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Comparing the elastomeric behavior and force degradation pattern between different orthodontic
elastomeric chains

Ali Mohammad-Hoseini', Maryam Pirmoradian Najafabadi?’, Gholamreza Eslami Amirabadi’,
Mehdi Aragh Bidi Kashani®

1- Orthodontist, School of Dentistry, Shahed University, Tehran, Iran

2. Ph.D Candidate, Department of Dental Biomaterials, School of Dentistry, Tehran University of Medical
Sciences, Tehran, Iran (Dr.maryam.pirmoradian@gmail.com)

3- Assistant Professor, Department of Orthodontic, School of Dentistry, Shahed University, Tehran, Iran

Background and Aims: Elastomeric chains are known as a current device with the purpose of dental movement in
orthodontic treatments. The aim of this study was to compare the elastomeric behavior and force degradation rate
between different elastomeric chains existing in Iran in different time durations.

Materials and Methods: 11 different elastomeric chains used in this study were: Class One, ASTAR, G&H,

TSNPT, MIB (French and Chinese type), Ultra Chain and both American, Ortho Technology (simple and memory
type). All chains were stretched upon to exert 150 g force and then force degradation rate in 6 time duration
(1, 3, 24 hours and 3, 7, 21 days) and modulus of elasticity (MOE) in 2 time duration (start and 21 days) were
investigated. All Data were analyzed statistically by ANOVA, Tukey, Games-Howel tests.

Results: All chains up to the 21th day showed a significant decrease in MOE except for the G&H, ClassOne, simple
orthotechnology and a significant force degradation except for the American (memory type). The most significant
force degradation rate was in ASTAR gray (P<0.05) and the least in MIB (French), Ultra Chain, and American
(P<0.05).

Conclusion: All chains showed significant time-dependent force degradation (mostly in the first day). Only, this
rate was not significant in any time duration for the American (memory). In all groups, the most force degradation
rate belonged to ASTAR gray and the least to Ultra Chain, MIB (French) and American after 21th day.
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Journal of Dental Medicine-Tehran University of Medical Sciences 2020;33(1):54-63

S5 dlge o 5900 09,5 = a5 (Sbi pole olKuily — (S 35155 0aStils —abT el HLLS (clas] = )5t Jghme ot
Dr.maryam.pirmoradian@gmail.com : g xSl Ui M+ 100+ il

oy



https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

OB g (e doo (e 5 e (sl 6 pagio] (Slroyos; oy JHoxedl (ol g S pogins¥] ) dunylie

245>

ol pbl 5l Ban gy g0 jladd 4y widg)l slaleys o Sl e obuls sl zly byl 5l (S (Wppe) Syl sy HE-KFS 9 Ao
sl Bz Sloj slaojly > ol 3 35290 Blie ()l o b sl 53 968 IMomadl Gline 5 S yegiu¥l 13, duslio adllae

(3,8 MIB (( sw>) MIB . TSNPT (G&H ASTAR ClassOne :slasiy jl asdllas opl y> o3kl 5y90 G pogin¥l cpz 035k 2 ow g 39 V9
9y p)5 W0 Jlasl ay B (o 13 a5 Jobo 4 oy 5399 0d bl ylaaladls g 03l g4 95 ,> Orthotechnology 4 American .y 3 g ultra chain
b5 )18 Llod 3,50 Games-Howel g Tukey s ANOVA (ol (gl jJUT 5 olizaol b ool cowd ay (slaodly .cd 8 )8 b)) 3590 ¥V g, 50

ly oy o ine JMxaus! g (e5ks Ortho Technology Class One G&H o 4) dipmio¥] Cuoysd s oo <8l YV o, U lacpe plos tAEL
(P<+/+0) (5 uSB ASTAR 05,5 & bgsyo 055, ¥V 03 13 535 45 ime Moxausd] a0 00 5VL 65l ()L (memory chain) American og)5 3> )
(P<+/+0) 59 American g ((sgusl,8) MIB 4 ultra chain ,» ;)] oy eS 4

2 Olise ol (memory) American Wy ) Ladd .ind o Ui |y (Jgl joy 50 yid) oyl 4 dtunly Jbo sixe (955 JMous] s dods :‘5;4.29;3
4 oS g S B AStAr Ky & g8 Moxed] it YV oy 5l o Bos 4l e )3 98 e bl il Loy slaol 51 S e
by 3le ((gqusly3) MIB ailtra chain

