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Abstract

Regenerative Endodontic Procedures (REPs) is one of the treatment options for immature permanent teeth with necrotic
pulp. These procedures use the principle of tissue engineering in order to regenerate pulp/dentine complex. Stem cells recruited
into the root canal is one of the crucial factors that affect tissue regeneration in REPs. Therefore, the ultimate goal of this
treatment is not only the healing of apical periodontitis but also the regeneration of pulp/dentine complex. However,
pulp/dentine regeneration in REPs teeth cannot be achieved in histological evaluation. This literature review aims to review the

literatures related to stem cells used for pulp/dentine regeneration from past to present and the direction of further researches.
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deaidolusmdainmsdeuseumemadadamadadraie
flumaeneruenasnily (39) wdwiniu fnsdne
Tnotfinainugnsniuiusndy 11-13 faduns
Tnewuushaositmmlndifesiunssnvdeiewesin

"' P*,./ - Scaffold
g

" Stem Cells

"\ Growlh Factors

U 2 wamsguuuunsinwsiedssaiuesiiv ibulaneufnduia CB-REPs AnwUadnin Lin LM. uazaug (1)
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Bulanoudnd lunseddnuniian deldwadsuinie
sufulasimdusaginsnuiamesinuindnisaiadn
wveunileiendroidoidolunasnieninueninass
51ndlu (40) ANNIINABBILUU semiorthotopic model
wuinflenundululdieziinnisadrmaunuiodslu
waziileiy Tuitufivgnanewadduiidnasluiiunig
g9y (71)

Orthotopic model #3® orthotopic
transplantation ﬁamiﬂgﬂdwLﬁaL?Ja’LuGTWmeImJ

Tooth slice

Stem cell +
scaffold

Anastomosis &
Pulp regeneration

SUN 3
Y

sysTRvesdnivaaes Wu nisgniededolunely
AagssINtuvesdninnass uduy miﬁﬂwﬂugﬂuwﬁ
nsAnulareud1eenn sududeddddninnassuuin
Tvin) Wy glivvSevy MsfinwULLL orthotopic TRy
nsadramaunuiedely wldlaenisendodeluiy
genianun (pulpectomy) Suwfuvgregdavanesinli
fvurmuszane 0.6 — 0.7 Jaduns waavinisldwadeu
fudinsaniulasendudily ienddlriidodenaun
i (Ui ) (a1)

Tooth fragment

rW«-

Stem cell +
scaffold

WAAINISANHILUU semiorthotopic transplantation lnaluann1sldvuaIufusISuYIRLUUUNN (A) Wi

& a 1% & A o v & A | sy o a
PILNUAMUYNIIULALDUANNYNITINGTTUVE (B) WUﬂqiaiqﬂLu@Lﬂaaﬂ‘Umgﬂa’]EJLuE]LEJ@IUINﬂ@NWIﬁL%aaWUﬂ']LUQ

saunulassmgulunanasnily fnwdadann Nakashima M. kazane (38)

