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[ Abstract] Vertical root fracture is a type of longitudinal crack originating from the roots of teeth that can occur in vi-

El

tal teeth and teeth after root canal treatment. It is a hard tissue disease of teeth with a complex etiology and poor progno-
sis. The vertical root fracture that occurs in teeth after pulp treatment is called secondary vertical root fracture (SVRF).
A comprehensive judgment should be made based on clinical signs such as pain, swelling, tooth looseness, sinus located
near the gum edge, and deep and narrow isolated periodontal pockets, as well as apical films such as periodontal mem-
brane widening, vertical and root bone loss, and “halo” or “J” shaped transmission shadows around the root. For teeth
suspected of longitudinal root fractures, three-dimensional imaging such as cone beam computed tomography (CBCT)
should be used to assist in the diagnosis. If CBCT shows a defect in the buccal or lingual bone plate, it can increase the
possibility of diagnosing SVRF. The setting of CBCT parameters should be optimized by using small field CBCT, en-
hancing dye-assisted applications, and metal artifact reduction (MAR) tools to reduce the impact of artifacts and improve
the accuracy of CBCT diagnosis of SVRF. Magnetic resonance imaging (MRI), digital subtraction radiography (DSR), op-
tical coherence tomography (OCT), and other imaging techniques can detect cracks of different widths, and artificial in-

telligence (AI) diagnostic technology and predictive models provide further auxiliary means for SVRF diagnosis. SVRF
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cannot be determined through noninvasive methods, and the final diagnostic method is to detect the presence of SVRF

through direct observation within the root canal and during flap surgery.
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FRYPBLE AL LT FAZMEN T, kK E
TAMRBEAT T KAl i AR 2 1) 5 J5 /Y 2 1) 4
8, Al a3 S kAR T EEOE Y R R AR YL (pri-
mary vertical root fracture , PVRF ) F kA T A A
I7 5 4t i 4k 1 A iYL %L (secondary vertical root
fracture, SVRF)""' o BF5E 3R B, 76 BT A7 4 B 19 AR 457
HI7 A hH, 3%~25% W B A A E A MY, H
BE A 2F 8836 97 5 I ) Y A 4G, R A R 8 i T
{4, AR SO SVRF AH G Y 12 W W 58 i e ik 47 25
i, DB IR RS 2%

1 SVRFHIEERFTH

SVRF 19 5112 Wy SC B 7E T 45 & /8 3 i eIk
T A e PRl R RN A A0 DA R DR A A i B o
JA A4S AR 2N K |58 T B R A B SRR H
X il PR I H 5 AR AR IT R B RIE RS
TR i M 2 R AR, 5 02 W TR M
1.1 Rk FEayF A%

F R A AE TR B A8 (W IR S PR 2F JH 48 2
SVRF B WAKTE , 64% ~ 93% F4 SVRF Yk f5i] o a] 45
A B IF JE A8 (B R ) SVRF £ A 5 805 BRI
FREE, 5T Z WA TR A AR TP
1) 2 J&] B S4B 4 R A7 A6 SVRF S 8000 28 1B IR
1.2 A

SVRF (35 H P A AN 3 s 12, I IR
o A i) B2 A TE MR A5 AN IE ), Bouim 3048 BN 38 Al
RE S KA AE  (H ™ B A X 2 0L . Yamaguchi
S0 I I N B B A7 AR o SR MR PR AR AR A 48
A EZE R, I, SRR R 58 R
HP R E WS R AN A, B B BT AR A IR T
J& MH I ANIE | P BB 2 A7 FE SVRF
13 AL IkAEiHE

See ZEIfF 58 F W 14% ~ 64.9% 1Y SVRF Jii il
FETESEIE o B A A 55 38 /R 355 ) A7 B T2 M,

IR 5 AR AT DU B B AR R A
16, A WFFE I, SVRF AH 5 A4 52 18 v B30 58 T
R 2, AR AL R X005 T AR AR A R T R Y ik 19
o SETE A TR IX 2 3k 0 S5 1 47 B X
TELLF B ) SVRF A 2 S % M,

SR, BRI Bl 2 0 3 — 0 5 ) A o B,
HEAE A TR A A% 1 ST M 2 TR A8 A7 AR 1 1
. Kasahara 55" & B B 8% SVRF A5G 1) 52 B 1] &
PR IR S (P SR T H B e R E D
PRI, 5% 38 6 B 6 12 B A7 AE TR T Bk 28 2F Tl 4% 1Y
SVRF £ — & I IR & S, B X F %A X — R R 1
SVRF, A5 20 2 73 Hr U2 .