W] o 5 gy M) S pogin¥] (> 1059 S

QAU YIVY ols a0l AV YNV s ols oMol WA VI o Jgg

Sl ,ls, eyl b5 LS5 opl gy 0 Hloss & dlgo I awd Ao
Gloy o aS Syl GluSy gl () s as e S g e uidghyl ooy > sl leys )b 5l ey s
CAd 4 a5 Bdgr s sl ply 48,5 )08 solitul 550 (S50l ollas ae dy s (sl slalawly Blial oy 5 Lol 51 (S da oyl
Pl e 5 MBS o )5 luze by 5 Lo b Cos lagliin g g lasl (o )3 e Loyt 31 (S 29500 sled 4 2l
595 s VAP Jlo jd gy cpl 5l wold o Cawd jl 1) 268 S pogiwY ] 9 55 polie ;0 9y Jlesl ol (608 can g oSols 2ol Iy
5 oy Lide sl a8 1y e gian o pegi¥l bS5 4 |, 5 ol adyy B8 9 BBb sl Ll Glesl b e g
(FN) Lo P15 s V) cunl b liss ouiss colos (glalgsaiw] G)laiel sla Lo

ol e widgyl g yloyd j3 eolatl 3y5e (sl yogiw] & Ll s 4 onds Jlasl (g5 o lilin] K lais 4 5y ol 5l
gl )8y gedh S plyis 4 g 03 Glimh olete gladle Jsb 3 298 (b pgle andl g @M &)
Oldy youly aSd odizmn w2 )0 Cudle I —liels plw BMS 4 - Sl a8 wlas 5 5148 eolanwl 3ys0 (5 0)5 cpl sl (goame sla )3l

ol 3y Sypegua¥l cloy & g Lo ojgyel )b 08 oLl izl  NiITE (glajié dacSiz] 4 o gl ol
9 b oo g Ulawginl o bl (b (1Sl 5| (uidgiyl glagleyy  lawgs Seely Jood cgosls 38 VL ()55l g s 4 Ll
g g0 0ailss pU ol Sy osig (o3 o (ndls by Cund 55 5 ool CO g a8 Jb Sl S Slaeod lags
Sloyl) o kol Jole csis slmoyrss ol A3l ag2g L) 4uS oyl 4 Sepegta¥l sl il cad Al g ays
Sl lyis 4 (2l e bl (A) Mt LS 5 (nl ) StV (FF) 58 o (s
sl (slins a2 el 9 39500 slod 4 3lge (Sl P L iy aw o 2980 GHBT (LS 5 4 Gyt dlgs wdypa5 >

5 ol ol lalazes 55 5g)am g (iSTy (ol SLS 5 ol VL 0,006 9 oo ol ol 5 S i o oS ke g 95 o
Gsbye g p 5 slaluze o bl Sl (ol il 4y ol ppen 5 ol Apmtio¥] s 003,55l 295 Ayl IS5 5 p 8 4 alolM,
Sooolye 4 ol bl —pley e wilea - Gl e Sy sbe )58 sl Jsb iy (eia B el eaiS el

IATA]


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

(\Y‘ﬂﬂ )LQK Al O)Lo.w JY 0)5.))

I oy caitligg lass g Kby pole olisly (S 3510 dloxa

3 M)
(V JS8) Gl ik 52 29290 S yagia¥] 2 V) adllae ol >
adl gLl g Jgeme (12 89 9 B 93 5145 )18 (b)) 5590
9ouiS 90 53 o oS Jouaste 93 Wiy S5 5l g Ldgy dgng0 dalllas )
Y S 0 edlaisl dyge (slacps 8 )S 18 bl 0yee calisie
g o ol o odnlin (clp adlbae 5lel 51 i calons ool olis
Gy Sus I odlaiwl b adiges (bles g 00g5 o Jlais! aslis
<&lo BZAD Jas Olympus) (g8 ySee g2 yil) (265k 6598
A5 5 i) 3y50 e § e n P Sy L (4 158
close pyd 4 g Clad K | (Sod 20g)S )3 39390 slap>
GBlad Sy 4y (o yiuwd pas o 4 a8 09,5 93 I e Bad Ll
U3 i B ndiges e .39 0 o3l byl (¢ S Sy

Lad ()l Kb g Siid b jo

ClassOne
MIB(izp 58 L) m
AMERICAN (memory chain)
ASTAR
MIB{l 338 i) E=3
G&H -
ORTHOTECHNOLOGY
ORTHOTECHNOLOGY(memory chain) m
AMERICAN
TSNPT -
ULTRA CHAIN

anlllas ;3 a3likuol 5y90 Sy yogiuo¥l 51 cpun =) S

labad 4y 35 515 S 5l 00l b s Wndiges (g5l o3le (gl
AT s o)l ol Olan] (gl ad oy (slails
oo dils ey g osl yslme cladils ails I by il
Cdd b Jizod udsS 5l ool b ladiges plod Job asldl )5 .8 )8
ged o3l 5 )8 (68 oIl 3y90 in o o[+ (5 ol
L Cud oy il g ol il S50 Glee dlold dulre ©jg0 &
(¥ Js3)

N

L5 g JoSle o sblen i cams el Hple swedl
swidgiyl gl loyd 50 0Ly ol 51L(3) 2gu5 oo o )b yes b oo loossds
wboylpl > (Force degradation) g5 JMocesl lgis L
(V+) 290 2L S yagial

