0HBoMGMwo  dzwol  GH30bol  WgMmgzsbo  YxGmggdoL
3565360060 Bogd@mMmgoologob  domwmyom@Mo  9dGHoweo
333560 G®MmabL3WsbEHbEHOL T9Jdbs;

®  5Q5d0sbol 53600b6/JmGomboemo ©IYBILIYWOHODBOMYOMO
99336560L domqdol dgommol 99349853905

* 0Jb3900xbGTo  gdbmgggdPy  J3gs gL  dgerol  ©gBoIHOL
dmEoMgds d9Jdboero  ©9xgd@BOL  G93mbLEGHMMI30s
d0MWMAOMO©  dJBHoMMo  dgwmzsbo  GEMbL3EsbE6EOL
253my9bgdoom;

*  30MEMYONM©  9dBHomo  dZ3mzsbo  BHMIBLEWIBEHBEHOL
99%39dBHMOMd0L Fgxslgds in vitro s in vivo M9bGHgbmEmyom®o,
30LEGHMEMA0M0,  03Mbm3olEHMmJodoHo L3o60MgdsO
9 9dGH®MbMo do03MHmB3Mm300L dgmnmEgdol godmygbgdom;
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*  goo-Lobol 3M0G03Mwo BmIol ©IBYJBHIOOL  M93MBLEGHOMI30s
SMMBHMEMAMOO 5 dOMEMYOEMO©  dGomMo  dgwmgzsbo
G563 56EbEHOL 2odmygbgdom gdo—bsbol JoHMaosdo s dsmo
9905690000 5b5¢00bo.

L539360gMM o FYMsEMOl dodmbogs

dgemgsbo  LobEgds  sbEwEgdsl  dgdsbolzmMo  Loymgbol Gmel s
dmbsfoegmdls  dobgMow®  3mIgmbiEeBdo. domgodomMo ol Homdmoygbl
90bgMommo s MERYEMEo Fo@®moduol 9Hm0sbmdsl. dzerol dobgGoMo
60300096905 oMMy gb0os 3000MMJL0535EH0EGH0M, 09BIGM03IWGORMLRSEHOM
@S 39M0MbsBHOL  835BH0G0m.  d3wm3zsbo  Jumzgowo  8osMos  oligomo
903609 g39bBHJoom OHMYMEMOE:  Jerm®o, sermdobo, dmMo, FmmOo, 3HYz0o,
96906130, 39MGEbero, LEGHMMbE0Mdo, dsMomdo, 35dodo, Jmdsw@Eo, M30bs,
009, HoGsbo s bbgs [23].

65690 3m33mbgbEol 89doygbermdsdo dgol dzerol X m9gdo
@5 LodyobBMI0Egdosbo do@HMmoduo. dzeol Ho®mdmadddbgewro My Mggdos: d3zerol
§0bs0m®mdgo  MxM9g©goo  (BOHo3mBH)bEH Mo  d9HgbJodnmo  ©gHmgzsbo
MXO9J©J00), MBGHIMOWILGHIO0 s MbEHINEG0GYd0. Foo  [oMTmddbsl o
©OxYIMHIBE0MGOSL  53MmbEHOMEgdL 303HM™306900 s BOHOL GodBHm®mgdo: dzwrol
dmOBmA69BMmo  gowgdo  (BMPs- Bone  morphogenic  proteins),
R0dOOMOMILEJOOL  BOHob  Foddmeo  (FGF-fibroblast  growth  factor),
0OHM3OM3E0EJdd0 FoMdmgdbowo BOOL Rod@meo ( PDGF- platelet-derived
growth factor), oblbwmerobols dbgoglo BOoL BodBm®o (IGF-insulin-like gowth
factor), @®sbbRmOIszowo BOOL GBoddm®o B (TGF- B transforming growth
factor- ). 3WWOO3MGHPEGHMOO  IgHgbJodnHo  Mgdm3zsbo  MxGIwIdo
396539005 yzges 3ol BgsdomBy, HMIgwos bGodMEomgds dzeob
dmOBMAbgBMmo  3owgdol Bgdmddggdom ©s  ©oxYMHgbE0MHYds
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MbGHIMBOLEHI05. 50 3OMEILL 3MJAMOMYOL EHEIBLIMO0GE00L Boddmeo, 9.§.
396GH™OL 505353006093 gemo  BodBHmMo  al,  GmIgmog v9dGHowEgdL
MbGHIMBILEHJOOL B39gaoBoWMmo 4969%BoL  gJudcmaliost. dzgwol {obsdmMdgwo
X OIIO0I6 MbEGMdLEHIOOL ORIMIbE0Mgds brgds dmgwo bogmabarol
3960530 mdsdo [23].

0530 1. 33¢m0l BOBOMEMYO0OHO 5 093503300
692959M5300L 3OHMm399d0

15390E0bM OEYMHOEHWMST0 450mymagb dzerol Jumgowol Mgygbg®msool
M6 Lobgl: oBoMWMYOMOL s Mg35M(3009EL. BODBOMEWMYOMMO MgygbgME0s
3o0Mm0bs@Ggds  dgwmgzsbo  Jumgool  obsbergdsdo  MMIgwoi  399d0z50
90906560 gmdL  MHgbBmOHd3o0l s  sbowro  dgwmgzsbo  LE®YIEHmEgoolL
RMOI0OHOOL 36OHmEqLgdol  dmbogrgmdom  [24-26].  ©9356530vE0
9396965305 30 IHB0HYdMo (BmEHgboo) dgemgsbo Jumgowol 306HMd9ddo,

MBOH6390gmxl dzeol 6@ s BY6J30MO swgbsls [27,28].

dgem3s60 LEAHMMIGHMOOL S0YDs bgds dZEOLLLBOHYESL 353d0SEMEO
d60oL, 9bmBEGHOL, dgwol #3060l d30Mg OoRYMHY6E0MHdMwo YYxMH)IdOL
LEHOMAoLS S F9HBYbJ0TMMO YNMHJIIOL 3OHMEO0RIMSE00L boGrxX Y.

56MLYdMBL  bbgosobbgs  303mmgbs,  OHMImgdoz  3OW™MdL  sblbsL
0935053070 ©93969M5300L MODMglo 3OMEgLYdo. Bym3waliGom®o — 564y
3980050 303mm)bol Jobgzo dzwol Mga9gbyMsgool Mml 3eobogds
3939 935360 13930RB0MOMdS s ©IEHIMT0boMYds [29,30]. T9BEHO3WslEBH03NMO
303mmgbs 3o 59(330390L, MM3  d3zol  MHgagbgMsGo  BMOToMmds  Lbgs
Jumz0egdol 139305 0DBOMYdMEo Jgdgb@gdol sGLYdMBOL botrx By [31,32].

dgLodg 303mmgBoL JmIbEMYIOL dosBbosm, MM MgygbgMszool Hgstrmgdo
390dgds  Bsomzoeml  OHmam®3  B3g3oxzoMo,  slg3g  9Ml3YEOBROWOO
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WXOJIO0. 93 SDBOOL 00303  gogMmosbs  393dosIMHO o
39393l B03mMo 303mmgbgdo. mbEgagbgBol ddmbg X MggdL d0g3mm369ds:
MbGHYMBILEGHI00, R0OOHMOWOLEHY0O, MbGHIME0GHI00, 3obEmEo@gdo,
w0dnMmoEMOo, 3bodmgsbo s 9bMmmMgEEmO, s3MgmM3) F0ILMOEMMO ©S
IM0NOHMOEo Mool wxGgogdo [ 33,34]. dgwrmzsbo  Jumgowol
9396965300l 3060d9dd0 “OEIBO 96009369™ds 9603905
90360Mm3003M@03008 5 39U3)sM0BOE0SL, Bo3 2obs30MMBYIdL MmJlodgbszool
3060HMd70do MbGHGMdELEYOOL b ® gmbdzoobo®mgdsls [35].

0935053070 MgagbgcsE0s  asbobowgds  GMAMOE  3MEodMORWEO
36MOm3qLo. Bbgosabbgs s3@™Mol dmbs3gdgdoom dgwrol MgagbgMsgools dmgwro
30300 306M30MO© Fgodwgds s0Yml M58Ybodg BB b BEBSOos© [36-40].
306390 BoBs — Jumzomzsbo LEGHMMIEHIMJOOL 35E9dMEP0Bd0, X MgEM3560
99996(39dol  ©oRYMID305305 S 3OMMOGRIMS(300. dgméy BBy -
Jumz0emz560 LEHOJEHOIOOL HoedmJdbs s OBIMIBEOMGDS. 5T OML bgds
Jumz30em3560 MMR60BsE0s, MIgeoi bolosmgds Jm@EHgbowrmdol syowsls
bbgoolbgs LEGHM®WIBHWOHWOo 5390EgdoL Jumz0egdol FoMdmddboo. dglady
RoBs  —  9bgomaabmEmo  dzermzsbo  LEHOYIBHMOOL  (omdmddbs. 98 FsBsTo
doM0mHOO  3MHME9LYd0  godmobs@gds  d3wol  BMMI0MmYOMWo  MgA9bgMsEOL
LobbEPdsmM3M3560 FMTsM9d0l JNEP0sbo s©Agboms s 0bEYblogozsgoom,
51939 M939696M5BHOL  30emz560 Bl FobgMowobsgoom. Fgmmby Gobs —

30639500 M9969653H0L 206 @5gdbs s dzeol GglGoGHE0s.

0530 2. 939005 4ol d3eol Ix9gdGHIO0L JeslogB0ISE0S

bbgobbgs  933™Mgdol  doge  dmfmgdmwos  J3gos Yool  dzerol

©939JAH9O0L 3e0l0R03s30s MHMIJoE 50b0dbME 3smMmEma0gdL Asbobosgl
50505OFM ©9R9JBHYO0LS s IBMMHTS30900L LoMmIol Jobggzom, SMdgE
0m35¢0ob{obgdl 3o ydol BEmsadab@GHgdol dgbmmEgdol bomolblsg [41, 42].
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©.3. 0Mmd56935-3H00mx39935L [43], 3wsboxgozs0s  dMmoEegl mB3MLEGHMIsEHMm—
MA0OH0  M3M(30900L O™ J39®s Ydol 93bsMEGH0IMEsEool b Lo
dmdmMgdol 9999y Hoedmddboer ©gn9d@gdL.

©.3. 3MmM056935-@H00Mg39935L JeoloB03ZsE0s IMO(393L Modgbodg Jarsll,
396dm:

1. 43995 gdol dgeol i36sdg6@gdol dgbmM39d0L d9damad Hos@dmddbowro
©J89JH000 ©> ©IBMO>309dO;

2. 43905 gdol dzwol RGMsadIbGHIOOL sMLHimEo JabmemEgdol dgdyma
§969mgddboro ©gR9gGHYI0 s IRMOTS30900;

3. 0989300 ©s IBMMTS30900, OO0 Ho®dm0ddbgds Jggs ydob
d3eol  300sbmdol  s0boagbo  BHMIBL3WSBEHBGHOL  godmygbgdol

d90mbgggzsdo.

