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Clinical Factors Affecting the Results of Regenerative Endodontic Procedure
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— Abstract

This study retrospectively analyzed the effect of clinical factors on the outcomes of REP(regenerative endodontic
procedure). Patients who received the REP using triple antibiotic paste due to trauma or fracture of dens evaginatus from
February, 2011 to January, 2020 were included in the study. Finally, 57 teeth in 54 patients were selected.

Investigated clinical factors were as follows: intentional bleeding, etiology, and root development stage. Treatment
outcomes evaluated were as follows: improvement of subjective symptoms, changes in the periapical lesion, and the
amounts of root development after REP. To compensate for differences in angulation and position between repeated
radiographic examinations, images were aligned by Turboreg plugin. To evaluate the amounts of root development,
apical diameter, root area, and root length were measured by ImageJ software.

Among the aforementioned factors, intentional bleeding had no significant effect on treatment results. Regarding the
etiology, the increase in the root area and the root length was significantly less in trauma cases than in dens evaginatus
fracture cases. Considering root development stage, more immature teeth presented more increase in the root area.

Key words : Regenerative endodontic procedure, Prognosis, Intentional bleeding, Etiology, Root development stage

I.A &

O 8% YFX|Q X7t D|Arst AL H

ofm

bl
|0
Hu
>
ry
rn
og
0x

£ (apexification)O| A|YE|O{REX| T F=IHH QI X2 HEES 7|0k
g = gl itetdao 1Ml HEo ofs X|2obEe| ¢
0| Z7tsts THEO| UARACHT,2). Ofof CHst CHoto = T
2X| 2 (Regenerative Endodontic Procedure)2| 7i'H0| C{F &
ALCE WU 2= HHE 22| Haste| 7|7AXE 0|2
SN e MotZEs 52 HEOH0 @5 U IS &t
0 XEH X 2EEE 7|HSt= £4/0[CH2]. Hoshino S[3]2
metronidazole, ciprofloxacin, minocyclineS 2ot S a4

=1
7t 22 W Mzs dodts ol 2 YS 25U Iwaya

S[4]3 Banchs®t Troupe[5]= XIZ2E =IO st 0jY=
STK 0 SEHE HESIO 22 AFEEN SHO| 243t
g0 K 2EE0| X|&HE|l= A2 BOFAUCE O|ME Ml 22K
2 349 i R XX FHOM X 2T S0t H|ot
ANE Y2 = UACHME, O B2 Yol X2 HEE 7|0 =
UCH= Z1p7F 20 HE UCH6-9]

0= 22X 2330 M K A|SH= 7to|E2telo= X|2EE
of 7|7+ & M=ZESI0] o= MOl £ S FESHe IHFH0| XL
Of ACH10]. Ol= EEE Sl XIZE FQ E7|M=ZE 22
W2 RYAIZ|L, HHE RE O scaffold2M AHSt=Z
Ste A2 FHOE BICHR) SHX|CH Q=X QI X|2E &Y |
7t AN LHER =FOM X 2du M4 E AAL|=X|0f

Corresponding author : Ki-Taeg Jang

Department of Pediatric Dentistry, School of Dentistry, Seoul National University, 101 Daehak-ro, Jongno-gu, Seoul, 03080, Korea

Tel: +82-2-2072-2682 / Fax: +82-2-744-3599 / E-mail: jangkt@snu.ac.kr

Received June 29, 2021 / Revised August 17, 2021 / Accepted August 12, 2021

XThe authors declare that there is no conflict of interest.



A
nn

., 3.5%
=]

2

=
Ak
xE

pS|
o
FRLCEH o=

0l

3

|
[¢)

2.0 mm & X|EIX]|
-
=

composite resin2 =

Pe|ACHE ot2fel at

o
S
-

=

3

=
ol

b

—

.

cotton pellet@ 2 X|
[e)

X2

S

e

3

HEsiD, o

—
o
o

2o H
=
S

q

X
(=}

af

1 - 4F 0|2 2Xto| Z40[L} K|
2 MTA(mineral trioxide aggregate)Lt TheraCal LC(Bisco Inc,

Schamburg, IL, USA)Z I| 7|

Chet 9o

Zg0| E = X|ot
B 0i[17),

—

A2 L16,8,11-13], X|

a7}
s[1512

A ZF 8AEE

—
[

[

F0f Chan

|
o

ol golo|3t

O 37|74 1.0 mmELCt & WY

tA b 2
7

—

f

JO|CH[14].
i

C

£l

2| EASA Ltericy
248
X268
z

o

[

X

(16]

J Korean Acad Pediatr Dent 48(4) 2021
X

Agt K=

FRACE.