1.4 Rk % TR KA EE M HFH

WAEWGIT e % P SE 3 | I H A7 78 IR 1 Bk
R IUE VAR i 2 ) = = Y o e o
PEV IO RN SR, A E R IF AR A AE T
Y SVRE G 0] b o A #F s KA E2 Bl
SVREF (195 1l b, B 43.8% 19955 191 77 76 31X ol i I
SEAREZH A, Tamse 55 B 58 25 S 5 7R X Pl PR S AR
F A 23.9% o

2 SVRFHIEGZEKRE
2.1 HRRA

FEA B X AR B 2 B2 12 Wi SVRF Y £ 2
W, IR A YPTE I3 B L 5%, RO ARG
SRR T B A A i, IR 0T U] AT 9 S AR vl A O
SER YT W H & A R A7 5 mT 3 LA A 1 DIOE B2
W, FE R 2 H 2R (K 1a) , RPRIEE
WE b s, B7E AR I e B3R 17 i It 9]
oo — MR, 2 B ARR RS AR SRR RN AE
B ARS8 A A 30 68 7 114 58 T8 A7 I
J& SVRF (1) BL AR i 2% 107

SVRF 7Es 44 1 1 2 B & 5 MR 97 28 ek,
KR A FAAL, R S W R 5 X 2o A B 2
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a: the white circle shows the shadow on the root side in the X-ray
image; b: extracted tooth shows obvious cracks after staining
Figure 1 ~ Secondary vertical root fracture in the mandible

right second premolar

1 AR5 TR Ak R I AR

A 4T, A AT REEAR AR R Bl WL A AT
WEoE R, RPN RLR S < 0.2 mm IR 1], AR A
LW ARG RL Y VR PR S R, 0P BE A
FE SVRF HARIR i S s AN B, I 22 ff B 48 AR
I mR IBOH: A A7 B 4G A
22 4B RCT

5 [ 2F 6~ P 2 0 S ] 10 0T AR 2 2 R
A Y e 36 A I, FE AR R A A RN
()18 G, AT 8 B HE 2 3 CT (cone-beam computed
tomography , CBCT) # 47 A i A AG I e' . LR
i AH FG, CBCT AT D2 4k = 4 525 52 B0 11 93 i) AR
Ir 2 1y H AR AL 8 F R A R X0 TR S W
SVRF J5 T HAT @ Z L H (K 2) .

The yellow arrows show the vertical root fracture in the CBCT
image, which is shown as linear shadows on the root and shad-
ows around the root, and is accompanied by significant bone de-
struction on the buccal and lingual sides

Figure 2 Secondary vertical root fracture in the

maxillary right second molar

2 AR TR AR

AR CBCT 7E12 W1 SVRF I H AL i AR 2 R T i
W EAN A L, AR N CBCT SR 4R 1
W BEAR L, Lk = 5 S e PR i R B8 A= 1A
%€ SVRF ], i 5 O REB 2L TR A Y38, JF B A
161 CBCT 4b U7 , 4 e 12 Wi il e
23 BEEHREE

¥ ik 3L & A 1% (magnetic resonance imaging,
MRI) J2& | FH A% i 241 Ji 381, 3 o 4 T 4 S5 P A
[Fi] A58 Hh 1Y B B R 2 1 S N IR A A TR .
TREG A AT T 2 558K, HAE MRI o]
RIHFH M ESEME S . MRIZEIZ W 28007 ik
T CBCT, K 9 B AN 52 A B4R i, 6 FE RS &
TJoHL B RS . BFST 2 B0 MRIBE RS I 21 Y f5e /N 7 AR
YL TERE R 26 ~ 64 pm'™, JF 5 CBCT 7E 12 Wi F #
INZLT7 TH ) BB AR S AR 2 AR MRIAE
1 f il PR 02 H o i A T 2 20 B B, 4B H R A9 BT 5T
R MRIA B AR RZ W SVRF Y 2T B,
24 HFRHAAFHAR

