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[Abstract] Objective To explore techniques for retrieving separated instruments from root canals
without direct access and with complex resistance, analyze the key points, advantages, and risks of the
bypass - based retrieval method, and evaluate treatment outcomes. Methods Cases were collected from
the Department of Endodontics at Xiangya Stomatological Hospital, Central South University, between
02/2017 and 01/2025. Preoperative imaging confirmed instrument separation within the root canals, where
non -sleeve or ultrasonic methods were not indicated. Instead, endodontic files were used to bypass and

prepare the canals around the separated instruments for retrieval. Follow-up data were collected for at least
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six months postoperatively. Patient demographics, instrument location, length, material, type, root canal
morphology, postoperative imaging, clinical outcomes, and follow - up data were summarized. The
frequency of each variable was recorded, and relevant influencing factors and treatment outcomes were
analyzed. Results A total of 175 patients (175 teeth, 176 fractured instruments) were included,
comprising 52 males (29.7%) and 123 females (70.3%). The oldest patient was 73 years old, while the
youngest was nine years old, and the average age was 28 years. Separated instruments were made of
stainless steel in 44 cases, nickel-titanium in 108 cases, and carbon steel in 24 cases with an average
length of 4.1 mm and an average fragment diameter of 0.32 mm. The fragments were located in the apical
third of 67.6% of cases, with 46 cases (26.1%) occurring in the blind zone. The average distance from the
canal orifice was 5.6 mm. The file tip extended beyond the apical foramen in 17 cases. Moderate to severe
root canal curvature (>10°) was observed in 93.7% of cases, with an average curvature angle of 29.3°.
Preoperative periapical radiolucency was observed in 151 cases (86 of which had symptoms) , while 24
cases showed no periapical radiolucency (seven of which had clinical symptoms). Complete retrieval was
achieved in 160 cases. Secondary separation occurred in four cases, and retrieval failed in six cases.
Postoperative imaging revealed significant canal deviation in 34 cases (including three cases with deviation
and perforation) , while no significant morphological deviation was observed in 141 cases (80.6% ). Follow-
up results showed that among patients with preoperative periapical radiolucency and symptoms, 83 cases
experienced symptom relief or healing after retrieval, while one case still had symptoms and periapical
radiolucency after six months. Among asymptomatic patients with preoperative periapical radiolucency,
two cases developed symptoms after retrieval, and two cases still had symptoms after six months, though
one of these showed healing of periapical radiolucency. Among symptomatic patients without preoperative
periapical radiolucency, two cases experienced symptom relief after retrieval, while three cases still had
symptoms after six months, with one of these developing radiolucency. Asymptomatic patients without
preoperative periapical radiolucency (17 cases) remained symptom-free after retrieval , though four cases
developed symptoms after six months, with two of these showing periapical radiolucency. Conclusion The
bypass technique can serve as a safe and reliable method for retrieving separated instruments from root
canals with complex resistance but direct access.
[Key words] Instrument separation; Bypass; Complications of root canal treatment

DOI:10.3877/cma.j.issn.1674-1366.2025.06.003

el B R AR IR T W WL ACAE , AT RESE N
HRAETRTT R WO , LA B8 S8 X007 B 6 JE 1 4 5 2
Gy o AR B X AR AR T IS BRI 1 AN B
1, LATE Meta 70 T 4 oR 15 H 20 B8 A8 R OR B AEARAS 7Y
SET ARG P RCR ™ . 200 HGE T 5 R
TR AR 0 7 e O B AR PN R S 2k
SR B (R R S8 R A T A ) SRR AR
BT B AR BIORT BB MR IR Y3 B RARAE Y 4 T
L, IR MG T ROR o Ao 8 e A R A,
AR S PRI 0R , Z o0 AR . JeRi it o &
BURRAE PR 3T T 000 B PR e 9 S A A5 A TR DL
A RE S T AR R BB AR A B T AT O

FAT, 70 B e AR RS U 1 A &
Bk AR BRI HAEIE N AR
oy B B, nT RESE I i AR AR BE 1o il
AT AR AT TS S8 A B A AR AL B AU o e ik

T EAT P RR R 1 P AR OO T 25 BR 20 B 2 Y
SFAR BT AH R B A AR AR A B A2 0%, Y
OB A BHL ) e B AR B i P A A AR I
K, A D) 8 0O RE , AL 4% Bt 7 AR A BE 27
FL AR T B A ARSI AR R
S B, XELRAT LA B ) B2 AR BORRAE N 20
o B, 8 55 Bk T LN 2E A | g A M e R A
B 597K ERE B A T T BRI . A,
AR 38 o [ BERT ST, B AT IR 2 B B
D7k VAN 55 BRI Y O RCR , Tl AR HT AR S R AR
Xt R IE AL, 0Tz ik i 2l IS A AL

57T

— R
ARWFSE R BT, BEH 2017 4F 2 H & 2025 4F
1 A IR 2 T P g R 1 s B2 e AR 6L,



rpAE ) BE 22 T 2 s (R 1) 2025 4F 12 H %5 194255 6 1 Chin J Stomatol Res (Electronic Edition) , December 2025, Vol.19, No.6 371

