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Abstract:

Aim of the study: this in-vivo, in-vitro study was conducted to compare the success rate of

separated instrument (SI) removal using two different methods (ultrasonic tips technique and
tube technique) and the effect of several variables on the success rate of each method.
Variables included; time required to complete a procedure using each method (in-vivo and
in-vitro), amount of dentin removed during each method (in-vitro) and mechanical resistance
of root after each procedure (in-vitro).

Materials and Methods: Teeth used in the in-vitro part of the study (n=240) were all single-

rooted. Each tooth was first fixed in a putty silicon base, and then an instrument was
intentionally separated in root canal. In group | (n=120), ultrasonic tips were used to retrieve
Sls, while Zumax kit were used in group Il (n=120). A CBCT image were taken for all teeth
before and after the removal attempt in each group, and amount of dentine lost during the
procedure was estimated. Time consumed during each method was also recorded and
compared between the two groups. The result was considered as a “failure” when the
instruement removal required more than two sessions. In the in-vivo part of the study, 101
teeth with a S| were included. Success rate and time required for the two methods were
compared as well. Statistical analysis of the results was done using PASW Statistic® 18.
Results: results showed that success rate was higher when Sl was in the middle third of the
canal compared with apical third. Success rate was also higher in straight root canal compared
with curved one. Also, ultrasonic tips were better at retrieving shorter instruments, while
tube technique was better at retrieving longer ones. However, no statistical difference was
found between the two methods when Sl was in the middle third of root canal. Results also
showed that tube technique consumed more time than ultrasonic tips when SI was in the
apical third of root canal, while there was no statistical difference was found between the
two methods when Sl was in the middle third. Longer instruments and curved canals required
more time comparing with shorter instruments and straight canals. Tube technique removed
more dentine than ultrasonic tips when S| was in the apical third of root canal, while no
statistical difference was found between the two methods when Sl was in the middle third.
Tube technique decreases the mechanical resistance of roots to vertical fractures forces more
than ultrasonic tips. As such as in curved canals, when S| was in the apical third.

Key words: Instrument separation, instrument retrieval, canal curvature, dentin loss, tube
technique, ultrasonic technique, mechanical resistance.
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Laser Technique : 3l Ao 3aaieal) cludil)

Gluhasae b Al cagial) 2l gl Zhan W 5l dile i Al glaar o sialll Bl
gl sl Nd:YAG sl (g Iseadi) Gua 2000 ale oba)ys YU i)y Lgia 20 yda
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(Yu et al. %63 #lad i i ciyell 2003 ale o525 Ebihara i_uly (%356 sl
(Hdlsmann and Lambrianidis, 2018, Wang et al., 2014)2000

Loali o sl 2 Lall 203Y Nd:YAG )30 (153 2014 ale oDl Cvikl axai
i€ aie %77.3 Aty Lalas oy olaly clea an Y il LSlase) 5lae a3 8L,
O 8 i aie %27.3 2l A il Laty oY) e Laali ae 1.5 e S
(Cvikl et al., 2014).a 1.5
L Sl B e Loy oBlond) 13 3l 5)08 Capial) By Sldys aad ol
ol A ALRYL el (& B i ll) pladn ) e AEa Bhall daps o s

3yl AAllaay) SlaS ¢ jiall PES\EN ol Byl i) A Al Jes i) e a8 gl
(Hilsmann and Lambrianidis, 2018). 3kl syl eyl & Sl & Gl Ergaad

H-File Braiding Technique :H 3l aladiuls Jaal) PR

leahitind (Sar Y N LA o oAl acidll & 83Y) 2gas vie Bale A o3a padius
(Lambrianidis, 2018).5Uall (s ae 2ad il s 331 Led 055 A @YW as
GG i aladinly slad) (Sar illy 3V Zha) i Al Alaje adfise Jaae (pali any
(Plotino et al., 2007) .3ladidll 51U Zaealls Lials dlasal)

Aial) Gaalill e DAY Aupladll Aalill (e Leaaal H o ggi e 0l cpaje Ja3) oy
e lu) Clie olail cpuall don 2 o5 e3jlae TG sl (Ko Ol ey 8yl
Lambrianidis, ).sUall 7l L s Cus Ul Jals Aliaiiall dakadll ae LS Aoy
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(Tomer A et al.,2016)
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(Lambrianidis, 2018) LAl sas sl CJBJ\
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(Deniz and Orhan, 2022) .3)shall ddle
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oady Cua (2
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DA () el s @
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ol Al lals Al Aalladl coghal alads ) @l alalY) e poleall &Y IS Y
Sl ) pladi s A ol gl Jaeatl) ol CaleaY) Jyan 350Sy (g)3al)
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L Yy Bl ppaanil) sl (pe eliad Jlaiil (pe 2B Clali Y1 (s 3558 Glaond) 38
Y 3yl
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(Di Fiore et al., 2006, Di Fiore, 2007) . xa J<iu Lﬁ)f)-ud\ Jad L u__\:l)ﬂ\ TS q:\ST:\J\ -9
slind¥) sy S 5UE yvast 8 caandiul Al el e galiall S of aie 10
-(Cheung, 2009).;1)&1,\.‘\

fol Lo Adaadle aie 3y Slue salaii wlg padt W) U8 Lilie bl asd any GlIXS
(Hargreaves and Bearman ., 2016)
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o) Cagl) ey Gfinldl (e IS oLaial g sa 3l Anllaall - las Fons 18 Ol Lo
(Kojima et al., 2004) .Jlsall 132 & doyaally Lgie 4y pul)l cliahal) alasdl
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%62 e I e %25 al iV i as Loy ddaaliall jie A0l iladlagl)

(Eleazer 1. 2021) .« f)d

G e 2 M clgalad Lowi waat DA e Lo s )3) aaas Lyl 6l Gladl s b
»3 3 Strindberg &l aas ¢ ol () Zaahe saly AL e Gaalil) Al S el
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oS) S Lt (S Y 4 ;s—';w PETS
Aldl) dasdiall &g ladils cae 1 (e S8 doj0a Jsa ddil @ -
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sley LSl lalas Zaliall ey Aaaball 2l Aalledl sale] Lol 436 et al., 2020)
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032 %77 zladll A caly g Gaalall pe s Lalald) 20l Aadleall sale] VAl A1 Abish
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ix %05 Ay Y s @lllia Il Lo @y e a2 oy cJgaant) 5l alansy 380)
(Sethi et al., 2017, Patel et al., 2009)s)lsll &y dxdl 3y o Jpanll xic
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sl g alai gas :(CBCT) Gudas il dajall 53 cousgndll adaall yisal
rbitad) s atll Tpaas ey (535 RS Lpgansl) Apindll Aalaiall o adae o) DG
alaai O Tl atlen s Al W) Bl ey aie caliay 4 V) LCT (5ol
:Laliill 38 al (g (Arai et al., 1999, Mozzo et al., 1998).
F bl
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o A8l A_miiie ligigal) (el el S Gua cAidaall ilasefilly elinllS 286S1)

41



Intrusuction & Literature Review 4kl dzal jall g Aadaall

Y AU aia Al an oSy Al ddle cligisdl) g e daelu ) oda

G0 Oahaad i sallall oda (Lol (il e Lo A e Aa 3 5yl

(Scarfe et al., il (u Aallaall 2@l Hgedag Avimall ) o5 :laa ccila g dal)
2009)

s Aoy jaeal CBCT ddaulgs doeasll cilulid) o ) o5 Michetti Lal .2

by A l) adaliall Lieaall Gl uldl pe gl die %3 e di- laa

. (Michetti et al., oyl (55l a0 s ) 4068 Zaayk ADe agiuhy el
2010)

e Bgy il dmg o "Hainll ol 58U (505 . (G Ausle B 3 (B) aguss (A) oal guie 1231 IS

148 igal) (Seiunag A (L) Blglaa B CBCTY) cilaladini
Aslled) ey U8 L gl Ao glaiall Zosopiil) lidaaall 380 sl @
Aol Jea ) clbdasdd sl (el e
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Slall 5Lial)
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i sana (ya Sl Chaiy dyiniall 208 (g5 )W Gl Ae sana g dans siall ) Ao gana b
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:8 ) gdgall @uﬂ\ doaS Ay :4—-4

31) Jeha &:\:"" °
oe Aladly ks ey £550 ile sanall a8 f (Kolmogorov—Smirnov®) laal ekl
@al cplall dalas jlad) ulai ¢ sagal) zlad) aan 53L5 () 1Y) Jsla (ol da 2 V) Jisad)
solany)
Y gl saeall zlall ana e 8aY) okl ddlas) ANS 3 580 an g Y tHp aaall dund
) s DAY s eagall anal)l il gie G Ailas) AN 53 3 g
3as 6 sagal) zlall aaa e 83V Jghal Ailias) AN 03 L0 aag Hy ALad) dus
B Jgla ciaY iy saeall anall cillangie G Ablaa) AN 53 3

:Zumax As gasa

hwgiall Glil) dcgaaa  ®

chsglal) Gulll) degans 3 pigall g lel) Slbissio (34-d) fp2a)

R I
293¢l Slaal 4o i)

10 9 0.33 1

10 9 0.33 2

8 9.2 0.29 5

7 9.2 0.30 6

9 9.2 0.27 9

9 9.1 0.27 10
53 9.13 030 | gl
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i o) Adilan] ANV I3 g8 o gl lan e cp il il o3 il 13 Lee CaiSl
Uslae 3 sgall zladl ana 5al3 o 81 Jsla 3aL3 ddlian) AV 53 ,ah cllla Ja : )]
ol st ladl adai (ZUMAX e gane (e Jasgiall il de sana 3] 020zl

V) salal
(oo Brugial) Gl degarna S gigad £lal) aas Dugio Jo) (39 ANOVA (ulidl) Julai (35-4) Joia

:Zumax Sile gasa

.

Jlaial 4Aaadl) Gl gia Slayd e

-

WY | Lgeadd) | clued | Lall | clugal

0.030 | 1.236 | 0.116 5 0.568 cils ganall Cp
0.094 47 4397 | clegeaall e
52 4.975 L

-

lum Jii QN 0.05 ANV (ggie Lad (e yraal (0.030) A Jlas) ded aif Ladls
Al A il by canell

:L_SQJ.'AS\ Glil) dcgaaa @

segodl) Gl degane S 4 gigal) g lel) Silbgio (35-5) ) ginl)

Ly | EeEesse | b g
293¢l Slaal 4o i)

10 10.25 0.28 3
10 10.25 0.28 4

6 11.11 0.51 7

5 11.44 0.61 8
10 10.56 0.42 11

7 10.58 0.35 12
48 10.59 0.55 £sanal
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35 <0.28 (glna Cihail 10.25 saeal) zlall aaa Javigia 31l 3 deganall 4l Laadls
7 desenall L35 ¢0.28 (Glone Cilail 10.25 ysaeall zlal) ans boussia s 4 de sandll
e bsgie 2y 8 Ao senall 35 ¢0.51 wlae bl T1.11 sagall #lall aas s sia 2,
sl zlal) pas Jaiogia iy 11 A ganall 35 <061 (lons il 11.44 50eal) £ 1a)
10.58 Jsaeal zlad) aas anigie &l 12 dcpendll 35 <0.42 (olne Glail 10.56

0.35 Sl Cilaily

e o) Alan) ANV @3 g8 o gl e e il il o2 il 13 Lee CaiSU
Wslae A Hsagal) 7z ladl ana 30L) e 813V sk 32L5) Ailan) AN 53 ik olilia oz Al
el dalan Lad) gadai (ZUMAX Aegana (o (g9 N Gl degana 3V o2 zhanul

NG IPNN

o (g0l ALY A pana A sigall g lad] aan Dssis Jaf o ANOVA (ulidl] fulai (36-4) Jsta

:Zumax Sile gasa

.

Jlaial Aaadl) <o gia laa Esana
ad)al) Lguaad) | clagyal) 4 al) Cala yal
0.000 9.520 1.519 5 7.596 ile gaaall G
0.160 42 6.703 il gaaall (i
47 14.299 A

dacays Jin SN (0,05 AV (goie dad (pe ypoal (0.000) Ul Jlaal das Al L
Abad) Zaca @l (abyig caredl
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A gal) (§gd C\j-a:i\ AS gana

hwgiall Glil) dcgaaa

rhugiadl Gl degane A gigal) glel) cilbugio (37-4) ) s1a))

Ly | EeEase | dba | s
o) | gl | Asi

10 7.32 0.28 13
10 7.36 0.52 14
10 8.01 0.33 17
10 8.18 0.33 18
10 7.47 0.35 21

9 7.46 0.33 22
59 7.63 0.49 £ gaxal

35 <0.28 (e Cihail 7.32 gaeall zlall pns Lasisie iy 13 e ganall il Laadls
17 Ao senall a5 €0.52 (lone Cihails 7.36 saeall zlall pan nisia il 14 de gendl)
e hsgie 2y 18 de genall 85¢0.33 GHliee alail 8.01 s3¢all zlall aanas Lo gia 2,
sl zlad) aas Javgia il 21 de sanall 5 €0.33 (e ihail 8,18 saeall
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.0.33

i s) Adlian) AN @3 g b gl Glan e g il 02 i€ 1Y) Lee CaiSlly
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(oo Brugial) Gl degana S gigad £lal) aas Dugio Jo) (39 ANOVA [l Julai (38-4) Joia

Aipall (G4 7 )pa¥) il para
Jlaial i) | claugia | alags £sana
L | Lgusal | Clagall | Ayl Cilaipal
0.000 | 9.678 1.330 5 6.652 cile ganall
0.137 53 7.286 e ganall Cpana
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luzm Ji AN 0.05 ANV (ggiue Lad (e yraal (0.000) A Jlas) Zed aif Laadls
sdeal) zlall aan B EY) Johl 5B g V() Abad) Al i canel
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segg ol Gl degana I ygigall glal) Slbugio (39-4) ) gia))

3

" gl bugia | Al | dsgesal
sl | el | Asi
10 9.2 0.31 15
10 9.3 0.47 16
9 9.7 0.32 19
10.2 0.29 20
10 9.3 0.43 23
10 9.6 0.52 24
57 9.5 0.51 £ ganal

35 ¢0.31 (Slane Cihail 9.2 Hsaall zlall aaa lansie il 15 Geganall 6 4s) Laadls
19 4 sendll 35 0.47 (Glone Cibail 0.47 Hsaeall zlall pan Janisie 1y 16 e sandll
paa bangie 1y 20 deganall 35 ¢0.32 (e Ghailh 9.7 Heral) zlall pas Lavigia &y
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e sl Aflas) A0S @ld g b gl il i cp il Hall 038 culS 1) Lee ol
Wglaa b oagall lall ana 505 o 8181 Joka 3ol Ailoan) AN 53 yib elllia a2 AT
il L) (udat (A seall (358 )Y ) A pana (o (g5 W i) A gana 85T 020 £ ]a0)
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Fesane O )sigall aaall GhhSS (8 Adlaa) AN @ Ggjh a8 %95 A (s die

99



Results and Statistical Analysis 4flasy) dul jall 5 il

S el Cacaty Aviaially dasios) L8Y) e IS 8 @lldg ¢(ge,A Culilly Jass siall i)

SR eliadl Ano culS Lage cdansgiall i) e sana 8 S A€ paeall 2 lad) IS 35

:digal) (368 7z )9aY) s gana
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Chaly duinially dagfival L8Y) e JS 3 @iy g9),A Calilly Jansiall Gl i gesa oy
S ) i L

SR eliadl Ano culS Lage cdansgiall i) e sana 8 S A€ paeall 2 lad) IS 35

:Aladiall 5181 ZhATLY ) gagall zladlg BUAN pliad) (s ABMal) A
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ZIALY sagall el aaa o 5Ll el Ailian) ANV g3 50 aag tHy Aladl Zua 4l
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:Kruskal-Wallis
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Laagp (gmdy A 0.05 AV (s5ie Aad (e sl (0.011) Al Jlaial dad a3f Jaadls
pan Y] Johal Adlan] AN 0 il @llia G (o) bl G il e jilly Jadig paal
Abgall (4 215 alatin) die lahiiud DA el 2Ll

Mann-Whitney U sl Gudaiw <yl s ) ool cluldl) of :J5lall e 2,
AL b leal) 3 (gl

(A ssigad glal) aan bugia Jo/ 10 Multiple Comparisons sisis) cilijléall :(47-4) Jois

Adgall (§48 7 )saY) de para

Liilany) Ay LYY Ggima | Bagiall | o) Lo 2 il panall
32.15 | 40 Lasiioal]
Al Cllg  aag 0.005 . .
------------------- 46.41 | 37 pua hb Cialy duiaie 45 gana
37.51 | 40 dasiicall zls)
Ailon) g aag Y 0.329 .
42.55 | 39 Sl Ciealy duiatie s
44.24 | 37 phua ghb Cial duaie 4 guall
iflas) clig @ aag Y 0.27 —Fe -
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Mann-Whitney = Jalas alasiuly cile ganall (o 480N ATVl ligHal salul) Jgoal) mas
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+ypaa ki Caiay duaidl 48V e ganag
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:Aladiall 511 z hASLY ) gagall zladlg 51 aBga (u ABML) A
:ZUMmMax 4s gaaa
tdanfiwal) 3UAY A gaaa
G5 A il Ao gana g Jans siall Al A sana G s2gall gz lad) s lanigia G Gl Al
oy LS il i panal LR s il Ui
Aasdicual] degasal) Jaf (o il (s panal b LES) gilii aili (48~4), ) sasd)

il B

= g s sl BB cya Calil
Glaall 293¢l zlad)

0.32 9.00 20 Bgial)
0.27 10.25 20 @i

0.32 (5)lune Calails 9.00 Lo siall bl A pana B 5ol zlall paa dassgia G o 8
027 (glna il 10.25 davs il 31l 388 (g5 )3 bl e gana & Ll
ro) 3 g & Lad) Galai e gial) On Aaea Sl 8 dllia OIS 1Y Lee cassll
cOsbausiall (g Adlas] AIVS 53 B8 aae Vi Hy paall 4

Hp: (Y2=Y1) =0
Ok il G Adlas) ALY 53 38 aa tHy Abad) A )

Hi: (Y2-Y)) £ 0
fazmpd Jin Y 0.05 ANV (5 dad o ST (0.577) AV Jlaal ded ol Jaadl
D93all Zladl ans Jan i g Ailias) AV 93 () aap Yt sl g (Abnl) Aua @l (b yig anal)
ZUMaX 4 sana (ya dagiiall L8Y) 8 (g5 ) i) de sana g o siall i) Ao gana

i b Chaly daiadal) LAY A gana @

@A bl de ganag Javgiall Gl Aegana cp Gyxiall gl Clangia Gu @l Ayl
P WS Gt Gliesaaal T LA il Gadd ke
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= FI S sl SUE cpa
Sbaal) 293¢l zlad)
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0.28 (e Cilail 9.22 Lavs sl bl A gana b ysrgall zlall paa Javigia G i 8
1050 (Slne Cahails 11.24 Javsgial) 4y 33 (g5 3 Gl A pana 6 Ll

ol Laadlis euipagiin & Laa) Galai ¢l el G Apaa iy i lia OIS 1Y Lee sl
pdall duajp iy Gl (0,05 ANV (Sse Aad e yraal (0.029) ANV Jlas) ded
T giall Gl A gana 8 srgall zlall ana Janigia s Adilan] ANV 53 (38 da g il i g
ZUMaX 4esana (o ypia ki Chial duiaiall LY & (g5)Ml) Gl de sanas

S el Ldals duiaial) 3UAYN As gana

b LS il (i panal L) il Gkl L
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Shaall Lol g lad)
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of Jaadliy e gt & Lad) Galai ¢ Calanssiall C Apaea il dlia GIS 13 Lee Casll
iy adall Auzah it Gl (0,05 ANl (g5ise dai (e ST (0.291) ANV Jlais) dad
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tddgal) (368 5\9.52\ ds gana
tdasdioal) 3LAY AS gaaa ©

o LS il (e sanal tLas) &3 el Wi
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0.40 7.34 20 Jaugiall
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Ol a5 eiipagiin & Laa) Galai ¢l el G A iy b i OIS 1Y Lee Caisll
O Mg aall duzm i i Glldl (0,05 ANV (g dad e ST (0.834) ANVAN Jlaal dad
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Adseall (B z15a¥) desana (s Aainsall 28] b (5 3 A de sanas

pdaa oyl el daiaial) 3L dc gaaa @

Pl WS (il (e senal T Lia) 50 Gandhy WiSa
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Ol Laadlis eciipagiin & Las) Galai ¢l el G A iy b i OIS 1Y Lee Caisll
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106



Results and Statistical Analysis 4flasy) dul jall 5 il

Lgiall G degana B seall zlall aan Lawgie o Adlan) ANY ) Gy aagn Vo4l

Adigall 35 sl A gane (o pshea Hhi Choat dviaial) Au8Y) & (g5 W Gl e ganas

S ol Ldals duiatial) 3UAYN dsgaaa @
P LS (e (pfie gaaal Lol 2O Gapdls WiSay
: S b Chals duisiel) deganall Jof po (uiliiene (i gasal B LIS gilli (uauili (58—4) ) gaad)

ilasy) aaa bugia " O il
Glaal) o) zlal 5Lial)
0.34 7.46 19 S giall
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0.34 (Hlae Ciail 7.46 davsiall il Ao gana B orgall zlall paa Janigia G i 8
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Oaiis paall Loy it Glld 0,05 ANV (s5ise dad (e ST (0.107) AV Jlaia) Ao
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AL Aglae s ol o) Laglia Aoy :5-4

I Jek Sl e

oe Ll laub ey £550 Gl sand) a8 o (Kolmogorov—Smimov®) laal ekl
@al ool dalas las) gabas L) Laglae salsy () 83V Ul ol Ja 2 Y1 Jlgad)
solany)

aasr Y (sl LSV daglie e 51 Jlal Adlan) AN 53 580 an g Y tH) adall s
A Jsh cadiay Tty LSV daglie il gia o dblas) AN 53 35
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:Zumax a&w ::M
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aaal) Laglia e @M‘
ey | | e
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