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all) ) (&5 Lovie Al Anllaall Ay L sole Janiad il 3y sV &1 e Slai o(Failure
Syl Gl o A€ulKudl bisicall (e i Lee clgenn Al Cilgal) Clasinl Bieme yé s ddaca

By o) o ¢l Aoshaiadl e Sl daye YT @l o (pal il mil cyelal Ly



g ki daal )

daball 8 06 Bl oY) L) o 25 Laa oStiffer) idla jS s caam ally kil
e gall Dluhll miln 3 (mil) 13 Ll (Peters, Arias, & Choi, 2020) dalledll (e 5 Akl
Ly o ofar oSl claphd o cilatisal) 30Y) gt e IS Gl Y Al clsdY) LSl G e
LIS CBUAY) e mb elglaning A (gypmal) L5 ojlaall 8 (g 5iney Al SlgY) L
) <l sl O Lagpilly

.(Feghali et al., 2021)

Aadlaall A 4 500 Jlas) L uaa ey dygle ol ) 4igd B1ama g (V) 3(V) Jsdl
dalleall glaf ate o S ljpaniy LN gda b Laali G Lae cdpdagll 450aa SLAY b
Gaan gy At Aol an) A3 By5ma (Y) Agud) Joa ABY) plid aaeg (Adal) cfpibll Alals))
aie Byguall B Badly Al Alallly Aaady) Ajadaal) SURN A Al clga) Saad lugi) Lgd
ECTCTEERUPYCELI YW DEWWRL Ny I PRRPN L ISE S FUPTN BPY| B PORRTPUIPN L PUPY. Y PN R ST

.(Pillay et al., 2020) AW axil Jsa
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:(Root Canal Instruments Fracture Prevalence) 4.l cisa) jLusi) goudi . ¥,0
Cam ll) o) LS N e g5 0 b Gdialad Gyl e Ayl cludall adie
SRS e iy apas oo Ty Lgdlenind (e oY) any Al ) Gandy Byl Ll Giany o560
O dgylall s 33l Y (<l ((Alapati, Brantley, Svec, Powers, & Mitchell, 2003) <lssy!
i) Y Al il bl Ly dleala ol 330 sl e a5 dealall LI GIS o) Gl
Alfouzan & ) dallaall (e oleiV) ey Gpdall il o Zalll GV (e shal slad eladll
O 330 Ll ) il ) LSl BEg b ddyhall o3 Addise e el e ((Jamleh, 2018
Terauchi, Ali, & Abielhassan, ) dyiall gl (e oty A aioalls 3 suSall Zull) @5 sl

(2022

SS ) faall Jlill e Wl Go degiadl Ll 3l HLSH pad 0 ale JS (Sl

MB McGuigan, Chris ) 3Ll s3a Jleaind <Vl 0 % V, ¢ — +,¥ o (hand instruments
Apla ) bl o2 LS ¢ sl cgliiall sad) 1aa (g3e35 ¢(Louca, & HF Duncan, 2013c
lemnys (L) e LS gaad laa o adiad clubal) e cciluhpall laadiad Al sl
NiTi rotary ) aslis JSall e degiadl syl dulll e Wl saadl L)) e AY
Ml e Vel e deguadl 4ol 3ball e 43l Ji L) Y ana el & (instruments
Lis % © — +,f (gl V) e @l o2a L) A o @l mln Celil Cua daall

.(Madarati, 2019)

JsS 53950 ) 8lsall sV ls dysall clsalYl o HLSY) Ve & CDEAY) 18 (ghay o (S
dabiall ) Yeems 3Lal Jane jucans ) o WhY) GGl Gun cgauladll o LLY) U8 e aaiaal dallaal)
Lla¥) st 33 ) aall Jgeasl) Gaiad dars apadl Hlaal) Jleaials Zulll Al By (3 2530

s Sl Jlaia) k) ) g 8 Laa cdysil) dashiiall pnimat oledy ylsal) ) sl Jlaxinly
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oy saiaal) 4pgil) logaiall 3 daliy ST 480K d5enl (et LisS LIV we 43)aally 450
pasdll e sl EhAll pam Gl S V) JpasS dalh JSUe e Sba Al

.(McGuigan et al., 2013c)

baieal) Aygl) ciloghiial) <3 QLY 3 Gaty O Lee sl Calidey 3l clsalY1 L)