BT 952 $ R (digital subtraction radiography ,
DSR ) 2 —Ff F 3158 ML AL B R | 38 52 %) B P 5k
[F) — DX 3 X2 Py I il 25 AH (] 38 23, DT 58 I s
PR SR 2 18] 22 5 1Y R FOR o DSR BE % 4 TH A6
W 3% 2 X 2 Fr b i s A i Be 0, SR AR 7 12
W B0/ I figp ) 235 ) 728 AR BB . Quieiroz 5512 ) 4
A S 5 SVRE B AR B A 8 AR 28 F )5 i 1]
Regeemy F A #EATHUF 0% A RPN RAEBIG bR
o LR X, 45 2R 3 W] DSR J2& — F n] iz
FHE5E SVRF 12 Wi 19 A 54 T2, 5 Mikrogeorgis 551
WFFE 45 RAALT o Kapralos 2582V ] EIKONA #0{F Lt
BT DSR MRS 7212 B SVRF A S50 R s S
P, 25 SRR W] DSR 7 A6 U B AR A 24 14 SVRF Jr T 5
INAER , T BERUN B8 B2 13~194 wm (1 SVRF BT
BRI X R 2 Bk, DSR & —Ffnf
SE 1 SVRF 46 B2 Wi 05 v, HUAS F R 5 51 4
ko 1B X 4 A BE (SVRF 5 B FIAR 48 35 55 ) 41 ] fig
5 H 12 W MR AR L AT 2 B 2 I K BIF 5T Ok JIE S
DSR & SVRF i2 Wi b #)A 2tk
2.5 REFAMTUEAR

27 A0 1 W J2 1 # (optical coherence tomogra-
phy, OCT) J& — FP RO 20 73 B R 1) UR FOAR , B A
FRAR AR 't ok 4K BUAE 4 280 sl At 80 A o 7y —
e =4eEE . HETCAE N —Fh IR S AR A
PEREAR I 46 0 T H R Sz =, AR
1) 2022 5 W) HATT 58 5 18 OCT R 1 ix 26 2L 4
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BUVF 2 R B 408 1Y i Se 2k, B S8 Y AL 800 T RE
WIR WA B SE L Z M IS X . Shemes 452 i
OCT WA IF PFAl 28 M B4, TE AN R 2% 1 R 12 W F
R IFH] T 93% 1) RFJE . X LW OCT £ F
MR ZLL W 05 T HE WA AL, = — A AR R
APERUR AR . BRRSFHESE R, OCT 7£12 Wi
SVRF rh HA i e i 1 (98.3%) o Bl , i PR 20
K H B FE L HEAEOEE I &R S8 (swept source
optical coherence tomography, SS-OCT) 3 7 i #b 12
Wi T N AL AR 2 OCT B AR L% 4 T
BT 7 BER A0, A BTz 0TI IR AR

3 RS CBCTi2HT SVRF 158 E B R B&

CBCT Xf SVRF iz Wr & # T EHEZI/EH , 2 B
A6 R I2 Wi SVRF %88 F 15215 24 F- Bt {1 CBCT
2 W1 SVRF 32 4 AR R 2 K P 52 46 TR 1952 0 1] fig
SEORZ AN, I 25 E A 1642 = CBCT %)
SVRF 2 B B A P 7 AT T IR AR .

3.1 & A ALE CBCT# B SVRF

CBCT EME ) 1 1 52 8 2 5 R R 2R B 2, 4n
RFE R/ I RN A H R RGBS 1
B ) Uysal 50081 T CBCT R 2 R F X AR
BT I T 05 2 AR LRG0 14 5 ), 445 SR R /N
PLEF Y CBCT HERA B B =y, IF HLRLBF R /)N, B 2
2 1) 5 S R R N o PR /N LR CBCT S 2 W
SVRF AL e 5 .

3.2 ¥R AT 8w A 3 3 CBCT ¥4 B 49 & # 14

75 W AR R AN EEF R b, B R e 890
B SR YT . CBCT XF SVRF B2 W &2 2 A & |
BT B 28 143 il ) 245 4 55 DRV 3R s ), A A 9 R IR 25
Ayl n] $2 m HO2 Wi vE R . Alamri 55538 i K
AN 5 A — o 0 A ek B PP 3 ekl B G
SR A il H 5 8 T A 4 i, SR S A4 CBCT,
PEAL AT SVRE YRR 7, 45 5 7R 3 o L B RE 05 2
7 2 S FAR 24, HOmT LUAR &5 CBCT A& SVRF 1
HER M H X — 5 2 Bl = X% 0 R H 3 i g k)
AR PE I SE o
33 4 B4h %R i T A (metal artifact reduction,
MAR ) & 'V 44 % 2 CBCT # %7 SVRF 9 % %

MR A 3R 97 Tl T 0% AR A DA R0 R 2 L A
B4 &AL AR oA A4 45 14 AT J: 3 CBCT
8 = AR, N2 I CBCT X SVRF 12 B 19
REE FESEEAMERR Y SRR TR
(metal artifact reduction, MAR ) A] DL 38 1+ & 1% K14