2ol BYd g gy JMoeus] b)) die; > (oaxie Slalllas
Lhe a5 Cuwl odd plml widg))l ilisee S yegio¥l gla e
sl 905 JHonedl (nl Gop 5> bt 5 (3 Jelge Il
2 bbe b obesd g oy itk Sl i cldlas
ol sl 4 &5 5,53 0wy S Jleel Jb 4 las b
Cnl 3900 i by )3 39290 gl (S 5 Lol 9 (S5
2 938 JHoredl 4 Slgs oo iy )3 (Sl 035 w2 b el
ANV 395 o bl

bz 3 9y JMoesl (e 9 o p (o300 oyl
L short «close) (o JSG rdles | diiwa )l 5l S pogiwY]
Ol 5 Gt g ¢ il ey ¢ Sy sl Sy da S3438] (long
(A) oy by 95 9 il A48 ¢ iS50 prestrech

S 3980 (A Cgllasl )18y Sy Ly 53 9y JHxeud] 584
il osbbe a1y (gl Gloyy (2l s g Cos s Sl
Sl YE L oLl ol 5l ms atels 0 plol clalllas polsl 5o
3y 05 adgl (g9, 1 s 51 Gt (3 L 1> (53l Jleb 4yl
ot cudgizme cpl s (gl 1 Sloys 5l (S iBd o Cauwd
13,8 gskae 1y 53 3590 59508 51y ol UV 0jlasl 4y g5 Jlos!
sl > wad glagys Jlasl G Gl 4 w2g b &S
Mg G 18 0jgpel (IT) 8,55 5118 4255 3)50 iz (ouidg)]
03) (e yol (pl o &S WS as e Ik 4 ]) 5y JHoxed
L memory chain b lge L cVgaxe cpl j| i
.Cusl 034y sUper elastic

Er 9 Syl oLl adlas ol pbal Gl San
Ml e > Sopegl g 3 g JHowed]
sl L]« s cpl & gl gly cwl Gl (Saislos
oy Moasl g5 el bl Lin gledl b S pagnaY]

o b S ool


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

O g o oz e 58

alises  anidgd )l (gy00iw¥] (lao poS; (s JMoreud] (5o g S yogiw ] Hlb; dunlis

S A AR R

S AR h ""_{ : ."5“;*

25 3 390 Juolgd )3 SG pegiw¥l (gl (6510 1l Y JSud
byl 3y90 slaojl

G b bl bl 2)50 Sopege¥l Clidd L Sy e
Universal Testing Machine oS b 4dds p yio Jeo V-
b Rl & e g 0 laide Job 4 b 54d 0428 (UTM)
sV ¥ 5 cels V¥V O Sloj slaoil )5 ladiges .aidly Jlanl osis
428>y o o Vo G g L UTM oiwd 3l oslaiwl b jgy ¥
Wog,S j1 a2 53 a5 e Jobo )3 0ad Jlosl (908 5 505 02

3y90 0 3b oy 4 Sloj sbaojl I o ya 3 laiges Jsbo
Sbebin 5 Slosy pald (w)p @lp 85 )5 puSejlul
b g ad (S (sladied oY (59) 32 L5905 B 09,5y 1 Jleil (gl
90wl T ples S5 Olympus (5)58 oSgySue | oolial
285 148 saalie

ol il Gl eslimel L edly adlas  cpl
Two-way analysis of One-way analysis of variance
G g eSS glagobj)) i8)S L8 2Lyl 5)5e variance
Tukey HSD L Games-Howel ;| oolatwl b odld s sed
»Lg ¥ 559 SPSS (bl 138l o 5l osliul b o BT s plol
b plal 1+ 3] S (65 sine s (55,5 i

oy

CLWged (652310 (gl o3liw] 3 )50 (ulsS (A) -Y UK
B opa (555051051 0955 (B) o duor ¢+ ) CBd U S poginnl!

SVBe ol gz a1 o s 4 oxd Jlae) 4yl (530
Wb a8 S las )y e VO Jole £y V0 b laealy g alie
SIS Olie oMb patedie ln 0g)S e ) e sl Y-
oBaws b e MO e Jlesl gl Sl 2y
» o due Vo sy b Universal Testing Machine (UTM)
2 Ul 0Sle ©ygo il 3j90 GRS (lise D 040 45
S Jolgh 13 laigns (655l 25 dpulins laogS 5l S,
b Golil adlas )5 ol 390 (Sloj (slaesly )3 ol dpuslore
Kj s Y98 i jl (g350s slralis Jolis dluwg oyl b aidlis g
$9) 3 09)5 o ly pasdie Jolgd 3 Silge Cygo 4 & 3p
s balo 038 0ad 03l> HI8 WM Sl Guin jl (glazan
gy Jleel 5l Gl Gaa b aS” W59yt uo VY Joleo (g ylaB
il B e ) e (S e s J3D
(V¥ JS5) 299 0as ool byl 3550 (slaog S
@ g ol (2hb Gl ) byl ole; 4 (e B ladiges
sled )3 (Eovae 3lp) (25 PH L lde 4 3 j9ebgé )90
ple bS5 cpl 5l eolael JJds .ad (6)leSS 51,8 ol 4o VY
S 5l 03y o2latwl 3y50 (ghde lae )3 il (g pdy STy

ol o o0l LS Y Joda o b opl olews


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

(WA g ¢ oyles Y 09)

g Sleyd (ilig wleds g Sy pole olSiily (S5l aloe

yinS Sl )3 Baiged (5,9 Aol (51, 03wl 3590 (Slte (o lows S 57 —) Joao

o3\l 3590 4yl 30 s bowd Jgo 58 o3llw! 3590 S 5
20 mmol nges [4-(2-hydr0- xythyl)jl-
piperazineethanesulfonic acid]
0.538 mmol (CaC2.2H20) calcium chloride dihydrate
0.451 mmol (KH2PO4) potassium phosphate
43.330 mmol KCl potassium chloride
At pudais gy NaOH sodium hydroxide

