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Abstract

The study aimed to produce natural rubber products for orthodontic treatment which are
elastic bands and elastic chains using natural rubber. The products were prepared using heat
sensitive dipping system. The natural rubber latex compound was prepared by adjusting the
vulcanizing agents to achieve a formula with best physical properties. 3 imported elastic bands
(G&H, Ormco and American Orthodontics) and 3 imported elastic chains (Unitek ® C module
spool chains, Ormco ® power chain II and Masel ® plastic chains) were compared in term of
both physical properties and percentages of force degradation to find the one with best properties
of each group. American Orthodontics elastic band and Ormco power chain Il were selected as
the prototype for producing elastic bands and chains from our natural rubber formula. The natural
rubber bands were prepared using glass rod for dipping to form a tube. The elastic chains were
prepared using series of 14 stainless steel wires soldered to the hanging wire during dipping
process. Both products have the same thickness as the prototype before cutting into elastic bands
and chains. The natural rubber products were compared to the prototype imported products by
physical properties and force degradation tests. The results showed that the natural rubber
products have better physical propertied and less percentages of force degradation than those of
prototype imported products. For allergic test, the natural rubber product showed no allergy to the
fibroblast cells when the MTT assay were used. The fibroblast cells can grow normally in the

culture medium.
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v [y d Jd = v = d' ) Y v
4.1 ﬂﬂuﬂﬁﬁ!m%!ﬂﬂi!“ﬁuﬂﬂ]ﬁgﬁy’!ﬁﬂ!li\‘i"llﬂ\i!!ﬂﬂﬂ1\1!!ﬁgicﬂEl1\‘19]\‘]171‘]47]141!5“1%"19]131]‘53!7]?[

A 9 yg A U dY

!Wﬂi“ﬂ!ﬂuﬂﬁﬂﬂmm‘ﬂu!lﬁﬂ

(Y] J d
4.1.1 Tugdauazilosibunmsgeydens o mavenaa sl
= ~ ' o 73 < a Ao Y \

Lﬂiﬁl‘UWlEJUﬂ'IIN@.ﬁﬁl!ﬁ5HJ'E'JiL“Ifu@lﬂ’liqmulﬁﬁllli\i"llﬂﬂuﬂﬂEJ’I\?ﬂH’]L"U’]ﬁ]’Iﬂ@HQ‘IJﬁ%Lﬂﬁ 3

U5HN Ao G&H (GH), Ormco (OC) u@g American Orthodontics (AO) 7 230, 400 (e 567

-4 A v o A ~ A
!ﬂﬂil“]fu%ﬂlﬂﬁi%ﬂgﬂﬂ GlﬁNﬁﬂTﬁ“Vlﬂa’ﬂﬂﬂﬂ@ﬂiN“ﬂ 4.1 118 4.2 nggﬂ“ﬂ 4.1 - ?j‘lhfl 4.6

a ' o 2 o Ao Y 1 A s 3 @
M1319N 4.1 ﬂ'lill@aﬁsll’t’]\‘]!,l,ﬂﬂEJ'I\W]\W\IH‘WH'ILGU'ﬁnﬂﬁ'l\‘l‘]Jf!'ZL‘I/]ﬁ‘V] 230, 400 Liag 567 L‘]Jﬁlilclfuﬁ

YDITLHZHA
Modulus (MPa) ; (SD)
Duration time 230 % of extension 400 % of extension 567 % of extension
GH oC AO GH oC AO GH oC AO
0.67 1.86 1.08 0.88 2.47 1.43 1.13 3.25 1.78
begin
(0.08)  (0.09) (0.05) (0.05) (0.13) (0.07) (0.08) (0.10) (0.09)
0.60 1.63 0.97 0.78 2.12 1.28 0.99 2.72 1.57
th (0.02)  (0.02) (0.05) (0.04) (0.02) (0.03) (0.02) (0.01) (0.02)
0.58 1.58 0.94 0.76 2.04 1.25 0.95 2.66 1.51
. (0.03)  (0.03) (0.04) (0.03) (0.02) (0.03) (0.02) (0.02) (0.02)
0.57 1.54 0.90 0.74 1.98 1.19 0.93 2.56 1.49
sh (0.03)  (0.03) (0.05) (0.01) (0.02) (0.03) (0.03) (0.02) (0.03)
0.56 1.49 0.88 0.74 1.94 1.18 0.92 2.51 1.48
H (0.03)  (0.04) (0.04) (0.01) (0.03) (0.02) (0.04) (0.02) (0.03)
0.54 1.44 0.87 0.72 1.91 1.17 091 2.47 1.47
hk (0.03)  (0.04) (0.04) (0.02) (0.00) (0.03) (0.03) (0.02) (0.03)
0.52 1.41 0.84 0.71 1.88 1.13 0.88 2.42 1.46
2wk (0.02)  (0.03) (0.04) (0.02) (0.04) (0.03) (0.03) (0.02) (0.03)
0.50 1.32 0.79 0.70 1.78 1.08 0.87 2.37 1.39
Sk (0.03)  (0.04) (0.05) (0.02) (0.04) (0.03) (0.03) (0.03) (0.03)
0.49 1.32 0.76 0.68 1.74 1.07 0.84 2.29 1.38
4wk