R 75 S R T % Ll BE - M 7S L ok i R T
HWF5E LB, MAR T B gy > il F b R Oy
R 5| Y A G 2L B | £ 55 12 B SVRF 4 5
PR, R FEAEAE &R AT | 4 e LY i A 1A
SE R e PR 2R, iUl ] MAR ULE A2 T

U 43 BF 98 32 3 MAR T B 7] L2 7 SVRF
B2 Wi e PE (B W AF7E 41 . Fontenele %51 fiff
7% & B MAR KT 4 B fIK CBCT BME i &, H G F
MAR H i 457 PN 5 B4R 2 24 1% A 801 ik s
AR A REE— 2 BT MAR g8 H Al 15 b
FRAR A Lk /D 42 T8 O 52 X%F SVRE 12 T 1 5 1), 12 75
WA

4 AIEHEZFIZHISVRF

LI 3 FH A 28 I’ 45 (convolutional neural network ,
CNN) D e fik B BR B 5 ) R G0 N TR E (artificial
intelligence , AD) F AR — 47, HAT, BB
PR T 252 TV 22 M 4 2R T B
1328, 0T 2 MY RS W 10 T B8 27 T IO 26 5 1k
45 4 #5 ANNs , PNNs, CNNs™ , H: oo V% B 5% 22 o) %
ResNet50,.VGG19 K DensenNet169 1 Ji [ 45 i 7l 5
PEHIT CNN B 43 264155 o WF5E 25 CNN FERG I R
ZMEIRIT N ER A YRR BRI 5 1)
SVRF H i PR e

5 FAEES # SVRF

CBCT B4R 7F SVRF iz Wi A7) 3z i H , 9F
B A It — S AL R AR I i TC ik i N ) P AR 2L,
B F CBCT 27 SVRF 2% TR E E YR L 17
TE, — S Y L 5 i K78 Joik 38 13 CBCT & B,
Cao S5V A0 KT T 95 48 WL A IR AR BB IT 5
Tk, 10 5% o R K CBCT 28, dt vy 17— & 1
55 F DA A AR R T e A U RO R e R I
WYL ZBFFEXT 4 3 CBCT 1§ bk ¥E 47 20 Hr FDE
A3, 5050 R B 4 (bone loss, BL) 3 MR 4R 38 78
(apical extent of root filling, AR ) ; 4 MR 56 75 1/3 AL AR
BRI R K ER S AR EHAE E (the ratio of root fill-
ing diameter to the actual diameter, TA) ; R 1/3
AR TR K AR5 TR AR H(213TA) o8&
5, ¥ 5 A7 (AR BL AR L 1/3TA Fl 2/3TA) %
FH . J6 2% Logistic [n] 45 AU i — 2543 7, #E BL.
AR T 2/3TA 94 A 05 72, fii 1% % 101 3 2 80T 5B
SVRF #ER MM . p = 1/(1-e—x) , Hif e fUF B
IR B R, A2 M 2.718 28,x = —7.433 +1.977
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BL+1.479 (2/3TA) +1.102 AR, %A B AE 5 — 2
SR AR S R B R S TR 32 W o A
AR ZME AT AE— o R PR (B g4l T — 2
A CBCT 54T A AR 412 W 1) 3 JE 3%

6 TFIMLIZH SVRF
6.1 T B A% 455 B SVRF

F RN g —ME HT AR RAET ARG
MR A, 8 R B A T SR AR A
Bl F SRS 4t b UL B 2F ARG 0 o FR T A AR L S 191
AR A MR B F JE A%, A W58 R 28 J8 o8 0
AT ARG RIS W, ROCR B ar , His Wi 4
5 CBCT A1 — 5, HoAZ R4 sy ket & &2 1k
G RN B TR KRR A T i — 25 DAk
FLAE AR ZI2 Wr b i RS M R 1
6.2 A% W AALT 4 B SVRF

M T 1R 2 A i F1AR 22 J8 95 0 A7 7 TH 1B SR AR
A REAEFEAE AR G 24 a4k R T P AR L
S5 ] B, G0 2RI PR A A FAR 28 AN Al H L 2 18
5 AR LS W, 75 B2 22 BR 1B A& B2 1R LA e 12 W5 .
Abbott S WF 5 & B, FEHEAT A B IR YT T 2 bR R A
SEARTT DL B & B BRORE ) 24 4E | BE e TC IR T
R, 76 2B o 3088 A5 TR I #8 I Bl B 2 R
A8 S A RIAR 45 3 8 4 LA Bl T SRS 1 b 12 W F
R 2\ 24 55 () T,
6.3 #F R AAMT 4 W SVRF

