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22 712 F3o AA (A, BB, FAE
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I, 2EL & EA FH4HES ERAFT
A A& zg-g Fole] £X3 o)FAE
HA A7), Bt FFAEE A7z A
olz ) eg Al oled AsAdL
phenyl alpha®} betanaphthalamines®} 22
45}“1]14]9} SLEAGYAAY Aol o8
R R A

"2"6‘1-‘?‘% AQdnfol visle 7z wim
5 48, FAAHlA AR HATE A

ArHYsE Aol Yo ®AHE ’B“é‘?}
2
Nikolai®e £4% FHHFAA A3 43
€+ FAEA e A7 FHol e} 7&1'5}7": 3
2 o]k (relaxation) o]zt He 3}, o4
oA dF3 oA=rtxe del =-Eel ol T
AL A7 dle £H4EF FE3] LI
] , ,EI_%] o].?,}.jﬂr Oﬂ:{-\-ﬂﬁg o _,]_Z-].Q. €}
=93 HFaAlgle] I
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A4A AgolA
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T4 A L‘iﬁ aFAe] AdHY 24
of whale] ol ATEY AF7H YRR,
3] ¥4 mrAe o|AEAY o] A
Fo) Ay TALTAY oldHol st
vl g Ba0rh glqlet. HugetE2
FALFA Y oo oidk QA F1Hel A3}
o, Brantley'Vs} YoungE9e A FAE
prestretching A1 Z&w 78] ztage] 7+
A= Exlol| #3te] AT At KovatchE?
< AREGE i 4 nFAY I}F-AR
TAol H3fed AFeP, BisharaE'E 3
-4l FA #sle] dFsich. An
dreasenE¥e AA3 T4 Al @47 ¥
Yol oisled, HugetE¥2 §4 nFA9 3}
F-23lF A7y gol sty 21},

o4z ol AAmFAst Y4 Aol &
%9 A }1 o FW dFE A9
AT L, 59 Aol AL ol A%

£ ARE vlm AFE Al

of AFE wAE AR At Y4 ¥
Aol Aol ekl YH7IHEL YAE A
B2 ARAUE AR 4 £ ol
4, BF 34 THF A 54, 3T
Fge DAL A 2FA Y4 1FA
Aole) Aol4g FReEd Aol vt

I, Agxiz 2 gy
. A8z

T3% BAAE AT 2 FYaF
%, BAZ %A (elastomer) &A1 7} glew, 4
Aol wpebal 2elw AT Ael webd cherg
278 mefor Ansln Yok, 2FAA o
Az ehnfE WdSA AEE4s Y
228 ALLF BAAsh AEY BAFLA
DA% 25 (module) ¥ WA FUA BAA
s AYPA 852 A8 H(Table. 1).

Table 1. Materials tested in this study

I

A 1A & 5/16”, 3.5 oz latex elastic
{(R.M.0.Co.)
A241 2 |1/47,5 oz latex elastic
(R.M.0.Co.)
A3 & |3/16”, 16 oz latex elastic
(R.M.0.Co.)
A4A & | closed type elastomeric chain*:
{(R.M:.0.Co.)
A5 & | narrow type elastomeric chain*

~ (R.M.0.Co.)
641 & |kl clear elastomeric module**

; (Unitek.Co.)
A7A & | k3 gray elastomeric module**

’ (Unitek Co.)

