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ABSTRACT

PULP TISSUE REGENERATION AND ROOT FORMATION OF PERMANENT TEETH WITH
PULPAL/PERIAPICAL DISEASES

Yeon-Jee Yoo, Seung-Ho Baek, Ho-Hyun Son*

Department of Conservative Dentistry, School of Dentistry, Seoul National University, Seoul, Korea

Numerous cases about additional growth of roots or pulp tissue regeneration by using various intracanal
medicaments in immature permanent teeth with periapical or pulpal disease have been reported. The
underlying mechanism has not been clearly delineated, but it has been widely accepted that undifferentiat-

ed mesenchymal cells and stem cells are involved. Moreover, the growth and deposition of osteoid or
cementoid tissues have been observed in regenerated pulp and roots. This new and non-invasive treatment
has brightened the future of endodontics, and enlarged the vision of regenerative root canal treatment with
multi-potent stem cells and various tissue engineering techniques. (J Kor Acad Cons Dent 35(4):238-245,

2010)
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Hertwig's epithelial sheath (HERS)9] &= S H
al7] 98 RE w8 7)ok g}

HEA 52 A3 AF 52, Cvek A5 Az, A
AdE 44 34 f s, 2 I8 59 gkt
o] Al glom T H el = Aol A 718t dental
pulp stem cell (DPSC), HAE x4 7]9¥ stem
cells from exfoliated deciduous teeth (SHED), apical
papillaclA 719¥9¥ stem cells from apical papilla
(SCAP), 25 QIthellA 7]9¥3k= periodontal ligament
stem cells (PDLSC) 5 dental stem cell®] &7 2 1
wj o 71ee] aF) T o] of2lg MEAQ] A5 WA E
N2 Ad7F dehta 9lut. Dental stem celle tE &
71 AZEY iR E A7t AR e s 58S
71AH | o] F stem cells from exfoliated deciduous
teeth (SHED)E Al¢letne BF J7A|dM @ase
Z7] Axelth, ¥ 32l Xolo] Aujdle AxH J74]
dMETh ¥ B2 7] A2Vt EAlste] X4 35 2 19
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Algelfof ghrtal Az v
o] A&HRl YR A&, THshe S UERSIT of
o Iwaya "< Ao} !
‘revascularization” & 2839, ¥ X5 FofelA] H]H
SAQ A5 W& Bote] A2 H5 dE5E BB
S2olgta Aatt. HZoe o9 2 T
Eofdol we} revascularization®] 9|7} shuke] X7 W
Ho g gEo] AbgE 3 e Aol

Revascularization< 2oy 7139 dg& APA7]
= &40 g3 53 2% (bypass surgery) = 3 4
&< (angioplasty) ] FEZ S}l 417, 2t ] T
A& (rehabilitation) o] AH&EE L UTh X2 GGl 9
revascularization X4~ &4 Fo 2|4 27 Ule] 23
= APPete w202 oJFox9] o= tha apd st
wo], 229 Al F4H ANE ZEZ ot Ut
5, YA Ao Al 7ol dute = g3 obF dolgl
T Ag 24 50] IAHE AFE 7R Aol AAHE =
Flo] RS dhe B8eM, e 82 249 ALY
< Adsta 249 Ao A =287 Y8 24 Ul
o] A Tt FHE e FH MAE] X5 AdE o]
355 YA 22 tAshe 224& P45 dohe
Holt},
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Hertwig’s epithelial sheath (HERS)7} 9&-2 7
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Azl = 4 AT o] AL A2de] YAeta ¢l
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H ©]+& revascularization ¥ A=z A7 7
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ith. Apical papilla¢h 2 U9 7] A7}