KRG BT 25005 0] F T2 W0 SVRF, [Hid
fif = 4 T B 5 SR PP Al 3K 6 5 3k 1) T 1 S L2
Griz X SVRF 2 Wr i 8508 o I I, 7 74 %€ SVRF
FEAEAR TG 1 30 2o AL R B2 B, i AT B R
F-AR DL SE B B 2 FUME R 012 W7, DO 85 Bl I R B2
A=A IE B AR I PR TR . Walton 28181430 T 42 4]
SVRF 1 7 th , B4R A W R T A5 SVRF MR 3 £7
TEFTI5 A 2 P AL 200 1 Bt . Maddalone 283 #F
T 944 Tt RIRRF R ERIT R T, LA
68 i A Vi 12 R A PR, P ERR R TR #E
B 36 B T AR, Rt , B S BT WAL
A AL IEAY 32 W SVRF 1 5 LWL A8 2 1 5 ¥k .
SR, X6 T A7 A 5 M/ 1 0 10 s A /I () S AR L
AT REATIME LUBA o, 0 E T O — 20 AR AR V) B ) i
b G £ A B BB R B E

7 SVRF HIEFF
J& M SVRE 1) 28 3[R 12 KT TR ME | T R 2% 2

FRAEVEA 3R, & B 22 &t B B M e Ji] R
E IR 9T MEBE B K . Okaguchi %5 ifF 58 & BR, £ ]
4-META/MMA-TBB ## i i £ 2 80 45 5 5 0] FHAH
(7 B AT IR YT AT LURAS R AP A I R ZCR o Karu-
maran %57 F = AL ¥ #E AR (mineral trioxide
aggregate , MTA) /5y SEHUR BHG 7 & 42 F IR YR
M EIF, ik TR BT , Ko AR A RS R
13 UARAE . Zhong % BF 5T fd I &2 5 W AR 45 &
B A A= W B % A4 L (3 Root BP plus) , 18 i3 72 1] P42
1 2R YT & A SVRF BB AF 1A JR BT, JE2F
JATRIZ FISEAR S M A A TR, X oy St 1 &2
B AR IS X8 B A5 YR 5 R A i Root BP plus R 4 1Y
AR S SVRE IR YT B AL 108 i JEL i

8 N4

SVRF File R 22 BLFIAE IR # 5 AR IR YT IS JAE
R A A PR IR PEAR OS] 48 S5 AR AR, T
HZBIRAE NSS4 2818 SR 2 7 A 14 D 5
SRS R, AN REME T M R AT AR IR T R A P AR
PHRZW, FEEIRALE WL E . H T, &
BT HOR M7 L RE B & SVRE 12 T 1Y HERA 5, (BLAT)
A —E W R BRAE MRS P LA B TR B2
Hi & Wiz FB .
[ Author contributions] Xu HM collected the references, drafted the
article, revised the article. Qi B collected the references, revised the ar-
ticle. Lu ZS conceptualized the article, guided and critically reviewed

the article structures. All authors read and approved thefinal manuscript

as submitted.

S % 3Tk
(1] bk, Emesls. AR M1 3R Jbat: JentRez Rl

Jiit:, 2022.
Yue L, Wang XY. Cariology, endodontology and operative den-
tistry [M]. 3rd ed. Beijing: Peking University Medical Press, 2022.

2] See WK, Ho JC, Huang CF, et al. The association between clinical
diagnostic factors and the prevalence of vertical root fracture in
endodontic surgery [J]. J] Formos Med Assoc, 2019, 118(3): 713-
720. doi: 10.1016/j.jfma.2018.08.022.

[3] Garcia-Guerrero C, Mendoza-Beltran W, Roldan-Roldan M, et al.
Vertical root fractures: a time-dependent clinical condition. A case
-control study in two Colombian populations [J]. J Clin Exp Dent,
2021, 13(11): e1104-e1111. doi: 10.4317/jced.58701.

[4]  Chen S, Arola D, Ricucci D, et al. Biomechanical perspectives on
dentine cracks and fractures: implications in their clinical manage-
ment [J]. J Dent, 2023, 130: 104424. doi: 10.1016/]. jdent. 2023.
104424.

[5]  Tsesis I, Rosen E, Tamse A, et al. Diagnosis of vertical root frac-



b

AiEgmBiia 2024588 H32% £3H
Journal of Prevention and Treatment for Stomatological Diseases, Aug. 2024, Vol.32 No.8 https://www.kqjbfz.com - 651 -

6]

[11]

[12]

[13]

[14]

[15]

(18]

tures in endodontically treated teeth based on clinical and radio-
graphic indices: a systematic review [J]. J Endod, 2010, 36(9):
1455-1458. doi: 10.1016/].joen.2010.05.003.

