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[Abstract] Root canal isthmus(RCI) is defined as a narrow, ribbon-shaped communication between two root canals
that contains pulp or tissue derived from pulp. Any root that contains two or more root canals has the potential to con-
tain an isthmus. The incidence of RCI from different tooth positions varies, with the highest RCI incidences usually
found in the mesial root of the mandibular first molar and the mesiobuccal root of the maxillary first molar. The pres-
ence of RCI increases the difficulty of root canal therapy and introduces uncertainty regarding the prognosis for dental
treatment. It is recommended to use CBCT and dental microscopy to identify teeth with suspected RCI in clinical prac-
tice. At the same time, for treatment of teeth with RCI, appropriate instruments should be selected, and enhanced root
canal irrigation assisted by ultrasound should be considered to improve the success rate of root canal treatment and end-
odontic root-end surgery. The current technology still has some limitations regarding the cleaning and filling of RCI and

additional research and development. Improvement of the corresponding technology and equipment is a current research
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hotspot and a future research direction.
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Arrow show the root canal isthmus

Figure 1  Root canal isthmus of the mandibular first molar
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a:arrow show the root canal isthmus before the missed root ca-
nal preparation; b: arrow show the missed root canal after the
missed root canal preparation

Figure 2 Root canal isthmus from the maxillary molar

and missed root canal orifice
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Table 1  Incidence of mesiobuccal root canal isthmus in mandibular first molar

Sample Prevalence Year of

Nationality Method Note
number (%) publication

South Korea 31 Section observation 100 2020*" The value was measured 3mm from the root tip

China 823 CBCT 64.6 2019 Mongoloid population

Brazil 140 Micro-CT 74.3 2019 The proportion of Type 1-V was 52.9%,7.7%,2.9%,19.2% and
17.3% from the Hsu & Kim’s classification

Iran 150 X-ray and Stereomicroscope 44.6 2017 The RCI prevalence of distal roots was 27.3%

USA 122 CBCT 64.7 2017% Mandibular second molars got a higher RCI prevalence with-
out statistically difference

Brazil 132 CBCT 87.9 2015"

India 150 Section observation 30 2012 The RCI prevalence of distal roots was 10

China 36 Micro-CT 49.5-66.1 2009 The value was observed 0-6 mm from the root tip, the highest
RCI prevalence occurred in 4-6 mm from the root tip
The RCI prevalence of distal roots was 17.3%-17.8%

UK 20 Micro-CT 17.25-50.25 2005"! The value was observed 3-5 mm from the root tip, the highest
RCI prevalence occurred in 3 mm from the root tip

Poland 50 Section observation 20 2004"" The value was observed 3 mm from the root tip. The RCI prev-
alence of mandibular second molar was 18%

Brazil 50 Section observation 59 2003 The value was observed 0-6 mm from the root tip, the highest

RCI prevalence occurred in 3-5 mm from the root tip

RCI: root canal isthmus; CBCT: cone beam CT

R LA A I PSR AR A e IX A A R

Table 2 Incidence of mesiobuccal root canal isthmus in maxillary first molar

Sample Prevalence
Nationality b Method (%) Year of publication Note
number o
South Korea 28 Section observation 89.3 2020 The value was measured 3mm from the root tip
China 494 CBCT 92.5 2019+ Investigated from a 9 to 12 years old population
Brazil 102 CBCT 60.8 2015
Brazil 50 29 2003 The value was observed 0-6 mm from the root tip, the high-

Section observation ) )
est RCI prevalence occurred in 3-5 mm from the root tip

Canada 50 Section observation 62.5 2002
USA 50 100 1995

) . The value was observed 0-6 mm from the root tip, the high-
Section observation

est RCI prevalence occurred in 4 mm from the root tip

RCI: root canal isthmus; CBCT: cone beam CT
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WA, A 225 AR RCLEAR S Z [ & A o Hi