S dalpalls Tagen J8Y) gl clegaiall iy Gl ae A5l @y i) dyglall s YIS
Gl L) Gyt Al LSSl aseall S e gl L) Jane adiny Sam aalY1 Y]
b ¢l 1S3 WS (oKly o(Ungerechts, Bardsen, & Fristad, 2014) 4ulll dalled) o) DA
VN o Jalaill e 50l e Slmd ¢ jumatll b Lelai ) bl £33 cgpppadl Guplaal) 358
Jeaas god a3 Gyl dalall juas c3 dulll dallaally oLdll exid Ally saiaall (g5

e lsil Caliday 453l 4 gl Cileghaiall e dll) el LSl

:(Causes of Root Canal Instruments Fracture) 4l cigay) jlasi) cabaad ¥, )
Cun ((NITH) a5 ISl (e e siaall 5lsall Aulll a1 LS Glad cluhall alaea 8l
i e cAdlina) Anaaall LAY g5l e e Sl Galidl) (e de sanar asilis JSal Adadd e
JSE Taall daglia e Slmi ((Super—elasticity) ddlal) 435 5aly «(Memory) A<l 5 <13 4o
lellaxinly man Laa ¢(Biocompatibility) ddaidall s3] Jlall g5l Juilly ((Corrosion resistance)
G o) il 855 JY 8lsall asnlis JSall ol Cuedd 8y cdll) Aallaall ol 8 wils <
i L35S Taall Wl ye Wl sl e cdll lly 8 Cid S oopdially galall ol by
Al 38 G Y) Allal) Lgiigge e atll e oSy bl sVl Anlie Calaal ¥ = Y o e A3
Laidiall AKalKual) dgeall caat Lyl 4] (e 3y aguilic J<all ddadal (Tensile strength)
desiadll @l luily i gy (Ferrandez, 2024) laall Jiall e NVl culpl ae 43)laall,

J< gk die culaDU Jualall o giilly (Over—use) syl Jlaaiad Jaojy faall Bl e sl



O e siaadl Al ) Sl G S inall ey Ly saiaall Gysil cilaghial e Sie
oo e 5yl Cpdall daey Lae 312V Jola e aayll (LB e 5505 Jpan daasy Tanall Julal) 3Yal)
aslin <) clsal aia M daa e Gl e Bl e ikt 8 51851 LS Jpas Jlaal
N 13gly Alaal) Ay peim 00 Jpemn o J3 cildle Gl 3181 mlan e jeday ¥ G cijuall o3¢y
D Gl 05 Bl 0 alis 0K chl LS G bl e cawalk
Mohammadi, Soltani, Shalavi, & Asgary, 2014; Srivastava, Alghadouni, & Alotheem, )
Y aslin J< @lsal il duasyy (20185 Zupanc, Vahdat- Pajouh, & Schafer, 2018

TN RERIRY

.(Cyclical Flexural Fatigue) (g,sall il )
.(Torsional Failure) ¢l Jaé .Y

.(Combination of Both) lee ildl flelell & Laia) ¥
o e

:(Torsional fracture) ¢} Jdd oo galil) jusl) .Y, ¥,

P PR agulin JSall Aald jaca aeaiiall 2¢all o (Torsional Leading) «lsl) aea
GO Sl s roabide cpeg oaeall o3 Ciar ol oSy dpiall s peca sVl
daslia o 3Ll hasg 31N oy (Frictional forces) dlkia¥) s (e zin illy ¢(Dynamic)
Juany a5 ¢(Static) oSLl e1aN) seas sgd ¢ SBI gl Ll ) Ll Al adaill lSyal L
Aadadl) a5l 5alyys by @l i) e (Locked) dpiall 5Ll e 5181 (e o3 Bl Lexie
.(Gambarini et al., 2021) 5181 go 2l g3all e

«(Taper) el duwss caalafy ol aesi o IS0 o)1 agal 51891 deglie agy
o3 S Canli Cun ehysil) Aashiall gy e b caiaill Jalye A Alaall Ayl daldledll