(0.03)  (0.04) (0.03) (0.02) (0.04) (0.03) (0.02) (0.04) (0.03)
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Modulus (MPa)

Modulus (MPa)

230 % of extension
OGH BOC OAO
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-
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o
1.00 - 5
° o ®
© 0
o o
0.50 ~
0.00 -
begin 1h 4h 8h 1d 1 wk 2 wk 3wk 4wk

Duration time

‘]Jﬁ 4.1 ﬂWIiJﬂﬁﬂ'allf]\illﬂUEJNﬂﬁWl!ﬂunelﬂﬁﬂﬂﬁNﬂi“’L‘VIﬁ“VI 230 L’]Jf)‘il“]fu@l"ll’é)\ﬁ“‘ﬂ“’ﬁlﬂ

400 % of ext i aern moc
o of extension BAO
3.00 -
3
2.50 4
g
H <
= 2 g S I
2.00 | = o 3 & ©
g 2
Q
1.50 A T o o
o 4 3 & N o
= = i - 2 5
] = o
1.00 4 © @ ©
5 < <
NSO G M | M|
0.50
0.00 —
begin 1h 4h 8h 1d 1wk 2 wk 3wk 4wk

Duration time

sin 4.2 mTaJﬂaﬁmammjtnwmWummmmﬂmaﬂiwmﬁw 400 11los1FuAURITZEZ DA
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0 .
567 % of extension OGH BOC OAO
4.00 -

3.50 ~

3.25

3.00

2.72
2.66
2.56
2.51
2.47
2.42
2.37

2.50 -

2.29

1.78

2.00

Modulus (MPa)
1.57

1.51
1.49
1.48
1.47
1.46
1.39
1.38

1.50 ~

1.13

0.99
0.95
0.93
0.92
0.91

1.00 ~

0.88
0.87
0.84

0.50 -

0.00 -
begin 1h 4h 8h 1d 1 wk 2 wk 3wk 4wk
Duration time

a ' o = Ao 9 ' = 73 o A
31U 4.3 mlugdaveoveasiluniudnnnamailszman 567 nlesisudvedszezea
NIHANIINAADATUAITIN 4.1 Az 3N 4.1, 4.2 nag 4.3 taaan Tugadve Y
= Ao ¥ ' A -4 A Vo o
astlumindroinastlszimei 230, 400 uaz 567 lesiFuaveszezaa nu A1 lugdaved
= = U = o o 4’ A 9 A
Hov1eAIiy OC NAWINATIEVYNAIY AO Hag GH mua1ay uazilierainlslunsaa
A d? 1 v A Pl A ] M S 1 A
mnyum lugaai laimanas Tash lugranard Tuausnuesmsnaassliaianasniniiga
= Y A =K o s A EZ vy
tazgiinud Inyanasey ) AUDIFUA11N 4 vIN1INAADI 1HBININTVITANITAAIBAINAY
YOI (Stress  relaxation) M11AnAns Inaves Tuanaega nanslsudImiedadives
TassiieTuanaonlidiganzauganolu denau llmTugdauesnsiia lavadian
= s 3 & A A o A =TS
anad Tagh 567 nlesibudvesszezaa Ua1lugdauinndii 400 nag 230 esiGuavesszey
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a /2 @ a 2 o Ao 9 ' i
M1319N 4.2 L‘]JﬂﬁlcﬁuﬁﬂWiqt‘glﬁﬂllﬁQﬂl@\um°UEJNﬂQwuﬂu1lm1ﬂ1ﬂﬁ1\1ﬂﬁglﬂﬁ‘ﬂ 230, 400 ey

/3 7 =
567 odiFuavoszezen

Percentages of force degradation (%) ; (SD)

Duration time 230 % of extension 400 % of extension 567 % of extension
GH oC AO GH oC AO GH oC AO

10.96 12.70 9.57 11.54 1428 1047 1226 16.16 12.06

t (2.14)  (236) (458 (3.83) (1.90) (2.53) (2.23) (144 (211

12.90 15.04 13.03 13.66 1740 12.04 1603 18.10 15.56

h (3.09) (2.68) (423) (2.58) (227) (2.56) (2.13) (1.90) (2.36)

15.35 17.51 16.44 1635 19.63  16.81 17.78  21.17  16.67

o (3.17)  (321) (5.01) (@125 (1.87) (2.72) (3200 (2.22) (2.93)

16.03 20.09 1856 1676  21.56  17.17 1834  22.65 17.24

H (2.89)  (3.76) (433) (099) (2.66) (2.40) (3.58) (2.20) (3.21)

19.02 2253 1899 1871 2258 17.69 1921 24.09 17.39

hk (3.30)  (3.51) (4.00) (1.65) (0.03) (3.25) (349 (2.13) (3.25)