4-&m | *Energy .chain, ** Alastik

7 AR A% ARFAAL whet 1044



o) AEe Agsisin. F, 1y AAnF 4X 8 1lom, A 5AE  14mm) Z e} T
B A= 150709 A3 (3% 7o A& X574 4] z AR, 2EY I FAE A=23
*J A A X100 A9 &, AHEY 'Y F Abe] Abg7E A Aol wehk Al 6418 21
g b AlE 40709 A" 2FFe Alsx27t 28, 35mm A 741 8% 35, 42, 49mmE S}
2o AAFAAR X100 A1H)E, ZEF ® AARAZ 7 ey A FrREAAe
A F8A "BAAe 6009 AlH2FFe Al &8 etdETA gAdAE 0,147 647,
E X337k 9 AlA Tr217431><107H4 Ald) & Al 19, 13, 27, 35, 457, 28¥ #435¢
AHA 71782 FAste] & 18803 A S A BAAE 0,147, 149, 157, 2F, 3577
th. olE AEEE FUHTFAAEE E3led A obo] m¥-gol A 348E ALY HA=Addel
Folld F4l dgernz Azddde o A, dwW 1ol v AE 3TCHFFaol
stk A3, o= A¥ 7] (Model 4206 Universal
Testion Instrument, Instron Co., U.S.A.)
2. 9 4™ 2 Azsigich. d AdF =A 2000g
9] load cell, 3stF3 =334 Machined]
oA 717+%er AAAYE F2A7]7] H5} cross-head speed¥ 200mm/min, chart speed
o Zo] 80mm, & 50mm, T4 15mm¢ otz H = 1 S12 8kodc). ‘
2o Fopro] AFE FARAE Azlel 93 A g ZH7el ARFAAZ] BdE Al
of A7 < 1.6mme THE FEFEE 16704 = - ZﬂBMW Ay g SAstw, 271 A
F, A7 0.01620x (1. 524mm) 7ol 3eme] A HAEE) el g WEESE AESIeH,
AL wireZ ztE ﬁ% J e 3hA Al shaich a2 Aol 35 FA witE FAE o
(Fig. 1). o=’ & w"er AAE AAFAA T, 47 HEEE AEHIG.
2o whel o2 12—1 3k o}
2y Adny BN AL A2, A3 m. &8 4%
Alge AAF A2 FAlA Gl o7k
2FZ ALE oo A" Al 21, 28, ARFAZ 3 AR Aol dE Al ¥
35, 42, 49mm2 dli, ey FAFAAY Aot A mFafellA WA ZAdHe] HE
A 4, A 5455 Aggiesionngg o fuly 2, 3F#HA, 27 AAH AT AF
3 vl 2 4709 Al (4-unit segment of Az 7Aqlzle] wWEg 58 Table 2014 8ef
chain) & 3Ae Aldoz Az Al Ao (A A A ek, Fig. 2004 8o =433ttt

o] Al "J’E}ﬂal ool A A nF ®
Aol olghe AAFAARI Aol uiet
ol 7b glglent AAFAZIZ o]l HoiAel w
g Frlated 3FFS ok A 14E 19,
96-29.08%, A 248 10.69-22.81%, #| 34|
E 9.11-12.35%), 3F 7% 27 AL#E0
A 7b) ol hE Ak Ad#H e Al 1418& 70.
‘ 92-80.04%, A 2418+ 77.19-89.31%, A 3
Fig. 1. Acrylic plate for providing extension A 8= 87.65-90.89%°] A

of elastic samples Aled gD el A Al

o
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A7t Aojzol wal, o]ghe zo]7t glde
U, A7 7k AojAel whel ojgkE 1417h
A b3 2A Jebga (Al 448 37,
93-39.429%, A 5418 32.95-37.27%), 1A|7t
o]F ¥ 3F AAste FUAe viaA dAst
2 AR Zr}H(A 448 3.81-10.81% Al
5 A8 6.47-8.10%) 3kt 357 AAF 27]
7113 (0A1 7)ol Sid #E AURL A 44]
B 51.26-56.77%, Al 5412 41.05-43.75%%
A zEAR) o]k YA o

3 AT A= AAFAAE
% ojghe. Aol7} glen,
FA717ke] Ao e uwhz} o]k 1417k A%
% 7}a aA (A 6418 34.83-46.24%, A 7
A& 5 54.31-62.23%) YHERER, 1417 o] R4
B 35 AAse 5 ey FAHoE B
o] 9k (A] 6A1E ; 26.33-41.40%, A TAIE ; 26.
14-37.64%) & vEldS. 3F AAF 25Y
g4 nFAe 27 ZAdH (047-T) o HE
A2 AolHe A 648 23.79-27.43%, Al 7