S Sonl) gl b il A et DA Lgle didadl ageall i) daglia 8 )50 Jalsal



1 35yl daal

Jsen Aaslie o apally Lgyall e ahslat (S ¥ Taa Bl @l S ellia oKy (oSl auasl

(Oh et al., 2017) (¥ JSall) aall 13 slas Jla 3 Al s LSy Las ce 5N

s 1si¥) i oo il LElidta Jladily ca gl JSl) 8141 85,0 Jlui) gy o(Y) JS)
.(McGuigan et al., 2013c)
Ll clgl) Aaslie LAY gyl A5 Aol Lunlid) dgaay (ISO) daliie Cieiag

O degiad) i) LY GaY craatiu) lly (Sl gl faall B e N e degiadl
i lpmae ol delid) Colie pa et o Al BISY) () e ple VAT iy @y cagabas J<al
Gigan gl bl Jahy sl Guly o L Ladie JH o All) g1 S8 Lleey «uSl Eigan
i oJll Wysae hainl ae Y1 ki ae cauliial) e 3Vl Ciual dagy Gul)l A8 5kl

-(Gambarini et al., 2021) &l ciilic aje ) Jgasll

Lpand) 5l as coalll oSl Bhaeall Adlall el ceaslall g S jeaall cind anilly

o palll Gadll e Aail pag < OSHall Baate Ayl Cldle Helai Sl b s sl e
Levics il Hsehh o Ugsuall a5 el (8 A jedae @ld ddhie Ay ¢ sl ) Caphal)
clena 2y Jolati dypgaal) Asebsal) oy 3ag lly Adalal) cule il ola 530 (g5l Ganall (et
AL 1Yl i (e pe Lo ol Aidaall 55l o liiely Sl Candly Loy ae 2a
Pillay ) jaay) jhdll el dlaiill 36 G liel 1) Llgdl Gl e3all Jsale sy Sl ol

(et al., 2020
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:(Cyclical Fatigue) (g;gal) cadl) .Y, ¥,
leihysa xie AV Zalll g o pslis ISl Adadd pam A3l 25eal) Ge (g5l il iy
caaailly Tl (ye 3y Sia Clysn A sl ada o yay Las cduiaiall dpdal) 4] Geca e JSG
sV ks Uss Ualsy) culuyall chamy 85 Gl Ay (am 353y ey N 3w o (S Sl
DS Ldlaninsd ie LayLal Jlaia) o) 51031 jlad 8 LS Cum egysall ontil] Lt glia 3al5 Alaninual)
Bukhari et al., ) \lsh JalS e olini) (o ST el ) 48Y) daldy chaaiall 4,00 481 3
Gan ) lsBU (Over-use) dojial) Jlexind) s udy JSG g)sal) anill Juanys (2019

(s Camill osalis JSal) ol Aaslia 5 Lala 150 Jalsall (e desame coaliy cdiaiall 4p,0al) LY

Lol Jleind Ge g @ (g5l candl (¥) O prmgys chgonadl Aladsl) 3ya dayy amliasy

.(Ferreira et al., 2017) dgaid) 468Y) el

Principal Stresses
[MPa]

1.800
p-
- 1.480

EDM 40.04: 60° - Bending S

- 1.000

840

B
(b) e

40

120
-280
440
500

CM 40.04: 60° - Bending
Lo Savio ) 4y dall SURH (e culsdl Juand Al Aliial) aliilly aaal) e 3 gy o(*) JSdd)
(et al., 2020




Agaiall Apiall il e o) iy egpsll il (ga S () asiltis ISl el e

Cuall (Sl i) dyiall 48Y) Gam Jad o)aN) Gl e Gl o8 e Laiy o€ JS)
oy Lae celgiN) Gt ) ad o oS A Al Y] LSS el aliea B ) el il
s L) Gyl Jalall sa Agaiall Al 4V aca dulll @l Ljadl i) & )