RHETFAR L W A 2R o B 1 JR 3 . R F SR
25 v R R R 1 8 5 e P 2 A 2% B S i (it
HESC5:202203) , T A B E AR T2 F S R

L AARRIE : (DR RE WA &80 B
M5 (2)FAAR M B AR FE =1 mm; (3) 7 5 4%
BEITR 1.5 mm AR 1 JC% 4 HLAGm I, oA AR 1
[MIRE A P AR R U 2R AL XU

2. HEBRARUE : (1) FRAR R E T BB M BT
(2) ™ RGP, AREM Z AT S BB
(3) 58 250 T MR AR LA B T 1f 8 1 AR S LAY HRU 2T
(4) HAWABELR B 10 B A SR BEFL AR T I B

ZORIT R

AR 3% 37 A0 S S R R SRR I
R W I B BB, P R AR T (OMS2380, 75 JH ik
10 B F R B A RS W) BRI Fe 3, B s
I A A TR ET20(FE4% /1, 36 ) R
B EALY) BREKTT 8 0.08 HEJE 155 (R % flE
TF TR YT AR PR A WA HRAT A O Ak
PR T 2 3 5 A BT T (55 AR i 5 4 B T
1 ELARAN ) o AR BREE A 0.03 HERE 155 (RR P 1
R BT R T AR B B B o T B A
AR RE 2 (R) (i SR e i sk A 2 3B s UR Bl
ik, MR W AR FE A 2 mm P, 2FE17% 20—
i P4 Z, % (ethylene diamine tetraacetic acid, EDTA)
VTR, T2 58 A HE AR AR AR LB A B
SHENEDABUpNIE W R PN SO S =5 (TR 2
HERE 255 . M K20 (3845 0 k) dish & T5%
% ARTRAR A 5 VR I W25 o B A bl . AR
A E A B AR, T A AR 2 0 Ak

ARAE . AR A i HL o B A, U H
PREN 55 B 2 HBAE 55 B RIS L TEAM R
PRGN 6B Al 2 S LB HOBR [ A 35
R G E T EAR RS S Wi G I =K Y (N S 1
B o IS 4 AU 0 RORR A TS R e .
BE Y, e E B E R 3.6 124 H
RZJaHR A 55 MU B AR T o 7
WK1 R

= JRITRCR N

B A R BIBE DT E A 6 7 H UL Ll it % AR
ARG 5 Bl 53 R P 52 AR I TR ARG 2 245 5%, X
BITROR ATV o R BB A TORR A Bl
W i B 52 36, RIS . AR R A
AR e B A AR RS ZE L. O R
FI152 BB B DT AR 2 JE A3 J0 I & 15% , A3 AR S B 5
BRI EE A RE @A I DL

I3 B AR S A WU IR YT R JoRE R SORE R B
Gt , B AR LB Nl G SR YT ) .

DL O BT 38— 300 SR YT R (1) 43
B AR B 5 (2) TR E IR YT IS EE R B
B TR AR AS T 5 (3) A RE IR & B 17 i R K % i
(4) Bl 15 5% 18K A AR 22 37 30 B 52 18 19 5 14 K
(5) MR 45 BEXE UE #b 1) K TE FR 2R AL, 2240 28 £ 5l
N

AT I A s 191 340 H []— 24 B U HAE | LAGkE fie
AFIARE Z A2 T A e . RETAR G X 26
R AR B — 4 A B3R BT ERAR LA L i 2= I
SEHEAT  FEE B IO R VR IE DU AT DL P 2
A — T TG B N5 R — 3K

Bl 3R s R AR A RAT M S0 BT 2 AR AR O TR0 5 B 2 205 e WA 1T b BOARE T4 5 € MU R BR B AR 2 IX A 128
S (CL: SRR SE A B8 S BRI €2 53 I R RE S A i, il BB B KAL) s D A AR 57, TARRWESN B T 55 %, e 40 BB B 208
AR R AR B R IR O3 B - B e R K ELAE TS IR B, 2k B O, HAE (RZDHU



372 R AE T BE 22 9T 2 s (R 1) 2025 4F 12 H %5 194255 6 8] Chin J Stomatol Res(Electronic Edition) , December 2025, Vol.19, No.6

IS e g a3 B2 BTN

18 FH Microsoft Excel 2023 %144 B 7 2 7.
Bl e . X T SRR e AR 2 R T I
AR A B N2 MR A T A, R F Mean
(max, min) i34 , X F BRI, R H M(P,,,P..)
k. T REL AR G, WAL AR PR AN
A5 55 SR R B B LA A . (8 SPSS 26.0
BAFHATEAT 38T -