4. d3gs g4oob dzwol Eowzgmewo dbgdol MHgbHgdaool Fgdmbgggzsdo
§969mgdboro ©gR9JGHJO0 s IRMOTS30900.

5. bsbob 9R9gdE0 J39s ydol dzeols Hgbgdizool dgdmbggzsdo.

30639 b3 Jeosldo dgol dggs ydol dzerol ol gngd@gdo s
©IBMOHT>30900, OGS ©OMLSE  J39s  gdolb  dzwol  I;E0sbMds

50396005 IMbs@Hgb RMoadgbBHms dgbmemEqool (1 s 2 3aslo) b dzarmgsbo
BoboMol borxbg (3 3e0slio), beaewm d9—4-5 3esbol IRYJEHIOOL MML J39s
4d0ob 80 05bMmds M®ZgIE0s.

0530 3. 43905 Yool dgrols 3Ho@03weo Bmdol sxgddgdol s0©ygbs
Lbgs0slbgs Labols GH@MbldEsb@EsbEHgdol gsdmygbgdoom
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©9LEOIMBOM 3e0bo3ME 365dE03500 J39©s Yool d3col 3O0E03Ww0o

Bmdob ©9R9JGJOOL 50BsAIBI® godmoygbgds Lbgssolibgs sm@m, serm, Jugbm,
Lob™M9EBH0IMMO WS BOMOLOBMYE03MMO FoLogdOLYSD TBOIdMEO dgwm3zsbo

G563 s63bE g0 [44-45].
3.1. 5799 erm3 )H0 HEHsbL3ers69sbBHgé0

SMBHMEMAMOH0  d30Mm3560 GHEMBL3WDEHBEHJIOL 50myghgds gdo-Lsbols
JoGmEyosdo doBbgmos mdOHml BEBIOEI© [46]. BosGome smEMEWMYm®
G563 5636 EL 5bHsLosmMYOL 330050 MbGgma9bmeo,
MbGHIMobMJgomo  ©s  MbGgmzmbdsomdo  m30L9dgd0,  MMIgEos
3o6306Mdgdmos  slido d9%96JodnMo  mgdmzsbo  xGggdol,
MbGHIM3OMYI60EHMOHYWO YR OJIOIOL S BOHEOL BodGHMMHGdOL sSOBYOMdO [47].
50b0dbmo  dzmgzsbo  BHEMbL3sbGHBEH0  Fgo3ozt  LogmEberolybs®osb
MXOIIOL s MBEGHIMobJ30H 3OMEGHI0b9dL Gmymeogss BMP-2, BMP-7,
FGF, IGF, oo PDGF [48, 49]. sm@memam6 d3e0m3sb GMmobldesb@eb@l aosBbos
OO BOoMTYMO3LYdSEMBOL s LIMORO  0935L3EsMODs00L  MbsmO
M656mL3g30x80M0 dzwm3zsbo Jumzowol GmMIoMmgdom. obobo 0bsePRrbidgb
LoMEbEOLYBIOOBMBL BHEOIBL3EbEE00L 898yma s 03bMYI6MOMBOL 56
5MBgdMBs  BOOL ©IBIJBHOL 5ROl BHMIBL3WBEBEHOL 063mMH3ME o300l
SEBSMMOSL.  Mmd3s OO bmdol dzwwol ©IRBgJBHO0L sOLYdMBOL EOML
SMBHMMAMO0  BEMBL3WIBEHBEHJOOL  godmyggbgds  3e0bozM®  3GModEHozsdo
990005, 30650056 om0 OO MHIMEIbMdOm Fm3mz9ds 396 bgdbgds
6930309630l mMQsb0Bdosb [50. 51]. b9z, 93G™MMYd0 50b0Tbs396, GM™J
3 BHMGHOBLIDEHBEHOL  5©0gdol s dobo  Fgdamdo  GHMIbLIWSBES300L
36MHm39Ldo 00193905 MbEEHIMPIBMMO MR MHJOIOOL OO MoMEYBMBS. 50 5Tobs
SMBHMEMAMOO  d3erm3560  BHEMbL3bEHIBEHIOOL  doMoms© Ym0
30L905L  GoMTMoagbl  dobo FoEgdoLEMZOL OTsGHJOOMO  JoMMMAOIO
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3965300l BoBIMYBOL 5930 gdMds, 5053 F90degds godmofizoml mbmmol
5QQ0OU Lbgoslibgs 29O Eq0930 [52-55]. 5 BHMEMAMO0
G563 563HObEOL domgds bgds Mg303096EH0L Lbgmwol olgmo d36gdosb
OMAMO03 5Oob j3og0L dzs¢0, mgdml dgerol dgo, 8930l dgsero, bg3bo s
{3030l dgeol dosdm [56-58],

dgeob LAHO®IGHMOOL dobgz00m  JoTMYMBRI6 SMEMEWMYMG dgzwrmzsbo
GOBL3EBEBEBHOL  Lod Lobgmdol : WOWdE™M3zsbo,  3MOEGH0IWOHO S
©OMOEM356-30OE035M0. bdoMo Mg3mblEMmmJgoobmzol LsFoMm dzaol
A®5bL35BEEHOL LobgMdsL YBIJEHOL FEYOIMYIMOS ABLEBOZMEZL.

©OMOE™3560  d3wosh  domgdmeo  BHMSBL3WBEbGHo [59.  60]
9903930 dgwol  ds@GH®modbl s dzerol  BH30bol  gHmzsb XG9Il
OH0dwgdog  HoMmBmoagbowos  Logmabaolmbs®osbo My M9ggdol  Y3z9wsby
3o0oo  3mb396@®530000 s 9d9b  9dmIEObstg T gosBbosm  domoero
MbGHIMAIEMM0  3mBHgbgoso.  sln39,  VWOWBEMZID  FoGH®moJLl  gosBbos
B9©3306MH06 OO  FsOMdo, Mg LHOs@o  M935L39WwsMm0BsE00lL
LodMogdsl  0deggzs. Foa®d, 98 GHEMOBLIWBGHIGJOL 96 2o9Bbosm
3MmOE0350MMH0 3md3mbgbGo s sdo@GHmd dm3zegdvIero 593o LEGMWJGHwerwo
(00MBS.  MMGHMEMAO0  3MOGH0ZIMO0  GEOBLIWIBEGHBGHO  Fgygds
ROOAROGHOLYOMMO  dgobsyeb,  MMmIgwdog  FoMBd0  MOMIbmdom MOl
fo6dmpqbowo  mbEgmEodgdo. obobo 0dwg3z006  LEHOYIEGHMOMWI©  TYs®
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3°0693bs 2000¢» 0.9% goBomermyom® blbsGdo s gogobme odbs —80°C
A993965GH MDY 12 Losmols 4s63s3¢Mmdsdo. Izl gogobmo BELadIbEGHdL
29OMds dmbs +4°C 3H9339M0@MHg o gooMmgsbs PBS-00m. 99dymad dzerol
RM53996(3900 dmsgls d9039M30 s 72 Lssmob gobdogermdsdo gooMgisbs SDS-
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o» (Sigma) olLGHowo®mqdme Hx0-0o. go6g3bgs oofjym 0.01% SDS-oon 24
LosmOol 206353 mdsdo, 99damdo 24 Losmol gobdsgermdsdo 0.1% SDS-oo o
oMM 24 Losmol gobdsgarmdsdo 1% SDS-oom. sdol 8909y bs®Bgbo SDS-ob
dmboE0gds, d3eol gcmsdgb@gdo asoMgiabs obEowomgdme H20-do 15
Dm0l 206353c0mdsdo s 1 % Triton X-100 (Sigma) 30 (ool go6353wmdsdo.
590b 999009, ©IBIIWIOHO0BOMYGOMO I3l BMRIBEJd0 (0ErMLGMsE0s 1)
4 Loool 96353¢mdsdo gootmgabs PBS-om. dgeol g3¢ogdgb@goo dmmaglicos
99039630 @ 24 Lm0 gobdsgemdsdo goocmgabs blbsGom, Mmdgwos d903e3ws
JmOH®RmOAL ©s d90006meb (1:1 dmEgwmdomo JgxsmEIdom). 2sdblbgerols
dmboEomgds®©  ©sdsGgdmee odbs  ©gombobodmgdmeo  fysewo  50:1
99983560 9gd0m, 990amd 30 dmbs 12 Lssmol gobdsgarmdsdo blbseols 120
06OMbo/fon  LobBoMoom  FgbxmMgzs,  LodmemmnE  d3wol  3Msad9bEgddo
sMhgbomo  asdblbgero dm30gde  0g65.5053MOMWs©,  Mg3bgzol
9539JAHMOMO0L AL BOIs©, 2 Lssmosbo  0bGHgMzoegdom  bgdms

©90mboBoMmgdMwo  fywol dggaws sboswo  flgom. dzolb  asMgsbowro
RM5399639d0L 45dMMds IMbEs MgMIMLGHGTo 60° C 39a3geMsdesby.

0B Ms3osl. dbgomggbs MHJmbsbo Logmbeols d5®dsgols dgemols badowdo (o)
©5 ©IBILIIHODBOMYOE0 oTsbBmTowgdosbo dgamgzgsbo do@Mogdlo (d)
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dgoedo 9993390 3000l ImbOgowgdws© ©s  3Mombol
0b59dBHog06M900bsm30L  (OMIgerog 0f393l  Abbgowxgbs HJmlsbo  dotMmEygzol
©OMdXOLYdIH  9b(39BIWMI>MOsL), IZeol  BMRTID6BHIO0 330003 053BYdS
990396030 @5 4% Bo@®momdol 3o3mdarmGmool blbstdo oMgsbgds 120
06MH960/fjor LobJoMO” 24 LMoL Q563530 Md580. I3OMEHJOboDOMYdE dgerols
5365399639030 oMBgbowo godblbgarols dm0wgdolsmgol, ©sds@gdvIer odbs
©90m0b0BoMgdMo ffgsero s dgbxwMgme 0odbs 120 d6HMbo/jor Lobdomoo 72
Losmol  4obdogermdsdo, Mog sbgzg ofizg3l  boG®omdol  303mdarm®moolysb
3oLB53905L. 5353OMIWSE, ©JOMbODBOMmYdMwo ffysero 306390 12 Lssmols
396053wmdsdo 8903335 2 Losmosbo 0bGHgMzowgdom, bmerm dgdymd 12
15500560 0b6E M35 gdom.