AL & 5 AT A2 RE )¢ 2
Fe 7] 22 ofs) 224 ®
o 9| =7] AEEo] 3 YBlo g o
: & vk 7], Aol oskd o
o ¥]a] apical papillacl Y123l 7] AE
sglo] Y539 Hold Zlo= el Yt s
u],;q ulo 2 23} LHoﬂ _,]t:;q oz oﬂMEl sﬂﬁio] revascu-
larizationd] 7]o1& Aeolghes 7Mool vk, o=
platelet-derived growth factor, vascular endothelial
growth factor, platelet-derived epithelial growth fac-
tor, 12| tissue growth factor 5 Chddr A% QAats
o] FHsHA EAIsta lo] AZo] APE 24 714 Yo
A v, vEskE 119 AEEC] AREAE, ol
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2.2.2. Revascularization® Z283 £4

ok 2 ofg] 7MA] 71H g 9Fl revascularization®
o].‘; E_Ezq oz 7‘(] :L\:]—o] S = ‘]294 2 o]sq. =
7}5@ <YL Zi}ﬂ‘* F& BT Nevins
& dsolE 1% AR S HaoA FAksk
] £ S W 2 e 24
obd 223 A5 QA F FARE 24 o] A H
4 zATH O =R Sharpey

fibere] EAE B3l LAt Ellis %72 dgelE
27 det An 23
‘JH *7“’% wobd x| OJEH 227 HEo] Zx7]0]
TN = A
= APES Bl AA A5
st = Hat A 7F S| ﬁ A|F 220 ZH T
2 At Bolte AL & § 93, °]& revasculariza-
tion & ¥ F7to] A3 LEM Fole @& A
BE 5 9t} Abgke] X A E7F TFe growth factoreh
morphogenEe] &4 dtellAl odontogenic, osteogenic,
chondrogenic, =% adipogenic phenotype & THdt &
B2 E3he 4 ve A& ekt ole e x4 gt
< 1y iﬂ}% A& opd Zlolt} " Ritter 57 2t
T A7 229 23 P W2 Aol Lot
5—?%3 oF 30/ FAEHoY, FH Wang 529 <lshd
7Ne] wAd< X ofoll A triantibiotic pasteE ©]-8-3F revas-
cularlzatlon 25 Bl F8E ASE 2AgHoR £
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tent)®] =71 AEE o] &ato] A2 FHAA X5 AAY
EE*E?M A At o 2od Aoy, FIFHorE
H vghd AN ot 3 A5 A o] Thedte
% 22 F3} 7% tig A7t SdeA o] FolA
7

20|

2 Y o

m?L'gL'Q*

2.2.3. Revascularization®] <4 A€

S al

3
=
<
ox!

o} 742 & revascularization® =
3t - o] AAFH A A= FAR, S
oA ol & et e hRE TS
H = “l‘ 2R ﬂ—

RN WA aRE A5 243} apical papillaQ] AgEs
A7 & 4 k. A AR A Ak 34

e}
A
Y

ol
%

jnj

o
O?;.‘ =

s

A

AN xo e

3;
m\l
rlo

=
=2

_L

=

2,

oL

g

rlr
2N
N

g gl 2F o] Yolsltta 7FF3la revascularizations

Alzs] & F ok AR ddHoR2E dnAe] Fas)
1 E¥o] A A&HE A4 4 z%}ﬂl 22 g sl
717 A gthe @Al o] itk T WAl ZE Y] A&
71 A7) E 4 vk A4 7|3to] AW ASE A5
AE EE 7] AEEC] A& 713871 ZolEx, Aol
ok Aoz o] ZA AT Al A5 FA Ho]

Aol % oAl ®tt

oo} e 849} &, ofHE T Havt FE o F
193 dAA AFZEL BAR BHE] A ¥ A
Go|Awt, n & 1A ] fﬂOth revascularization
WA AlZste] A2 TES Vg B o EELQ A
= o] Fastn, o] A&t Asfjet 7ol A
PeS Alddof gttt dlo 70| FofA|al 9},

2.24. 34 =4

Revascularization®] 9734 <418 th&3 2] F s

PN
49

A, 7} shH ZAgke] 2 gAS ok 3t} Cooke
3} Rowbotham®-& P& 91X A2de]| A=5S F
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73%- apical mesodermal tissueZ AT & & Ao}

2l Hertwig's epithelial sheath (HERS)7} %4 ¥&
T UeBR Hage ZH Ul 7| 2A0E A5 YAt 5
o] 9% FHH o Aobde Hertwig's epithelial sheath
(HERS) & ®33dle Bl Fastthan sttt 4
Sonoyama &< ©| mesodermal tissueE apical
papillagtil 3t4EH, apical papillas A% 591 %22
2| 2 (Epithelial diaphragm® X&¢) Zo =381
Boldle Ao 27| AEE TS 7 )lo] A2
of Wef 393t A& dh= Ao dHA 9o, 1 9

% )9} =X £3(collateral circulation) H¥ol
dojue e AgE S A F e

X!