10

r

EHA 2 XY

whatA o

ol o9&

|
7

=

o

=

=

7| SEe 715
PRRO] K= AR Al 2", J&, X[OFHH

3|
—

4

7t
x|

2~ OFK| 1o

]|

=

o

x| apE

22l0] X|2Z1tof 0jX|

o
)

X

q

:I'I'

|.

= Z0|LCt.

Ljo

!

K
N

{0

b

S ufat &

A Xz
XZ2Zol2l 1/2 0|2, 1/2, 2/32F T

F

od
ofr
Ll
nd

b

e 07, X

x|
=

K

ud

rd

8
xl e
st

At

=

=

F

Stef. K|
A 50 o

I.

C
o

|.

FX|4=(periapical index)

|
o
)
C
[

=
E

o
o
=

ot

b

FEAL 1, 2, 300 St
[20]0] A

|

|

=)

A9 7tz
2) A& ZA1te| 7|5
Orstavik

[

Fig. 1. Example of teeth corresponding to root develop-
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Fig. 2. Example of teeth corresponding to periapical index (A) 1, (B) 2, (C) 3, (D) 4, (E) 5 by Orstavik[20].

Fig. 3. (A) Measurement of apical diameter, (B) Measure-
ment of root length, (C) Measurement of radiographic root
area.
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Table 1. Demographic information

O A0 M LtEFRED, XX THE2 10M =270 B &
TR0 BHEEQUCE O =H EY O R = X|05R, €, U0l
XZESEA =t 20| YACE X2 A% O|=FEH Zit
HEAENK] 272+ 171 + 8.67HHO|RACH

X2 M LIEfLb= SATH K| 2EHK| 40| 2T 2 Taple 20| &
A|SHRALE EFEL Al 30| 754%2 7t SotA BHEEdon,
5QEE 298% ET Al 552 281%=2 1 CH2o=2 oA
BEEACE X 2S£ 2 KoF F 5700 M HE L RUACE K|

C

ZCHX| 4= 501 ZHR7} 43.9%2 7HA Bt
2. XNz gate| 24

2ot BEAIFHM Xz, o= 5E X2gsH
Aol wet SHL, X2 R, HSES %QIDIOF Xto|7t o
RACh(Table 3).

Aot 4< 87HE Table 40 R9F8}QIC} X|2 0|0 & EFZl
Al B0|Lt £30| ZHESHO] =74HQ X5 E AldTH 327t 6
WRACH X2 © X257t HERE 57 22 & 2749| X|otol|Af
X2 20e X257t ASERJAD, 2 F 5o = X20]
ATB| At2tE BER K27t dlotA T At

Number of teeth (%)

Etiology Intentional bleeding
Factors Fracture of p value p value Total
Trauma . Yes No
dens evaginatus
Type of teetht
Anterior 21 (100.0) 0 (0.0) 4 (36.4) 17 (37.0) 21
0.000 1.000
Premolar 0 (0.0) 36 (100.0) 7 (63.6) 26 (63.0) 36
Sext
Male 14 (66.7) 19 (52.8) 7 (63.6) 26 (56.5) 33
0407 0.745
Female 7(333) 17 (47.2) 4 (364) 20 (43.5) 24
Aget
<10 20 (95.2) 6.7) 4 (364) 22 (47.8) 26
0.000 0.738
>10 1(4.8) 30 (83.3) 7 (63.6) 24 (52.2) 31
Root development staget®
2 7(333) 6 (16.7) 19.1) 2 (26.1) 13
3 11 (52.4) 21 (58.3) 0.342 7 (63.6) 25 (54.3) 0.544 32
4 3(143) 9 (25.0) 3(273) 9 (19.6) 12
Total 21 36 11 46 57
Follow-up period* (Months) 144 + 50 184 + 104 0437 160+ 67 172 +£94 0.298 171 + 86