©9363Hg0boBsgool 3OmaEglol 8909y dzwol BMsdgbEgdo 16 Lssmol
396853003580 Imms3LgdMe 0465 WOMBOWoDBHE300L 335M5GHT0 (0EIMLEGHMSB0S
2). @womBowobs3ool 99909y ©IEIILsMmOD0MYdIMo bodysbbmdowgdosbo
dgmgsbo  dsBMmoduio mo3bYdMs BEGHIOHOW G dmJlgddo.

0G50 2. Womgowobs@Gm®o “Power Dry P1 6000 Freeze Dryers” (Heto

Labware)
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8.1.2. 65@0M ©5 EIBILIsMOBYde d3¢m3sb Jumzgogrgddo
©b63-0L H5mgbmdol g5bLsbEIMs

©bd  godmgmgzo  odbs  BoGomMo s ©IBIYWIM0BYdMO
LodQObBMI0Egd0sbo  dzermzgsbo  Jumgoobogeb  LEsbsdEHmwo  dgommol
399myabgdom (G-spin Kit; iNtRON Biotechnology, Inc., Seongnam, Korea).
AMEoMMo b 4560LsDL3Ms B3gdBOMBMGHMAgE®ol (NanoDrop 1000; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) @&owweol 260 63 9s6396909w0by.

8.1.3. 30MHms330L d3¢ols $30bol gMHmgsbo MxMIEIdol Jomgds s 3500
30531905 EIGILIMOBOMYIMEOo Lsdys6BMmIomgdosbo
333560 ds@Moglol Bgwsdom by

©9OH™mz5b0 XML  godmygmaolomzol  godmygbgdmer  odbo
030690 Lewis-oll  bsboll 30 30600335, DmAs©00  2533035609d0L
3060HMmd70do 35(5M3MYd0m J39Ws 30IMHOL 53399BHSE0L s  BdMAsgols dgaemls
350530LRW OO0 ol oMTgdm MLYdIYo JumM30eGOOLOY. g30B0BOLS s
©05x30Bol MHybgdzool dgdgy dsMdsgol dzerol s®bdo 89a394sgs 16G Bmdob
6900 s 39bMEOE09EdOm I3l 3H30bol 4odMEMYEbIIL FOEHMIGH0m. d3ob
A3060L sL30Gs300L 999y, FMOZ9CNIMIPO 0BL30MHE0-SB30MSE00L yboo 18
G 699b0o bgdms dolo EoLM30530s.

900900 MxXM9o ool (396G0BMR0M9ds d0dobstgmds 10
Mmool go6ds3armddo 300 x g LoBdoGom, 4°C. Jomgdmwo byldgbBool Lolberols

fomgwo  xGmggdol  Jowobomgdger  dxzg@do  MHgbldgboMmgdol s 9
Jmomosbo  0b3mdsgool  d9dgy  bmGEogwrgdms  dsmo  2sbdgmeégdomo
395GM0RWMR0MGds.  LEdMWMME MYXMHJ©I00 OLML39boMEIdm©s 5% FBS-
IMDM-0Ul blbstdo (20¢/moy3%9). mxM90900L ghmo bsfowro 4s6%Bsgs 19w
PBS-80 (Phosphate Buffered Saline) s dmbs dsmo Logmagberolvybstrnsbmdol
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39bLOBOZMS HM0356 WO oL 99839mdom. MXMIOIdOL dgmeg BobgzeMl 30
35003900  OYBILIWIOODOMYOMO  LodYOEBMmIowgdosbo  dgermgzsbo
95¢M0oglol Bgs30mBY. dzwolb 3060 0gHmzs60 MY MO0l slidol 909y
(0eMLEHEO305 3) 00333 DOG0 M538YdMES CO2 0639dsGHMMTo Mmmbo EOL
396853Md580. 5060360 9E3900L Bodo®mgdol 9989y Lodysbbmdowgdosbo
d3emgs60 doBHModll Aox MO0 dzeol BH30bol Mgmm3zsbo My mggdom
BB 35639MM930m0 COMBOODI(305.

90090WOo  BOMMMAOIMSI®  5JBHOMMHO  d3xm3sb0  BHMBL3WIBEBEFO,
H™39w0oE 99039300 BodgsbBMB0gd0sb dzemzsb Fo@®odll s dzerol G3z0bols

©96™3560 MXOIIIOL 35653O06ME  RBodBHMMGPRL 1o3LIdMES  BEBIMOWME
0mgJ1gddo GHMSBLSESBE(3050Y.

0MLGHMS305 3. PIGILILSOODBOMYINOo LAYIbBMToEgdosbo dgeEmgzs60

35¢®ogbol Bgs3060 s AslBy Fmmsglgdvymo dgerol ¢30bol gMmgzsbo
YXOIRJOO.

8.1.4. 39005 ydob d3emol 9RBgIGHOL FMEIMoMYds S Folio SEEEIbol Fgmmgdo
9939600960 (3bM3z9gEgdHY

993960396 Mo 33193980LsM30L goBMmYgbgdmw odbs mGogzg Ldglol, 6
30l sb530L 0dMYIEMEO, g30Lol BsBoL 90 MYNOO  HVBMESEHMOOWO
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306000535, bbgmawol dsboo 200-250 6. gy39ws JoMvemaomo 8sbodmwsEos
BoBHOMI©S  DBMAO0 2591330350900l 30MHMdgddo ( bo@Momdol  g@sBobsgrols
06@®539003HMbgmnwo  0bgdzoom 05 8y 33y ). 9Jdu39Mm0dgbEHme
3539w g3msb IM3YHMBOLS 5 Fom0o 453Ygbgdol 45006 gdOL Tglsdsdols
3b™39wgdo ogmBow ogbs Ls3 933035 IbGHNO XFIBIQ: YIS Fbm™ZILL
§obolifot 94dbgdms J39005 ydob dzeol 9xgd@Eol dmogero.

3960l ®3osbo  LogsM3zgeobogeb  aobomogolyBwgdols s  dobo

3b6G0LY3GH03Mm0 blbsgdom ©sd8s3930L 999y, J39©s 4ool dzeol J39ws
3000l golizM03 GHoMEgdm®s 2 LI Lopa®Mdol @sbs33900. Lowgdo 39bool

59693905 5 J39©s goob d3zeol HBgs306MmoL gsdodzmwgds bmM(3090YdMO
0530 Fgom, ML35GMOMOL Asmygbadom. LomgFo 3bmol 53693900l s J39ws
gdol dzwol HBgs3ocmol 458083 gdol 9909y J39s Ydob dzwol Lbgmaols
dosdmdo  0gdbgdms M350 ©OHY)  osdgBHGmoom 8 33, MmIgeos
©353000©JdM©S  30MH0L  VOML  (0EMUEGHGSE0s  4). d3wol  ©IBIJHOL
d9L5dbgeo  299mygbgdmeo  oym  LEAHMISEGHMEMAONOHO  dMOO  dGMB3gdoL
239603390 LobdoMOl  s3300.  dgol  Jum3z0Ergdol  goobyMzol
36053059 BH030L5mM30L 35§5M8MGIP00 Bom ogM0wgdsl Hywoo.

0lEMo300 4. J39005 Yool 3ol IRIJGHOL FMmEYEoMgds. 5) Lswgio 3Mborols
58693900l S J390s Yool 3ol BgEI30MOL 5d0dzEgdol 3Om3gL0; 8) J39®s

gd0oL dgemol 9BIIGO-




306390 X3MNBoL 3bm39wgddo (n=30), G™Igdoz FoMdmoyqbwobgb
LogMbBHMMW™  XmxL, dz3wm3zsbo ©IBIJAHO 0FBIMIPPM®s BogMMsMo  LbowgFo
39bmom s FMHomds 039090m©s fY39B0 653909000, 303000l dosgol
299mygbgdoom.

dgmmg xR0l  bmggargddo (n=30), dgddboewro dJ3zgws ydol dzeol

©)83JO0L  ©93mBLOOYI30s  brOEICEIPOE  @IFIWIWHOboMIBYwo
Lo3gobBMI0Ed0s60 dg3wM3560 BHMIBLSWIBEIGH0M ©s 3ol 8999y ©IRIIEO

0856MOMPS 5530560l Y390 BOMYIMNo  sdbombm@o  dgddEMboL
3°9my96900m (0EMUEMSE0d 5). FOHOWMdS ObMMIPOM®S YH M, 303000l doxgol
3°0myggbgdom. dglsdg xawBol  3bmgzgwgddo (n=30), J3905 goob dzeol
©IBRIIGOL  ©93mbLEHMWJ300  BMME309EIOMES  BOMEMYOIMSQ  5dGH0YOO
3303560 GHMIBL3bEHBGH0m. 01939 OMymOE Jgmeg XaMBoL (3bm3z9gwgddo
©IBIYJAHO  ©O  V0MEMPOMEMO®  5JBHoMMO  d3wm3zsbo  GHMBL3WBEBEH0
0x85MJOMEs 50530560l ©YEIWYWMOBOMYIMYwo  53bombrGmo  dgddMsbom
(0EMLEHGSE05 6). FHOEMOS 0BYIMJOMES YOIm, 303M0WOL doxzol 35dmygbgdoom.

0@ gbd®e30s 5 . 3005 goob dgerol ©aggdde Bggugdwos
L5396BM0Yd0E6 dzeM3z560 Fo@MoJuom (5) S IGO0

500500560l ©9(390YESHOBOMYOMo 3360MbMBHo FgddMsboom (d)




®3965300b 8907y g3gws EbMZIWo 0dgmBgdmEs ©33003900L  J39d
3035600930Lb  LAHBIBEGHM®  300Mmd9ddo.  M9bGBYIBMMYOMH 3319390l
350563 gd©om  ©obsdogsdo Diox portable X-ray 53565@0l  98mygbgdoo.

99396096 GH Mo 3bBMZ3gWgOOL  300JO0EID  AsBMY396s  bmM30gEIdMOs
396530006 3, 6, 15, 30, 90 s 180 MIL. 3MLEBHM3YMHOEOMwo 33¢gdol

®d09dBHL  JoMdmoygbs  J3gs  gdob  dzerol  Jumgowo.  sGHMBLOsDY
3505639000 3905 ydol dgeols HgBHgdszosl.

0@ bBH®30s 6. J39©s Ydob dgerol IBIIGE sQEEIbows
30MEMQ07M5© 5JBHOO0 GGIBL3WBEHBEH0 (5); S IBIHYEO0S (3) 50506l

©IBIE5H0B0MYdMEo 59bombry®o dgadMmsboo

d3ol g3Ms39639d0L Bsfoml 3530JL0MYdO0 35M9BMMT> 30Ol
4% bLbs®do ( pH 7,4 ) 24 Lssool gobdogermdsdo. godbogool d9dgy
39bMmME309Ww PO  dgwol  REMORTI6GHIOOL  ©II0bYMI0DBsEosL 24 Lssmol
23963530md580.  ©9395e30b0MgPMwo  dgwol  ©930MsGHIE00L  T9dIY
3619356M5@ 9oL 35945¢0dGOEOM 356M580b6d0. 57 330 Lobgol sBsMEIYdO 00YdJOM
39053™gJboob — gmHBobom s Jsbmb GHodomdoom.
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8.2. 33¢m930L 3¢»0b037960 bshogro

30603996 3309358 §ob Mdmms 5530560l dgeol G3zobol wghmgzsbo

MXOIIO0L  Jogdol s oo LoEMEbEolYbsMNBMOOL  goblsbwzMol

3OMGHMIMEol 990w dsggds.  sbggg 990w9ds3s  5s80sbol  dzeol  B3obols

©9HM3560 MXMIIOOLS S IGIWIWIOHODBOMIIMO  BodysbBMIowgd0sbo

d3¢™3060 FoGH®0JLOL 3Mm-39EH035300L JgMEO (3Msx0301).