Do 2E 2H YRS 2.5- 5 25% NaOCIZ F%3] Al
A3l Fofof 3ttt F ] EJ_Oﬂ 2w 3% H.0.4
peridex = sahne S8 HrlH o2 Algets AS

At FEHoRE NaOCl 7|80 2 a9tk
AAste] 23 yi7E AR °H7\]J— Zdo] 9 =4
Ae AT 24 25 X A == 1“’\474]
antimicrobial pasteS ?9.%0}31 kel Caviton® IRM,
Glass Ionomer 5= |43t o|F 7152 3t}

27 o Aol gla WAl A7 YehA] ¢dod o
T ot et & dAnA stollA 23 UiFe] g
dop st 23 Ul AEEo] H o4 UEA]
Aol gelx® NaOCI# chlorohexidine, saline %
2 2AAYA, agla F83] AF, A2AA MTA E&
Glass Ionomer S22 WHeln F7|8 o2 7t} 2
o F714R1 HAA L Be Yo 2 AlA 3 ok
HHE 2 A el E FFolu ¢

3L
o
%}‘— = oAkl =4to] AR FE AFdE 24 &

= Ao gt

2.2.5. Antimicrobial paste®] 2-&
2.2.5.1. Ca(OH):

Revascularization®] J. 48 s AH-E antimicro-
bial pasteZA4] WA 7] o 2% 34 friesd 24 34
<o AHgEo] gd @r%ﬁ"ﬂ el Aztel] & 4 et
1964 Kaiser” = F4tslz4& CMCP (Camphorated
paramonochlorophenol) ¢ ?:}”ﬂ E§sto] Agate Ao
23 A%d] ¥Holghn B o] % Klein? Levy”
© cresatin?t &8st AR&SPH CMCP9F AHg-ote 74
Hoh A uhg-g do 9] v ZAE dA¢ Atk

3 Bausilrh. dAle AXE 549 7Fed s Haskep|
A3l salineo]u sterile water =+ distilled waters} &
ghato] ARg-ahe W ol B sk o] gt
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TSz go] g 838 UdE dHele o8 714 &
&7 #ofata itk Ak EE wheAo] wig- = 7
#at A2 283l hydroxyl ©]l2<& felstaL, Al
of Alaatel] &4 FA B, Sl AR Ald DNAE 973
A7)3L, BAEE A2 Ca¥ FEE 59 8/ &=
£ =2/ ot B3-S YEhdT B3 oY 7ER] 240 o
A S Wl sley ggEe ib 24 T Y
9] Af WA Zol ol B4 pyrophosphatasee
‘é e /\]E]'

o] Y& Frtstd e

yra 23 84 L:_g
=]

= °]E7] 0}74] ﬂ“ﬂ o] =& Ca’*o] frelElo] M=ol A
/‘é?l FePl 7124E EUE A3t AgEn ® o] BE
W& Frkstdge] Az 7128 T e, &
o= Ca™el 7|9 A48 FAakdg A7) ol yet 8
Fol7] Wl et A3lg) 71-del dafa= o] A7t
93 Aol

8o}, FAeAES o] 838e] apical barrierg &/d3}
= dee 2 7K dAdE 1ol gt WA barrier
PAE F=Esp| HslAe H i 671l BAl= 24-3070
A7HA] Ato] g3, o]HAl FAJE apical barriere
A&Ao|AY AL aiA| °L°D4 g4 EAS HQt ™
Baldassari-Cruz &< 21 ©@H& SEMCo.Z #23t A3t
x]:““)roﬂ 22 A9 & %3 (Caplike fashion) 2%