# R

— RE AN

AW Iy A B 175 ) (L35 176 3243 85 4%
B, Hod 5 52 4611(29.7% ) (4 123 61(70.3%) o 43 B
AR T B A () B 158 41(90.3%) o SR F-HI4F %
28 % Hi i K73 % /N9 % . Wi s AN 45 A
#4441 (25.0% ) 45K 108 151] (61.4% ) B X 24 1]
(13.6%) o “F¥IWr 24K 4.1 mm, H <3 mm 6 i
(3.4%) .3 mm< K ¥ <5 mm 121 1 (68.8%) .>5 mm
4991 (27.8%) o Wit T4 1/3 15 67.6% , Ho b
AT H X 46 1(26.1%) . BB 11 5.6 mm,
P M ARARAL 17 B, ARG P35 i B 29.3°,
Horp o B A Al (=107, it i £ vk ) 164 41
(93.7%) . REFZWIHL IR JE 52 151 141 (86.3%) , &
MR A BI5E 24 191 (13.7%) , RETI2 Wi #R 2 J& B 5 Y
BB 86 1 (57.0% ) H BRI AR SE R, RTTTCAR R
A2 10 28 5 v 70900 (29.29% ) BRI R AE IR . R 3k
ATEBL L 1.

= AR K BEVT RO

ARIGFAZ R AR AE P 55 BT BT 43 B i
RIGHRVEAG B L 2. 78175 B EH 52 1k
SEREHUH 7 B AR A 160 191 (91.4% ) , — IR 43 4 ],
o7 R E L 2.3% , 5 U 9 41 (5.2% ) , A HUH 6 441]
(3.4%) . W ARE ML 31 61 (17.7%) , M 45 e 25 fL
361(1.7%) , TCHH BB A A% 141 1 (80.6% )

AR AT A RS A T B R 5 B 7 25
oL 3. 175 B hoR e A R AP AR A 44k i
ol PR Ath [r) B4R R A O . YRR AR AR BT HL
e PRAE R A8 A BB 43 2 25 U R IR 2 i 5l
83 151 (83/86) , Wi i)i 6 A~ H AN A 1 Bl FEAR S AR A ]
B3 5 3R 7 R AR R M52 HLICI R AE IR 43 25 4%
BT BRI REIR 2 491 (2/65) , Bt 6 > A S AT A
AR ABFLH L BIRR R BT @5 5 TR RT JCHR AR J BT 52
A RRE AR BB 5 e AR 22 ik 2 491 (2/7) IG YT AT T

R 175 GRS VRO B R M 176 320y BEARREEA T I

SR RE Bk m5r (%)

P53

% 52 29.7

& 123 70.3
AR M(P,g, P.y) ] 28(22,38)
R

B 5 2.8

T 2 12 6.9

B 158 90.3
MRS EE ()

<10 11 6.3

10<%5 il i <30 80 45.7

=30 84 48.0
SEIES I EE [, Mean(max, min) | 29.3(2,64)
f bR

AR (K #4+H 8 ) 44 25.0

R 108 61.4

AN (PR HEET ) 24 13.6
B

25 % 37 21.0

2045 77 43.8

<20% 62 352
T (mm)

<3 6 3.4

<k <S5 121 68.8

>5 49 27.8

4K B [ mm, Mean(max, min) | 4.1(1.5,10.8)
PRI AR (mm)

<04 131 74.4

0.4<H#A<0.7 44 25.0

0.7<HfE<1.0 1 0.6

>1.0 0 0

X 1 4% [ mm , Mean (max, min) | 0.32(0.18,0.75)
TR A=

W13 2 1.1

173 38 21.6

WU 1/3 119 67.6

BRI HIARSAL 17 9.7

PF R AR A 11 P2 % [ mm , Mean(max,min) | 5.6(1.1,11.7)
ATTEIE R

5 0] A 130 73.9

B R AT B (B s v T 5 X)) 46 26.1
ARATHIRJE 52

el 151 86.3

Jc 24 13.7
AR AR 152 F 5 BRI A R

B 86 57.0

o 65 43.0
AT TCARI R B35 28 2 75 3 ARE IR

£ 7 29.2

o 17 70.8




AR I B~ BT T A

A& CHL TR 202548 12 H %5 194255 6 4] Chin J Stomatol Res(Electronic Edition) , December 2025, Vol.19, No.6 373

|2 175 AR N AR IROY 8 55 BT U SRR 5 AR TAl i B0

WA H BiI%L HorH (%)

MR S L

SHER I SRR IO (5 KA E) 160(4) 91.4(2.3)

HB AT EL 9 52

A 6 3.4
AR It & AE

A d AR A I RS 31 17.7

2L 3 1.7

TCH WIS s 141 80.6

MR JE I 5% HLA W R AE IR 35 Bt 15 6 4~ I 4T3 A 3 461
FAEAR , Frb 1 BB R IR T BT TC AR AR S B 52
H TG ARAEAR 17 B Ja B TeRe Atk , B v 6 ™~ H 5
405 BAEAR , Hevh 2 491t BRAR AR I B S
BRRIRRGI 1 5 TlA BT 50 B AR
BE VB 128  HIRENSHTE] 202447 H 16 H .
a‘zi)%ETF%‘Vir LA, BB IR YT R Hh a3