395330301, 30MEMAOMI© 5JGH0GO I3EM3560 GHMIBL3ESEEBEHOL

©53Bsgds/domgdols Igommo

7T Ty
\""‘--—_--"'/ Y. e T
o of" Baddagols dggmols ‘\\
dlsbian ha daemol L e oo
b ‘atrf“'bl?;?rﬁﬁaﬁn d afapiahisgdol )
hsdmbgmoly [ =" o "\ mace e @b o y
Antidagols 10x2x2 13 S -
P SRS w2 o
\"“'--..___..--"'HI l
e
aﬂ.‘aﬂmﬁﬂh "M"h dafidagoli dymool
rgoboh eaceraho macEEmE o bafgtpme Badoilol
wﬁ{m&&u‘.ﬁ aﬂﬂ"'ﬂﬁa L= o
|
agatpabol dpeenh Faeboh mdmgsbn
mmabol deobaby et pmo
Bsduoeb jepandogagoes

amalnaball dgpmoli Grobob mgemgsbo
UROPI00 ponaObere Mﬁﬂhan
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8.2.1. 5590560l dggrols 30bol mgmmgzsbo wxMggdols
doegdols Igomeo

d30©294d0b d3eol ©YBIIGHOL HI3MBLEI3050©) MO ©EO® >©MY,
5QQ0MdM030 6Ll odmygbgdom, 353096GH0OL mgdml ffobs Jgosb
13060 0dbs 120 I dzeol BH30bo s IMMOgLYdME 0dbs LGB Y©,
3935600bob 990339 LobxsMs8o. sL30MOEGHIO0 FobBI3gdMe odbs PBS-8o 1:2
dmEMMd0m0 98560 Jo0m. Jmbmb3args®mwo BMsd3os godmymagow odbs
109336M030L M5O IbEGHOL 396GMOBMA0MYOOL Tgdzgmdom 400 x g dsbgz9b9d9e by
30 ool gobdsgarmdsdo mmsobols ¢gddgho@demsty Ficoll Paque Plus s6 Ficoll
Paque Premium bUbo4gdol godmygbgdom (GE Healthcare Bio-Sciences, Pittsburgh,
PA, USA).

8.2.2. 3500006569 30GH™IgEHM0S

WX O90900L  LogmEbEolbs®m0sbmdol  GglGo Bo@IMYdM odbs 0.4%
AG®0356  mexol  blbseol  sdmygbgdom  LEHbIOGHMEo  3OMmEHMIMEOob
dobgzom. MxMgool  0396mxzgbmEH0306Mgd0lsM30L,  dmbs  xOIOL
b1396B0ogdOL 0b63d530s anti-human CD34-0l, CD45-0b, CD271 (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany) o anti-human STRO-1 s6@&obbgmegdol
(Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 39d39mdom botols 0.5% dGs@ol
albumin/PBS (Sigma-Aldrich) dmg3g6yen blibos®do dffo®dmgdarol obl@®mwydiogool
dobgzom. 2s80bsg  30GHMIGEHO00L  bBoroBo  Bo@sMgdme  odbs BD
FACSCalibur flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA) 53505&%g.
dmbmbmzwgs@rmeo CD45-/CD34-/CD271+/STRO-1+  vx690900  3560L5B036Ms
OMamO3 d3wol 3z0bol d9HgbJodmo gMHmgzsbo 3MIdo s SOMOEbv
0965 3500 3OME96EGHMWMds O BroMmEIbMds. dzwol GH30bol 39ds5GHM3mg@Oo
©96O™3560 MXM90900 3560LsBEZMS MMM CD45+/CD34+ dmbmbmzwmgs®vyero

OXOIVYLO 3300
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8.2.3. 30mEMy0Mo© 5J&0M0 333560 GMIBL3EWHBESEHOL domgdols Igommeo

©IGILNYWM0DGOMo  bodyebbmdowgdosbo  dgwmgzsbo  dsGogdlbo
0093bgdMm©s  bLAHYOow®H PBS-ob bLbs®do 30 (ool  gobdsgermdsdo s
053bgdms RPMI-1640 (Sigma-Aldrich) qo69dmdo olbg, M3  0xsMgdMEs
doGMmodlbol  dbmwmE  J3gs  bobgze®o. 1.2x108  dgwolb  Bgobol

dmbmbwm3wgsemeo MXOJ©IO0, OHMIgwog  obBsggdMe ogm 10 I
R0BOMEMY0H blbsed0, I gl BoGModlol Bgs BYLs30MBY.

obwmdgBo ool 99damd, dosGModbo odbs 4500mdMmMBgdmo s
MXOIIO0L 02039 M5MEYbmds 0dbs Immogligdmero dsGMmoduol LadoMoldotmm
D93060Dg. YXMIIIOL  M5bVIMO  oIbsfforrgdolsmzgol, gi  IMM39EMOS
399906093 0dbs ymgzgger 15 fmmdo goombger 1 Losool gobdsgwrmdsdo. sdob
0900092 d3emgsbo  Fo@®odbo s  doLBg  Fmmoglgdmero  dzwol  G3z0bol
3mbmb3gsMMEo  MYRMHJOId0  Mo3LYIMOS 3 EH035300LdMZ0L  bmGHom
06399053™mOdo (37°C, 5% CO2) 4 ol 356d53c0mdsdo.

MXOJ0IO0L MmbGHIMAbmMo gogdm 8gozsgs: DMEM-low gamv)3mbsls
5353909 10%-56 fetal bovine IMo@L, 1 M ©9ggLsdgEHoBmbL (Sigma-Aldrich),
50 pg/ml ascorbic acid (Sigma-Aldrich), 10 mM sodium B-glycerophosphate (Sigma-
Aldrich) o 1% 39603000b/LEGHM93E™ogobl (Sigma-Aldrich).

0639905300L 9990099 d3wm3560 doGEmodlo, goxgMgdwo dzerol G30bol
©9MHm3z560 X OIOJOOM 053L90MO WOoMB0obsGMOTo.
W0MBo0BsEGHMMOL 39939M9GMMs Y9690 ogm -40°C-byg, beeom 3534930
996949gmds 10-15 35-0b GoMRq0d0. MdOL 3OHMEIIOS J0dEobstgmdos 18-
24 L5500 496353¢Md5T0. 359960l QoMDMDS BEOYdIMES bIMsb, +0.2°C/fjor-ob
Lobjmogom +15-20°C-0g, Gmdgeoa Lsdmwmmn d9gbsePRmbydme odbs 6-8
Lo5059)).
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woMmxo0bBs3o0l  90amd, JoPMWO  BOMEMYOVMS©  5JGHO0OO
d3em3sbo  GHMmIbL3WsbEHBGH0  o3LEIdMEs  d3MEogmowgbols  gHNXIMS©
35639000 (Wipak Medical), H©m3¢ool 990a™ds3 GHoM©9gdms bGgMHowoBoE0s
3905-bbogqdol d9dzgmdom 15 3/gMgolb mbom. 3OGMmEddo 3sdmygbgdsdwy
065b90Mm©s MmmMsbol ¢gddgesd sy LMW ME 306HMdIdTO.

8.2.4. 30LGMEM0MM0 s BEYMMILEIBE Mo 0dbm3oliGmdodos

3oLEBHMEMyoM©o 33¢0935. Ab3oMigbs BrJmbsbo bodmberol dgarmgsbo Jumgowmo
5090 0dbs  YEIMEm0Bs30sdg s  dol  F90gy.  Jumzowgdo
©5x30JLoMs RMOI>woboll bgoGHmswme dMRgme bLbsMdo. JsMosxobdo
Bogo0d90@o  BsBow®mo s ©IYEILIsH0boMmIdo dgwmgzsbo Jumgowo
0FMgdms  5-030 Lobdol sbsmErgds  ©@d 009dgdMEs  39dsBHMmJboeob -
9bobols s Asbimb GHModOH™Tol dgomeol s9mygbgdoom.

Rmebelddmo 0d9bm3olGmdodomnmo  33@93d. bosGomGo o
©IGILIWM0B0MGOMwo  Jumzowol  5-930 bLobdob sbsmergdo Mogligdms
09MHIbGHoGdo  (+50°C) 12 Lossmolb  obdogermdsdo. ©g35M9830b5Bs3ool o
©9300653300L 990099 96@03960L dm3m3z90s bgdms mGomdwdo proteinase K
19696 EH300L Fgomm©ob 35dmygbgdom. ggbol gdudmodiool 999y sbsmengdo
0093b90Mm©s LodxgH PBS-ob blbsedo momm g@edbg 5 fool 256d53e0mdsdo.
dEm3060gd0LsmM30L  godmgzoygbgom 3% H20:2 blbs®o. 5650w gdol 0639905300
b9dMm©s 306039 o0 5bEHOLbyMwgdol (CD105/96myeobo 1:100, BMP-2 1:100,
30mogqgb Ial 1:100 s 8odmO™Mbyddobo 1:200) as9mygbgdoo. PBS-ols blbsédo
3o6M93b30L 89909y  SbsmEgdol 0639935300l ZobmGE0gwgdom  biotin-ob
39MmM5 96GHoLbgMwmsb 30 (ool gobdsgarmdsdo. PBS-ol bubs®do gotgsbzol
9900092 96500 gdol 0639905300 bogdmes horseradish peroxidase-streptavidin-ols
3o0myggbgdom 30 ool gobdsgarmdsdo.  sbsodergdo  odwmdsgs  3.3-
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diaminobenzidine chromogen - ol bL«yOLEHMsGT0, do0Mgsbs PBS-ob blbsedo o
3900905 30bGHMLEMEo 850900l 39dsEHmdbogoboo.