(sloro 31,01) ilon a5t il g (5003l 53 B iyt 31 4 yo 9 238 Slions (595 o0 - g

Day 21 Day 7 Day 3 Hour 24 Hour 3 Hour 1 Initially ‘_;)led' &y
SIVO (e]<F)  CINY (X)) SR (LX) MY (LX) VY (100) VY. (]4Y) Mae (/) ASTAR
DAV CYRS IR VRN CYRVN IR VA RS CYRS S BN VA A ST CVRS S IR VA G CVRS O BRRR VAV YRR § Nae (+/+Y) American
A (AY) N (LE) N (L) NNY (L) NINE(]F) VXY (oY) Nae (/) Class One

American

VYN (1Y) AYY (+1-0)  B¥Y (+/+8) /Y- (+/-¥)

VIYE (+/-0)

VP (1Y) M (1Y) ory chain)

VN (1Y) AR (LY) AN (1Y) SN (1) AYe (1Y) AR (1Y) e (+-Y) G&H
AD (1Y) ARV (+/-¥) NN (/oY) AN (/) VOF(-/-A)  Ma- (-/-¥)  Va- (-/-¥)  Ortho Technology
VYE (+1+0) A+ (+[-¥) NS (%) VR (+Y) VA (+[-¥)  Na- (--0) e (++Y) Ultra Chain
MIB
VN (+1o5) AYB(+-Y) AR (X)) VXS (+[F) Mo (+[-0) VY ([¥)  Aae (/Y o
(+/+%) (+/+¥) (+/+¥) (+/+¥) (+/-0) (+/+¥) (+/+¥) (cilo 195 o)
CAY (+[8)  AA(LY) VW (1Y) VAV (+-8) MY (+/-Y) VYR (/%) Ve (-f-y)  Ortho Technology
(memory chain)
MIB
VISY (<0 VXY (/Y ARNEIRA ¢ VY (+]-Y VY (<Y VSY (+/-Y Voo (sf+¥ . ) .
(1-0) VY (%) VY (F) Y (1Y) VR (1Y) VY () (1) et et
VN (+1o5) AT (oY) DA (/o8) VAT (/) VYA (1Y) XY (1¥) e (V) TSNPT
o (P<e/+0) 551 oS (5o e 5o 4y (g )lol i 5l iy Lo kadl

P glp e Sloj slaojly j3 00> (g5 g9 JHorad]
ol ol Sl ¥ S o ¥ Jods o obis)l y00 (sylow sladip
S
EPPTIA | [UVIVESS Z VURIVIV) | REIVRVY. ) JUVE v}
G&H sy sl 5l e 4 Soppgwl glaye
Odsl & Cuws pl YV 59, ,0 Class One 4 Ortho Technology
odnlino Lad il Gy ((Sad VD edgize jd S dls e

Universal Testing o5 8l oy 5l odelcws 4 sladdls

OA

395 31 ooy 535 13 S yegiw ¥l sl > Ao 19 i JHrond]

plos yd 030> &y (g5 JMoreusd] oy i 50y L g4 JMoeaus]
By bgrpe (b))l 2)50 S den 4 S 5 Sloj slaojl
byl 0550 slaps dad (P<+/+B) 25y (5 S Sy 4 ASTAR
by slaojl > (memory chain) American Sy jl e &
Soosl 3 9 JS )30y (Lt |y ()l gte (g9 JHoroud] iz
{Ultra Chain ¢lassy jd 03> (59 (958 JMoxensl 0j5, ¥V Sboj

4 Cows (memory chain) American 4 Ortho Technology


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

O g o oz e 58

alises  anidgd )l (gy00iw¥] (lao poS; (s JMoreud] (5o g S yogiw ] Hlb; dunlis

a5T4A

AMEACAN

ClassCre

=

AMERCANImeory cian)

0 5 |osn

ORTHOTACHHOLOBY i)

Ubia Chair

VB s 2

OFTHOTACHNOLOG imemary chain)

WIB] i o8 oLt

1 |rsuer

W b S pogiw ¥l (61 e i Y] 3 duany o —F JSui
059, TV 9 s (Floj s 03l ;> Al (5 b5 gla