Liao WC, Chen CH, Pan YH, et al. Vertical root fracture in non-
endodontically and endodontically treated teeth: current under-
standing and future challenge [J]. J Pers Med, 2021, 11(12): 1375.
doi: 10.3390/jpm11121375.

Liao WC, Tsai YL, Wang CY, et al. Clinical and radiographic
characteristics of vertical root fractures in endodontically and non-
endodontically treated teeth [J]. J Endod, 2017, 43(5): 687 -693.
doi: 10.1016/j.joen.2016.12.009.

Walton RE. Vertical root fracture: factors related to identification
[JI. J Am Dent Assoc, 2017, 148(2): 100-105. doi: 10.1016/j.adaj.
2016.11.014.

Yamaguchi M, Noiri Y, Itoh Y, et al. Factors that cause endodon-
tic failures in general practices in Japan [J]. BMC Oral Health,
2018, 18(1): 70. doi: 10.1186/512903-018-0530-6.

PradeepKumar AR, Shemesh H, Jothilatha S, et al. Diagnosis of
vertical root fractures in restored endodontically treated teeth: a
time - dependent retrospective cohort study [J]. J Endod, 2016, 42
(8): 1175-1180. doi: 10.1016/j.joen.2016.04.012.

Kasahara Y, Iino Y, Ebihara A, et al. Differences in the corono-
apical location of sinus tracts and buccal cortical bone defects be-
tween vertically root-fractured and non-root-fractured teeth based
on periradicular microsurgery [J]. J Oral Sci, 2020, 62(3): 327 -
330. doi: 10.2334/josnusd.19-0328.

Patel S, Bhuva B, Bose R. Present status and future directions: ver-
tical root fractures in root filled teeth [J]. Int Endod J, 2022, 55
(Suppl 3): 804-826. doi: 10.1111/iej.13737.

Karygianni L, Krengel M, Winter M, et al. Comparative assess-
ment of the incidence of vertical root fractures between conven-
tional versus surgical endodontic retreatment [J]. Clin Oral Inves-
tig, 2014, 18(8): 2015-2021. doi: 10.1007/s00784-013-1182-1.
Tamse A, Fuss Z, Lustig J, et al. An evaluation of endodontically
treated vertically fractured teeth [J]. J Endod, 1999, 25(7): 506 -
508. doi: 10.1016/s0099-2399(99)80292-1.

Leite De Lima K, Silva LR, Andrade Mota Neto M, et al. Impact of
fracture line width on radiographic diagnosis of vertical root frac-
tures: analysis of the generalised estimating equation model [J].
Chin J Dent Res, 2022, 25(3): 197 - 204. doi: 10.3290/j. ¢jdr.
h3317977.

Special Committee to Revise the Joint AAE/AAOMR Position
Statement on use of CBCT in Endodontics. AAE and AAOMR
joint position statement: use of cone beam computed tomography
in endodontics 2015 update [J]. Oral Surg Oral Med Oral Pathol
Oral Radiol, 2015, 120(4): 508-512. doi: 10.1016/j.0000.2015.07.
033.

Alaugaily I, Azim AA. CBCT patterns of bone loss and clinical
predictors for the diagnosis of cracked teeth and teeth with vertical
root fracture [J]. ] Endod, 2022, 48(9): 1100-1106. doi: 10.1016/.
joen.2022.06.004.

Al Hadi D, Parekh S, Naeem W, et al. Detection of vertical root

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

fractures using three different imaging modalities: an in vitro study
[J1I. J Contemp Dent Pract, 2020, 21(5): 549-553.

Dias DR, Iwaki LCV, de Oliveira ACA, et al. Accuracy of high-
resolution small-volume cone-beam computed tomography in the
diagnosis of vertical root fracture: an in vivo analysis [J]. J Endod,
2020, 46(8): 1059-1066. doi: 10.1016/j.joen.2020.04.015.
Groenke BR, Idiyatullin D, Gaalaas L, et al. Minimal detectable
width of tooth fractures using magnetic resonance imaging and
method to measure [J]. ] Endod, 2022, 48(11): 1414-1420.e1. doi:
10.1016/j.joen.2022.08.011.

Groenke BR, Idiyatullin D, Gaalaas L, et al. Sensitivity and speci-
ficity of MRI versus CBCT to detect vertical root fractures using
MicroCT as a reference standard [J]. J Endod, 2023, 49(6): 703 -
709. doi: 10.1016/j.joen.2023.03.011.