8.2.5. 535606935000 9e9dGHOMbMEo Fo3Mr@U3M305

©IGILNYWM0BGOMo  LsdRsbbmIogdosbo  dgarmgsbo  ds@GH®moglol
©930006535305 BIOM®s JNsbmols blbsMom ©s bB3gEoswMo LsdHMdOL
©bosMom ” Tousimis Samdri-780 critical point dryer” (Tousimis Research

Corporation, Rockville, MD, USA) 36030399¢00 B036M0l 4506350009,

39d6OHMdOL 899I,  YBGILYIWIM0DYIMo  bsdRsbbMmIogdosbo
dgmgsbo doBModbo s dzwol 30bol wgmmgzsbo MxMgogdo dgrgdowwo odbs
mdOmomo  sputter coating-ob dgomol 3odmygbgdoom.  sdob gy dobogms
dmomoglbs Hitachi-ob (Hitachi, Ltd., Tokyo Japan) U3s6o6gds gargd@H®mboaer
d03mmbzm3do.

8.2.6. 396900l gdudcgliools sbsgrobo

®63-0b 9JuAH®OJ305 BoGHOMMO O WYGILIWSOMODOMYOMo AsbgowRgbs
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MbG9obwdzom®o Qo MbGgm3mbdzomco ®30L909d0.
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PDGF-b (platelet-derived growth factor), VEGFa-U (vascular endothelial growth
factor), VEGFB-U, TGF-9oL (transforming growth factors), TGFa -U, TGFP1-U,
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d0MEWMPOEMS©  5JBH0MOO  d3erm3z560  GHOMIBLIWIBEBIGHO FgoEogl  Lbgosligs
BOEOL  GBodBHmOIRL, doon  FmMob  MmbGImIowEobl,  mLEIM3MbEHobL o
Lo M3OMEHJobL.

B90mo  50b0db0oEsb  godmdobstg  dgodewgds  i39L365m, MMA
dbbgowxgbs  OJmbobo  Logmbeools  doMdsgol  d3eologsb  dowgdwero
©IGILNYWM0BOMGOMo  dgerm3zsbo  FsGModbo s WoMmBoEoBoMYdIMO
dgol  G30bol  0ghmzsbo  MXMIIOOL  356M53M06MNwo  BodGHMMGdOm
©5H30M0Mo  3m33mboGo  FoMdmoagbl  domErmaomes 9GO
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75
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bbgs 03@™MqdLyg [153 — 157].
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3096, er03m3OHMEgobgdls s M35 BOEOL BOJBHMMIOL, MHMYMOmIO0ES
EGF (epidermal growth factor), basic FGF (fibroblast growth factor), KGF
(keratinocyte growth factor), VEGF, TGFa, TGFB, PDGF, HGF (hepatocyte growth
factor) s NGF (nerve growth factor). 530560l 5360mbwxG0/JmMHomborwo
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scaffold, seeding it with any organ and tissue cells and lyophilizing this composite:

76



bioactive bone graft- new compositions and methods of manufacturing” (35&9b@&ob #
62/097,148). 2015 {garl, Bod3s@gb@olb d0gH doMmEMYOMEMs®© 5J@0we d3em3sb
AMBL3EBEHBGHL 0960 Fs Lolodmbenm Bodsbo ‘Geo-Oss’.

513365 S M93MmIgbE307d0

1. d0mobgobgMool  dgom@gdol s  B3gEoBodo  ©IGIMRIB6EHIOOL
3°0myggbgdom  Abgowxgbs GJmlsbo  Logmberols do®dsyols dgerolivgsb

000900s  LodyobBmdowrgdosbo  ©Y3gXMEsmHOBOMYdIMNwo
WOMBo0HB0MYOIMwo d3em3560 ToGModuo.

2. 30M@MmA0MM5©  5JGHoM0  d3wm3sbo  BHEMBLIWBGHBEL  osBbos
RMOM3560 LEAOYIGHMOS, SbsEo dgEol mGToMYdOL 3H9d3oL Fglodsdolo
d0MmOIBMOBdIMOOL  LoBdotg  , BosGmGoy®o  dgzeol  AbyagLo
39956039960 H7BoLEGHIBEHMOS s BGHOIBOWMOHMDS.

3. J3905 gdol dzeol  IBRIJGHOL M93mbLEHOWJ3059, gJudgodgb@do
3b™30dDg  ©OOEILGHMS  BOMMYOVIMSE 9dBH0OO dZ™m3z560
G563 563bEOL 00 dgmogLgdsMdOL,  MmbEgmzmbowmdsool,
MbGHgMobmJgool, MmBEGHIMOBEHIYMSE00L, MBEHIMYI6gBOL s  dzwob
699 Y0M9gd0L bsGo.

4. 53MGHME®MAMOH0 d3cm3560 GHEMmIBL3WsbEHI6EJOOL doMomo Motymzgom
309050 Pot0mop9bl dobo  J0EgdoLLM30L  TSEHJB0O
JoOmERomEo Mm3gM3008 BoBHIMGIOL 59300 gOMBs. oM  STOLS
36003H03Mwo  BmIol  ©gx8gdBHIO0L  sOLYdMdOL ©OML  MY393096@0L
Mm6560D300  9BHMWMYNHO  BHOBL3DEIBEH Ol QOO
©5096md0m Im3m39ds bdo® d9dmbggzsdo 396 bgdbgds

77



5. 30M@Mma0M65©0  9dBHoMMo  dzwm3zsbo  GHEMbL3bEBEGH0  Tgodegds
3900mggbgder  0dbols  gdo-Lsbols JoGmEyosdo  dzerol  3MOEGH03MWO
Bmdob gR9JGJOOL M93mbLEHOWJ300LsmMZ0b.

6. 999600900l 50Ol d3em3560 GHMIBLIWIBEBEHOL s MY303096EHOL

d3ol  BMsadI6GHIO0L  IRIMZs 506l YW IOHOBYdIMYO
5360mb/JmGombmwo 99336sbom bgarls 8ol 30dOMBwo Jimzowol
BoBM©IL s byl MHymdlL LHGSx mbGgmob@ga®ogost.

78



d0dOMYM>RBOS

1. Yang B, Su M, Li H, Li ], Ouyang J, Han Z. Use of submandibular gland flap for
repairing defects after tumor resection in the infratemporal region. ] Craniomaxillofac

Surg. 2015 Jan;43(1):87-91.

2. Yu H1, Wang X, Zhang S, Zhang L, Xin P, Shen SG. Navigation-guided en bloc
resection and defect reconstruction of craniomaxillary bony tumours. Int ] Oral

Maxillofac Surg. 2013 Nov;42(11):1409-13.

3. Salentijn EG1, Peerdeman SM2, Boffano P3, van den Bergh B3, Forouzanfar T3. A
ten-year analysis of the traumatic maxillofacial and brain injury patient in

Amsterdam: incidence and aetiology. ] Craniomaxillofac Surg. 2014 Sep;42(6):705-10.

4.0Oberman B, Setabutr D, Goldenberg D.Traumatic dislocation of intact mandibular

condyle into middle cranial fossa. Am ] Otolaryngol. 2014 Mar-Apr;35(2):251-3.

5. Schiel H, Hammer B, Ehrenfeld M, Prein ]. Therapy of infected mandibular
fractures. Fortschr Kiefer Gesichtschir. 1996;41:170-3.

6. Dennis SC, Berkland CJ, Bonewald LF, Detamore MS. Endochondral Ossification
for Enhancing Bone Regeneration: Converging Native Extracellular Matrix
Biomaterials and Developmental Engineering In Vivo. Tissue Eng Part B Rev. 2014

Oct 22.

7. Pavlova TV, Nesterov AV, Pavlova LA. [Bone tissue regeneration in the use of

nanoimplants]. Arkh Patol. 2013 Nov-Dec;75(6):22-6.

8. Sverzut CE, Faria PE, Magdalena CM, Trivellato AE, Mello-Filho FV, Paccola CA,

Gogolewski S, Salata LA. Reconstruction of mandibular segmental defects using the

79



guided-bone regeneration technique with polylactide membranes and/or autogenous
bone graft: a preliminary study on the influence of membrane permeability. ] Oral

Maxillofac Surg. 2008 Apr;66(4):647-56.

9. Sun Z, Kennedy KS, Tee BC, Damron ]JB, Allen MJ. Establishing a critical-size
mandibular defect model in growing pigs: characterization of spontaneous healing. |

Oral Maxillofac Surg. 2014 Sep;72(9):1852-68

10. Chin VK, Shinagawa A, Naclério-Homem Mda G. Bone healing of mandibular
critical-size defects in spontaneously hypertensive rats. Braz Oral Res. 2013 Sep-

Oct;27(5):423-30.

11. Decker JF, Lee ], Cortella CA, Polimeni G, Rohrer MD, Wozney JM, Hall ], Susin
C, Wikesjo UM. Evaluation of implants coated with recombinant human bone
morphogenetic protein-2 and vacuum-dried using the critical-size supraalveolar peri-

implant defect model in dogs. ] Periodontol. 2010 Dec;81(12):1839-49

12. Lee ], Decker JF, Polimeni G, Cortella CA, Rohrer MD, Wozney JM, Hall ], Susin
C, Wikesjo UM. Evaluation of implants coated with thBMP-2 using two different
coating strategies: a critical-size supraalveolar peri-implant defect study in dogs. ] Clin

Periodontol. 2010 Jun;37(6):582-90.

13. Zhang JC, Lu HY, Lv GY, Mo AC, Yan YG, Huang C. The repair of critical-size
defects with porous hydroxyapatite/polyamide nanocomposite: an experimental study

in rabbit mandibles. Int ] Oral Maxillofac Surg. 2010 May;39(5):469-77.

14. Zou W, Chen X. Osteogenesis and ototoxicity of a novel preparation of
autogenous bone cement: implications for mastoid obliteration. Otolaryngol Head

Neck Surg. 2014 Dec;151(6):1020-7.

80



15. Tera Tde M, Prado RF, De Marco AC, Santamaria MP, Jardini MA The RANK/
RANKL/ OPG interaction in the repair of autogenous bone grafts in female rats with

estrogen deficiency. Braz Oral Res. 2014 Jan-Feb;28(1).

16. Bastos AS, Spin-Neto R, Conte-Neto N, Galina K, Boeck-Neto R], Marcantonio C,
Marcantonio E, Marcantonio E Jr. Calvarial autogenous bone graft for maxillary ridge
and sinus reconstruction for rehabilitation with dental implants. ] Oral Implantol.

2014 Aug;40(4):469-78.

17. Al-Nawas B, Schiegnitz E. Augmentation procedures using bone substitute
materials or autogenous bone - a systematic review and meta-analysis. Eur ] Oral

Implantol. 2014 Summer;7 Suppl 2:5219-34.

18. Kalab M, Karkoska ], Kaminek M, Santavy P. Successful three-year outcome in a
patient with allogenous sternal bone graft in the treatment of massive post-

sternotomy defects. Int ] Surg Case Rep. 2014 Dec 24;7C:6-9.

19.Schleicher I, Lips KS, Sommer U, Schappat I, Martin AP, Szalay G, Schnettler R.
Allogenous bone with collagen for repair of deep osteochondral defects. ] Surg Res.