WRAEIGIT RIEHE o KA 460 K T ALk, H
@%ﬁ%% IR () AR Bl 28 ORI B 2 5

W RATHRF 7 46 Bk B M4 1Y v 4 B4
R, M8 TP AR AR X BE 0.03 4EFE 15 S48k B 2R i 1%

(FE2A) . CBCT .7~ 46 3% H & AR 2R 5 2 45 il , =5
R B R AT A i R B, KB 5.2 mm, AR
JE B A% 38 58 (€1 2B ~2D) o 2 W7 - 46 12 AR 2R )
R IRYT S AL EEK il 7% 5 30 (tactile controlled
activation, TCA ) T £5 4% AR 5¢ 1 43 5 1 0 5% 4% 165
WA, PR T4 2 0.04 HE i 25 5 5 vk i A
Sy B ARk AR (AT 1) o
BARVRSGI2 55 B TS TR A D 2 B AR
BT 18% KA 2022410 H 12 H .

FVRA LR A A 2 8, AR IR IT AR g ik
T MEIRIT AR E . KA 1674 T H AR %
A TR () AN Bl PR TC B 8 50 . RATARSR
F R 16 WA 2 24 3 mm R4 w25 5 1 B 552
BE 0.04 #E BE 25 5 BREK 4 BS AR MU AR, AR 2R B 5
(F3A). CBCT /5 16 T Bk B 2 il , = %% 1
FHEF S T2 i~ B, K& 3.2 mm, 5 BiAR 22 J& n]
DK/ K23 mmx2.3 mmx2.3 mm (Y5 (K 3B) .,
CBCT fli 1 7~ 3 J5UAR 48 Bk <, R Lk 57 MB2 45 5
(KI3E). Wi 1618 HMRARH R . 1[I A HILH
BRBR ST N S AR DR A | TR, 5 LA 2 0.04

|3 175 GUHVE N bR 8 A0 O B IR SRR SR S SR B 25 2R (1)

V. " EEENEIN RIG 64~ H &bV
AR s B 64~ )5 (TChEAR LB & ) F152 A8 AR L N
LIPS
ESENZIN 86 1(0) A I4R/N 55 AR 1 30
PRIIN 65 2 2(2) AR/ 34 7R3 28
EEENZIN 7 3(0) AR 1 JCBAsE S 1
TAEAR 17 0 4(4) BB 2 TCFRE 7 8

B2 461 AR AN 2 57 B IR YT R A Ja KU ER SR 2A ORRETARZR A5 2B RATHEIE AR CT(CBCT) R 1 5 2C : ATl CBCT IR 1 5
2D AR CBCT 4 5 2F : 43 25 S U J5 BIZIARZS F 5 20  SE X HUH 973 B 2005 26 MU FEUR J5 BIZIAR S Fr 5 21 ARAT FE R 5 B ZIARZR A
TRES I 21 ARG 124 HBEVIMRAR Ao MR 55 3% HUAs BLAZEAIT A0 S A T AR AR E U (RS L )



374 A I s B2 A F ST 2 0 (R TR 2025 4F 12 H 55 19 4555 638 Chin J Stomatol Res(Electronic Edition), December 2025, Vol.19, No.6

HERE 30 5 J5 Al FHRR 7 5 Uk, 735 el A Hh 43 B A
Bk AR TR W SR (11 ]

BRVFEGI 3 SHRE TR fE HAREUH 5 B 4 AR

B, ,26% RS 2023410 H 24 H .
FIRE TR AR LA AMBEeR A IR T AR b 2k
I REIRIT AR . KA 36 T B K TH A AT
Y, 009 (+) AR sl FIRTCH B 58 . RATARYR A
TR 36 AR R BEZA 7 mm R T A RE BT R
BELL0.04 #i B 25 5B ER A3 BS SR MU AR IR AR JA BT 5%
(E14A). CBCT 7 36 T EiAR A i n) SRl L
HEEBHAE AL T A T B, 8 AR AAL K B 6.6 mm
(1 4B) . CBCT fliTii 7 3 8 5 AR 2 [H] Bk X 52 3
(E14D) ., 2Wr:36 18 AR & . 167 LA
AR T LT B AR RS B | TS, 55 T A 22 0.04
HERE 305 Je (i H A 1 o0 B Al (A 2) o JB

EA%0107,2025 45 8 H 24 H iGbEDT IR T UIfE R
-, T KA B LA AN

i

e PR 17 R 48 45 B2 8 ) LA 0, N 25 B )
P CHE M, BT AR SRR 0 | A 4 R
S5 CRA FIW o B AR RIBCH B 6 R U e S
DB, LA RO 73k o ARS8 il X 175 Bl T 5%
SR TS 14 70 5 4 B ) R [ B 23 A, 24 SR i
B XA 6 U B 0 R A B, 7 (8 A 1 el
PR BT — 5 XU R JBE IR, 56T 55 % 9 JRCHTS 3
JE A B LA