©
< YepliH 4" Axde SRS gare) 5253
agla 71er BiAe A4S #EE  glda it

Trope”& ZAgA 07 9|F o= XY
& 2402 Holu YF2 thesta Bt s
7]-x]“: 1334= /\45;432;]. Z;ﬂo] ‘]‘?___]z:sl- J
2]9} 419490 "Swiss—cheese like” %
g3t & o dAHoRE Ao =
ol ofe} M2 X35} 2] 9] 3 Fo] %EYJEE bar-
rier7t B4 & 2% FHo] a3, of AR 2
7 e} (fluid tight seal) & 97] YEIL G AZHORE
Qe 2 4 5 A2 o] AT YA Avt= A
< AZtelok gt et 7|3 ks g 23 W 4
Lot A5 FAsEEY Addedn §579 (hygro-
scopic), & &3] (proteolytic) W&ol xote] f7] &
o] ¥4 (denaturation) 2 7k 3 (hydrolysis) & A A
welE L 2 07 X - f7] BHo] as Hof &
A3 =5 A=rt gaska M7 A& S (brittle) 7
e 5 Jolde] 7AA A Wbyt Ar|A "y B
Wk ofuj g} o] ¢} o] Faksige] oal PAE A
I AAR 284 Y 98 st nEs} 11 AEE]
ol e WaAlToEN 2 WA 24 A= Wl

Al7/AI2E ZEof 02 F7AIS| X+ ZA MU X2 #Y 241
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A HH | FAksEgo] Yehlle & pHe AX A=
2o Aestn 54S /R ER A s8HE 7R
apical papilla®t HERS®| <42 = 7Fs/do] A ¢
oF 22 dAHORE nFo B u Fabskdags o83t
revascularization S#9A T2 YA E o] &3 HLH
e ATES Yee AS 49E $ slva A=
q_.S,lO)

I
W

2.2.5.2. Triple-antibiotics regimen

et 2L AF ez 3l revascularizationdl|= 4
S44S tAlEko] triple antibiotics pasteZ} AFEE 1L 9l
t}. Triple antibiotics &% & metronidazole,
ciprofloxacin, minocycline Al 7} YA E 41ojA A&
ot WHO R, Sato 5070l 98 8] Hawa et
A AR deE A= B i HAE A
7144 Aol 2-4-3t= metronidazole®, 77 Wol &7
3 "ﬂ‘—rfo] ke Ao Zkato] g = YA, ofE Wi
o = AlEES o] A WS B bE F 7 &
AAEC] F7H o= e =T, Ciprofloxacine Y
BayerAtol A BHE fluoroquinolone AlE<] A= 9173
T ALY A5 5 g wHd AgEHT glen,
Minocycline< tetracyclineAl 9] w4 349 3t A
Aot

AR o A= LSTR-NIET therapy (Lesion Sterilization
and Tissue Repair, Non-Instrumentation Endodontic
Treatment)2taL stod 4] Al 7FA] AIE 4o1A AL
5}\:% ;71— q] 7Lo:u4 Hi_/]\_g] /\Eoﬂ q]lﬁﬂ ;;Lyjrxqo]a}i
b & ot Ytk ol¢t & a5 4L o4,
g, A2, A5 24 WA Yepde Ads 54
H 28 BEUE Al 7 FAAE ddsiite u 2AE
T3 0tk Hoshino 577-& WAE AFge] Ao} o] &3}
of AEg A3 o] Al 742 A 7 AA7E vf¢- 3}
Holghs B35 & vt 9lom, Thibodeau 59 & O]
43 2o AEE B 23 o Al 7IA A E 2
mg/ml 843 7 CFU (colony-forming unit) <] 99/
o gst= BHE YEiitia gt F 2l o] Al 7HA
GAAE 1 01 ¢ 19 " &2 4 &2 macrogol @
propylene glycol (1 : 1) 419 3-mix mpehe ©| &2
AbEsta glom | By e 4= v met 1 HE
7F g oo wel WskE Fol AHEE Q. o9}
22 3mix mpE °]&¢ A5 PHS T2 2N 73
ata flom, o]yd 55 #o A A TH Y HEy

of FAH WA e

;
ofo
i
=l
%0
rir
pa)
o
f
[
ro

=

of Al 7K FAA e 3 AAe AL -2l Al
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A8%7] W revascularizationel A <% o] A&
AE& THe ApHolARE O BAEo] theiA =

AZelA] &5 4 itk o7l = 1 FAE digt Sl
By e To g 48% =Rk gle ARt o5
% Eo]7] "l revascularization®l| Al
© Go] FaFddE S YA ol et g
o] W4 &4, 282 minocyclinedl| &g+ x|o} HA

o) o3 neslot aal.