FEEE AR T BOR AR, S s, 23.8% 1Y
A T CORUR A R T O MO R IR 2
RCI™" . 15 i AR BHE T 28 AR N A7 75 RCT A BE A 45
R, MR AE T 1AL T AR e DX A FE FEAR R 17158
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IR, (LS IARI X 2 e s B 24 A4
Rt H BRI AR, B B R IR, 1T
fE I B 0k L, /NI CBCT X 0k Xy
WETESNIOAA —E BB (K 4) . SRMIRARIX
RCLX A 35 48 119 73 B 3 Rk A ey, RIS 2 /ALY
CBCT 1A BE B A5 AR 22 RCT, X AR 9 4 A AR 45
TEA W AT DY A BF 58 & AR 45 70 &
J& , RCUY) = 48510 23 kA= ek 2%, CBCT /] FH T FAl
M4 A5 i 5 RCI 4540 22 =, Ak, CBCT Xt
e [XC P AR A 1 o A FE T A 25 RG HE 0 T, R4S
FE SRS 1 3 7 1 A7 A6 4, {3 CBCT 4732 H RN
FEch) iz WS B H# G RS R G0 F AR
2RI T B

@ b
49 (b

a: RCI morphology of the upper part from the cross section of the

CBCT image (arrow show); b: RCI morphology of the lower part
from the cross section of the CBCT image (arrow show); RCI:
root canal isthmus ; CBCT: cone beam CT

Figure 3  The difference between the upper part and the
lower part of the root canal isthmus from maxillary second

molar

B3 LA R R AR L BER 22

a: X-ray can not show clear morphology of the root canal sys-
tem; b: CBCT clearly shows the band-area of the fused roots
(arrow show); RCI: root canal isthmus; CBCT: cone beam CT
Figure 4 The effect of root canal isthmus detection via
different methods
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RCI& A= 4 88 35 R I (H 58 42 RCI Y 2 2E 2 i 35 0
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22,1 FAEARBAY LE T RCIRIE 2 AR
4, PR IR i R AR A 1 0 DI k3 RCI A i A7
BE | Fl ProTaper R GE M HL , 2R FHA A vh b 2e B 1 A
T N SAF ZRGEHEA TARAS U4 TT 5 e /b RCLAY A
A JF % JE (accumulated hard-tissue debris, AHTD ) %%
B AN BIFTE 4G S TR A e A 7 A L
T T 2 T X U DX PR R S 1) B ARSCR
222 GFAMRAE MR RS BTN HETITA B
A T4 RGeS B8 5 ML AE BE 58 4 4, AR A e
VEAE g LA LA T4 9 kb 52, T HE 0 T b e VY
ARG R G p, H J0 ¥ 9K 8 vk W 5E 4 B Gk
RCI™ o X T8 RCUAY B ZARAT R 40, HBE i 300%
BB T g 1 Bt b 7S A4 (vapor lock)
5 TR G V)RR P TG RO AR AR G B Il
SR AW BIE A B B R AR AE v Ok R AT, DASE iR o
VER Gk v R I RE ) o O DUT AAR — B
U AR RCI A 2F A 5T 1 TS 11418 I3 B T R A i k&
R EEARIE . A0 [A] W A e (intermittent
ultrasonic , IU ) (Irrisafe , Satelec , Bordeaux , 3 [H ) , i%
S8 7 P e 2% B (continuous ultrasonic , CU) (ProUl-
traPiezoFlow, Dentsply Maillefer) fll £ 7/ i R 4t
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(GentleWave system, GW) (Sonendo Inc, Laguna
Hills, 52K ) =Rl R S8, H 22 B o A e Jg &k %
A F 80.0% ~97.9% , Fl CU M H. , GW 2 BR &k SR 4%
D, CU FINTU RCRARAT 75 X8 LR A ok (ultrasoni-
cally activated irrigation, UAL) \ YT 175 5 ¢ 7 Uil 74
Y% %% ¥k (photon - induced photoacoustic streaming,
PIPS ) 1 s o 39 38 58 2 51 D't 74 37 24 . (shock wave
enhanced emission photoacoustic streaming, SWEEPS)
=Pl RS, SWEEPS R BRAWEJE H 84.3% , 0.3
m TN R G H =R R AR E R
G B AHTD BRI BR 5 15 53 51 DU R A AR o
YE RGN LU gE b, B sl A8 AT whgE (passive ultrason-
ic irrigation, PUI) | EndoVac (—Fi AR 22 £ & b ¥k &
43 ) \Self-Adjusting File (SAF) fll EasyClean #£17X} [,
FLFBRTT G 24 28 AR o 1 8 AR A5 AR DL, (E AT AN fiE
SEA R AHTD Y FrA WB B ih ik R GEHAL 5L
gk 77 O I RCT AR ) 1 5 o, (H 2 Tk S B
RCIAL M58 2051 o 2016 AR ENBE 30 BFE 1T AR
B RGE,  E SN AR AR PR A vk
B T2 B R T i v v SR ( Endolrrigator Plus, Inno-
vations Endo, Nasik, EJJE ) , ZHZH 240001 & B, 480
RGP IS RO BAL LTS i e B i Sl s gk
W W (EATS TG ¥ 52 42 T R RCI Y 5k B 2 i 21
AR
R T 2Bk RCURE (9 A A B I, AR ik
XoF 2 BR AR AE W X P ) Ca (OH), 35 24 2 BfF 53 455 78
Z— o WA , 5 EndoActivator F17E ST 4% v e 40
FE L SR ] PIPS HHE 75 37 U T BE AT S50 26 BR AR A &R
S FI RCIN Y Ca(OH),™ o A FIEOGHH B vh it
JE A BT R R RCUAREE 19 28 A o e I 1 B AL
R AP AW HGE TEXS £ BR & RCLAY T 6t
B — I P AT R ARAE Y F R R D I P EORE
it B AR D VR RCR AL T8l T s v e
WA W5 1 75 R P At B RO At B GV R T
I AR RCTFAS o e JiE S8R AR L 1 BACR 12 2%
e TA% G2 T3l vh ik , (B RS BEAV) IS8 Bk 2F A Joi i
Jig e RHO T RCTAF AR AN B0 X 41717 75, AR
CERURT R i R S E N R RS IR Y 5 3 S e
564 KRR TR 7 A I AR TR S AR A
RGNS T o