— I B e R LA PR I B I A

FIT, e B2 B A 5 ik DABLBRGE O 3, 32
R EEE AL

B3 1615 OB Sl 89 05 B AT RIS BT PRI BERE AR 5 B ARFTHIE S CT(CBCT) JORT 5 C: ART CBCT IR T 5 D= A
i CBCT AT (25T BO) s B AT CBCT fihian (25 1 BE) 5 F - 70 B A ACR Jm BNZIARAR J1 5 G AT FEBUR R RO ZIAR IS A s e SE IO 1920 B

B 1 AR 36 H BEVIARI o

87 2

B4 363 TEARAR O 25 557 MR T RAT R BURPERE 4A RATARZR A5 4B R FTHEIE SR CT(CBCT) SR T 5 4C AR RT CBCT AR M 54D AR
CBCT Hli 1A 5 4F : 20 B 2 BT IS BV ZIAR S 5 4F  SEAEBU B 0 B 25 4G - IR TR ARG BV ZIMR AR o MRBF 2 S35 Je HARBUT 2 B 2%
T AR (RS )



AR L B~ B 5

Jk i (B 2025 4F 12 55 19 455 6 3] Chin J Stomatol Res (Electronic Edition) , December 2025, Vol.19, No.6 375

EELEARORR JeR I REN A LR
B R TR ST B AT 1.5 mm 224 o A3 B AR AR
VBT T L A8 R AR A i B K, AT R IR ) 2
FARTT, FHORAE BEZE AL, IR IT G A R AT 2R
o PR, A8 R T A B AR A e L AR
BERS R A — 2 K 73 B4 (=5 mm) HUH

7 3 A R R T AR m R B, — T
A X 25 A SR A T U0 I A R o3 125 i P AR AT P 1) 2F
AR 7, 5 —J5 T A B iR AR R A B AR, 51
KBRS B AR SN . B A AR AT A% IR
MRS il 1) ToUAS {6 B TIORS o b S BR AR T,
I/ 5 AR S % s T SO Y 4 B A ik
EER 75 S IR S P 3, AT R R B AR SR A 2R
P, FFE R IRE R 10 "CIFRRZE 1 min
DL, RTRE S X o] R 2 2 08 AN o] 36 (R 42 405, LA
PRI PREE I it 8 I i R R e = i U
PR RRD B I L B T B 0 1) 3 451
T 428 T BRG0P AT 2050 ot 2 o A1 75 1) 2%
BV 20K, H 2 A% 30 B AROR 22 Il IR 2 4 f
[, 7K 25 0] 2 5% i I PR AR HEF 7 e Ah 8 75 ml e 5
 TAERIT 2 T BT AL, 43 B A IR 3 2 B 1]
oy AR BE S B w028 % UOF R IET
R S, R P I G S e AR R A
AT BH 7, AH R RN AR T A AN 2 P, o B
BRI BH 7 28 % ANFE T , PT REZE T T B i) A1 T o2
BT REAL TR DR R A I 1) AR AR
B AR A | AR AR AT S A T O % o5 P R
B LT WAL, R, S A A B AR
FH 7 s DA AR A L IR R4, U HO R A R
RH 77457 B 55 s 91

I IR | 4 5 g g 0 52 4%, 2 it T B
AT ASOR 1 2 2 A i, 25 A8 0ok G 7 T 34 0 DA 22 4 R
o AWFIERER o B AR T 61.4% , 7181 00 B e b
K 4.1 mm, KW H A2 0.75 mm, 90.3% 3 T &
7 AR T A il 93.7%, Wi A T X 46 1)
(26.1%) , Yr ke gl B 77 I = 52 2% . HLERBR o 25 4%
BRORE TR, VTH T3, 25 i I 25 iy 5 00 A
AMIPEE S BE Ty o AN BRBER TR 25 5 W
PRSI R o KU (A TR 7
KB 6 , 25 5 1 AR A 25 it s R 2 L
KAREREYT L

B w  E Y A=) NP

TE 3 5 AL 5] v | 53 5 38 AW 77 78 24 7T e 2

M) A A5 1) Y90 2% 5 e L, T S W R 20 i 9 A8 1Y) 7
A BB . PR B AR R A T AR T B,
BRI ALN K, HL 361 4 5 2 34 AT BE R R ek
AT, ol R P 3k vk 0 v 2 gl A 0 g DR
R ICHIR B 3 43 B8 2R HL A3 AR AL
T2l Y 7 0 X DA 28 4 2 R A0 S AR A A AR SR
BH 7o N R PSR B, foff FH 8 3 4 D 5 45 55
DX 58 BB , 78 A8 o i 22O A B Ak . i
1 50 LS5 B TS I 4 B A AT TR, AT AR A 72
BUR M, W ERTA TR TR,

AN AW SRS T 28 o B A T 28 al
P oy B AR S AEAEAN R KN B IX o /N AR
ZINAFE JEE P AR A A T D o A IX T 43 1 2 B 55 56 R
MRS 1) B 38 , 76 B 38 M 5 SR R A T4 L F b, 0
b HARAS . REAEB e 5L 00 B oR | S8 LSS 1Y
FEF RV A B 20 B 2 b, 75 ] 3145 R R AR 78
BT, WA 5 HE R AN R 7 T