& gl g2z A}e!olv}. o9} niF7IAZ ¥
H o] Alghd ¢ ¥ scaffold F&S 3
zA9 A g5 93 Y } | ThFsE A QdAE
=y S e ez AAdEg o
¥

< o]gdte THENME TEHO R #30 K files o] &
lo 28-S 23 § 158 F= 7|vheiA dre] F45]
T2 fEshe WS ARgSka itk Jung $0& Aod
Wil 7 F3& Hole v|4d& 4453 0ts IS o &
o 83 FdlE Husiit. o aEE 49
2 o s AEg § npEkA] @2 AdEdA #100
Gutta purcha cones =% W& AFsle] g4} 1 %a &
Asle] &Y glE A4 AE RS Hrlsh 1 %
#30 K file= o] &3} L

PAE e the, % AHoE MTAE ol &3] 2o
Sttt 1d & 7oA oA X Zdte] s TEHA =
AR X2k WAl A7)V A8 AhAd A AEE
T Uyt

ofAl & Fwo| ¢ 24 Xﬂ‘goﬂ gk 224l 2 A7}
=7 ggkorn dwo] fitd wE evascularlzatlon
BEEY Aol =i ErJrFJr oreFet 23 Yehla

t}. Thibodeau 579 /IE o] &3 AHME 53340] %
2 Aok Aol 7199 Aolgke 7Hd T dE2A 8% &
Fol| 34 §le 2aEs HusigA T, ojye S Hus

Tl s d7AY A Sl e o= F=o A
AL Mg 4 Ak delMe 2 997t dota & = 9
=t

Z7] 3¢ 714 (Tissue engineering technique)& 2
ek 27] AL & 4x} Bd 7lEes o &t Adotd,
A, WMord X F ol T2 AT = WHOR, 8 1}
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222 37 cell source, scaffold, 2% A& ¢12}(signal-
ing molecule) Al 72 Wro] AZe] & F St} Ao}
BAEE AF AE B Aop 27] AX 5 ok Axs
AA w3k F A=t o] W E3hEE AolRAEEE cell
sourcee] wet 1 EEFP Apo|7} glom ofe| dig A+
=98 7 g AEEY 3k fedte U Bee T
I AT EEe, 22 AR FEo)7] Wit AlEe] A%
7} 235 F3l8b] feiM= A4S scaffold’t 28384,
# ol = Bone sialoprotein, Synthetic extracellular
matrix, Alginate hydrogel, Mineral trioxide aggregate
(MTA) & ©h¥et scaffoldell gt A7F A= x it
7 A9k thE signaling moleculeE- Al 2] #3}}
TS 8 S /A 9len, A AE 9A] &
% signaling factor®] &4 atollA = odontoblast,
osteoblast, adipocyte, chondrocyte 522 ®3}2 4= 9l
o} olgt 2 HER nFo] AR ¥R EE o]E ¥k
7Fed s BAS L 59 AYHS uelsteq 2] LA
(autogenous) | cell source®} scaffold, 283 3% AA}
7} 28 dentin extract ®¥ TS signaling mole-
cule 5= <% ol 483 HA regenerative method<|
SfUREA Adold FAE £ F g Aolgu 58
Tk dE 59 FHITdde A7 Alzeld, Blud HA
dental settingollAl &HE F & scaffold®] 3ht=
platelet-rich plasma (PRP)ell #4lo] Holx|a §ltt.
platelet-rich plasma (PRP)= @% ¥} vlwsie] 474 <l
A5 o Bol Esta glom I 4 = JAF & A
Ae AYFE 23R ¥, AlZto] A thet A4 #
sjeths ol slov op A= o B Ayt 2 e
A% olt.

o] 9oz o] HEo S Frufo] whe} stem cell
therapy, pulp implantation, scaffold implantation,
injectable scaffold delivery, three-dimensional cell
printing, gene delivery & t&e W Eo| AAIH 1 9l
2k opAl & A w0 AU T8 tid A E Y
= Fgo|t}, old A 7]z AT Fool| A= translitera-
tion = knock-out animal & A A& A BE
T Ggsto] o} 24 Fetel| i) AFsta YA,
T8 AL IR &8 vbed 24 B s AT
9 A2 Al HEAT = ol & 5 U= Aot

Al 84 W

e
< Ho|AY A2 A TGS Hole F
gl 23 =S A7) Eub= revascularization

2 AEahe Aol § BEA0l T w42 Aol

o
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