2013 Dec;185(2):667-75.

20.Gomes KU, Carlini JL, Biron C, Rapoport A, Dedivitis RA. Use of allogeneic bone
graft in maxillary reconstruction for installation of dental implants. ] Oral Maxillofac

Surg. 2008 Nov;66(11):2335-8.

21. Ahmad Oryan, Soodeh Alidadi, Ali Moshiri and Nicola Maffulli Bone regenerative
medicine: classic options, novel strategies, and future directions. ] Orthop Surg Res.

2014;9: 18.

22. Mohammed E. Elsalanty, M.D., Ph.D and David G. Genecov, M.D. Bone Grafts in

Craniofacial Surgery. Craniomaxillofac Trauma Reconstr. Oct 2009; 2(3): 125-134.

81



23. Burkadze G, Turashvili G. Pathology of organ systems. 1* editition. Tbilisi, 2006

24. Fernandez-Tresguerres-Herndndez-Gil I, Alobera-Gracia MA, del-Canto-
Pingarrén M, Blanco-Jerez L. Physiological bases of bone regeneration I. Histology
and physiology of bone tissue. Med Oral Patol Oral Cir Bucal. 2006 Jan 1;11(1):E47-
51.

25. Fogelman S. et al. Radionuclide and Hybrid Bone Imaging, 29 DOI 10.1007/978-3-
642-02400-9_2, © Springer-Verlag Berlin Heidelberg 2012

26. Dimitriou R, Jones E, McGonagle D, Giannoudis PV. Bone regeneration: current
concepts and future directions. BMC Med. 2011 May 31;9:66. doi: 10.1186/1741-7015-
9-66.

27. Parfitt AM. Bone remodeling, normal and abnormal: a biological basis for the
understanding of cancer-related bone disease and its treatment. Can J Oncol. 1995

Dec;5 Suppl 1:1-10

28. Liu J, Kerns DG. Mechanisms of guided bone regeneration: a review. Open Dent ].

2014 May 16;8:56-65.

29.Squier CA, Ghoneim S, Kremenak CR. Ultrastructure of the periosteum from

membrane bone. ] Anat.1990;171:233-239.

30. Allen MR, Hock JM, Burr DB. Periosteum: biology, regulation, and response to
osteoporosis therapies. Bone.2004;35(5):1003-1012

31. Zacks SI, Sheff MF. Periosteal and metaplastic bone formation in mouse minced

muscle regeneration. Lab Invest. 1982 Apr;46(4):405-12.

32. Ohtsuki Y, Mori K, Ohnishi H, Enzan H, Iguchi M, Lee GH, Furihata M.

Investigation of aluminum and iron deposition on metaplastic bones in three patients

82



with diffuse pulmonary ossification. Med Mol Morphol. 2015 Dec;48(4):235-8. doi:
10.1007/s00795-015-0096-1. Epub 2015 Jan 29.

33. Parfitt AM. The cellular basis of bone remodeling: the quantum concept
reexamined in light of recent advances in the cell biology of bone. Calcif Tissue Int.

198436 Suppl 1:537-45.

34. Doktorov AA, Denisov-Nikol'skil Iul. Morpho-functional correlations of the
structure of bone cells and adjoining bone matrix in the developing bone. Arkh Anat

Gistol Embriol. 1991 Jan; 100(1):68-74.

35. Bell WH, Levy BM. Revascularization and bone healing after posterior maxillary

osteotomy. ] Oral Surg. 1971 May;29(5):313-20

36. Axhausen W. The osteogenetic phases of regeneration of bone; a historial and

experimental study. ] Bone Joint Surg Am. 1956 Jun;38-A(3):593-600.

37. Schmidt-Bleek K et al. Inflimmatory phase of bone healing initiates the
regenerative healing cascade. Cell Tissue Res. 2012 Mar;347(3):567-73. doi:
10.1007/s00441-011-1205-7. Epub 2011 Jul 26.

38. Amor N, Geris L, Vander Sloten J, Van Oosterwyck H. Modelling the early phases
of bone regeneration around an endosseous oral implant. Comput Methods Biomech

Biomed Engin. 2009 Aug;12(4):459-68.

39. Ai-Aql ZS, Alagl AS, Graves DT, Gerstenfeld LC, Einhorn TA. Molecular
mechanisms controlling bone formation during fracture healing and distraction

osteogenesis. ] Dent Res. 2008 Feb;87(2):107-18.

40. Miron R]J, Zhang YF. Osteoinduction: a review of old concepts with new

standards. ] Dent Res. 2012 Aug;91(8):736-44.

83



41. Boyd ]B, Gullane PJ], Rotstein LE, Brown DH, Irish JC. Classification of

mandibular defects. Plast Reconstr Surg. 1993 Dec;92(7):1266-75.

42. Schultz BD, Sosin M, Nam A, Mohan R, Zhang P, Khalifian S, Vranis N, Manson
PN, Bojovic B, Rodriguez ED. Classification of mandible defects and algorithm for

microvascular reconstruction. Plast Reconstr Surg. 2015 Apr;135(4):743e-54e.

43. l'op6aneBa-Tumodeesa JI. B. OcobeHHOCTH IPOTE3UPOBAHUA [eTel ¢ BPOKILEeHHOM
pacuenuHoit HeGa / JI. B. 'opbanesa-Tumodeena // Cromaronorus. -1955.-Ne4.-c. 48-

52.

44. Nandi SK, Roy S, Mukherjee P, Kundu B, De DK, Basu D. Orthopaedic
applications of bone graft and graft substitutes: a review. Indian ] Med Res.

2010;132:15-30.

45. Athanasiou VT, Papachristou DJ, Panagopoulos A, Saridis A, Scopa CD, Megas P:
Histological comparison of autograft, allograft-DBM, xenograft, and synthetic grafts

in a trabecular bone defect: an experimental study in rabbits. Med Sci Monit 2010,

16:BR24-BR31.

46. Misch CM. Autogenous bone: is it still the gold standard? Implant Dent. 2010 Oct;
19(5):361.

47. Oryan A, Alidadi S, Moshiri Al, Maffulli N. Bone regenerative medicine: classic
options, novel strategies, and future directions. ] Orthop Surg Res. 2014 Mar

17;9(1):18.

48. Brydone AS, Meek D, Maclaine S. Bone grafting, orthopaedic biomaterials, and
the clinical need for bone engineering. Proc Inst Mech Eng H. 2010; 224:1329-1343.

49. Parikh SN. Bone graft substitutes: past, present, future. ] Postgrad Med. 2002;
48:142-148. [

84



50. Oryan A, Alidadi S, Moshiri A: Current concerns regarding healing of bon defects.
Hard Tissue 2013, 2:13.

51. Gomes KU, Carlini JL, Biron C, Rapoport A, Dedivitis RA: Use of allogeneic bone
graft in maxillary reconstruction for installation of dental implants. ] Oral Maxillofac

Surg 2008, 66:2335-2338.

52. Clokie CM, Sandor GK.Reconstruction of 10 major mandibular defects using

bioimplants containing BMP-7. ] Can Dent Assoc. 2008 Feb; 74(1):67-72.

53. Giudice G, Cutrignelli DA, Leuzzi S, Robusto F, Sportelli P, Nacchiero E.
Autologous bone grafting with platelet-rich plasma for alveolar cleft repair in patient

with cleft and palate. Ann Ital Chir. 2016;87:5-12.

54. Frohlich M, Grayson WL, Wan LQ, Marolt D, Drobnic M, Vunjak-Novakovic G.
Tissue engineered bone grafts: biological requirements, tissue culture and clinical

relevance. Curr Stem Cell Res Ther. 2008 Dec; 3(4):254-64.

55. Finkemeier CG. Bone-grafting and bone-graft substitutes. ] Bone Joint Surg Am.

2002; 84-A: 454-64.

56. Al Harbi H, Al Yamani A. Long-term follow-up of tibial bone graft for correction

of alveolar cleft. Ann Maxillofac Surg. 2012 Jul;2(2):146-52.

57. Lee YH, Choi JH, Hwang K, Choi JH. Rib Bone Graft Adjusted to Fit the Facial
Asymmetry: A Frame Structure Graft. ] Craniofac Surg. 2015 Oct;26(7):2160-2

58. Delawi D, Jacobs W, van Susante JL, Rillardon L, Prestamburgo D, Specchia N,
Gay E, Verschoor N, Garcia-Fernandez C, Guerado E, Quarles van Ufford H, Kruyt
MC, Dhert W], Oner FC. OP-1 Compared with Iliac Crest Autograft in Instrumented
Posterolateral Fusion: A Randomized, Multicenter Non-Inferiority Trial. ] Bone Joint

Surg Am. 2016 Mar 16;98(6):441-8.

85



59. Enneking WF, Burchardt H, Puhl ], et al. Physical and Biologic Aspects of Repair
in Dog Cortical Bone Transplants. ] Bone Joint Surg. 1975; 57-A: 237 - 252

60. Burchardt H, Glowczewskie FP, Enneking WF. Allogenic Segmental Fibular
Transplants in Azathioprine-immunosuppressed Dogs. ] Bone Joint Surg. 1977; 59- A:

881-894.

61. Ehrler DM, Vaccaro AR: The use of allograft bone in lumbar spine surgery. Clin
Orthop Relat Res 2000, 1:38—45.

62 . Yazar S: Onlay bone grafts in head and neck reconstruction. Semin Plast
Surg 2010, 24:255-261.

63. Moshiri A, Oryan A: Role of tissue engineering in tendon reconstructive surgery
and regenerative medicine: current concepts, approaches and concerns. Hard Tissue

2012, 1:11.

64. Gomes KU, Carlini JL, Biron C, Rapoport A, Dedivitis RA: Use of allogeneic bone

graft in maxillary reconstruction for installation of dental implants. ] Oral Maxillofac

Surg 2008, 66:2335-2338.

65. Bostrom MP, Seigerman DA: The clinical use of allografts, demineralized bone

matrices, synthetic bone graft substitutes and osteoinductive growth factors: a survey

study. HSS ] 2005, 1:9-18.

66. Zimmermann G, Moghaddam A: Allograft bone matrix versus synthetic bone graft

substitutes. Injury 2011, 42:516-S21.

67. Kaldb M, Karkogka J, Kaminek M, Santavy P. Successful three-year outcome in a
patient with allogenous sternal bone graft in the treatment of massive post-

sternotomy defects. Int ] Surg Case Rep. 2014 Dec 24;7C:6-9.

86



68. Schleicher I, Lips KS, Sommer U, Schappat I, Martin AP, Szalay G, Schnettler R.
Allogenous bone with collagen for repair of deep osteochondral defects. ] Surg Res.

2013 Dec;185(2):667-75.

69. Gomes KU, Carlini JL, Biron C, Rapoport A, Dedivitis RA. Use of allogeneic bone
graft in maxillary reconstruction for installation of dental implants. ] Oral Maxillofac

Surg. 2008 Nov;66(11):2335-8.