= LT SR 4 B AR R Y OGP 2R

LI B A 9 4 3], e e A K A MR 3 T 5% It
B, G B ) ke A= 24 A5 i A 22 3
FHTF A5 B0 ot ok B G A B e 7 2 B 308 57
B ARG ORI , FLAR ) 2 A 25 D8 A S8 e S 3T 1T
7 A5 FH 5 [ A4 CMAH R Bk (AR F 5 4 R 2 4
0.03 4F i 155 )L 4 4] PR A 4L R 1 ~ 2 mm 43
B, HBESOR W . 80.6% i E T b A
W%, BB 2k 9 LAY BB P Y R B R IR YT IR K
oA T8 Bl U7 B ) P P AR AT 23X S I RE KA R AR
Al A5 1% 55 B PR PR A 08 UTH ) ek AR A
PRI TCUI AT O, B LA L R 5 ML 7 2 ik — 2P
WFoE . e R, 2 A 17% EDTA %5 Al
VAT 1 38 T8 I 34 25 AR 52 i gk v A ] LA /b
MRS SR PR TAEDR A 7 4, B T I XU . B
YIS, R T BT IERE WA T AL it 3 4 A
HRAE PN IR AR, sk o 2 ) 4k

ARG AEIR T i T rp S5 B B 38 S R R
FHIEB 75 732 5 , FH DA B 55 8% T4 B 1T BEOHE 40 53 25 A
A ST A BE (1 A A B AR L A
3 B A O e AR A L, 0 S RS TT R BB AE
MR R Ik AR . NS AL G R ik A
FHE P TAERIEAT A PR A U1 #15 Lh IO . A
WEFEIAT AR, BEAT FH A 40 8 75 17 B 1 2 2 0
W, FR AT DA 55 BRI 5™, JC I 43 85 e B T 1 467
THEXBEE] . HIL, 7R B9 AT AHERR 5



376 R AE T BE 22 9T 2 s (R 1) 2025 4F 12 H %5 194255 6 8] Chin J Stomatol Res(Electronic Edition) , December 2025, Vol.19, No.6

173 N UE , AR AR I W UE T R e R AAE
DRI B /N B 0 5 e BRI 7 3 o 200 e i
GRS il A A E RO AR P, 7 BT
AE T 2 A T BT ), AT 5T g B HRE
BB 1 e — 5

WA, 55 i s R RE RO ARG A O Sl B . AR
] DU LA AR P e R BELSE S 0 1
BRI, LT RER S o RS IR ARAS P[] p
FETEST BS AR A IR A5 ST B AR vl LA 3
2 M DX 5 CBCT R LUKS 140 W07 4 735 48 b
FR 7 7 1], AR A B = Sl AR T MR 2
A AL ARSI R o X 55 R Uy HE A
J2 , MRAE 19 CBCT il i 52 14 n] L 7 73 2 e Al AE A
ALIAS s A B, o 5 BE AR O B9 18 S A IX 4R 7 5%
BRI 02

JUEA Meta 73T s, ORBEAIFARBUE 2355
iR ) O B A 2, X S s B ETS ) B Z R BEA W
B AR R L2 B T 0 A B e R A B e 2
R, I S i AR 15, 22 B 95 1 A AR R A I
ZF B T LASRAS 5 AT (R IR AT S A
BIEIAE AR BT T 58 B, RV 70 1) 73 5 A
TE2 N Be, AN BEE o B UL 8 5 A i
{ELST AR IR T LS B £ 55 % A A A AR L, O
HAPE 0 B Ak AR A PR A

g8 b ARWEIEIA R T 55 ek, 22 4 U
3 T g DD S B DR 3R 458 R TGS 0 A B 7
L5 HRAE iR F) B9 3 BT 55 B R LI Y T e
VR e 5 6 A S HOBE R B R e A
BRI AT

M IR RS A

SR, A TR A —E R RYE. &,
AHEFE S B AL B B 1B T, i = X
WRZH o RBIETE AN A 191 249 0 LA 2 4l aod R AL
BOR TR BT 26T Ry PR B AR IES A5, R B
XF B AT W TE AR BORT L o HU, A BRI A
1911 243 [R] — 24 v 41 BT 12 U 8 B, A7 7 AR 3 D 1,
WFFEAE A I n] B A ME AR, T 2o ) H
SRR BTN SR Sl RAERAE 255 . BEAh, Sl
51 A RS 21 Gy 4 B SR XU R IR, AR
WSS R o0 BB P2 Gy el il 38 o3 (1 L 23
BSOS T A B SE U 82T, —E R LY
My 1 BE VT SRR PP o

R, o i A S AR R T T RCR A W

95 2R, AR I 40 0 i B 5 AN SE SRR T R I,
AWETEIATT IMOE S T0E5E H 9, B W 23
B AR O Tk S RCR .