Irreversible
pulpitis

Pulpectomy

—
o_

| Enlarge apical to 0.7 mm |

sUR 4

Y

Stem cell
Therapy

Pulp
Regeneration

Stem cell
+
Scaffold
+
Growth factor

AMSANYILUY orthotopic model Tagn1sneenastmaunuilodsluvesiluiidaiieolusaniianun

(pulpectomy) Tugtiy AnuUasan Nakashima M. uagansy (42)
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n1sfnwiwsnluguuy pulpectomy tdunis
Anw1wes lohara wazames 1l ad. 2011 Tnedievng
fudeidouszamilusanidviinisugnaiswadey
sudindaniulnsiindunselnsnunames Tnenends
mimaaawmﬁmaiuﬂuﬁﬂ@jﬂdmwaa‘ﬁuﬁ%ﬁmLGETW"L‘U
wuilaferdreiiedolunazvasndon wadadowad
ahadoituiiahadodendraitdeitusennideituiisioy
i sdanuviaenidenuaziduuszam (41) uaziilegh
Uinamesnmaiisveaieenauny wuirlunguild
wadduindasaufulnsiidusazlnsmulanes auil
Uiinnveadadonaunuiivinniinguitlalassari
3o Insnunamesodislasgranis (43) sauludemuin
Umnansafadedenaunuluituiiugnansdaemad
Furiiinaniiedouszamiluu (DPSCs) asiivsuna
winndgadauiniinnlunsegn (BMSCs) uaziadsu
allaanlusiu (ADSCs) agnsiiiednsy (44, 45) udnds
wulnsltisaddudiafinnnndninaassgeeny
snuUsInansadaiedenaunuiitosninnisidiwad
Fuiniinaindninaassfidengion wiegelsiniy
Ranunsanunsadradedelunaibeiiuldduiiontu
nsAnwIneunil (46) uammmiﬁaﬁwmaﬂgmdwLszfaa‘
Furininaindnivnasiidy (allogenic stem cell)
WuIEmnsaansadraielenaununazidnvas
adeiladolunanidoity dslidsanwadduiidnves
AULDY (autologous stem cell) Tnglinunatneimsdla ¢
Fudnineaes (47, 48) usegrslsimunsanuiiuun
wavualdlddansnsinidelunasssinity Sefinisdne
nnasslnenssaesnisinidelunasssinily wdminii
SoimsedeuueiiGelnelilndelaluraslsiuazen
UfBugnavauvile fewinisugnanewadsuniiia
9l Tnenwuinngunisveaesildwadduidadnlues
AansadieniluieninnueuazAunw SE
msUavessniluiisnnningunsmeassilaildwadsiu
Audla dmdudnwarnefiyyiner nuinguildisad
Fusndanudnvazrenisairmaunuiiodolunas
doitiluaaesnnily dunguillildwadiusidalany
nsadwesiofenauny (49)
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n13AN®1 CB-REPs Tumneadiin

dmdumsinuifedtu CB-REPs Turtneasadall
fadrinegviansusznng ilesninisnisidesdinnsarin
wiaddutuininironiefuaslumzisdures
UftRnsnou Bedianlddrefinoutnags dunousna q
Aaelinaudzenn Yaonduuazlauinsgiu Good
Manufacturing Practice (GMP)

[

1AUNINTINVDINTINYI98 CB-REPs Tunywetu
ndsnyiauazeInnaesTniiuFeudesuds aniu
syinsfauenwadsuiineaninansine lnedndu
Fosfinsneuiluiefudodoly mndesnisldwad
aufnlalnsalszaniuwd wivindesniswag
dudiiinnndedodiuaisnn suludeddiiuiidd
nsadasnitulyiauysal WilefieziAuiednea uulaan
UnaUaeTnesnin ndmIntursrnsfauenivad
Fuiniingredsnsdenidodesseules (enzymatic
digestion) Wiellfwadfiogneluiodefndnuazii
wadlumnzdeduiosufoinsdely Tnswadvianuei
#9zsiunismaaeunmansAnisuanaAdemansveq
wadsuiude iefnuoniangwadiuiidaifosnis
Wity smdmeaeuaruaasalunnudsuuadly
Buiddedeviinsng q wenenil Aeuwadduiuiald
TlugUagdeainismaaeuauazen (sterility test)
Tnsgnisiasyivlnveados wuailiFe saudalaia
3nday wadiin unismaaousianuaazgnurudely
ilesougnanelugitheseld (Ul 5)

Tutladu American Association of Endodontics
(AAE) Lz The European Society of Endodontology
(ESE) alailfuugailald CB-REPs ednwilugae
desniiduneudigsn dosinunisiusesnsgu
GMP fidodifananguung Snitadesandevinuzues
yunumdfiaeuiisann smddudegiuifisunmsivad
fuifiaiieazifuwadduiiiinvesiae i lueuas
Lifisawe Fafunslinisinulugluuudananeds
$rfmegianizlunsfinuiteiiiy
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Stem cell source:

Tooth
-Dental pulp

Clinical procedure after disinfection

Cell thawing
Cell Transplantation

-Apical papilla
Bone marrow
Adipose tissue

: n

Umbilical cord

Freeze down

:| Stem cell isolation
i| and characterization

Cell culture

Sterilization
screening

Laboratory process under GMP

Stem cell
bank

UM 5 uansnmsinredn1sinwimie CB-REPs lunadiin dauuaanann Huang GT-J uazame (36)

sANAAAS CB-REPs Tumnsaddinannsnagy
Igamsnei 2 msfinwusniduves Nakashima uazanie
Tud a.6. 2017 vinsShwismenisugnanewadauinie
PnUsramituuinndigtiees 91U 5 518 19N
Annunan1sinw 24 dUavi linunadadeslugUoe
Mnmsasadeauazyiu lagnuinfluynaiinisney
aussUnfidlenadeuanuilTinvesiiu uwill 1 FMiAnses
Tsasouvatesiniuiu waswaniennisdauda
pevfnefvialauty wuifinsundveaieiuiy
el 3 & (50)

miﬁﬂwﬂugmw‘u randomized controlled trial
293 Xuan wazauzlud a.a. 2018 Snwilaeviinis
Ugnanewadduininnitudeniuuy addluily
mevaesniiuda AlFsugtRmglufiiseny 7-12 3
dlefnnamanissnw 24 1oy nuingiaevasadlsl
nunaTIuAee wariuiishedae CB-REPs Snsiiuty
¥84A1 blood perfusion \lonnasudieiades laser
doppler flowmetry Snvadanudn flufinisvundaua

fnnseturessnily sauimuuaesiniluladion
Mnamiedduianeuinnesyialaudy uenaini
fiitu 1 37ldsugtRmnen Sududesldsunissnuill
Feinsiuilefeluvesiiudsinaiiven ilednw
Snwarmalyriner wudedednvaradrailoidely
Unf fle Uszneusheduvesvadairuileiiu vaonidon
waziduusvamegnely uregslsiniuliaiuise
pinvzveiofiuiienagnasretulmdld esnnitud
aananalallasunisasu (51)

M3 lfiwad fuduinainyanadu fe
wadduiudnfiadnainaieazia (umbilical cord
mesenchymal stem cells) 9MN5UIAISIHARAUNLER
wazflefAnmunanisinwnudilunndlinunisda
gunvesseslsatatesnily dn1sadvaenideniile
NAFaUIETs laser dropper flowmetry waziUaelad
natafesle q 9innsliwadsuininainyanadu (52)

(%

ANNIGINNISANYINLANITIN®IN875 CB-REPs Tuilu

Aaa v

Uangsnle warlinan1ssnwnaanaie (50, 52-54)
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[{3EA3130}
2017 (50)

Xuan ey
Ay 2018
(51)

Brizuela
1354313747
2020 (52)

Meza Lhag
Ay 2019
(53)

Pilot clinical hDPSC

trial

Randomized hDPSC

controlled

trial

Randomized Human

clinical trial  umbilical
cord

s180ugUle  hDPSC

Nakashima $1891u5U3  hDPSC

(13543130
2022 (54)

Ireversible ~ Collagen - Ainnunan13snw wudtievasnsiy
pulpitis G-CSF Taiwuwatnafes
mature tooth - Humovausne EPT ‘v!ﬂ%l
_ fnsasaifeiuintunslunassnity
3 1auilagan CBCT
- ldfnsmsaasuligeinen
Traumatized - - AnRuNaN1INYIsEEzaN 2 U wuln
teeth with AreUaensulinunatiames
pulp necrosis - fudin1suunAIvesTInHuLaz A7
wnu dlefleuifundy apexification
dlegan CBCT
_ hsimsituremaendonitonnaeu LDF
- é’ﬂwmzmqﬁaujﬁwaflwu%y’uvﬁaéa%qLﬁaﬂu
vaendonuasiduusyam Jelidnuoy
adetuiedeussamitulni
Mature Platelet - Uaonduldnunatnafes
permanent  poor _ Snsituveveendendionadeu LOF
teeth with  plasma - fluyn@lungu REPs Laifinsiivaunn
apical lesion (PPP) YossoalsnTaulanssn
- ldfinsmsaasmuligeinen
Ireversible  PRF - Yaeaswlinunatnafes
pulpitis in - linuseelsaseulaiesin
mature tooth - WU dentine bridge U3nafinatinans
570l uae calcification fiudnasanssn
- pevANBIAe thermal test 7 36 WWou
- lifinsasramsfiguinen
Ireversible  Collagen - Yaeadelinunadafes
pulpitis G-CSF - linuseslsaseulaiesin
mature tooth -y calcification fiusnanesn palatal
in maxillary - ARUAUDISD EPT
molar - ldfnsmsrameligeinen
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