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[Abstract] Objective To evaluate the clinical effect of pulp revascularization in the treatment of
immature permanent molars with complex root canal system, and to provide clinical basis for the diagnosis
and treatment of pulp revascularization in young permanent molars. Methods A total of nine patients with
apical periodontitis of immature permanent molars, aged 7 to 13 years old, who were treated at the
Department of Stomatology, Qingdao Municipal Hospital between January 2020 and June 2020, were
included in this study. The sample consisted of three male patients and six females. They were all treated
with pulp revascularization and followed up for 12 ~ 36 months. The healing of periapical lesions and root
development were observed and evaluated. Results During the follow-up observation period, seven cases
were successful, while one case got improved, and one case failed, leading to the effective rate of 88.9%.
Imaging examinations showed that in effective cases, the periapical radiolucency disappeared, while the
root length increased, and the apical foramen closed. In addition, the root canal wall also thickened to
varying degrees. Conclusions Pulp revascularization in the treatment of chronic apical periodontitis of
immature permanent molars was a highly feasible clinical operation, which can promote root elongation,

apical foramen closure and root canal wall thickening.



FPAE T BE 2 T 2 s (L T W) 2024 4F 2 A 45 18 4526 1] Chin J Stomatol Res(Electronic Edition ), February 2024, Vol.18, No.1 39

[Key words] Dental pulp; Pulp revascularization; Triple antibiotic paste; Immature permanent

molar; Periapical periodontitis

Fund program: National Natural Science Foundation of China(81670979)

DOI:10.3877/cma.j.issn.1674-1366.2024.01.006

S5 A R R (I H B v R 47 T )
AR H 2 P BUE R IE T B AR BT BRI A, SR
AR JE R 2 , BEAF A MRt — 22k F s
SFMRARIT EAS B BT A B B AR
M, FE— PR AR T AR A RE 1 JRE R AR I AL A
HHCH TR A R E H R, 2001 4F, Iwaya
SR S B A AR P A A T L 2
BARYT 1B BEIR AL BRSO & & 58 4R R 1H
OF BT AR e A M RS R A RERE
T B PR A ST R, O 2 i 1 i F R X
— W& AW IS AR A B R AR A
AR R R T A ) AR AR R B B
PRUAG AERE T A SN e R . = NS SOk IE 1%
FRZ T 503 4 R R v e 47 W ) i s 2
ARSI YT X2 AR R R AR R AR 2T ]
B AT 9 )T B T L BE B F R
A7 25 B iz H A ARIR ST AR BRI R PEAR A A R
o 91, 38 3 W RWLEE , It 2 i I iz o R N T
SRR OIS AR AR A R IR T RICR , X e B AT
M ARIRALIFHCH A A 0 AR 2 A A AR
RGBT et —FiZyrikds .

BRETE

— XFHRERE

PERE 2020 4F 1—6 ] T35 & i i a7 B B H s
A2 B AR 1 B OF AR AR JE 4% S 9 ), JLrp B3 3 461
6, AT ~ 134

L G AARHE - () ARIRJE AR (19 2 24 R Ge )
AEERE A (2) A2+ ~ +4+; (3) F R Nolla 7317 ~ 9
W15 (4) AR 2F KA WARIR R AR B 72 o

2. HEBRARE - (1) 259 2 B sk sl ™ 5 1) R Ge bk
Pl s (KM%, Jork e & o

AN FT 20T 5 T T 7 2 B R A Ae PR B 2
Al (S 2023 I #5066 5 ), iy i J
FIBTERIE R E MG FE 1.

3RS

SRR FTY C AR5 X & A A T I PR AG 2, LA
RS BT B AR 1 DL AR RAE ARk B
Mo IABREMETRFRBMBE THIT, AF

B IR R 2R AT R ERRRI , {67 AR 1 I 1
BB R AR e R A R e ) o O R T A AR
1 KBt AT MRS T4, U T8] 1 0.9% S AL
WA+ 1.5% AR NG v iR, TR R B A=
HRHTAE 2O (1: 12 1 ROPRIN T A2 A I K v 2R
£ 5 0.9% A 1k 4% 1% W JE ) i AL 5 triple antibiotic
paste, TAP) il B S &5 T8 &, 2 G H 2.