RIEIRIE T (EH 7 LR 1A il e

TEETMAN % KO RIS A0 eSS 5 1T A il
SR eS0T T U B I s 2D - 22 SR WA s TR
HEBFIEAR 5 I8 SR R

2 % x #t

[1] FanY, Gao Y, Wang X, et al. Expert consensus on management
of instrument separation in root canal therapy[J]. Int J Oral Sci,
2025,17(1):46. DO1:10.1038/541368-025-00372-w.

[2] Murad M, Murray C. Impact of retained separated endodontic
instruments during root canal treatment on clinical outcomes
remains uncertain|J ]. J Evid Based Dent Pract, 2011,11(2) :87-
88. DOI:10.1016/j.jebdp.2011.03.005.

[3] Rao LN, Thirunarayanan SL, Shetty A. Impact of a retained
instrument on treatment outcome: A systematic review [J]. J
Health Allied Sci NU, 2022, 13(2) : 168-171. DOI: 10.1055/s-
0042-1753492.

[4] Goswami K, Mangat P, Solanki M, et al. Endodontic management
of separated instrument: A case series of instrument retrieval [J].
Paripex Indian J Res, 2024, 13 (10) : 66 -69. DOI: 10.36106/
paripex/9307767.

[5] Singh AK. Conservative management of separated instrument in
root canal by bypassing technique: A case report[J]. J BP Koirala
Inst Health Sci, 2023,6(1) :38-41. DOI: 10.3126/jbpkihs.v6il.
S55111.

[6] Alamoudi RA, Alfarran A, Alnamnakani B, et al. Assessment of
incidence, management and contributory factors of root canal
instrument separation in an endodontics post- graduate program :
A retrospective clinical study [J]. Niger J Clin Pract, 2024, 27
(1):16-21. DOI: 10.4103/njcp.njep_833_22.

[7]  Yoldas O, Oztunc H, Tinaz C, et al. Perforation risks associated
with the use of Masserann endodontic kit drills in mandibular
molars [ J]. Oral Surg Oral Med Oral Pathol Oral Radiol Endod,
2004,97(4):513-517. DOI: 10.1016/j.tripleo.2003.09.007.

[8] Arslan H, Doganay Yildiz E, Tas G, et al. Duration of ultrasonic
activation causing secondary fractures during the removal of the
separated instruments with different tapers[J]. Clin Oral Investig,
2019,24(1):351-355. DOI: 10.1007/500784-019-02936-7.

[9] NiN, YeJ, Wang L, et al. Stress distribution in a mandibular
premolar after separated nickel-titanium instrument removal and
root canal preparation: A three - dimensional finite element
analysis [J]. J Int Med Res, 2019, 47 (4) : 1555-1564. DOI:
10.1177/0300060518823630.

[10] Garg H, Grewal MS. Cone-beam computed tomography volumetric
analysis and comparison of dentin structure loss after retrieval of
separated instrument by using ultrasonic EMS and ProUlira tips

[J]. J Endod, 2016, 42(11) : 1693-1698. DOI: 10.1016/j. joen.



rpAE ) BE 22 T 2 s (R 1) 2025 4F 12 H %5 194255 6 1 Chin J Stomatol Res (Electronic Edition) , December 2025, Vol.19, No.6

377

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

2016.06.016.

EARRE . AR ST AR B RO I RAE L J/OL . rh AR DR 2
WFFE 2R (B 7R , 2023,17(3) :153-161. DOI: 10.3877/cma.j.
issn.1674-1366.2023.03.001.

Chaniotis A, Ordinola - Zapata R. Present status and future
directions: Management of curved and calcified root canals [J].
Int Endod J, 2022, 55 (Suppl 3) : 656 -684. DOI: 10.1111/ie;.
13685.

Das S, Adhikari HD, Niyogi A. Pertinence of the Tactile
Controlled Activation (TCA) technique in the management of
severely curved root canals: A report of two cases [J]. J Indian
Dental Association, 2021:33-37. DOI: 10.33882/jida.15.30000.
Terauchi Y, Sexton C, Bakland LK, et al. Factors affecting the
removal time of separated instruments [J]. J Endod, 2021, 47
(8):1245-1252. DOI: 10.1016/j.joen.2021.05.003.

Jain AK, Jain R, Rao R, et al. Comparative evaluation of increase
in temperature on the external root surface of teeth during
retrieval of broken NiTi instrument using two ultrasonic tips and
two power settings: An in vitro study[J]. J Conserv Dent Endod,
2024,27(6) :634-638. DOI: 10.4103/jcde.jede_130_24.

Walters JD, Rawal SY. Severe periodontal damage by an
ultrasonic endodontic device: A case report[J]. Dent Traumatol ,
2006,23(2):123-127. DOI:10.1111/j.1600-9657.2005.00384..x.
0'Daly BJ, Morris E, Gavin GP, et al. High-power low-frequency
ultrasound: A review of tissue dissection and ablation in medicine
and surgery[ J]. J Mater Process Tech, 2008,200(1/2/3) : 38-58.
DOI:10.1016/j.jmatprotec.2007.11.041.