09
1875

045 Vaelal fuazele

Facke ) 2a

125 Bl uley

litiyg

0 Vbt

12 3 4 5 6 7T & 9 M0 el

TN

SIS S Wi b S pogiun¥l g e Job (]380 -V JS
Bl Jloj gl o3l 45 Bl

5 35 oS 9 S
ol lp Sopegia¥l glaylpl 5l sslizsl VASe Lo
Zob opl 3l G U s 2 plas S8 slabiad o G b b ylsd
g coil 3l Wog wle (8 cpl (glp edlatwl dyge (sla )l
(¥) keaXe wire closing loop archdlaretraction spring
Coles ) &S Wder (olee (lyld alaiwl by jo bl cpl 5l S
9 OSB3l by Sy pegial (lagye (938l59) odliul &
55552 ) e Jlo ol b 00) 18 o o] e JUis
b By oloj 5l S pegia¥l slagye 5l esliul (slacydgaze
P e 5 (S5 SMetl 4 Sl 5 ol (YL Slastl gl
S35 JVoxas] 85l w39y S Jlo 3 5 ogbye slalaes
Lz 50 (V) 25105 o )bl 0 1y loyd Cuddge o 5| w031 (59,

IMoaisl cpl g3 oo 5 (63 ol b odlasiwl 3y50 (slayl ol plo )

s — (Force) o

o

Cops Olypss (0 JS5) canl leMbl -yl sbsS 55 Machine
ol ylis & IS 5 byl 5)90 (slrog,S de 3)5e 53 Al

ol 04

ASTAR
ULTRACHAIN
ORTHO TECHNOLOGY( memary chait)

™0 AVERCAN
© ORTHO TECHNOLOGY
0 64N
MB(p i ol
04 OassOne
O AVERCAVMEMORY CHAN)

0
naaly Mol Mowed  Howezd  Dayd Day’  Day2r

il 290 (Sloj (slaojly

SN S g2 43 g IHed] (55 9ud ool —F Jou
by 3590 Sloj sojl 45 (gl

ULTRA CHAIN

ORTHO TECHNOLOGY
memory chan )

ORTHO TECHNOLOGY
MB (6l o8 bbe)

WIB o 16 b

,_

J AMERICANmemory chan)

CoossOre
TSNPT
ASTAR

AVERCAN
LN

o3 Hlid UTM ol 1 sl Cows 4y (s1,S —0 JSU
851 53 Lo 5 S 2 WiVl o pb g (S ,L8) )3 gl
Ao Sloj

b S pogiao¥] e ool s 4y glmodly bl 2 J gl gt
939 59> VN Sloj o3k > Jobo Gl oyt s> G&H w3
2gr Job Sialidl oy ieS (lls (memory chain) American .y
Sy ol 3 by Jol joy 2 1 ok (Rl it sy el
ooy 1S 2 53 Job il (lje dizpe ol (LS g, VI LY
Jsl 39y 0 Jsb Gl38l (liee 5l a8 e 4 59, VY BV (Sloj o3l
2 bages | S yn Jgb Sl 5l odel Cons 4 gl gy S
Gl o ooy Hlis ¥ S


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

(WA g ¢ oyles Y 09)

g Sleyd (ilig wleds g Sy pole olSiily (S5l aloe

ol 20 ) oslisl g J18y Dbl lp Jlon] g, &S]
by e (el pae U 4 b ol b cwl s
okl (Sl Joe ) (95LsS Sloj slaojl 3 Ly (pticnsh)
e & s ly 503 g )l 929 s (i g, ]
adgl Glog e ol piY (Sl )l g 965 dplne 5 (2551 BB
e & 493 L 4 ((VAY) 395 3l o pogi¥Vl &y (6 yidis C5ye &0
Sl o cilizen (iuiS 3lie )3 bo)l3l ol AoVl o 35 (391
cxl 3 9y cpl 3 A8 aelse JSie L) o] SVl L))
bil Sl ol (iS5l Ve plu | Cans 4 adllas
Ol (Sl jlid,y  (Siuls 4 a5 b .o oolitul g5 S Ml
Syt J) S ] Sl g 690 sl ooy 4 S lgSs
lej sloojl 3 2bjl 5§l i = JguSTe Jae bl = Sz
i oaly adgl clls &y cuiS L (gl (B s b adiged 4 walise
(1) 290 226 Slllae s bawsgs 55 gguige 0l &S
S 5 938 JHesl (SOl Canle (45 (139) 3929 L
385 3529 dlgy ol £58y b J) (dg) Crog jein S pegisY]
ol dipoj ol )3 S50 sl ey 5l (o elallae bl 2 (1)
oS5 ol Sl yagia¥1 LBl )3 (g9Sung Sum sl 13 SS)S
Jobo 53 5 L5 dg3g oy > Clu dwgy Judd 4 g Ll 5l Loy
il jld 1) e (S & ol B igd o a8 )l S
slad (sl ol o (1Y) 39300 oo o] ) 55 Mores] 4
Slgs o Die cutting yosy 4 o dgd slapes | (S iy )0 29390
O G b)) A pm 0g) Jled & ol 9,5 255 S
2 Lol (¥Y) Conl oaits saalie S ladllas > (slad gla ol o
whiel sbaydyy 5 (J9p pall Glb cbays ol adlas
Oliee 2 Foe Jalge 51505 (S aials (i) 9 JHowand] 5V
F9N9e O 9 5o o adign > CunS gy JHxedl Co p
2 oS Jlosl @yl 5y50 5 lglyd Sllllae 3939 L L(VF) cunl
i lo 3 asul 590 )3 (Sl salys s yegiu¥] )3 gy JMoceus]
RV kel 1 (S0l s92 g am3 00 59y by egi¥] (JgSge
sloo 2 3 (551 g 6yl VLS 3929 aleond s cnl 298
buwgs oy (gly oYU dlasiul GYLasl ol sl (g poddy Lol