70. Kubosch EJ, Bernstein A, Wolf L, Fretwurst T, Nelson K, Schmal H. Erratum to:
Clinical trial and in-vitro study comparing the efficacy of treating bony lesions with
allografts versus synthetic or highly-processed xenogeneic bone grafts. BMC

Musculoskelet Disord. 2016 Mar 9;17(1):118.

71. Mueller YM, Davenport C, Ildstad ST. Xenotransplantation: application of disease

resistance. Clin Exp Pharmacol Physiol. 1999 Dec;26(12):1009-12.

.72. Taschieri S, Del Fabbro M, Testori T, Weinstein R. Efficacy of xenogeneic bone
grafting with guided tissue regeneration in the management of bone defects after

surgical endodontics. ] Oral Maxillofac Surg. 2007 Jun;65(6):1121-7

73. Harvanova D, Horndk S, Amrichova J, Spakova T, Mikes J, Plsikova J, Ledecky V,
Rosocha J. Isolation, cultivation and characterisation of pigeon osteoblasts seeded on
xenogeneic demineralised cancellous bone scaffold for bone grafting. Vet Res

Commun. 2014 Sep;38(3):221-8.

74. Wolff ], Pyysalo M, Antalainen AK, Sindor GK, Helminen M. Removal Rates of
Dental Implants Placed in Conjunction With Autologous Bone and Xenogeneic and
Synthetic Alloplastic Materials in Finland Between 1994 and 2012. Implant Dent.
2015 Oct;24(5):552-6.

87



75. Kubosch EJ, Bernstein A, Wolf L, Fretwurst T, Nelson K, Schmal H. Clinical trial
and in-vitro study comparing the efficacy of treating bony lesions with allografts
versus synthetic or highly-processed xenogeneic bone grafts. BMC Musculoskelet

Disord. 2016 Feb 13;17(1):77.

76. Li X, Lin Z, Duan Y, Shu X, Jin A, Min S, Yi W. Repair of large segmental bone
defects in rabbits using BMP and FGF composite xenogeneic bone. Genet Mol Res.

2015 Jun 11;14(2):6395-400.

77. Oryan A, Alidadi S, Moshiri A, Maffulli N. Bone regenerative medicine: classic
options, novel strategies, and future directions. ] Orthop Surg Res. 2014 Mar

17;9(1):18.

78. Friesenbichler ], Maurer-Ertl W, Sadoghi P, Pirker-Fruehauf U, Bodo K, Leithner
A.Adverse reactions of artificial bone graft substitutes: lessons learned from using

tricalcium phosphate geneX®. Clin Orthop Relat Res. 2014 Mar;472(3):976-82.

79.Gilbert TW, Sellaro TL, Badylak SF. (2006) Decellularization of tissues and organs.
Biomaterials. Jul; 27(19):3675-83.

80.Han F, Dong Y, Su Z, Yin R, Song A, et al. (2014) Preparation, characteristics and
assessment of a novel gelatin-chitosan sponge scaffold as skin tissue engineering

material. Int. ] Pharm. Sep 30; 476(1- 2):124-133.

81.Noth U, Schupp K, Heymer A, et al. (2005) Anterior cruciate ligament constructs
fabricated from human mesenchymal stem cells in a collagen type I hydrogel.

Cytotherapy.7(5):447-55.

82. Mohan N, Nair PD, Tabata Y. (2009) A 3D biodegradable protein based matrix for
cartilage tissue engineering and stem cell differentiation to cartilage. ] Mater Sci

Mater Med. Dec;20 Suppl 1:549-60.

88



83.Dahl SL, Koh ], Prabhakar V, Niklason LE. (2003) Decellularized native and

engineering arterial scaffolds for transplantation. Cell Transplant; 12:659-66.

84. Sabetkish S, Kajbafzadeh AM, Sabetkish N, Khorramirouz R, et al. (2014) Whole-
organ tissue engineering: Decellularization and recellularization of three-dimensional

matrix liver scaffolds. ] Biomed Mater Res A. Jul 21.

85.Basak E Uygun, Alejandro Soto-Gutierrez, Hiroshi Yagi, et al. (2010) Organ
reengineering through development of a transplantable recellularized liver graft using

decellularized liver matrix. // Nature Medicine 16, 814-820.

86.Annabi N, Tsang K, Mithieux SM et al. (2013) Highly Elastic Micropatterned
Hydrogel for Engineering Functional Cardiac Tissue. Adv Funct Mater. Oct 18;

23(39).

87.Calle EA, Ghaedi M, Sundaram S, Sivarapatna A. et al. (2014) Strategies for whole

lung tissue engineering. IEEE Trans Biomed Eng. May; 61(5):1482-96.

88.Katari R, Peloso A, Zambon JP. Et al. (2014) Renal bioengineering with scaffolds

generated from human kidneys. Nephron Exp Nephrol. 126(2):119.

89. Kakabadze A, Kakabadze Z.Prospect of using decellularized human placenta and
cow placentome for creation of new organs: targeting the liver (part I: anatomic

study).Transplant Proc. 2015 May;47(4):1222-7.

90.Frohlich M, Grayson WL, Marolt D. et al. (2010) Bone grafts engineered from
human adipose-derived stem cells in perfusion bioreactor culture. Tissue Eng Part A.

Jan; 16(1):179-89.

91. Deepthi S, Venkatesan J, Kim SK, Bumgardener JD, Jayakumar R. An overview of
chitin or chitosan/nano ceramic composite scaffolds for bone tissue engineering. Int J

Biol Macromol. 2016 Mar 21. pii: S0141-8130(16)30265-3.

89



92. Prakasam M, Locs ], Salma-Ancane K, Loca D, Largeteau A, Berzina-Cimdina L.
Fabrication, Properties and Applications of Dense Hydroxyapatite: A Review. ] Funct

Biomater. 2015 Dec 21;6(4):1099-140.

93. Konopnicki S, Troulis M]. Mandibular Tissue Engineering: Past, Present, Future.]

Oral Maxillofac Surg. 2015 Dec;73(12 Suppl):S136-46.

94. Denry I, Kuhn LT. Design and characterization of calcium phosphate ceramic

scaffolds for bone tissue engineering. Dent Mater. 2016 Jan;32(1):43-53.

95. Melke J, Midha S, Ghosh S, Ito K, Hofmann S. Silk fibroin as biomaterial for bone

tissue engineering. Acta Biomater. 2016 Feb;31:1-16.

96. Baydik OD, Titarenko MA, Sysolyatin PG. Tissue engineering in dentistry.
Stomatologiia (Mosk). 2015;94(2):65-8.

97. Santos LJ, Reis RL, Gomes ME. Harnessing magnetic-mechano actuation in

regenerative medicine and tissue engineering. Trends Biotechnol. 2015

Aug;33(8):471-9.

98. Venkatesan J, Kim SK. Nano-hydroxyapatite composite biomaterials for bone

tissue engineering--a review. ] Biomed Nanotechnol. 2014 Oct;10(10):3124-40.

99. Youngstrom DW, Barrett JG. Engineering Tendon: Scaffolds, Bioreactors, and

Models of Regeneration. Stem Cells Int. 2016;2016:3919030.

100. Dhaliwal K, Kunchur R, Farhadieh R. Review of the cellular and biological
principles of distraction osteogenesis: An in vivo bioreactor tissue engineering model.

J Plast Reconstr Aesthet Surg. 2016 Feb;69(2):e19-26.

90



101. Zhang H, Han D. Research progress of in vivo bioreactor as vascularization
strategies in bone tissue engineering. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi.

2014 Sep;28(9):1173-6.

102. Costa PF, Martins A, Neves NM, Gomes ME, Reis RL. Automating the processing
steps for obtaining bone tissue-engineered substitutes: from imaging tools to

bioreactors. Tissue Eng Part B Rev. 2014 Dec;20(6):567-77

103. Menabde G, Gogilashvili K, Kakabadze Z, Berishvili E. Bone marrow-derived
mesenchymal stem cell plasticity and their application perspectives. Georgian Med

News. 2009 Feb;(167):71-6

104. Hao ZC, Wang SZ, Zhang X]J, Lu J. Stem cell therapy: a promising biological
strategy for tendon-bone healing after anterior cruciate ligament reconstruction. Cell

Prolif. 2016 Mar 1.

105. Song K, Li L, Wang Y, Liu T. Hematopoietic stem cells: multiparameter

regulation. Hum Cell. 2016 Apr;29(2):53-7.

106. Yousefi AM, James PF, Akbarzadeh R, Subramanian A, Flavin C, Oudadesse H.
Prospect of Stem Cells in Bone Tissue Engineering: A Review. Stem Cells Int.

2016;2016:6180487.

107. Noronha-Matos JB, Correia-de-Sa P. Mesenchymal Stem Cells Ageing: Targeting
the "Purinome" to Promote Osteogenic Differentiation and Bone Repair. J Cell

Physiol. 2016 Jan 11.

108. Almubarak S, Nethercott H, Freeberg M, Beaudon C, Jha A, Jackson W,
Marcucio R, Miclau T, Healy K, Bahney C. Tissue engineering strategies for

promoting vascularized bone regeneration. Bone. 2016 Feb;83:197-209.

91



109. Fisher JN, Peretti GM, Scotti C. Stem Cells for Bone Regeneration: From Cell-
Based Therapies to Decellularised Engineered Extracellular Matrices. Stem Cells Int.

2016;2016:9352598.

110. Bertolai R, Catelani C, Aversa A, Rossi A, Giannini D, Bani D. Bone graft and
mesenchimal stem cells: clinical observations and histological analysis. Clin Cases

Miner Bone Metab. 2015 May-Aug;12(2):183-7.

111. Morcos MW, Al-Jallad H, Hamdy R. Comprehensive Review of Adipose Stem
Cells and Their Implication in Distraction Osteogenesis and Bone Regeneration.

Biomed Res Int. 2015;2015:842975.

112. Pipino C, Pandolfi A. Osteogenic differentiation of amniotic fluid mesenchymal
stromal cells and their bone regeneration potential. World ] Stem Cells. 2015 May

26:7(4):681-90.

113. Kurt FO, Vatansever HS. Potential clinical use of differentiated cells from
embryonic or Mesenchymal stem cells in orthopeadic problems. Curr Stem Cell Res

Ther. 2015 Mar 31.

114. Elsalanty ME, Genecov DG: Bone grafts in craniofacial surgery. Craniomaxillofac

Trauma Reconstr 2009, 2:125-134.

115. Ehrler DM, Vaccaro AR: The use of allograft bone in lumbar spine surgery. Clin
Orthop Relat Res 2000, 1:38—45.

116. Yazar S: Onlay bone grafts in head and neck reconstruction. Semin Plast Surg

2010, 24:255-261.

117. Rizzo M, Moran SL: Vascularized bone grafts and their applications in the

treatment of carpal pathology. Semin Plast Surg 2008, 22:213-227.