Table 5. Relaxation of orthodontic elastomeric chains {ciosed type)

Extension 100% 200 %
Force Mean £ SD Percentage* Mean + SD Percentage™
Period - {grams) Remaining Force (grams) Remaining Force
0 hour 43160 445 100.00 626.00 * 4.3’1 100.00
1 hour 267.88 + 5.38 62.07 379.22+ 430 60.58
6 hours 25556+ 8.17 59.21 377.241£12.89 60.26
1 day 24048 £ 6.63 55.72 37299+ 863 59.58
1 week 232.23 £13.63 53.81 369.82+ 256 59.08
2 weeks 204.77 £26.39 47.44 36359+ 7.24 58.08
3 weeks 22220+ 7.47 51.48 357.13% 8.70 57.05
A 4 weeks 22122+ 654 51.26 3565.40% 2.14 56.77
* percentage of remaining force to the initial force for each time period
Table 6. Relaxation of orthodontic elastomeric chains {narrow type)

Extension 100 % 200 %

Force Meant SD Percentage™® Mean £ SD Percentage*
Period {grams) Remaining Force {grams) Remaining Force
0 hour 39250t 364 100.00 568.30% 578 100.00
1 hour 24621+ 5.18 62.73 381.04+ 4.65 67.05
6 hours 24451t 3.46 62.30 377.95% 4.04 66.51
1 day 24096 + 8.30 61.39 375.52£12.06 66.08

1 week 239.00+ 387 60.91 372.22+10.28 65.50
2 weeks 23309+ 286 59.39 3567.00% 2.77 62.82
3 weeks 23671 £11.41 60.31 353.61 £23.83 62.22
4 weeks 220.80 £ 4.43 56.25 33499t 1152 58.95

* percentage of remaining force to the initial force for each time period
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preloading time preloading tlse
Fig. 5. Time integrated relaxation of elasto- Fig. 6. Time integrated relaxation of elasto-

meric chains (closed type)
(* preloading distance)

meric chains (narrow type)

(* preloading distance)

Table 7. Relaxation of orthodontic elastomeric modules (k1 clear)

Extension 21 mm 28 mm 35 mm
* * *
Force Mean +SD Percer)ta.g Mean * SD Percer?te'age Mean % SD Percer.lta}ge
Period (grams) Remaining (grams) Remaining (grams) Remaining
erio Force Force Force
0 hour 385.13%20.00 100.00 577.10+34.,45 100.00 712.71 150,51 100.00
1 hour 251.00+£11.75 65.17 35957+29.74 62.31 383.15+28.03 53.76
1 day 170.00 £15.06 44 14 23397 137.22 40.54 291.20+13.88 40.86
1 week 162.30% 7.02 42.14 18452+ 8,01 31.97 249.65%17.98 35.03
2 weeks 110.74£12.21 28.75 150.22125.33 26.03 233.22123.99 32.72
3 weeks 91.93% 8.71 23.87 137.30%11.52 23.79 105.47 ¥51.67 27.43
* percentage of remaining force to the initial force for each time period
Table 8. Relaxation of orthodontic elastomeric modules (k3 gray)
Extension 35 mm 42 mm 49 mm
* * P *
Force . Mean £SD Percer?ta.lge Mean +SD Percer.m?ge Mean + SD ercer.wta?ge
Period (grams) Remaining (grams) Remaining (grams) Remaining
erio Force Force Force
0 hour 390.69£11.20 100.00 507.32£22.94 100.00 604.93+30.95 100.00
1 hour 178.49118.96 45.69 191.61%13.57 37.77 237.56£29.10 39.27
1 day 121.48%11.36 31.09 139.42%12.92 27.48 177.78%121.20 29.39
1 week 71.77 £10.61 18.37 90.33%13.57 17.81 120.17 £12.67 19.87
2 weeks 50.69* 6.16 12.97 60.35111.94 11.90 87.00%11.73 14.38
3 weeks 31.42% 6.80 8.04 51.00% 7.40 10.05 79.45% 501 13.13
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Fig. 7. Time - integrated relaxation of elasto-

meric modules (k1 clear)