1 Fisher's exact test, ¥ : Mann-Whitney's U test

a : classified by Cvek’s method[19]
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Table 2. Baseline information SCHA O M2 X|2AAS Table 59F ZCH QBN =8 olBL
Etiology Total XZ2EEat Fol0/oh 2AZF 2HEEIX| URACE 2ol 32 X
Trauma Fra;\t/:re of dens ) (o) QA mEECH X[ ZHHI X[ZZ0[e] Z7t7t HUCL K 2=
. . ginatus EAI7E S7Fst0 et XI2RY S717t ZAsHect
Pain 'o'n Percussion 12 (57.1) 31 (86.1) 43 (754) X290l U K2t Ciz|er Qo|n|st TA T BEE X|26
Mobility 9 (429 822 7(298) M k|22 > =S| BEM2 A|sHS 4= nl
Pain on Palpation 8381)  8(222) 6 (28.1) o AZ2010f Cfeh ChS 27124 S Adeh 21t= Table 61t
Swelling or abscess 3(14.3) 9 (25.0) 2 (21.1) 2L XX otE=z It 29 2YELH X2 BN X2 0|
Spontaneous pain 0 (0.0) 4(11.1) 4(7.0) O Z7t7t }2l0|SHA HO| LIEFRICH X2 EHA 7L 401 B2
Fistula 5(238) 7(194) 12 (21.1) 201 ZRELE X|2HA X|2Z0|el 7t7F |ol0|5HA MU
External root resorption 5(23.8) 0 (0.0) 5(8.8) C} X|2ErSChA 7} 2 1 X|220|9| =717 So/0|&tA LA
Pe:iap‘“" Index b00  1pn g O ERG SIS FEEE Tble sol Aalst skt
' ] ' K| 2CtZo| ZtA X|ZHE ol =7} K| 2ZU0|Q| Z7+7120% O
2 3(143) 5(13.9) 8 (14.0) N | . 'og | 0' st 0' 'J} S717120% 0|
3 5038 10 (27.8) 15 (263) A LIEHC HI82 78.9%, 57.9%, 29.8%2 LIEFLCHTable 7). Of
4 7 333) 128) 8 (14.0) HE2 X ¢ FFoe |oldjst A7t giien, XQ
5 6(286)  19(528) 25 (43.9) Xl ool E ool dRELE RS &2 XN28Y H
Total 21 36 57 £S LIEFALCE
v. 52 % 0
3. X 2dEe 24
O AF= MUZRAXZE A[HSHL 1270 oS 2HEs
ZMAL LY X EE 2OIHY| 23 FLHABA = (intraclass HLE {422 oLt Sang S[22]0 =M MM X2
correlation coefficient)y= X|2EtE HH|, X|IZ2HA, X|2Z20| 2t S AZEE2 KB Z o/ EEH B EotEs A2 200t
=0{A 0,953, 0.902, 0.9010| ATt 1 SHRICE Chueh S[23]12 MY X2 0|F B 87H&0| 4
It BEAIFHOM X2 2L FE O, N2, X2E AE AEOIM K| Z2EHEAS KR 7F EEACID SHRACH
Table 3. Treatment progress according to various factors
Number of teeth (%)
Resolution of Radiographic Treatment
Factors Total symptoms p value _ periapical healing  p value progress p value
Yes No Yes No Success®  Failure
Intentional bleeding®
Yes 11 10 (909) 1(9.1) 11 (100.0) 0 (0.0) 10909 1(9.1)
1.000 1.000 1.000
No 46 41(89.1) 5(109) 43 (93.5) 39 (84.8) 7(15.2)
Etiologyt
Trauma . 21 19 (90.5) 2 (9.5 1,000 19 (905) 295 0548 17 (81.0) 4 (19.0) 0449
Fracture of dens evaginatus 36 32(889) 4 (11.1) 50972 1(28) 32(889) 4 (111
Root development staget
2 13 1(84.6) 2(154) 2(923) 1(7.7) 0(76.9) 3(23.1)
3 32 28(875) 4(125) 0221 30(938) 2(63) 0400 27 (844) 5(156) 0103
4 12 2 (100.0) 0 (0.0) 2 (100.0) 0(0.0) 2 (100.0) 0(0.0)
Total 57 51 (89.5 6 (10.5) 4(947)  3(53) 9(86.0) 8(14.0)

T Fisher's exact test, # : Linear-by-linear association test

a: Success is defined as cases with resolution of symptoms and radiographic improvement
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Table 4. Data of failed cases

Symptoms & Radiographic signs Periapical index Root development (%)

No Age Root devel Etiolo P P Apical R R
I stage % Pre-Treatment Post-Treatment e ost- fpica oot oot
Treatment Treatment diameter  area length
1 8.06 2 T root resorption root resorption 4 5 0.0°
2 10.19 3 D per, mob, pal per 5 4 100.0 353 243
3 10.40 3 D per, pal per 3 2 476 19.8 54
4 8.90 3 T root resorption root resorption’ 5 3 0.0°
5 10.79 3 D per per 1 2 496 23.6 19.5
6 8.87 2 D per, mob, swelling per 5 2 69.0 130.1 729
7 741 3 T per, mob, pal, swelling sinus tract 5 2 100.0 318 1.7
8 6.95 2 T sinus tract sinus tract 4 2 27.2 -2.3 -8.5
T=Trauma, D=Fracture of Dens evaginatus
a : severe root resorption leading to entire loss of the root
b : Root development measurements of teeth with continued root resorption were counted as zero, not reflecting the amount of resorption
Table 5. Change in the amounts of root development according to various factors
Factors Apical diameter (%) value Root area (%) value Root length (%) value
Mean + SD P Mean + SD P Mean * SD P
Intentional bleeding®
Yes -47.31 + 39.51 22.60 £ 21.70 14.29 + 13.83
0.590 0.322 0.952
No -53.54 + 3393 3391 + 32.07 15.87 + 19.51
Etiologyt
Trauma -47.98 + 41.66 14.81 + 14.87 493 + 855
i 0.406 0.001 0.000
Fracture of dens evaginatus -54.88 + 3043 41.59 + 33.04 21.78 + 19.88
Root development staget
2 -49.82 + 38.81 4190 £ 46.19 19.93 + 29.35
3 -58.34 + 32.80 0.448 35.07 + 24.67 0.039 17.69 + 1437 0.217
4 -39.03 + 3433 11.80 + 1042 519 £ 7.58

T Mann-Whitney's U test, ¥ : Jonckheere-Terpstra test

Table 6. The effects of etiology, intentional bleeding, and root developmental stages on the amounts of root development based on mul-

tiple regression analysis

Dependent variable Independent variable B B p value
(Constant) 27.895
Etiology” 31.579 0.504 0.000

Root area Intentional bleeding® -1462 -0.097 0.384
R3 vs R2° -11.920 -0.165 0.162
R4 vs R2¢ -25.991 -0.350 0.003
(Constant) 10.946
Etiology® 19.400 0.512 0.000
Root length Intentional bleeding” 0.443 0.010 0.934

R3 vs R2¢ -6.086 -0.140 0.251
R4 vs R2¢ -14.330 -0.319 0.009

Multiple regression analysis

B = unstandardized coefficient, B = standardized coefficient

a : trauma was coded as 0, and fracture of dens evaginatus was coded as 1
b : cases with intentional bleeding were coded as 1

¢ :R2, R3, R4 = teeth with developmental stage 2, stage 3, stage 4
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Table 7. Number and ratio of cases with radiographic root developments over 20% threshold