Queiroz PM, Nascimento HA, da Paz TD, et al. Accuracy of digital
subtraction radiography in the detection of vertical root fractures
[JI. J Endod, 2016, 42(6): 896-899. doi: 10.1016/].joen.2016.03.
003.

Mikrogeorgis G, Eirinaki E, Kapralos V, et al. Diagnosis of verti-
cal root fractures in endodontically treated teeth utilising Digital
Subtraction Radiography: a case series report [J]. Aust Endod J,
2018, 44(3): 286-291. doi: 10.1111/aej.12240.

Kapralos V, Koutroulis A, Irinakis E, et al. Digital subtraction ra-
diography in detection of vertical root fractures: accuracy evalua-
tion for root canal filling, fracture orientation and width variables.
An ex-vivo study [J]. Clin Oral Investig, 2020, 24(10): 3671-3681.
doi: 10.1007/s00784-020-03245-0.

Borges MMB, Dijkstra RJB, de Andrade FB, et al. The response of
dual - species bacterial biofilm to 2% and 5% NaOCl mixed with
etidronic acid: a laboratory real-time evaluation using optical co-
herence tomography [J]. Int Endod J, 2022, 55(7): 758-771. doi:
10.1111/iej.13754.

Shemesh H, van Soest G, Wu MK, et al. Diagnosis of vertical root
fractures with optical coherence tomography [J]. J Endod, 2008, 34
(6): 739-742. doi: 10.1016/j.joen.2008.03.013.

WhJe, B SO, DI, A5 OB AR T2 M BORIZ W
RYSEGAIEST (1] b a0 R 7 AR (B2 R), 2018, 50(3): 547-552.
doi: 10.3969/j.issn.1671-167X.2018.03.026.

Chen C, Zhang WX, Qi LY, et al. Detection of root cracks after
root canal preparation using rotary NiTi systems by optical coher-
ence tomography (OCT) scan [J]. ] Peking Univ Health Sci, 2018,
50(3): 547-552. doi: 10.3969/.issn.1671-167X.2018.03.026.

B IR, WRIR, 22K G5 L FIBIDLEAR T2 SR AT N BT R
RO HE ST N AR B2 Wi 1 (D). I R (B2 2
), 2019, 51(4): 753-757. doi: 10.19723/.issn.1671-167X.2019.0
4.028.

Qi LY, Chen C, Jiang L, et al. Construction of swept source optical
coherence tomography imaging system for root canal endoscopy
and application in diagnosis of root fractures [J]. J Peking Univ
Health Sci, 2019, 51(4): 753 -757. doi: 10.19723/j. issn. 1671 -
167X.2019.04.028.

de Lima KL, Silva LR, de Paiva Prado TB, et al. Influence of the



+ 652 -

b

O &mBAE 2024 8H H$32% F8H

Journal of Prevention and Treatment for Stomatological Diseases, Aug. 2024, Vol.32 No.8 hittps://www.kqjbfz.com

(32]

[34]

[35]

[37]

[40]

technical parameters of CBCT image acquisition on vertical root
fracture diagnosis: a systematic review and meta-analysis [J]. Clin
Oral Investig, 2023, 27(2): 433 -474. doi: 10.1007/500784 - 022 -
04797-z.

Uysal S, Akcicek G, Yalcin ED, et al. The influence of voxel size
and artifact reduction on the detection of vertical root fracture in
endodontically treated teeth [J]. Acta Odontol Scand, 2021, 79(5):
354-358. doi: 10.1080/00016357.2020.1859611.

Alamri HM, Altamimi A, Mirza MB, et al. Detecting vertical root
fractures using modified methylene blue dye: a preliminary in vitro
study [J]. Healthcare (Basel), 2023, 11(4): 504. doi: 10.3390/
healthcare11040504.

RNl T S SR CT ZEAR ST 2 I v (8 BT[], Ik 9 05
Bjj ifr, 2023, 31(10): 685-691. doi: 10.12016/j. issn. 2096 - 1456.
2023.10.001.

LI Gang. Application of cone beam computed tomography in the
diagnosis of root fractures[J]. J Prev Treat Stomatol Dis, 2023, 31
(10): 685-691. doi: 10.12016/j.issn.2096-1456.2023.10.001.

Lagos de Melo LP, Queiroz PM, Moreira-Souza L, et al. Influence
of CBCT parameters on image quality and the diagnosis of vertical
root fractures in teeth with metallic posts: an ex vivo study [J]. Re-
stor Dent Endod, 2023, 48(2): e16. doi: 10.5395/rde.2023.48.e16.
Freitas DQ, Vasconcelos TV, Noujeim M. Diagnosis of vertical
root fracture in teeth close and distant to implant: an in vitro study
to assess the influence of artifacts produced in cone beam com-
puted tomography [J]. Clin Oral Investig, 2019, 23(3): 1263-1270.
doi: 10.1007/s00784-018-2558-z.