223 ME MM LECENAE BT KZ
SR T S i v ok O =X, AR A b R I A Sk 0E 1Y
7 X R ASCR T BEA 2R, 6 TAETE RCLEY T A
VS OF  MLAE ol R BT S A AT I TR B I 3 S e

A TR BT BRI R BRET OB AR TAE K
JE T mm AL FUHCE AR TAERKE S mm AMH L, Wk
RCRAER T 3AE. (H AR K EE B LA Y R Y
RCIBLRL | 3640 Bl AR 5735 DRSO B & T s
W NG 75 4 B AR Y Uk, LG VR R RO S b gk
IR ETERAE WA IR TC R,

224 TR MhEEHT RCI AW IR0 T 3 vhigk
TR0 W AR AE P A ) T 1 B ki o AR
TE RCI N Y £E ) S 35 R A e 110 A= ) B o S AT R
RUEA 8 — e h i ) 2 KGR 4 B %45 RCI
FE P AR A 25 A M DA T A8 A 5 1) R BT, A B A
TG T 28 SRR P D7 TRV 5 K I 5 R S R
AF 0 4 18 5 R R S R M W (6.0% ) X T RCI A
ZE N KT A= W BE BRSO B

2.3 RCIAARE A8 %ok

RCLZ AN HLI X, X A7 7E RCL (14 H 45 ST I
FRF I 2 BN e B AR FRE 7 B AR FE ORI
T Fsh My e s 3R, (H 2 = Fpor kB R RE 8 4
THRBCRE A 2F X T #F i e BN e 38
N BAARYE X AFAE RCI ) A28 — B P AR R,
7 PR b 8 BE 7 R AR e X 1 28 BRI 3 25
S, Y I0 IR B AR A i R B (B 5) . A
JI2EFAPET 3 MRS 1 RCT ] WA 25 R Y R R
F14) 7555 T 1T B 4B, A7 B 5% S 7R 5 08 RCT I A AH
Fb, A FEIE A A RCLI A AR S BOT R B ok
FIAI S0 N R Z 10 N, R 58S oF & 7 AUR
BRI AR ERAR AT A TP AR T 5 kAR IR
(vertical root fracture, VRF) , #& /R 765 4 RCI I F
MR AT 2 I Jn s s oz 9 /N fin e g B e A AR
RCI P ik 2 AR A8 Bk 7R 3 . DA B RS 4o 5
RCI A B EIGIT i, MRS 09 & B2 0 JEC T
BRI IR 7 e R T2k
2.4 RCIMRE BT AL RENH "

AR YT 20 B Ca(OH), Ml — IR PR 6T
FHEE, AT DL 2 s RS R MAEYIRE . —Ik
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arrow indicates the RCI root filling missed space ; RCI: root

canal isthmus

Figure 5 The root canal isthmus root filling missed
space of the C-shaped root canal system from

mandibular molar
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