Lobo WMV, Sayed A, Sapkale K, et al. A comparative evaluation
of the resistance to vertical root fracture after removal of separated
instruments using three instrument retrieval systems: An in vitro
study[J]. J Conserv Dent Endod, 2025,28(2) : 182-186. DOI:
10.4103/jcde.jede_750_24.

Portela NN, Rech JP, Marchionatti AME, et al. Techniques to
address fractured instruments in the middle or apical third of the
root canal in human permanent teeth: A systematic review of the
in vitro studies [J]. Clin Oral Investig, 2021,26 (1) : 131-139.
DOI:10.1007/s00784-021-04235-6.

Ohri K, Chien PYH, Peters OA. The biomechanics of nickel
titanium instrument fracture in root canal therapy: A narrative
review[ ] |. Materials, 2024, 17(24) :6147. DOI: 10.3390/mal724
6147.

McGuigan MB, Louca C, Duncan HF. Endodontic instrument
fracture : Causes and prevention[J]. Br Dent J, 2013,214(7) :
341-348. DOI:10.1038/sj.hdj.2013.324.

Andrabi SM, Kumar A, Iftekhar H, et al. Retrieval of a separated
nickel-titanium instrument using a modified 18-guage needle and
cyanoacrylate glue: A case report[J]. Restor Dent Endod, 2013,
38(2):93. DOI:10.5395/rde.2013.38.2.93.

Saunders J, Eleazer P, Zhang P, et al. Effect of a Separated

instrument on bacterial penetration of obturated root canals[J]. J

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Endod, 2004,30(3) : 177-179. DOI: 10.1097/00004770-20040
3000-00012.
Sinha S, Barua AND, Rana KS, et al. Comparison of efficacy of
various intracanal irrigants with ultrasonic bypass system [J]. J
Pharm Bioallied Sci, 2021, 13 (Suppl 2) : S1390-S1393. DOI:
10.4103/jpbs.jpbs_223_21.
Dako T, Bica CI, Lazar L, et al. Separated instrument management
as a procedural accident in endodontics using the EDTA
(C,H¢N,Og) aided bypassing technique and the ultrasonic
removal method. An in vitro study[J]. Revista de Chimie, 2020,
71(11):73-79. DOI: 10.37358/rc.20.11.8375.
Zou X, Zheng X, Liang Y, et al. Expert consensus on irrigation
and intracanal medication in root canal therapy [J]. Int J Oral
Sei, 2024,16(1):23. DOI: 10.1038/s41368-024-00280-5.
Rosen E, Venezia NB, Azizi H, et al. A comparison of cone -
beam computed tomography with periapical radiography in the
detection of separated instruments retained in the apical third of
root canal-filled teeth [J]. J Endod, 2016, 42(7) : 1035-1039.
DOI:10.1016/j.joen.2016.04.016.
Baratto - Filho F, Vavassori de Freitas J, Fagundes Tomazinho
FS, et al. Cone-beam computed tomography detection of separated
endodontic instruments[J]. J Endod, 2020,46(11) :1776-1781.
DOI:10.1016/j.joen.2020.08.011.
Madian S, Gaweesh Y, El-Badawy F, et al. Diagnostic efficacy
of 3 imaging modalities in the detection of fractured endodontic
instruments : An in vitro study[J]. Oral Surg Oral Med Oral Pathol
Oral Radiol, 2023,135(2):303-311. DOI: 10.1016/j.0000.2022.
09.012.
Kalogeropoulos K, Xiropotamou A, Koletsi D, et al. The effect of
cone-beam computed tomography (CBCT) evaluation on treatment
planning after endodontic instrument fracture [J]. Int J Environ
Res Public Health, 2022, 19 (7) : 4088. DOI: 10.3390/ijerph
19074088.
Shah SJ, Kulkarni G, Ramachandran N, et al. A cone beam
computed tomographic evaluation of root canal treatment quality
using periapical and endodontic status scale[J]. SRM J Res Dent
Sei,2021,12(3) : 122-127. DOI: 10.4103/srmjrds.srmjrds_31_21.
Almufleh LS. The outcomes of nonsurgical root canal treatment
and retreatment assessed by CBCT': A systematic review and Meta-
analysis[J]. Saudi Dent J, 2025, 37(4/5/6) : 14. DOI: 10.1007/
$44445-025-00021-2.
Shaik I, Patel J, Roghany B, et al. Success rate of endodontics
instrument retrieval using magnification devices[J]. Int J Health
Sci, 2022,6(S3):764-769. DOI: 10.53730/ijhs.v6ns3.5467.
Vasudevan A, Miglani S, Hegde V, et al. Indian Endodontic
Society: Position statement on the management of separated
instruments during root canal treatment [J]. Endodontology,
2024,36(3):208-209. DOI: 10.4103/endo.endo_203_24.

(ki H #1:2025-09-19)

(Ao T18)