(* preloading distance)

A2 8.04-13.13% 2 37bx] 4 (A 54,
Ay 4 aFA, 2EY ¥4 25A) Tl
A Ad =gkl

olgh-& 7HA A WAF AAFAIIZEE,
Y qA4 nFAY ASele A2 A
. Ad mEAlAE ASsA gokeh.
ARE 27 AQH AP B
E ZAeE e Ad nFAAA A 1A EE 88.
10-92.40% A| 24 2% 99.22-99.61%, A 34]
B 94.88-99.44%°1% 1, A&d g4 ¥
Aol A Al 4X] 8+ 60.58-62.07%, A 545+
62.73-67.06% °)Qom, 2EE ¥4 %A
ol A A 6418 53.76-65.17%, A TAEE 37.
77-45.69%°] A o},

Pl SApEolA FA STl dHd m
Z#slA s FUE A nFAE 1 o Fo
A 148 12.78-15.36% (12.28-23.56gm), A
24| B 1.48-7.249%(3.85-10.68gm) 71 2
A5 vy, 434 A 145 19.90-29.
06% (23.23-33.67gm), A 2A|& 26.74-37.
599 (55.45-82.04gm) 45 Bglow, 2447t
ol 4F7AE A 1AE 5.98-13.70% (10.
11-10.95gm), Al 241 & 22.28-30.35% (44.
77-76.10gm) 45 Rt}

A 222 w357 oHE $4 nFAE
nA ol WA A7 25 A 448 41.
92-52.56% (226.83-262.41gm), A 5418 37.

B> 32 |o
I'J'ﬂliﬂ
23 H'\Ol’

N
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Fig. 8. Time integrated relaxation of elasto-
meric modules (k3 gray)
(* preloading distance)

18-40.619% (159.41-211.30gm), A 6A1& 67.
28-73.97% (274.39-479.49gm), A TAIE 85.
62-88.10% (340.00-517.93gm) & ZAgl#H ]
&5 E ol E Bt

o s

E340 SeE JH
AR 2RAY A FAS FIF FAL
25 H]/‘._‘%‘ (nonlinear) &8 & #o]& Rol:
ol o] B¢ vlmal mu, B zrl9 AHa
He dFAgewl i go| Z4EWEA F F
Ao] o]z} vpm, ®abgo] Al Hel et A

A2 8152 BaFe) Ay Aol7t FobA
A ehatFo] Expgule 1 AzFAa A3’
ok AT 72 Aol whebA ZH L
35 FA 23lF FAY dHEe FARIe
o, o] AYel JFHPL 7S5 °}9&‘4
(Fig. 9). 27 olE 3F FA
2 &3t Aol Zelst gglent ‘,_%erlﬂ
7ko] Aol ute} FFHGoe] el Az
o] 1417 olF A e dTd¥e dEhiF
3F TAS =ZiF FAL A9 dAAT.
AAFAAGA wetde 543 g e
W} (Fig. 10).
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Time integrated loading and unloading

of elastomeric modules (k3
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Fig. 10.
curves
gray, 49mm extension)

258 FAFAE 0A 3Tl Al 6457

glglar, 28mm Al%FA|

ok 49%, 35mmAlAA|Z S W= < 8%,
ST WERo] wItF Az Ld FF-u ATA &7 3B5mm ABAASHE AL P m,
3% FFHYE &L o o] A& ol A 42mn AR Pl = ok 3%, 49mm Al AR H S
Aol A9 s5-=eE JFHyEe 55 W ok 10% 37HE HA
I &3tg FAoA AT gl AEY Al 2] 7] 7kl w2t “U“EJL o THYE>
FALFA = 04170l A Al 4418, A 54 & o532 7ok o] Ayl AA nFAE F
25 3 AR oF 3-4%, Fu AR I} B3E FAoA LS5 ¢tk A&
AREH ok 7-9%° dFHEYL et BB A GFA 7| 7ko] BolAel ulel,

Time-extension integrated permanent deformation of elastomeric modules (k1 clear type)

Table 9.