Sogo ) (T0) 5 (oo pdy sl |) oy g 2w oo (L 065 5

Sl pe 50 00y g9y ke | eS il &y Lol 58 oamlico 1) 4,0
LVYNA) casl jladladls b g Jsaro S pogiw]

sboley Job 3 gl obmle ly jlxe 5 p3Y 950
el s ek 4y 5 3y (S (gdaxi0 (sl ol )l 4y (awidgs)|
Shr e 9 5 53 sl Jlgbs slate cpld pastie (6958 Sy
S Se ) (S Gl lady) a4 0> Sy abels
ey bl eS8 s Kol g5 b aS" sl (505 (S 5 b
Slalllas 3985 e cpdy suidln b adyy oo 4 cols )3 ccanlio
S yne > 2L bl b p)S e 5l Gl (Slag s wimd oo LS
S (g Lol 295 oo i (2l o] 5 sl 9,50 4 g
ozl Jilos 4 o b ygss e ol o SRl i a5
g @ G abule 5 odndSu Copw Sjgle sl Lulyd )
p3Y Lawgio (59p8 W pelil (nl olil 2 (VA-TY) WS (oo Jugeus
(VYY) Canl p)S¥ee B Vv odgam0 3 (108 ld (iS55 (gl
0l Sl Jlme lyie 4 p)S N0+ (595 adlllae ol 3 bl el
43,8 )48 ool dyg0 i (6,500 Cldllas lawss Hlade (! 45 dg
Loy Gl olbele dds 4 a8 5, olej ) 98 <l (F) ol
e (Gld eS8 By 4 p)S 00 | Soml 4 (e Sl
) S b a5 Joradl 3529 b o adlls 45 (¥F) 3550
9 9,5 o5 Jlosl )5 00 Jl 5ol (2955 59y V) J o Sloow
el Sloj sloesly cul o gl (58 pglt a0 5l ()

Glp SawYl cunle b laylpl 5l odlimnl oSSl g3 L
Lol 655 o 2505 )8 gl 3 (K3l 5 (Kb csloglS
o3le Sy il (gl s 5 At StV lySamy Cutlo (glyl>
4 dogi b (Y0) Cunl odid dnlae Cnss by jgpel 4 b Siw¥! Mol
a0 a8 3,5 S ) Gl olo & S VlgSinn g dlgo 3 (Snly
Slyas ail 5 SYsb b pogiwVl a4 ond Jleel LidS loj e
i Shg ol (VF) 292 slgs ity ] 5o 00l (5, Sitadly
Sor el 1) (S ploj g gy JHrad] Hbdne bLS)|
IR S led any adlas (pl )5 2Lyl 2590 S pegia]
OS] ClslB StV g SLS )5 & il sl L5
2 o o L3 51 e Slasd sl b Sl yd cplply (YY) cuwl

deg b gl o il Hlad cond & "j by odd Jlos! (o5 oyld


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

OHSed 5 o doxo Je 55

iliste iyl (g pogi ¥l (oo (g9 JMoneus] (o1 g S pogru ¥l HU8) dunlio

4 b pogia¥l ol ainled ol ) Loyl Sl B 5,5 0 )8 (oo
sl VL shail (S5 ol 3 S92 Sy (5551 3929 S
9 2375 g8y yol cul g Wm3 o0 U5 (LS (9ol aee b ST
CusBly cnl (TA) dpcee Vb bojogia¥l cnl )3 1) gy JHoxess]
Srogia¥l 0posy 3 1) g JMoedl (e g8y Sy
slayls 0958 ogMe 4 Luled 4y (oS S5, L ASTAR
@ 09,5 ol )3 Gyeely sl 5l YL dti¥l oy b ()
A yomie Wog S ple Hle 50 dieuiwY] Co b o YL

Ol 0 2Lyl 290 ok den ) a0 Cules
958 e jl Sl > (loj 35 (el 4 (SUy50 g sl L asdllas
SpoboegS e 3 LS & amde oli a8l
ol 51 S g o JMreus! oyl (memory chain) American
oYl (bl e slaniy Cdel bas b pme S
Gy fle yo ol (L (idS Slal ey 2 1) gy JMowes]
ASTAR 8 4 95 JMoxesl (pyiidin 59, YV 5l e (b)) 2590
Sy & gp Plredl e S 5 s KL
American 5 (4wl i8S célw) MIB [Ultra Chain
bas gleal b S pogiwV! sl oy ¢ cuils 3l (memory chain)
Gl 8B (glajogia¥l I (S5 & s |y ()0 ixe 53y caladls
Wl i (S

‘:s,b)é:é 9 rs-ﬁb“

S yogiw ¥ 18 ) duslie ylgie b (o oomiily aol o)LL 1 dls oy

o8 Calisee (puidgs )| (6 yogiw ¥l 0035 033l (698 JMmous] 5951 g
e ol glos dali olKisly (S jolis easliily (o WWAS Jlo o

&bl Sluolre 45 (6 e 118D Bl 5l ST oy (yeud 0l

Szily age ) 4l Ll

1- Melsen B. Tissue reaction to orthodontic tooth movement -
a new paradigm. Eur J Or-thod. 2001;23(6):671-81.

2- Weltman B, Vig KW, Fields HW, Shanker S, Kaizar EE. Root
resorption associated with orthodontic tooth movement:
a systematic review. Am J Orthod Dentofacial Orthop.
2010;137(4):462-76.

3- Santos AC, Tortamano A, Naccarato SR, Dominguez-
Rodriguez GC, Vigorito JW. An in vitro comparison of the force

)

€9 2 S D 4 eV S 90 3 Sl e Jon
it 5 o3lo G5 o Sy 3| 5 Aol o By 5 o J5S5o
Sla)ldy Db oyl hgFied Cuslapogia] p)d 5 JSS ]
2 gl o ps 5 (Tg) laded Jasl glos alex 5 5>
Sllllas dga%0 5l (S il oled pl dlen jl (asuin slodgise
i oz 5l e 9 Gl b yogi¥l sladind JESI glos (o) 0 oS
o s ol G&H 80 b gy 00l lis cunl aidlyyy ks
2 ol (VF) aimo od i (gladnd Janl gles (o 1) (Selay yiuiS
S b slaope dipminoVl Co b 0 ol adllas oS conl Jbs
oM nl b QLB ) (F9li5 @ o) VYl e 9 (e G&H
S0 s 09,5l y3 00y g9y (g9 JMraud! Ylain! oS cuwlize
ol 0390 S )3 € iy 9 (SlSe S

4 Ggbye glalazes ) ol dles oley » Lad oo i wldllas
Ml ey V0 Heskn g )3 custde yedly sleoyed
o Condly nl w300 55y ol salae )3 yegie¥l (¢S )l 3
oles Job > bibse 19 & b pegia¥l 5l dlge et (oo a0y L
&5 o9 PV Gln 33 JB 4y Sl (1Y) el 0ad el
win > dilise 6)bd glaxiy b slapgio¥l ) gy JHored]
Al S Jol el VY s b g ol

ooy 5 958 JHonedl go8g p Al (s3a5te sla el
LaliSS) d9g Jolge opl 51 (S ail (S 31 Golate S yogiw Yl
b pld .l pogi¥l (g yeady il (19,3 3 6k il plo g
oy & Comd Jolite cuple )y b jegia¥l 13 39250
cupe gl &5 cwl Gngin BB gy ol J e e
4 950 Jlesl floj o Wlools oyl clalllas (sl (gl diuuin!
S yosk sloe s ojlil 4 Jsbo il sl aykd ool Slg
i o sk ool JLadl 5 yosky 2l (slais pLidl b
F]
decay generated by different commercially available elas-
tomeric chains and NiTi closed coil springs. Braz Oral Res.

2007;21(1):51-7.

4- da Silva DL, Kochenborger C, Marchioro EM. Force
degradation in orthodontic elastic chains. Force degradation in
orthodontic elastic chainsRev. odonto ciénc. 2009;24(3):

274-8.
5- Dumitriu S, Popa V. Polymeric Biomaterials: Structure and


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-14 ]

(VYRR g ¢ oyled 1Y 099)

s sleyd (blige lads g (Sip pole oSl (K5l aloxe

Function, Volume 1. United States: CRC Press; 2013.

6- Kochenborger C, da Silva DL, Marchioro EM, Vargas DA,
Hahn L. Assessment of force decay in orthodontic elastomeric
chains: An in vitro study, Dental Press J Orthod. 2011;16(6):
93-9.

7- Proffit W, Fields H, Sarver D. Contemporary Orthodontics.
5t ed. United States: Mosby; 2013.

8- Weissheimer A, Locks A, de Menezes LM, Borgatto AF,
Derech CD. In vitro evalua- tion of force degradation of
elastomeric chains used in Orthodontics. Dental Press J Orthod.
2013;18(1):55-62.

9- Brantley WA, Eliades T. Orthodontic materials: scientific and
clinical aspects. Thieme; 2011.

10- Eliades T, Eliades G, Silikas N, Watts DC. Tensile properties
of orthodontic elastomeric chains. Eur J Orthod. 2004;26(2):
157-62.

11- Eliades T, Eliades G, Silikas N, Watts DC. In vitro
degradation of polyurethane or- thodontic elastomeric modules.
J Oral Rehabil. 2005;32(1):72-7.

12- Dittermr MP, Demling AP, Borchers L, Stitch M, Kohorst P,
Schwestka-Polly R. The influence of simulated aging on the
mechanical properties of orthodontic elastomeric chains without
an intermdular link. J Orthofac Orthop. 2012:1-9.

13- Pic A. Les matériaux elastomoriques. L Orthodontie
frangaise. 2009;80(1):55-68.

14- Fraunhofer JA, Coffelt MT, Orbell GM. The effects of
artificial saliva and topical fluo- ride treatments on the
degradation of the elastic properties of orthodontic chains. Angle
Orthod. 1992;62(4):265-74.

15- Sonis AL, Van der Plas E, Gianelly A A comparison of
elastomeric auxiliaries versus elastic thread on premolar
extraction site closure: an in vivo study. Am J Orthod.
1986;89(1):73-8.

16- Andreasen GF, Bishara S. Comparison of alastik chains with
elastics involved with intra-arch molar to molar forces. Angle
Orthod. 1970;40(3):151-8.

17- Nightingale C, Jones SP A. Clinical investigation of force
delivery systems for ortho- dontic space closure. J Orthod.
2003;30(3):229-36.

18- Santos A, Tortamano A, Naccarato S, Dominguez-Rodriguez
G, Vigorito J. An in vit- ro comparison of the force decay
generated by different commercially available elas- tomeric
chains and NiTi closed coil springs. Braz. oral res.
2016;21(1):51-7.

19- Castle WA, Dempster WT. The periodontal vasculature and
its responses to exerimental pressures. J Am Dent Assoc.
1965;70:890-905.

20- Schwarz AM. Tissue Changes Incidental to Orthodontic
Tooth Movement. Int J Orthodontia. 1932;18:331-2.

21- Storey E, Smith R. Force in Orthodontics and Its Relation to
Tooth Movement. Australian J Dent. 1952;56:11.

22- Ren Y, Maltha JC, Kuijpers-Jagtman AM. Optimum force
magnitude for orthodontic tooth movement: a systematic
literature review. Angle Orthod. 2003;73(1):86-92.

Y

23- Halderson H, Johns EE, Moyers R. The Selection of Forces
for Tooth Movement. Am J Orthodontics. 1953;39:27-8.

24- Boester CH, Johnson LE. A clinical investigation of the
concepts of differential and optimal force in canine retraction.
Am J Orthod. 1974;44:114-9.

25- Stevenson JS, Kusy RP. Force application and decay
characteristics of untreated and treated polyurethane elastomeric
chains. Angle Orthod. 1994;64(6):455-64.

26- Christopher S. Brazel, Stephen L. Rosen. Fundamental
Principles of Polymeric Materials, 3rd Edition, New York:
Wiley-Qnterscience, 2012.

27- McCabe JF, Walls AW. Applied Dental Materials. 9" ed.
United States: Wiley-Blackwell; 2008.

28- Ash JL, Nikolai RJ. Relaxation of orthodontic elastomeric
chains and modules in vitro and in vivo. J Dent Res. 1978;57
(5-6):685-90.

29- Stroede CL, Sadek H, Navalgund A, Kim DG, Johnston
WM, Schricker SR, Brantley WA. Viscoelastic properties of
elastomeric chains: an investigation of pigment and
manufacturing effects. Am J Orthod Dentofacial Orthop.
2012;141(3):315-26.

30- Mirhashemi AH, Saffarshahroudi A, Sodagar A, Atai M.
Force-Degradation Pattern of Six Different Orthodontic
Elastomeric Chains. J Dent Med. 2012;9(4):204-15.

31- Eliades T, Eliades G, Watts DC. Structural conformation of
in vitro and in vivo aged orthodontic elastomeric modules. Eur J
Orthod. 1999;21(6):649-58.

32- Eliades T. Orthodontic materials research and applications:
part 2. Current status and projected future developments in
materials and biocompatibility. Am J Orthod Dentofacial
Orthop. 2007;131(2):253-62.

33- Taloumis LJ, Smith TM, Hondrum SO, Lorton L. Force
decay and deformation of or- thodontic elastomeric ligatures.
Am J Orthod Dentofacial Orthop. 1997;111(1):1-11.

34- Storie DJ, Regennitter F, von Fraunhoven JA. Characteristics
of a fluoride-releasing elastomeric chain. Angle Orthod.
1994;64:199-210.

35- Guan J, Sacks MS, Beckman EJ, Wagner WR.
Biodegradable poly (ether ester ure- thane) urea elastomers
based on poly(ether ester) triblock copolymers and putrescine:
synthesis, characterization and cytocompatibility. Biomaterials.
2004;25(1):85-96.

36- Renick MR, Brantley WA, Beck FM, Vig KW, Webb CS.
Studies of orthodontic elas- tomeric modules. Part 1: glass
transition temperatures for representative pigmented products in
the as-received condition and after orthodontic use. Am J Orthod
Dento- facial Orthop. 2004;126(3):337-43.

37- Aldrees AM, Al-Foraidi SA, Murayshed MS, Almoammar
KA. Color stability and force decay of clear orthodontic
elastomeric chains: An in vitro study. Int Orthod. 2015
Sep;13(3):287-301.

38- Gedde UM. Polymer physics. London: Chapman and Hall;
1995.


https://journals.tums.ac.ir/jdm/article-1-5986-fa.html
http://www.tcpdf.org