92



118. Gomes KU, Carlini JL, Biron C, Rapoport A, Dedivitis RA: Use of allogeneic bone
graft in maxillary reconstruction for installation of dental implants. ] Oral Maxillofac

Surg 2008, 66:2335-2338.

119. Scaglione M, Fabbri L, Dell'omo D, Gambini F, Guido G: Long bone nonunions
treated with autologous concentrated bone marrow-derived cells combined with

dried bone allograft. Musculoskelet Surg 2013.

120. Moshiri A, Oryan A: Role of tissue engineering in tendon reconstructive surgery
and regenerative medicine: current concepts, approaches and concerns. Hard Tissue

2012, 1:11.

121. Bostrom MP, Seigerman DA: The clinical use of allografts, demineralized bone
matrices, synthetic bone graft substitutes and osteoinductive growth factors: a survey

study. HSS ] 2005, 1:9-18.

122. Gurav AN, Shete AR, Naiktari R. Treatment of a large periradicular defect using
guided tissue regeneration: A case report of 2 years follow-up and surgical re-entry. J

Indian Soc Periodontol. 2015 Nov-Dec;19(6):701-4.

123. Jain D, Deepa D. A comparative evaluation of freeze-dried bone allograft with
and without bioabsorbable guided tissue regeneration membrane Healiguide(®) in the
treatment of Grade II furcation defects: A clinical study. ] Indian Soc Periodontol.

2015 Nov-Dec;19(6):645-50.

124. Corbella S, Taschieri S, Elkabbany A, Del Fabbro M, von Arx T. Guided Tissue
Regeneration Using a Barrier Membrane in Endodontic Surgery. Swiss Dent J.

2016;126(1):13-25

93



125. Zhang E, Zhu C, Yang ], Sun H, Zhang X, Li S, Wang Y, Sun L, Yao F.
Electrospun PDLLA/PLGA composite membranes for potential application in guided

tissue regeneration. Mater Sci Eng C Mater Biol Appl. 2016 Jan 1;58:278-85.

126. Li W, Ma G, Brazile B, Li N, Dai W, Butler JR, Claude AA, Wertheim JA, Liao ],
Wang B. Investigating the Potential of Amnion-Based Scaffolds as a Barrier

Membrane for Guided Bone Regeneration. Langmuir. 2015 Aug 11;31(31):8642-53.

127. Kiany F, Moloudi F. Amnion membrane as a novel barrier in the treatment of
intrabony defects: a controlled clinical trial. Int ] Oral Maxillofac Implants. 2015

May-Jun;30(3):639-47.

128. Caballé-Serrano J, Sawada K, Miron R]J, Bosshardt DD, Buser D, Gruber R.
Collagen barrier membranes adsorb growth factors liberated from autogenous bone

chips. Clin Oral Implants Res. 2016 Jan 28.

129. Lee SH, Lim YM, Jeong SI, An SJ, Kang SS, Jeong CM, Huh ]B. The effect of
bacterial cellulose membrane compared with collagen membrane on guided bone

regeneration. ] Adv Prosthodont. 2015 Dec;7(6):484-95.

130. Machtei EE, Kim DM, Karimbux N, Zigdon-Giladi H. The use of endothelial
progenitor cells combined with barrier membrane for the reconstruction of peri-
implant osseous defects: an animal experimental study. J Clin Periodontol. 2016

Mar;43(3):289-97.

131. Ward MA, Kaneko T, Kusakabe H, Biggers JD, Whittingham DG, Yanagimachi
R. Long-term preservation of mouse spermatozoa after freeze-drying and freezing

without cryoprotection. Biol Reprod. 2003 Dec;69(6):2100-8. Epub 2003 Aug 20.

132. Natan D, Nagler A, Arav A. Freeze-drying of mononuclear cells derived from

umbilical cord blood followed by colony formation PLoS One. 2009;4(4):e5240.

94



133. Linero I, Chaparro O. Paracrine effect of mesenchymal stem cells derived from

human adipose tissue in bone regeneration. PLoS One. 2014 Sep 8;9(9):e107001.

134. Nowotny ], Farack ], Vater C, Johnsen M, Gelinsky M, Tonn T, Kasten P.
Translation of cell therapy into clinical practice: validation of an application
procedure for bone marrow progenitor cells and platelet rich plasma. ] Appl Biomater

Funct Mater. 2015 Dec 14:0.

135. Tera Tde M, Prado RF, De Marco AC, Santamaria MP, Jardini MA The RANK/
RANKL/ OPG interaction in the repair of autogenous bone grafts in female rats with

estrogen deficiency. Braz Oral Res. 2014 Jan-Feb;28(1).

136. Bastos AS, Spin-Neto R, Conte-Neto N, Galina K, Boeck-Neto R], Marcantonio C,
Marcantonio E, Marcantonio E Jr. Calvarial autogenous bone graft for maxillary ridge
and sinus reconstruction for rehabilitation with dental implants. ] Oral Implantol.

2014 Aug;40(4):469-78.

137. Koerdt S, Siebers J, Bloch W, Ristow O, Kuebler AC, Reuther T.
Immunohistochemial study on the expression of von Willebrand factor (vWF) after
onlay autogenous iliac grafts for lateral alveolar ridge augmentation. Head Face Med.

2013 Dec 11;9:40..

138. Pogrel MA, Podlesh S, Anthony JP, Alexander J. A comparison of vascularized
and nonvascularized bone grafts for reconstruction of mandibular continuity defects. ]

Oral Maxillofac Surg. 1997;55:1200-6.

139. Pennington EC, Dionigi B, Gray FL, Ahmed A, Brazzo ], Dolinko A et al. Limb
reconstruction with decellularized, non-demineralized bone in a young leporine

model. Biomed Mater. 2015 Feb 10;10(1):015021.

95



140. Gawlitta D, Benders KE, Visser ], van der Sar AS, Kempen DH, Theyse LF, Malda
J, Dhert WJ. Decellularized cartilage-derived matrix as substrate for endochondral

bone regeneration. Tissue Eng Part A. 2015 Feb; 21(3-4):694-703.

141. Hoffman MD, Van Hove AH, Benoit DS. Degradable hydrogels for
spatiotemporal control of mesenchymal stem cells localized at decellularized bone

allografts. Acta Biomater. 2014 Aug;10(8):3431-41.

142. Gardin C, Ricci S, Ferroni L, Guazzo R, Sbricoli L et al. Decellularization and

Delipidation Protocols of Bovine Bone and Pericardium for Bone Grafting and Guided

Bone Regeneration Procedures. PLoS One. 2015 Jul 20;10(7):e0132344.

143. Chatterjea A, Meijer G, van Blitterswijk C, de Boer ] (2010) Clinical application
of human mesenchymal stromal cells for bone tissue engineering. Stem Cells Int 2010:

215625.

144. Salem HK, Thiemermann C (2010) Mesenchymal stromal cells: current

understanding and clinical status. Stem Cells 28: 585-596.

145. Chen Y, Shao JZ, Xiang LX, Dong XJ, Zhang GR (2008) Mesenchymal stem cells:

a promising candidate in regenerative medicine. Int ] Biochem Cell Biol 40: 815-820.

146. Meirelles Lda S, Fontes AM, Covas DT, Caplan AI (2009) Mechanisms involved
in the therapeutic properties of mesenchymal stem cells. Cytokine Growth Factor Rev

20:419-427.

147. Hocking AM, Gibran NS (2010) Mesenchymal stem cells: paracrine signaling and

differentiation during cutaneous wound repair. Exp Cell Res 316: 2213-2219.

148. Smiler DG, Soltan M, Soltan C, Matthews C. Growth factors and gene expression
of stem cells: bone marrow compared with peripheral blood. Implant Dent. 2010

Jun;19(3):229-40.

96



149. Burdon TJ, Paul A, Noiseux N, Prakash S, Shum-Tim D. Bone marrow stem cell
derived paracrine factors for regenerative medicine: current perspectives and

therapeutic potential. Bone Marrow Res. 2011;2011:207326.

150. Peng Y, Xuan M, Zou ], Liu H, Zhuo Z, Wan Y, Cheng B. Freeze-dried rat bone
marrow mesenchymal stem cell paracrine factors: a simplified novel material for skin

wound therapy. Tissue Eng Part A. 2015 Mar;21(5-6):1036-46

151. Ducheyne P, De Meester P, Aernoudt E: Influence of a functional dynamic
loading on bone ingrowth into surface pores of orthopedic implants. ] Biomed Mater

Res 1977, 11:811-838.

152. Heck D, Nakajima I, Kelly P, Chao E: The effect of load alteration on the
biological and biomechanical performance of a titanium fiber-metal segmental

prosthesis. ] Bone Joint Surg Am 1986, 68:118-126.

153. Li W, Ma G, Brazile B, Li N, Dai W et al. Investigating the Potential of Amnion-
Based Scaffolds as a Barrier Membrane for Guided Bone Regeneration. Langmuir.

2015 Aug 11; 31(31):8642-53.

154. Ducheyne P, De Meester P, Aernoudt E: Influence of a functional dynamic
loading on bone ingrowth into surface pores of orthopedic implants. ] Biomed Mater

Res 1977, 11:811-838.

155. Heck D, Nakajima I, Kelly P, Chao E: The effect of load alteration on the
biological and biomechanical performance of a titanium fiber-metal segmental

prosthesis. ] Bone Joint Surg Am 1986, 68:118-126.

156. Gutta R, Baker RA, Bartolucci AA. Louis PJ: Barrier membranes used for ridge
augmentation: is there an optimal pore size? ] Oral Maxillofac Surg 2009, 67:1218-

1225.

97



157. Amano Y, Ota M, Sekiguchi K, Shibukawa Y. Yamada S: Evaluation of a poly-1-
lactic acid membrane and membrane fixing pin for guided tissue regeneration on
bone defects in dogs. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2004,
97:155-163.

158. Kakabadze Z, Mardaleishvili K, Loladze G, Javakhishvili I, Chakhunashvili K,
Karalashvili L, Sukhitashvili N, Chutkerashvili G, Kakabadze A, Chakhunashvili D.
Clinical application of decellularized and lyophilized human amnion/chorion
membrane grafts for closing post-laryngectomy pharyngocutaneous fistulas. ] Surg

Oncol. 2016, Jan 21.

159. von Arx T, Cochran DL, Hermann ]S, Schenk RK, Buser D. Lateral ridge
augmentation using different bone fillers and barrier membrane application. A
histologic and histomorphometric pilot study in the canine mandible. Clin Oral

Implants Res. 2001 Jun; 12(3):260-9.

160. Li W, Ma G, Brazile B, Li N, Dai W et al. Investigating the Potential of Amnion-
Based Scaffolds as a Barrier Membrane for Guided Bone Regeneration. Langmuir.

2015 Aug 11;31(31):8642-53.

98