AEHE IR R Z R R ERRREE |, 1R
P BB R, R B L 0.9% A AL W+
1.5% WA TR BV W 28 1% v B Hi 2B M), TR A 2R
TRVEHZLB L, THRMLE, (7 K ) 25 fR 2R 5]
M, 5 B NIRRT S AR 2 ~ 3 mm,
B ORI EE B 5 008 A2 ) I, A 3R s
3 ~4 mm JEJE R = E AT Yk B2 (mineral trioxide
aggregate, MTA ) , FEBBEFREBE, REE
L BEDTEE 12 ~ 36 D AR B 2 i i R AG: A5 %
AR THARITAL

= PR

Il AT R PE AR AL FE LR 3 R0

1. By« JC IR | S Bl R JC 92 4 45 i PRORE
Ko XELR BRMRIFIRBH R, SRS T 2
RRAC BERG AN AR RE RS S AR IRALIAT & o

2. BB - TC VIR L O 2l R B A A I IRE
Ko XA WIS A2 T R B/, Ak
FHIHRIALAM G

3. R AE 2 ~ 3 U2 SR I RATI R 2 A, B
V5 5 A S R) A5 R S IR AR R A R A
R, FWARLE .

# R

— ST

WA 9 (AR AE B oF 22 SF i il F R
7R AE 12 ~ 361> H I REDTIVIE], BT A 28 28 i IR
SRR . Hob A 7O A ARGk Sk, B
SFREE S SN A LB AR B A R E
WRRALAIAR AT G, A 1 AT 0 S 5 145158 A
11 27 i iz B AR S AR B AR A B R,
WARKLE . WAWTTE BT — Bt B B W
x1,



40 e DR AR ST 2 (L AR 2024 4E 2 H 4 18 4545 1] Chin J Stomatol Res (Electronic Edition) , February 2024, Vol.18, No.l
F1 FHEMEZEEAIRY TR T8 AR A 2 I R T RO 3=
o AR - Rupg st RER REFHR RERKRIL  REWRK  F80E0 FHEE -
(%) AL R ERAH gy RN MR i

1 13 x© 37 + R 2 2 o5 H B 7 W3
2 7 1z 46 ++ R 2 2 o5 H B 2= W
3 8 L] 36 + R 2 2 Jo5 H B 7 W
4 7 x© 46 + HE 2 2 o5 H B 7 iel]
5 9 x© 36 ++ R 2 2 o5 H B 7 W
6 7 7 46 + IEES 2 2 o5 H B 7 W
7 10 o 26 + EEN 2 2 o5 H B = el
8 8 3 36 + R 2 7 o5 JCI 7 Lt
9 11 E 36 ++ ESTEES i i Jo5ww JC I w5 R

e HRRBARE <5 mm?, ++HRZRFARE 5 ~ 10 mm’,

LA ]

ARG BE, @, 13% £ Fa dFwyAR
Sl RSB S I SN 7.7 v s SO i 20 < v e
IR, A T LT B, T2 (+) , JCR AL S
X 28 R 7N : 37 MRAFL I WU TR AR WG 5
W37 1R R oAb - 37 A ATARME A i 1L
sEEBEA, AR RDAEA37TEFGH, T
BT 12 (=), ARG 1RSSR (+) s X R AR
HRARBARZIE R, FARAS BRI, AR FLAR /N , AR AERE
R, AR 184 H B A 37 i = IEH I, i
PREEAR , A6 T RLE SR (+) s X R R 7R - A AR rL:
EH MG RERREIG R R FH A (B 1),

\ X i
Bl 1 37 A1 VAR % B3 B I A2 T A i U R b s 15 0 ek
AARETXZ A B ARBERIZIX LR C: 12D HEE A XL A 3D 1241 H
JaEAONIGE I8P H G EA XL F 18D HEE A O,

L Lb D e i G Sl ey ]
AEHE 3 KKZ . HUF LD HETE A SN R )T
$ro FER AR - 46 W5 T WL B AR, 12 (),
WAZh 1 . XERF7R 46 Bl AR N DL i % B3
AR FLE TR, RIS DL AR 3 5 5, RARAL 2F )
WAL . W46 I PERIJE 48 . AbE WIS

Fi55k A6 il S ARAS NI, phsk i gk A A
WP, TR, B A TAP, & HEE
WEHELET2HRELZ. TH2iHIretHiak
246 B T WL, 2 () , O] AR
X7 7 46 AR BER2 08/, A MUK MV B
HAJE . A YA B R A TAP, 2 il 5 2 21T
HE— 7. B 2R AR TR AbE . R
Ja 124 A& A M2 (=), JoR 8, X E R s iR AR A
SORFERIN , IR T MR BERE R ARAAL A 7
ARJE 36 4~ H & A W2 (=), Jotgh, Sl i
LA N XE R  ARARBHSE A %, A R L 3
ARSI G, AR AT EM (K 2) .