.(Campbell, Shen, Zhou, & Haapasalo, 2014) <l g

||||||||||||

s Jlaaiaaly ) cilgl) o o )siY) Jidy ¢ g)oal) cail) cpa JS il priagy o(8) Jsd

.(Chang et al., 2016) gulall g3



paad) da gy ¢kl Cgand Al bl S cldle @l axd o 50 sl anll Hsu€ Cuaas

cel)Y) Blsus (Obsall AepuS cllyy sl o gl 128 Sipaa AplSa) (A 55 Al Ghdd) (e
Caualy o gydall clatV) Apgly (e Slmb capilis ISl Aaglal Lpideall (ailiadlly 51aY) plans Aallass
Jal daiaal) il al culs a8 clayhd 8 LS sl 13D ) 310V daglie 2o s cdaall) 1Y) L
M=) ddads a Loba dallee saan dpnee ddada yolaty ulSal) Cuald i cdibiae ullly 4S5 o3
Y Jaai 58 A 5 A Jalsall US e a2l (o (=05 ¢ olysall (sl Aaglie ST ()5S ally o(wire
Lshll ol LS ((DURY1 Je aal) Jalall o Lll 5Ll ¢ las) 2y V) ghsal) DDA digdad) (55l
De Pedro-Mufioz, Rico-Romano, ) lede didadl ghell o Jaad e slY) 508 culs

.(Sanchez-Llobet, Montiel-Company, & Mena-Alvarez, 2024

:(Factors Contributing to Instrument Fracture) gy} jLusi) A aalad 31 Jalgad) . €, )
Gl Ll Gugaa Jlain) & Lpass T50 qaali ) Jalgal) e el aag cligle USH LS

Gl Lleal Byl (go IS S as cpanlis JSa) Al e desiadll AY) V) dald Ayl
Clye 2 e Sad dpydall Clgill e eV Jlexind ATy cilaxionad) ucanill Ay ¢ ylaal)
el Aalill g6 e J8 qaaly LS cpdall sl dpm i) cblaeVls clgasaaiy 1Y) Jlexin
Of e o i L Led Jslainng eclsa) LSS Gigan Jlaial a1y Lol dllinall agatl) <505

.(Pillay et al., 2020) <3 dsle Jalsal) Ny
:(Operator skill and Experience) (ulaall cudall dlaat) 5543 :Yf

Ciluhal) il Cnpelal Cum Al V) LS Ela b Lla Ty5 Gojleall Cuplall 538 Canl
Al 3L g V) apena) Adl) s LS 8 aalus ) Al Jelsadl 550 apal die 4
Al s S DA gany Jagy oA a1y aagl) Jalall & (spleall Canall 358 cuilS (laje s

@) Goladll Gu GUDERY) Cigan SV ana b (9% Slaball a8l 1 (e aell e (Sl o(£0)
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Cmolad) ) Logs Joas Tades FSYI Al Y & ) @b ged of Sars il pes ¢yl
Ayslicia 3508 JiVs celpald) Ay pnd) rslaall i Culsal) oS Jane (g Jang Lee aiya SV )
S Aglaal Gaeleall 2L Cusliall silly e gpppudl oyl o Jpanll agall b 13gds Ly

.(Boutsioukis & Lambrianidis, 2018) dallal P dlll cufsa) LK) IDa) Ergan dyllaal
:(Instrumentation Technique) dlaiuwall juaail) 4,5 : Ll

s Gob oo @y sl juaatll (Crown—-down) ass Jlesis) & cluhall cus sl

Sl mall Janall piaaty bl e Slmd s )3 Adaiall 1) Jeagll S 5L (e dalil) dilaial
Slsall sV Jlenind J (Taall Wl e sl (e degiaall clsa¥1) Yol Lpgadl sl Jlenind,
Cun Al eyl LS Adlaal Cagds 8 age G50 4l asnlin IS0 Al e desiadl 4
Lsiy s cdipall 1Y) e Al il jlans) iy 4yiall 48Y) juman 8 4 oda Cealu
ses awdi b (Crown—down) aud aalus LS «culsa¥) Sl Jsmny eo )V canty piilae IS
aad) e aids Ll LS (agadll 4ag o dduall 4@Y1 3 saladl) (Torsional stresses) ¢ lsily!
N ame Qs 3 Lol aaliy Lee cdpydall 5Ll s jumad 8 Lgiegar asiil 531 e diydas U
Al AR Sl

.(Bhuva & lkram, 2020)
:(Dynamics of Instrument Use) dull) 4,89 craca clsal) Jlanind Ll