Extension 21 mm 28 mm 35 mm

Permanent

deformation | Mean £SD  Percentage* Mean £ SD Percentage*® Mean £SD Percentage *
(mm) (mm) (mm) ‘

Period

0 hour** 0.00 £0.00 0.00 0.50£0.04 4.00 1.00%£0.12 8.00

1 hour 3.500,13 27.56 5.5010.18 43.41 8.501£0.28 66.93

1 day 500*0.18 39.37 10.00 £0.29 7874 14001042 11024

1 week 5501019 43.31 12.00 £0.31 94.49 16.00£0.31 126598

2 weeks 6.70 £0.21 52.76 12.560*0.24 98.43 17.001053 13386

3 weeks 7.50%023 59.06 13.00+0.39 102.36 18650+ 0.57 145,67

* permanent deformation rate = deformed length/original length (11.7mm) x 100(%}

** |oading and unloading permanent deformations at 0 hour extension
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Table 10. Time-extension integrated permanent deformation of elastomeric modules (k3 gray type)

Extension 35 mm 42 mm 49 mm
Permanerft Mean £SD  Percentage* Mean £SD  Percentage* Mean +SD - Percentage*
deformation (mm) Remaining {mm) Remaining {mm) Remaining
Period Force Force Force
0 hour** 0.00 £0.00 0.00 0.50 £0.06 3.00 1.50£0:10 10.00
1 hour 3.00*0.12 ©20.00 7.50*0.28 50.00 8.50 £0.34 56.67
1 day 400020 26.67 9.50£0.31 63.33 1450+0.52 96.67
1 week 5001029 33.33 1360+ 0.42 90.00 18.00+0.75 .120.00
2 weeks 7.00X032 46.67 14.00 £0.51 93.33 20.00+0.66 133.33
3 weeks 800+0.38 53.33 1450050 96.67 21.0010.87 140.00
* permanent deformation rate = deformed length/original length {15.0mm) x 100{%)
** loading and unloding permanent deformations at 0 hour extension
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— ABSTRACT —

RELAXATION OF ORTHODONTIC ELASTICS,
ELASTOMERIC MODULES AND CHAINS

Joo-Hyung Kim, Ki-Soo Lee

Department of Orthodontics, College of Dentistry, Kyung Hee University

" The present study was performed to evaluate the relaxation patterns of rubber elastics,
elastomeric modules and chains stored in the water bath.

Initial loading profiles were established for extension of 100%, 200% of their original length
for elastomeric chains and of 21, 28, 35, 42, 49mm for rubber elastics and elastomeric modules.
The tests were performed on materials stored in distilled water at 37°C and extraoral-elastics
stored in dry state at room temperature, at O hour, 1 hour, 6 hours, 1 day, I' week, 2 weeks,
3 weeks, and 4 weeks, respectively.

The following results were drawn:

1. The relaxation of rubber elastics manifested no correlation with increntents of the extension
distances, but showed correlation with time lapse. Remaining forces of rubber elastics came
out 84.64-98.52% after 1 day, 70.92-89.31% after 3 weeks of period.

2. The relaxation of elastomers manifested no correlation with increments of the extension
distances, however represented considerable relaxation with time lapse as rapid relaxation
after 1 hour and then gradual relaxations with time lapse. Modules relaxed much more
than chains. .
60.58-67.05% of remaining forces for chains and 37.77-65.17% for modules after 1 hour
were turned out, and 51.48-62.22% for chains and 8.04-25.15% for modules after 3 weeks
as well.

3. Permanent deformation rates of rubber elastics could not be measured with present investi-
gation, but elastomers underwent severe deformations.

4. 3-9% of permanent deformations for chains, 3-10% for modules at 0 hour were turned out,
and 25-30% for chains, 96-145% for modules after 3 weeks as well.
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