B2 4618 MM 4 iR o B i A2 = H R A B Bl 1 PG L
A ARFTXLR A B: B4 2 (TAP) B A 64N X A5 C: RS ENZI
XD 12 AREA XL E: 12 A5 B4 MR F:36 A
JEREAXLH ;636 MHEE AT A,



FPAE T BE 2 T 2 s (L T W) 2024 4F 2 A 45 18 4526 1] Chin J Stomatol Res(Electronic Edition ), February 2024, Vol.18, No.1 41

Wit

ARERAE SRR AT R A & B RIE FIGE
g S5 5 1S, FE T LT S AR B 4k 22 R T, S BORL R
IALEYIE B, ™ E MR AR A AR TR . X TR
V0 RGO % (DRI RUEA | i i A1 G
21 (R EALES B Vitapex) 175 AR H 2 4 AR 4k 2
KB AL HARIIE WL, HEA — & REM . OF
LI ; @251 5 Wl , 4 SR I BRI L 3 T
FHUURE G 1 AR D175 T8 WL A 2 SR 457501k
A B AL B 2L AR B A RAAL,
BEIMA I RAE B KU @S5 AT T AT AR
TRIT L AE R 5 55 0 AR A BE R N 1 A AT i AU
(2) MR BB A, H 5 B2 SR F iRoot BP 5 MTA 5
AR IR RAE , TE AN MR AR 1k 5 % B AR X B2
A BOR B R, HANREARAS 0% 19 2 ARG BE , AT 52
WA LA AR S S A S i X T
FRIRIT A EE IR TRCR . W9 R, X =
Fa 7y IR B R A i S e 45 i R0 A A
£ 77 A0 A i 132 AR TEARIRAL M & B A i
Ty TRCR AN R P, AR AR & & A A
B2 E 2F 1 1R P B I is AR, B IRITRCRANME, AT
BATHRARE UL RBARRFEREAR

Fl Iwaya % & 1 191 4 1L iz 5 #0905 191 LA , 1%
FRC BRSS9 SR PE A AR A 14 1Y
— BT I Ry 285 HAR YT OCHETE T 0k B 4
HRAR B 28 Je LH 20 -1 4l i o AR BE ) AR R G 1Y
FEOPHTE o HAT SRR T B
AR SRR R G, HR AR R B B I AR DG i iE
B, T RE IR PR R AR R T 2F 1Y S A R R G AR
B HYIHTE ST | S B R . ARSI T
IZHCARIGYT B AR R GE R AR R E B F A i R T
R, IR ABIETEI 9 A R AE B (N 1812 I, D P
R B AR E P RE D N R AR IR R IR AR
M E 52 i AR s 2 T AT IR
) B 15 € T A s B R TRV T AR R
V& A A AR IR SR 58 b By 78, B R BAT 52 AR
B RGEMAE R ATh AT DI B A 0 4 B
TR A R 105 ARG | AR A I, R S
e FRARSE K H ARSI G o

X TR ITH EE , DA R A A E IR 2
AR . TAP HABSRIPUR TR =B &t AR

PP R BE I A0 BEED E YA A (R
B o AT TAP O H e 3R
WREAKIEARRIRGY , B =2 WAG T ZH]
THREHEE, PRV, TAP A B T4 % o i
41 fif v 3 5 40 O AT A IR F- 1 (stromal cell-derived
factor-1,SDF-1) 3k /K, 1 SDF-1 RERF SFPESS &ita
P 732 A4 498 AR S 45 -4l 5 1) S T 4a A
BB RUH A A AR 2L, g — 2D AR
JRELUMAE 1Y LE R B AL 2 A B, R A
TEE I FBMRE NEABUERWFEEZ AL R
T TE LG 18] B8 AR SR R AEAS 3 1 A &kl B A
WRAE IR E B4R , TAP A ROH R RS &
GG BT, A RAR AT S UL B SR T R
xM