Dalili Kajan Z, Taramsari M, Khosravi Fard N, et al. The efficacy
of metal artifact reduction mode in cone-beam computed tomogra-
phy images on diagnostic accuracy of root fractures in teeth with
intracanal posts [J]. Iran Endod J, 2018, 13(1): 47 - 53. doi:
10.22037/iej.v13i1.17352.

Fontenele RC, Machado AH, de Oliveira Reis L, et al. Influence of
metal artefact reduction tool on the detection of vertical root frac-
tures involving teeth with intracanal materials in cone beam com-
puted tomography images: a systematic review and meta-analysis
[JI. Int Endod J, 2021, 54(10): 1769-1781. doi: 10.1111/iej.13569.
Khanagar SB, Alfadley A, Alfouzan K, et al. Developments and
performance of artificial intelligence models designed for applica-
tion in endodontics: a systematic review [J]. Diagnostics (Basel),
2023, 13(3): 414. doi: 10.3390/diagnostics13030414.

Yang P, Guo X, Mu C, et al. Detection of vertical root fractures by
cone-beam computed tomography based on deep learning [J]. Den-
tomaxillofac  Radiol, 2023, 52(3): 20220345. doi: 10.1259/
dmfr.20220345.

Fukuda M, Inamoto K, Shibata N, et al. Evaluation of an artificial
intelligence system for detecting vertical root fracture on pan-
oramic radiography [J]. Oral Radiol, 2020, 36(4): 337 -343. doi:
10.1007/s11282-019-00409-x.

Zhang L, Wang T, Cao Y, et al. In vivo detection of subtle vertical

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

root fracture in endodontically treated teeth by cone-beam com-
puted tomography [J]. J Endod, 2019, 45(7): 856 - 862. doi:
10.1016/j.joen.2019.03.006.
Cao D, Zhang P, Gao A, et al. Development of a predictive model
for identifying previously undetected vertical root fractures [J].
Aust Endod J, 2023, 49(2): 302-310. doi: 10.1111/aej.12667.
DY, A, SNSRI EIR S HIE A CT T A R
LS EERIEE (1], A9 R, 2022, 15(3): 320-
324. doi: 10.19538/j.kq.2022.03.014.
He ZF, Li Y, Li X], et al. Comparison of periodontal endoscope
and cone beam CT in the diagnosis of vertical root fracture [J].
Chin J Pract Stomatol, 2022, 15(3): 320-324. doi: 10.19538/j.kq.
2022.03.014.
Abbott PV. Assessing restored teeth with pulp and periapical dis-
eases for the presence of cracks, caries and marginal breakdown
[JI. Aust Dent J, 2004, 49(1): 33-39;quiz45. doi: 10.1111/j.1834-
7819.2004.th00047 .x.
Maddalone M, Gagliani M, Citterio CL, et al. Prevalence of verti-
cal root fractures in teeth planned for apical surgery. A retrospec-
tive cohort study [J]. Int Endod J, 2018, 51(9): 969 - 974. doi:
10.1111/iej.12910.
PradeepKumar AR, Shemesh H, Nivedhitha MS, et al. Diagnosis
of vertical root fractures by cone-beam computed tomography in
root-filled teeth with confirmation by direct visualization: a system-
atic review and meta - analysis [J]. J Endod, 2021, 47(8): 1198 -
1214. doi: 10.1016/j.joen.2021.04.022.
Okaguchi M, Kuo T, Ho YC. Successful treatment of vertical root
fracture through intentional replantation and root fragment bond-
ing with 4-META/MMA-TBB resin [J]. ] Formos Med Assoc, 2019,
118(3): 671-678. doi: 10.1016/j.jfma.2018.08.004.
Karumaran CS, Ramachandran AK, Chandrasekaran N, et al.
Novel management of internal root resorption with vertical root
fracture using mineral trioxide aggregate - A case report [J]. Indian
J Dent Res, 2022, 33(2): 223-226. doi: 10.4103/ijdr.ijdr_350_21.
Zhong X, Yan P, Fan W. New approach for the treatment of verti-
cal root fracture of teeth: a case report and review of literature [J].
World J Clin Cases, 2022, 10(17): 5816-5824. doi: 10.12998/wjcc.
v10.i17.5816.

(58 BE)

This article is licensed under a Creative Commons

(1) Open Access

Attribution 4.0 International License.
Copyright © 2024 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases





