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[Abstract] Cone beam computed tomography (CBCT) has been widely used in various fields of dentistry. The diagno-
sis of root fractures, especially vertical root fractures (VRFs) with CBCT images, has been a research hotspot since then.
Research on this area mainly includes the following five aspects: (D the diagnostic efficiency of CBCT images for root
fractures; @) the influence of scanning parameters on the diagnostic accuracy of CBCT images in root fractures, such as
scanning field of view, spatial resolution, tube current and tube voltage; 3) whether the application of image postprocess-
ing techniques, especially metal artifact reduction (MAR), can improve the diagnostic accuracy of root fractures after
root canal treatment and/or there is a post core in the root canal; @) establishment and validation of clinical diagnosis
model for vertical root fracture; and (3 application of artificial intelligence technology and contrast agent in root canals
for the diagnosis of CBCT image in root fractures. Compared with periapical radiographs, CBCT images can improve the
diagnostic accuracy of root fractures in nonendodontic treated teeth; however, for teeth that have undergone endodontic
treatment, the diagnosis of VRF must be combined with clinical signs. Vertical bone resorption in the buccolingual (pal-
atal) direction is a characteristic indicator of VRF. The width of the VRF is an important factor affecting the diagnostic

accuracy, but the voxel size used in CBCT scanning is not a necessary factor affecting its diagnostic accuracyj; the frac-
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ture direction does not affect the diagnostic accuracy of the VRF. Image postprocessing techniques, especially MAR,
cannot improve the diagnostic accuracy of VRFE and may also reduce the diagnostic efficiency, so they are not recom-
mended for clinical application.

[Key words] cone beam computed tomography; root fracture; vertical root fracture; field of view; spatial reso-
lution;  tube current; tube voltage; metal artefact reduction; artificial intelligence; contrast media agent
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The beam hardening artifacts are shown as strip-like low densi-
ty (shown by "+") and scattering high density (shown by ar-
row), which affect observation

Figure 1 CBCT beam hardening artifacts
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Figure 2 Influence of CBCT voxel size on the diagnostic accuracy of vertical root fracture
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With the increase in tube voltage used, the diagnostic accuracy
under different tube currents tended to be consistent
Figure 3 Influence of CBCT tube current and tube
voltage on the diagnostic accuracy of vertical root

fractures
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The periapical radiograph (a) shows only low-
density shadows in the tip area of 15 (white ar-
row), while in the CBCT image (b), the root bro-
ken line can be clearly observed (yellow arrow)

Figure 4  Vertical root fracture in the

right maxillary second premolar

4 A7 AR AT AR

LW ER 1, 0 T BE RG2S W ACRE , 1 R rh A
WML o FES WA AR, 845 & [l 4Nk 42
AR A IATLR A FIWT

[Author contributions] Li G conceptualized and wrote the article,

reviewed the article and approved the final manuscript as submitted.

SE 3k

(1] ST, A4-RIE, di5e, % CBCT 7E I T8I IRIZ A T
FHG 50 M. frAe 4 1 BE 24 4R 55, 2015, 13(4): 200-204.
doi: 10.3969/j.issn.1672-2973.2015.04.003.

Wu BJ, Niu ZY, Shi L, et al. Clinical application of cone-beam CT
in the dental clinic[J]. Chin J Geriatr Dent, 2015, 13(4): 200-204.
doi: 10.3969/j.issn.1672-2973.2015.04.003.

2] EFE. DR HEIE H CT Ik R BUIR K B8 B T i F
FE[D]. Jbst: JLtR, 2019.

Wang F. Research on the clinical application status and image
quality evaluation of oral and maxillofacial conical beam CT[D].
Beijing: Peking University, 2019.

[3]  Wang P, Yan XB, Lui DG, et al. Detection of dental root fractures
by using cone-beam computed tomography[J]. Dentomaxillofac Ra-
diol, 2011, 40(5): 290-298. doi: 10.1259/dmf{r/84907460.

[4]  Patel S, Brown J, Semper M, et al. European Society of Endodon-
tology position statement: use of cone beam computed tomography
in endodontics: European Society of Endodontology (ESE) devel-
oped by[J]. Int Endod J, 2019, 52(12): 1675-1678. doi: 10.1111/
iej.13187.



© 690 -

b

O &R 20234108 £31% £10#

Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2023, Vol.31 No.10 http://www.kqjbfz.com

[5]

[6]

(7

(8]

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

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/.
0000.2015.07.033.

AR LS DR S TR R T L R B s TR R i2yT
o] R 2 4 N AR R[] Th AR R AR 24k, 2021, 56(4):
311-317. doi: 10.3760/cma.j.cn112144-20210125-00039.

Society of Cariology and Endodontics Chinese Stomatological As-
sociation.Guidelines for radiographic examination in cariology and
endodontics[J]. Chin J Stomatol, 2021, 56(4): 311 - 317. doi:
10.3760/cma.j.cn112144-20210125-00039.

Talwar S, Utneja S, Nawal RR, et al. Role of cone-beam computed
tomography in diagnosis of vertical root fractures: a systematic re-
view and meta - analysis[J]. ] Endod, 2016, 42(1): 12 -24. doi:
10.1016/j.joen.2015.09.012.

Ma RH, Ge ZP, Li G. Detection accuracy of root fractures in cone-
beam computed tomography images: a systematic review and meta-
analysis[J]. Int Endod J, 2016, 49(7): 646 - 654. doi: 10.1111/
iej.12490.

Salineiro FCS, Kobayashi-Velasco S, Braga MM, et al. Radiograph-
ic diagnosis of root fractures: a systematic review, meta-analyses
and sources of heterogeneity[]J]. Dentomaxillofac Radiol, 2017, 46
(8): 20170400. doi: 10.1259/dmfr.20170400.

Gao A, Cao D, Lin Z. Diagnosis of cracked teeth using cone-beam
computed tomography: literature review and clinical experience[J].
Dentomaxillofac Radiol, 2021, 50(5): 20200407. doi: 10.1259/
dmfr.20200407.

Chang E, Lam E, Shah P, et al. Cone-beam computed tomography
for detecting vertical root fractures in endodontically treated teeth:
a systematic review[J]. J Endod, 2016, 42(2): 177 - 185. doi:
10.1016/j.joen.2015.10.005.

Dutra KL, Pachéco-Pereira C, Bortoluzzi EA, et al. Influence of in-
tracanal materials in vertical root fracture pathway detection with
cone-beam computed tomography[J]. J Endod, 2017, 43(7): 1170-
1175. doi: 10.1016/j.joen.2017.02.006.

Zhang L, Wang T, Cao Y, et al. In vivo detection of subtle vertical
root fracture in endodontically treated teeth by cone-beam comput-
ed tomographyl[J]. J Endod. 2019, 45(7):856-862. doi: 10.1016/j.jo-
en.2019.03.006.

Karamifar K, Tondari A, Saghiri MA. Endodontic periapical le-
sion: an overview on the etiology, diagnosis and current treatment
modalities[J]. Eur Endod J, 2020, 5(2): 54 - 67. doi: 10.14744/
€ej.2020.42714.

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.

Gulibire A, Cao Y, Gao A, et al. Assessment of true vertical root
fracture line in endodontically treated teeth using a new subtrac-

tion software - a micro-CT and CBCT study[J]. Aust Endod J, 2021,

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

47(2): 290-297. doi: 10.1111/aej.12476.

Briillmann D, Schulze RK. Spatial resolution in CBCT machines
for dental/maxillofacial applications - what do we know today?|J].
Dentomaxillofac Radiol, 2015, 44(1): 20140204. doi: 10.1259/
dmfr.20140204.

Bamba J, Araki K, Endo A, et al. Image quality assessment of
three cone beam CT machines using the SEDENTEXCT CT phan-
tom[J]. Dentomaxillofac Radiol, 2013, 42(8): 20120445. doi:
10.1259/dmfr.20120445.

Ludlow JB, Timothy R, Walker C, et al. Effective dose of dental
CBCT—a meta analysis of published data and additional data for
nine CBCT units[J]. Dentomaxillofac Radiol, 2015, 44(1):
20140197. doi: 10.1259/dmfr.20140197.

da Silva Moura W, Chiqueto K, Pithon GM, et al. Factors influenc-
ing the effective dose associated with CBCT: a systematic review
[J]. Clin Oral Investig, 2019, 23(3): 1319 - 1330. doi: 10.1007/
s00784-018-2561-4.