3as3 8 Ll T (Rotational Speed) ¢ysall dc s «(TOrque) sl aje o OS cual
Al dpald i Al A & ;'”q;'”s". g 44, SISl ageall 4
bipala a5l AleSl) clSoad) Baan g cdlll clgsl) e didaall 48510l | 3eS
ledlaainly cluhall meats Al «(Torque—controlled electric motors) 4.y e e e A

ae e Blal) i Al S ) Jlastind o cluhall il cpelil dua casalin J< @lsdl ae



LS a0 A aca ) LS Jlaiad (e caidg o Sy eV Lig e an e J8 (S5 ()50l
Glsa¥) Ll ellldia) b Sl haal leadty U sl deju 550 luhall any il <yl
Slo Oy ISy ading 31V LSl (A8 3 el aac) Glysall Ay Ae G (e atll e cdll
Sl sl Jlanind sie ale S5 A8l 3 5y50 T s Ge sl Aegu 50l O V) Alexinall 31891 £ 58
Ariadll Gl ale ol Cua dpiall AV Ges @l LS Jlaa) jha (e a aselis
suaaill L) il e Jseandl @l GAaBall 8 3)50 Ter = YO (sl Aeju e Lilially

.(Madarati, 2019) s13¥) JLuSl Cigan ylad ad) (50 (g5l
:(Canal Geometry and tooth type) dallaall cpall £sig Ay sdall LY gy tlay

Joai Lodie: diany LS Gl aslin J<) sl caad 0 Al cluhall ol ekl

obe V) el Ak aa 3855 s (Point of Maximum Flexure) (ssaidll ¢15¥) dkais ) 5)aY)
L& ((Simulated root canals) daiall 433l LY paa (Point of Greatest Curvature)
Gl Jgeand Lygllaal) culysall aae Ji5 Ul o2 ylad jaii pa cpaliilly Apnioall s ¢ lini) 4l <l
Vs aliea G eyl il cdpppadl luhally dagiill oda Cieed 25 CAlexiuall 315Y) LSSy ¢ gy5al
Slo ) hadly S8V AN Ayl elliag o3g Ll e gq M BN 8 5<5 Aalll oY) L)
(ol CEN e %YYLy el gl Gl 8 Y LS Jlaal sSy G ol Jsh JalS
sLhY) Ay (gl @l ez 3 B LA e lawgiadl GE e %1 Ay
Agasiall Al sl G \lleivd tie peualyy Jagale (S8 (midsy Zalll 381 yee O Cun cpladl)

.(Madarati, 2019)  Sie J<i
S el e € S in Apdall Clgill seaall oyl G i e Dlad
o ST OSa elag¥) 8 Lgyd Leadl LS 4l sl jld aiy Gus o(Torsional Fatigue)

oSty L 13 ez lall 0 e adaill e daslia ) 4lll clsaY) e Las chala¥) Ly clalguzall
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S el ) e Aa)aally Adendl o Apglell ola V) Al e T OS5 V) LSl e
Calaal 4D ST (5% oY1 8 Al clealY) LSl A & Ayl luhall Clany 28 lalgual)
Lsled) ol Al dpalaal) Bl eca sl LSSl du (sS5 3 Ge b Lelalgually 1)l
el U a1 daall slal Al Gl eV ciudiasl Apdaall slEl e Load Galecal 2D

.(Madarati, 2019) &) Zglulll Ul ae 23l (sale Wae lind) 525y jaaii illy) Aa
:(Effect of Cleaning and Sterilization) ajil)y (iaiil) sl sleala

slall Jlexinly 4l agail) iy ) asslis JSal culsal Gm et o dgpaall caluhall ¢yl
Simd cAganall Aalal) 4y Gana Bpiea Clednsl Jsuan e Al jsels ) of (Autoclave) aasall
aindll o Gluhall caag WS (Surface irregularities) 518U dakandl cilasill Gee 3345 e
Sy e iS aaliy cilsdVl oda adad 5y il ) ool aslis IS e desiad) GlpdU i)
Jan fase e adiey AEA) oda O Aglaal U Loews Zglll g8 Zaiadll AN Cuadd
Gluball ciyelal 385 ((Machined) dged) Ahall fase leapioai (o Yoy (Twisted) dpaeall dagal)
el sy (e Ao senal (el aey Bam eliadl (axd Aaglies ool A pe aidly el 13 ¢
shall (e Adte <ol sVl Gy o) cojelal cluhall (oany G alaa¥) i e oSy L Ad)
G el Jlexind (0 a8 illy Agiarall Aaglal] e AaSliiall ageadl o lsaY) (alds ) gon
Oana Lk Llee oS ¥ B9V 13 o Jpeanll AU plall clags ol @il (& oLy ddg3all sl
) 3alual)
.(Yamaguchi et al., 2018)
B L) o35 assall aolons Jleaind of el V1 8 deall cluhall ey caed)
O S Aviniall Al A8V paa psadgeall 0ol sua Jlaxivd ofs ¢ppiliss J (g Ao giaall )

Lppyadly Agpial) bl e Aegene Ji (e sleaV] a5 Kl el LS jlad e a5
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asilis <l e desiadl Gl o gl b Jleind alu 5B day s ashy

.(Darabara, Bourithis, Zinelis, & Papadimitriou, 2004)
:(Number of Uses) Jlasia¥) i sie :ludlu

a1 Jlasinly QL) el a3l 8 Yo oV alad) die asiall ASLadl) 3 daal) 3155 <paal

O gsaal)l JE) Jseanl leie @llyy (All endodontic files are single use) L saals syl 4yl
& Al Lawy Taaa Lga gl jaan A (8ly ((Prion Transmission) cilisyll daaliy sl
By LS olaal) Caplall ol leaY) Jlasind e dae G5y dAgilie il A agysY] ey
L Cuedd a8y (i 3aals 3yl Al 3l Jlexiad e Tage dulll Clgid daiiadll CilS,E) Cuaad
0 A Gl o ey dasall dlall leaad e o0l e (Alad Anlll Hlall e Jaad Baas

-(McGuigan et al., 2013c) (WaveOne™, Dentsply Maillefer, Ballaigues, Switzerland)

G Al YL e QS 2ae aag YRl LA sda (e palal) Uil (o) JSE) gy

gl L) o @luly e cuald 8y ¢l GV Al @l Ol L 7 saall Syl 2ac
oo Rl iy oSy clllaninl Shye s e Yoy clellaninl Ayl Gy S0 Bl padlis ()
Cln asalif JSl clsdl ol ¢(Rapaall A8kl @) Jlexind (5 Jliels) Jleiul) Ak
Lisale OS5 J8 )51 Cans daslia (55 Cum cJlania) Cilye dae 3245 pe 5N s daslia (il
suaall eVl ol A pece e daad Aleieadl el g L)EdlL Wlaas)  Jlsg

.(McGuigan et al., 2013c)
Al ) Ll A G sanly syl Llll clealY) Jlaaiad 380 (ygmgpall ogialdl e,
aey 329 e Ay A 4 %0, ) Jea Al AV e lae Jeiad o 3 sa0al

3 Adala s 2oy Al Y] peca CleaY) Jleriad died Gaas Gl e Caaat Wl Gl
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aag Y oSy Al 5Ll e 31U LSS Cigan jlad e % Lee Jlaniad JS pe (35 IS Aiaadll
pal Y g Apiall LY e Al 51 Jleiad Gl dae aaad Glaag A asdl s

-(McGuigan et al., 2013c¢) dpdall 5Ll syl agaty ) gria anidi o a8y g ¢ uyladll

Oada pgdiy G cagaibid JSN (ha psiaal) V) (WaveOne) sl 5140 gie guiag :(0) Jsil)
Las cduasall alual) (B 31491 adiat aie 23l el (s Mlg ¢ aad) sl g3 ,SEuBLY) DAY Jea)
.(McGuigan et al., 2013c¢) laxaa lgllarin) (o piay



)1 3 yLail) daa)yal)

Instrument Design Role in ) L&l e W)luSil 3183 araad ABe .0,
:(Fractures
oy il JS0 il o 15NV1s (SiaY) 35eald 319 Aaslie o sl Tadde il o mpal
il 3Ll e 318V LSS Aaglie e i Las ¢ oaapell Lgadaias 515Y)
:(Cross-sectional Dimension and Design) 4asaiy apnll adial) sla 3,0,
Torsional ) ¢ |sly) Jadl 5189 daglia ot ) a5 dayall lgadiia aang 310851 ki 503 &)
oaliasly BIY) Ligpe B el ) el adaially il salyy gop <l i & oSy o(Failure
Ml 4aransis 3133 el dhaidl age o Cus (Flexural fatigue failure) o)yl (i 4. lia

.(McGuigan et al., 2013¢) LS daslia o 5151 5,8 poas & Laga

ki) @iy (ProFile) cilpal ae il adiial) cls (ProTaper) clssl ¢ dgpm dul) cu)ls

clpdl b ST O Uilie oS aseall 58 of duhall zils casy Gia (U-fluted) Gaa S
18U sy (ProFile) cisal asaai of e az)ll e (ProFile) cisl ae 43)idly (ProTaper)
A G ) Jsh e i 1)l i Y (ProTaper) cilsdl e gl e g8 ¢ 5T 4355

.(Bayram, Bayram, Ocak, Uygun, & Celik, 2017) Jalall lelsha Jal< e Jas 5 bl:.s 31y

il Al el G ey bl i A g pdalil) aall opesil dually L

A Leanaa il 3yaaal)l @lsa¥) G el do ol ol o) elysall ant daglia te gl oY)
sIY) daglie 8 L8l o 5y i @l Lgie desiaal) sall of cluhall sy oSTg casld Ll
Controlled ) ¢ dcsiadl ahiall &l @lsa¥) of gialdl Lal Cua ol og)sall aaill
ipiall sl e ghsll DA lgle Akl agall g e 58 @kl (memory  wire

.(Venino, Citterio, Pellegatta, Ciccarelli, & Maddalone, 2017)



:(Instrument Size) 3189) jké .¥,0,)
OsSs Levie Leassig dnlll cileall LS e Jel eV axe dupacdly duypadl caludyall cla
Jall sl o ) oiald) ey i caals s e aailas IS e desiad) 51Y) L
2y clean SSY) YL Alie Gl o) Cand (38 Jeand e ST 050 Laan sl o pilas
saal; 354) (ProFile 20 with diameter of 0.04) jsuall kil culd g Jleainly ogialll ajl
Birklein, MaBmann, ) <o) oda 4 Al o2 Jall ool Jldial o ollyg i

.(Donnermeyer, Tegtmeyer, & Schéfer, 2021
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rate of 80% compared to 95% for the other group, and the average canal size
before working in the modified technology group and the file and loop group (2.96
and 2.98 mm3) respectively, and after preparation it reached (4.24 mm3) in the
modified technology group, and (4.16 mm3) in the second group, while after
removing the broken instrument, the size in the modified technology group reached
(521 mm3), and (5.79 mm3) in the file and loop group, which indicates that there
are statistically significant differences (P<0.05). The amount of removed dentin at all
levels (except level 1 and 2) was lower in the modified technology group, and

therefore the amount of deviation from centering—ability is lower in this group.

Conclusion: Within the limits of this study, it can be concluded that the modified
technique in removing broken instruments showed superiority over the file and loop
technique in terms of the time taken to remove the instrument, the less dentin

removed resulting from the removal, as well as the number of fewer complications.

Key Words: Broken Instruments — Retrieval of Broken Instruments — Amount of

Removed Dentin — Centering—ability.
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Abstract:

Aims and Background: Root canal therapy is a treatment procedure with
complications, where several procedural errors can occur, the most common of
which is the separated of instruments within the root canal. Removing the broken
instrument is a challenge for the practitioner as it carries the risk of moving to
another mix, as well as the possibility of losing a large amount of dentin during the
removing of the instrument, so the appropriate technique should be chosen to
remove the broken instrument. This research aims to compare two techniques in
removing broken instrument in terms of: the amount of final removed dentin, the time
taken to remove the tool, the complications that occurred during removal, as well as

maintaining the central ability.

Materials and Methods: An in vitro study was conducted on 4( lower premolars,
where within the root canal an artificial fracture of a red automatic cooler (0.04) was
made in the apical third of the tooth, with a length of 4 mm. The research sample
was randomly divided into two equal groups: the first group, which is the group of
removing broken instrument using a kit (BTR), and the second group, which is an
experimental group that relies on removing broken instrument using ultrasonic
vibrations. The study evaluated the amount of dentin removed by taking three CBCT
sections (before work, after preparing the canal, and after removing the broken tool),
as well as the time taken from the start of removing of the instrument until its
removal, and the complications that occurred during the removing of the instrument,
as well as maintaining the central ability by studying the amount of dentin removed

from the inner and outer walls of the canal.

Results: The results of this study showed that the average time taken to remove the
broken instrument using the modified technique was 27.01 min, and in the file and
loop group 33.70 min, while the complications occurred in 5 cases for the file and

loop group compared to only one case in the modified technology group, while as a



135

result of removing the broken instrument, the modified technology group achieved a

success
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