Overall Intentional bleeding Etiology
n (%) Yes No p value Fragf/:geinc;ftjfns Trauma p value
Apical diameter 45 (78.9) 8 (72.7) 37 (80.4) 0.683 33 (91.7) 12 (57.1) 0.005
Root area 33 (57.9) 6 (545 27 (587) 1.000 25 (69.4) 8 (38.1) 0.028
Root length 17 (29.8) 4 (364) 13 (283) 0.717 17 (47.2) 0(00) 0.000
Total 57 11 46 36 21
Fisher's exact test
2t T 22X 2 £ 12708 Ol = XZEHAIRA X2dEe SHE E05IRUCt 0|F 2517 2o 4ol o=Fe =F
A Mg = e AFo= mEbkg 4= QU Z|0f HERS(Hertwig's Epithelial Root Sheath)7t =31, 7|5
HEZ X =20 Ao T BEHQ BX= YX|TH A7t 2 g & Ue JFO2tH, X2 EH0| X|&E = ACts 722
Xz =Xl Zdg Zoldte 40| FRE 0|F1 ULt O M AISEACH
TR 2| DAY= Q=M £ 1-E0| Eehk|of ZEGHOl AN Y2 RKZE 22 Lo FgE =3
ALH[10], Kontakiotis S[24]0 2|5tH 60742 2 & o|=H 2 K| A HOHE ECh= WA SXZ|, K30t O FAreH
=S dErst A7= 12700 SR Aoz FYEO A2M[31,32], & Lo FgE =HO0[ &H|
ol=X FHO| 2HE 7T UXZLE 2 UYE B7IME 2 T E REQIX| ched| o) JAAT ZE|of s QIX| e
£ FYUAZ = Utts 7ot d¥E 9ot 4% X2HXR, = 8ith= "ol X[HE Hp ATH33]. 2Fet K+=mdo| 7ot
N2, E2EE XZ20HE MYd0| 37t8tte s 2T X[off CHol 2|2 Ql o|740] RALH2,13,29,31,32]. S| =ott 2 =2
OlM &S = QUCH25-27]. SHX|TH 22 L2 RYE Z7|M= LHOll Z=Z/0] ZHM |7 ECt=, K| 2T £2/0| THESH K= 8L K|
7t #7212 |RIE0 HNE ZXRAYRO0| ZISt=XE ALH FREICZEH X ZYE0| X&Ekl= AY 7Hsd0| ATt
St= 7= BFI13]. 2= ELE platelet-rich plasma O[2fgt 722 OIS QICHH, K| 2T XX Q| WS |5t
Lt platelet-rich fibrind} Hl w3k Ao A= EOE HE oLt = A0| X 2dEHE I8 2% 247t ECL o2 2H0A
[228], °|=X £¢ |70 e IS A7 Y FF= 3 HERS= A2 EEHO0IM Faot 4L ot A2 AGEAL
BiS}C} [2,6,8,12,13,17,23,28,29,34]. Nazzalt Duggal[13]2 7|7 Mt==t
ot AN oJ=X EH2 SY/NY, XZEHXF, X2 8 B0 LOojLt= HERSS| £40| X|IZ2ETE ZE7tHs ot
Y HOIM Fol0|st FeFS FR| YUACKTable 3, 5). 2A=H = A 2tE= O[R7E E £ ATHD SIRUCE Q=X ¢ WHE2 A
Y2 deiot 42 MEE2 848%2(Table 3), Q=X £82 & DO TR S SMAZ ooz X ZoM EaE 0l
oot 2410 YEES 913 - 93.8%= 213t HEFE M0 Y A QIX[Of Cis ol== HIZIGHE 5= RUCH
Me& Ok 2A LHEFRLCH9,11,28]. A2fL Q=X E=dS Yo7l Ofth AFOIM X|QX| mEO| 2 YEE2 889%= LtEHK
42 X2H3, XAZHH, X[Z2Z0|7t 20% 0|4 #Hts= H|& OH(Table 3), Lin S[8]1t Jeong S[17]2 97.9%, 93%2| d&&
2 80.4%, 58.7%, 28.3% % 1. O|= MEFSHS WO 72.7%, 54.5%, 2 210 Hp QIO X 24F HOME X|2Es, X2HEY, X2
364%2% A2 F2l0/%k XtO|7t LU= HO| M (Table 7), ZO[7t 20%0| e HotSt= HIE0| 91.7%, 69.4%, 47.2%% LtEf
oled =g d3H0 M2 eX g U= 2UCE CHES} StCh(Table 7). X|QIX| mE| AL MUZ X 22| Y20t 02
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