Guo XL, Li G, Zheng JQ, et al. Accuracy of detecting vertical root
fractures in non-root filled teeth using cone beam computed tomog-
raphy: effect of voxel size and fracture width[J]. Int Endod J, 2019,
52(6): 887-898. doi: 10.1111/iej.13076.

Guo XL, Li G, Yin S, et al. Effect of fracture orientation on detec-
tion accuracy of vertical root fractures in non-endodontically treat-
ed teeth using cone beam computed tomography[J]. Clin Oral In-
vestig, 2019, 23(12): 4433-4439. doi: 10.1007/s00784-019-02905-
0.

de Oliveira Pinto MG, Melo SLS, Suassuna FCM, et al. Influence
of size of field of view (FOV), position within the FOV, and scan-
ning mode on the detection of root fracture and observer’s percep-
tion of artifacts in CBCT images|J]. Dentomaxillofac Radiol, 2021,
50(6): 20200563. doi: 10.1259/dmfr.20200563.

Tangari-Meira R, Vancetto JR, Dovigo LN, et al. Influence of tube
current settings on diagnostic detection of root fractures using cone
-beam computed tomography: an in vitro study[J]. ] Endod, 2017,
43(10): 1701-1705. doi: 10.1016/j.joen.2017.05.008.

likubo M, Kagawa T, Fujisawa J, et al. Effect of exposure parame-
ters and gutta-percha cone size on fracture-like artifacts in end-
odontically treated teeth on cone-beam computed tomography im-
ages[J]. Oral Radiol, 2020, 36(4): 344-348. doi: 10.1007/s11282-
019-00411-3.

Gaéta-Araujo H, Silva de Souza GQ, Freitas DQ, et al. Optimiza-
tion of tube current in cone-beam computed tomography for the de-
tection of vertical root fractures with different intracanal materials
[J]. J Endod, 2017, 43(10): 1668-1673. doi: 10.1016/j.joen.2017.
04.003.

P/ AR R TR CT 2 W A IR R SRR L A 5T
[D]. db5t: JbER2E, 2019.

Guo XL. Optimization of parameters for the diagnosis of root longi-
tudinal fissures by oral and maxillofacial conical beam CT[D]. Bei-
jing: Peking University, 2019.

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 comput-



b

AREEMFRE 2023F 108 #£31% #1058
Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2023, Vol.31 No.10 http://www.kqjbfz.com + 691 -

ed tomography[J]. Clin Oral Investig, 2019, 23(3): 1263-1270. doi:
10.1007/s00784-018-2558-z.

[J1. 5 9 9% B ¥R, 2022, 30(11): 816 - 820. doi: 10.12016/).
issn.2096-1456.2022.11.009.

[29] De Martin E Silva D, Campos CN, Pires Carvalho AC, et al. Diag- Wang YL, Li G. Research progress on artificial intelligence in im-
nosis of mesiodistal vertical root fractures in teeth with metal aging diagnosis of oral diseases[J]. J Prev Treat Stomatol Dis,
posts: influence of applying filters in cone-beam computed tomog- 2022, 30(11): 816 - 820. doi: 10.12016/j.issn.2096 - 1456.2022.
raphy images at different resolutions[J]. J Endod, 2018, 44(3): 470- 11.009.

474. doi: 10.1016/j.joen.2017.08.030. [37] Johari M, Esmaeili F, Andalib A, et al. Detection of vertical root

[30] Dalili Kajan Z, Taramsari M, Khosravi Fard N, et al. The efficacy fractures in intact and endodontically treated premolar teeth by de-
of metal artifact reduction mode in cone-beam computed tomogra- signing a probabilistic neural network: an ex vivo study[J]. Dento-
phy images on diagnostic accuracy of root fractures in teeth with maxillofac Radiol, 2017, 46(2): 20160107. doi: 10.1259/dmfr.
intracanal posts[J]. Iran Endod J, 2018, 13(1): 47 - 53. doi: 20160107.
10.22037/iej.v13i1.17352. [38] HuZ, Cao D, Hu Y, et al. Diagnosis of in vivo vertical root fracture

[31] Oliveira MR, Sousa TO, Caetano AF, et al. Influence of CBCT met- using deep learning on cone - beam CT images[J]. BMC Oral
al artifact reduction on vertical radicular fracture detection[J]. Im- Health, 2022, 22(1): 382. doi: 10.1186/s12903-022-02422-9.
aging Sei Dent, 2021, 51(1): 55-62. doi: 10.5624/isd.20200191. [39]  Yuan M, Gao AT, Wang TM, et al. Using Meglumine Diatrizoate to

[32] Fontenele RC, Machado AH, de Oliveira Reis L, et al. Influence improve the accuracy of diagnosis of cracked teeth on cone-beam
of metal artefact reduction tool on the detection of vertical root CT images[J]. Int Endod J, 2020, 53(5): 709-714. doi: 10.1111/
fractures involving teeth with intracanal materials in cone beam iej.13270.
computed tomography images: a systematic review and meta-analy- [40] HuZ, Wang T, Pan X, et al. Comparison of diagnosis of cracked
sislJ]. Int Endod J, 2021, 54(10): 1769 - 1781. doi: 10.1111/ tooth using contrast-enhanced CBCT and micro-CT[J]. Dentomaxil-
iej.13569. lofac Radiol, 2021, 50(7): 20210003. doi: 10.1259/dmfr.20210003.

[33] Gonzalez AR, Tosoni GM, Freitas DQ, et al. Influence of sharpen- [41] Hu Z, Pan X, Hu Y, et al. Exploring the use of enhanced cone-
ing filters on the detection of root fractures using low-dose cone- beam CT technique to diagnose vertical root fracture{J]. J Mech
beam computed tomography[J]. Clin Oral Tnvestig, 2022, 26(7): Behav Biomed Mater, 2022, 130: 105175. doi: 10.1016/j.jmbbm.
4797-4803. doi: 10.1007/s00784-022-04444-7. 2022.105175.

[34] Byakova SF, Novozhilova NE, Makeeva IM, et al. The accuracy of [42] Zhou J, Fu ], Xiao M, et al. New technique for detecting cracked
CBCT for the detection and diagnosis of vertical root fractures in teeth and evaluating the crack depth by contrast-enhanced cone
vivo[J]. Tnt Endod J, 2019, 52(9): 1255 - 1263. doi: 10.1111/ beam computed tomography: an in vitro study[J]. BMCOral
e, 13114, Health, 2022, 22(1): 48. doi: 10.1186/s12903-022-02085-6.

[35] Quintero-Alvarez M, Bolafios-Alzate LM, Villa-Machado PA, et al. (%8 BEE, GRK)
In vivo detection of vertical root fractures in endodontically treat- E.2E
ed teeth: accuracy of cone-beam computed tomography and assess- ot
ment of potential predictor variables|J]. J Clin Exp Dent, 2021, 13 'E.,_
(2): e119-e131. doi: 10.4317/jced.57471. B

[36] IR, AR T REAE 1RSI 51902 Wi vh A BF 5t e

(MEEEA] 2RI, B2t b at R R B2 By AR BRI 2 i F e A
il s 2004 4F 5l T Hig LA 2 M B2 27 BE 1B 2445 (Karolinska Institutet, Institute of
Odontology) 3R % 24 i -2 7, B J5 £ far 2= Bl BT e PR 2 101 B s 2= 5 0 (Aca-
demic Center for Dentistry Amsterdam , ACTA) 1+ )5 , ZE 25 T RILAR 7 01y
“ERERARIRKR” (Intelligent Imaging Sensors ) PR TAE . 200743 A [l E , £fEdL T
KA U EE BB 10 85 AR B TAE 24 o AT A i 12 2 2 1 R 601 IR0 0S4l
Ze AT FAEZR DL, [ BR O A N 2 SRR S R R AT, FW R =
SRR H A, AU R B B BR 22 5122 01, AL st A B B A e Ak 35 1]
M & Ze 22 54, B Br 0 RS 60U 0 24 25 B 5 FI) Dentomaxillofacial Radiology i) 32
%4 , Image Science in Dentistry . Indonesian Dentistry . 148 1T J& B2 22 2% 35 (B F 1) Y
[ F R B2 R B R 2 b (5 B D) S W Rl Z . R RF AR 120485, H
H SCH S FIE SC 91 i L 45 S S I R 4 A TR LA RIS H 10 435,