AW IR TAP R EKIE IR R 2 MTA H 4
B AS  1 KUE , OK PR 2R AT DL SR
S E RN T R B B o N e Yk ]
A R B R U s MTA MDZ B T A B 2 m 8k
BE BRSO A AR i T A b ) AR R | I
W A R SR B A PR I S A R A A
WEFEh, FEER T LLT A7 285k 5o I S 0 0
A, —JR AT BRI LE PR E TR LT sl H
TR Sl A TR B A AR ) IR o 38 e {15 —
S K FH 2E [ 2 B8 R 5 2 (American Association of
Endodontists, AAE) T HEZE R ZEAS H TAP Z Hif, HIKS
P o B M 1) F AR B/ N 98 TAP 5 2 A Jo
B BT BRI AR S IR €5 1y XU o A
A2 S AT LU H] Sk A v s AR R IR ER R Al
H iRoot BP plus , Biodentin %8548 MTA 1] DL K K [
A RAS i R R TERE DB R, A 2 158
KR T AW I AR A B SRR LR
TN 1 BORARERYT S N Y T A e e WL
[

25 L TIR  ARHIF S 8 o AR I Il iz B R AR
SRR E IR T TP B Im RACR , IR 13X —HOR XS
SRS RGN ROCR , TS B A 5O 5 A
WG RGEM AR, iz EEARA Ry —Fif
RORIT TB AR A L T L RERY R S AR AR
FLIAG 55 D7 T YA B0 B ROR, 5 RIS, TAP X TR A
HAE W T 5 TH BRI RCR R EAR 1 2 1Y, A 1z
AR ] TAP XA BEATIH B , S A L 4k 2%
KRB QNG T RAFRY & F, DA 3 28 #2 1Y 4k 22
A, RIS E MARRALA A



42

AR 15 2P 9E 2% (TR 2024 4F 2 A %65 18 455 1 M Chin J Stomatol Res(Electronic Edition ), February 2024, Vol.18, No.1

FlaEmse  PrA RS AR 25 b
EEREAER  EF OREEAR T EdR e SUR S BB Sk
SRR SRR GO AT 05 TR T RSB 4

ENRPY NS S &
Z % X #t
[1] Shabahang S. Treatment options: Apexogenesis and apexification

(3]

(7]

(8]

[9]

[10]

[11]

[12]

[J1. J Endod, 2013, 39 (3 Suppl) : $26-S29. DOI: 10.1016/].
joen.2012.11.046.

Guerrero F, Mendoza A, Ribas D, et al. Apexification: A
systematic review [J]. J Conserv Dent, 2018, 21 (5) : 462-465.
DOI:10.4103/JCD.JCD_96_18.

Iwaya SI, Tkawa M, Kubota M. Revascularization of an immature
permanent tooth with apical periodontitis and sinus tract[J]. Dent
Traumatol, 2001, 17 (4) : 185-187. DOI: 10.1034/j.1600-9657.
2001.017004185.x.

Lenzi R, Hernandez SR, Alves FRF, et al. Regenerative
endodontic therapy for management of an immature permanent
tooth with recurrent post-treatment apical periodontitis: A case
report [J]. J Tnt Soc Prev Community Dent, 2022, 12 (4) : 468 -
473. DOL: 10.4103/jisped JISPCD_71_22.
Mittmann CW, Kostka E, Ballout H, et al. Outcome of
revascularization therapy in traumatized immature incisors [J].
BMC Oral Health, 2020,20(1):207. DOI: 10.1186/512903-020-
01193-5.

Tzanetakis GN, Giannakoulas DG, Papanakou S, et al.
Regenerative endodontic therapy of immature permanent molars
with pulp necrosis: A cases series and a literature review[J]. Eur
Arch Paediatr Dent, 2021, 22 (3) : 515 -525. DOI: 10.1007/
$40368-020-00550-w.

XAAZE ARG A LIS T AR YT AR R A AR AR TRl A 1Y
i R B AG 2 VPR ], H R BE2EBF5T, 2020,36(7) : 630-634.
DOT: 10.13701/j.cnki.kqyxyj.2020.07.006.

SR ICWE DT, 2R . RN IS E AR VAT AR R A o
WRFERY G RWLEE LT ] I R 1 Jks PR 24 2455, 2022,38(11) : 664-
667. DOI: 10.3969/j.issn.1003-1634.2022.11.007.

Bukhari S, Kohli MR, Setzer F, et al. Outcome of revascularization
procedure: A retrospective case series [J]. J Endod, 2016, 42
(12):1752-1759. DOI: 10.1016/j.joen.2016.06.021.

EWE L RTSE, SE R, A =R R AR R AR R Y
RORGIHT[J/OL]. e O s R A2 58 A ks (B0 L 2021, 15
(6):341-347. DOI:10.3877/cma.j.issn.1674-1366.2021.06.003.
Arruda MEF, Neves MAS, Diogenes A, et al. Infection control
in teeth with apical periodontitis using a triple antibiotic solution
or calcium hydroxide with chlorhexidine: A randomized clinical
trial [J]. J Endod, 2018, 44 (10) : 1474-1479. DOI: 10.1016/j.
joen.2018.07.001.

Reynolds K, Johnson JD, Cohenca N. Pulp revascularization of
necrotic bilateral bicuspids using a modified novel technique to
eliminate potential coronal discolouration: A case report[J]. Int

Endod J, 2009,42(1) : 84-92. DOI: 10.1111/j.1365-2591.2008.

[15]

01467 .x.
AR U, X ), AF RIS T RS 5 CBCT 6 A
BORTEIRYTARRRE I 1) 2Bl B AR I Jal o 22 v (K I8 RZBCR AT 5
[J]. RAEAIFSE, 2019,17(16) :38-39. DOI: 10.14033/j.cnki.
¢fmr.2019.16.016.
Namour M, Theys S. Pulp revascularization of immature
permanent teeth: A review of the literature and a proposal of a
new clinical protocol [ J]. Scientific World J, 2014:737503. DOI:
10.1155/2014/737503.
I . IRARALR K& A 58 A2 I AR AR M0 2 S0 2 B 138 FE AR
SRR A E B2 R T, 2018, 12(24) : 70-71. DOL:
10.14164/j.cnki.cn11-5581/r.2018.24.039.
B MR, AR ME AR R )]. I E Y,
2019,39(10) :865-872. DOI: 10.13591/j.cnki.kqyx.2019.10.001.
Prather BT, Ehrlich Y, Spolnik K, et al. Effects of two
combinations of triple antibiotic paste used in endodontic
regeneration on root microhardness and chemical structure of
radicular dentine [J]. J Oral Sci, 2014, 56 (4) :245-251. DOI:
10.2334/josnusd.56.245.
Parhizkar A, Nojehdehian H, Asgary S. Triple antibiotic paste:
Momentous roles and applications in endodontics: A review [J .
Restor Dent Endod, 2018,43(3) : e28. DOI: 10.5395/rde.2018.
43.e28.
Yassen GH, Chu TM, Gallant MA, et al. A novel approach to
evaluate the effect of medicaments used in endodontic
regeneration on root canal surface indentation [J]. Clin Oral
Investig, 2014, 18 (6) : 1569-1575. DOI: 10.1007/s00784-013 -
1125-x.
TR ARG, WIEEAR . FE AR NRAT Az - 1ot BB 40
JEHE A B W RER R () ], RSB AR , 2019, 36
(1):5-7. DOI:10.3760/cma.j.issn.1001-9030.2019.01.002.
A2 BN —IGT A SO TE 2 10032 TR v i R FRICR K
X R AL AN AT A -1 SR [ ] SRR 2, 2022,46
(12):1476-1478. DOI: 10.3969/j.issn.1004-5775.2022.12.020.
Santos LGPD, Chisini LA, Springmann CG, et al. Alternative to
avoid tooth discoloration after regenerative endodontic procedure :
A systematic review [ J]. Braz Dent J, 2018, 29 (5) : 409-418.
DOI:10.1590/0103-6440201802132.
Chan EK, Desmeules M, Cielecki M, et al. Longitudinal cohort
study of regenerative endodontic treatment for immature necrotic
permanent teeth [J]. J Endod, 2017, 43 (3) : 395 -400. DOI:
10.1016/j.joen.2016.10.035.
Chaniotis A. Treatment options for failing regenerative endodontic
procedures: Report of 3 cases[J]. J Endod, 2017,43(9) : 1472~
1478. DOI:10.1016/j.joen.2017.04.015.
Timmerman A, Parashos P. Bleaching of a discolored tooth with
retrieval of remnants after successful regenerative endodontics
[J]. J Endod, 2018, 44 (1) : 93-97. DOI: 10.1016/j.joen.2017.
08.032.

(s H #1:2023-07-11)

(ARS8 F18)