21.80 24.11 2170 1995 2397 21.03 2227 2534 18.21

2k (2.23)  (341) (420) (195 (398 (3.24) (3200 (248 (3.03)

25.73 29.33 2676 2126 27.70 2431 23.14 27.03 22.18

i (2.64) (4.02) (451) (1.70) (3.73) (2.53) (2.85) (3.10) (3.10)

ik 26.24 29.33 2911 23.14 2931 2521 2497 2937 2295
\

(2.64) (4.02) (3.000 (2.09) (431 (3.02) (2.33) (3.59 (3.06)
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4.1.2 Tugaavazilesisuamsgaydenssvadlsenan iy
=t ~ 1 [ J I 4 = 1 A o Y !
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UHN A Unitek ® C module spool chains (U), Ormco ® power chain II (O) (L8 Masel ®
. . A s 2 o A ] o A
plaStIC chains (M) 7 29.00, 61.00 Ltag 93.50 Lﬂﬂimﬂu@ﬂl@ﬁigﬂ$ﬂﬂ ‘lﬂwaﬂ'ﬁﬂﬂﬁﬂﬂﬂ\‘]@'ﬁ'mﬂ

43 U0z 44 uazgn 4.7 - 9N 412

d' 1 (% ] 2 o A o 9y J A
M135194N 4.3 ﬂ111]@’&1?(61]6\‘1I%EJN@Q‘V\IH“V]HHGUKHT‘IG]1\‘]‘]J5$L°Vlﬁ1/l 29.00, 61.00 1ag 93.50

I3 4 A
losiFuavesszezan

Modulus (MPa) ; (SD)

Duration time 29.00 % of extension 61.00 % of extension 93.50 % of extension
8] 0 M §] 0 M §] 0 M
5.08 5.89 4.72 9.74 11.08 8.46 1190  13.05 9.96
begin
(0.16)  (0.14)  (0.07)  (0.17)  (0.07)  (0.11)  (0.05)  (0.06)  (0.07)
3.53 3.97 3.24 5.72 6.69 5.36 6.48 7.39 591
th 0.04)  (0.02)  (0.03)  (0.02) (0.02)  (0.03) (0.02) (0.01)  (0.02)
3.25 3.67 2.80 5.56 6.41 4.77 5.86 7.00 5.07
2 0.04)  (0.02) (0.02) (0.02) (0.02)  (0.03) (0.02)  (0.02)  (0.03)
2.62 3.21 2.28 4.30 6.02 3.76 4.97 6.86 4.36
3 0.02)  (0.02)  (0.02)  (0.03)  (0.03)  (0.02) (0.02) (0.02)  (0.01)
222 3.06 2.12 4.08 5.68 3.42 4.72 6.67 3.87
h 0.02)  (0.02)  (0.02) (0.02) (0.03)  (0.03)  (0.02) (0.02)  (0.02)
2.08 2.87 2.01 3.79 5.34 3.34 4.46 6.21 3.71
2wk 0.01)  (0.02)  (0.02) (0.02) (0.02)  (0.02) (0.01) (0.02)  (0.01)
1.95 2.79 1.91 3.66 5.17 3.14 4.17 5.97 3.57
i 0.02)  (0.02) (0.02) (0.01) (0.03) (0.02) (0.02) (0.02)  (0.02)
1.81 2.65 1.75 3.53 4.95 2.85 4.10 5.74 3.33
4wk

(0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.02) (0.02) (0.01)
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5.08
4.72
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3.97

4.00 - ]

3.00 -

Modulus (MPa)

2.00 +

1.00

0.00 -
begin 1h 24 h 3d 1 wk 2 wk 3wk 4wk

Duration time

4 J o 1 { o 1 ! J 3 J
510 4.7 mTugdavesTaesasilumindrainaalszmai 29.00 wosisuavesszozia

61.00 % of extension OuU mO OM
12.00 -

11.08

<
~
o

10.00 -

8.46

8.00 +

6.41

6.00 +

Modulus (MPa)

4.00 -

2.00 -

0.00 -
begin 1h 24 h 3d 1 wk 2 wk 3wk 4wk

Duration time

4 ' Y v { o 1 { J 3 J
51N 4.8 M TugdavesTaesasilumindrainalszman 61.00 Wosisudvesszezia

_
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93.50 % of extension

14.00 +

13.05

gumEoOM

11.90

12.00 +

9.96

10.00 4

7.39

8.00 -

5.91
5.86
7.00
6.86
6.67
6.21
5.97
5.74

6.00 -

Modulus (MPa)
6.48
5.07
4.97
4.36
4.72
3.87
4.46
3.71
4.17
3.57
4.10

4.00 -

3.33

2.00 4

0.00
begin 1h 24 h 3d 1 wk 2 wk 3wk 4wk

Duration time

3 1 Y Il { o J { J < J
51N 4.9 M TugdavesIvesasilumindrainalszmai 93.50 wosisuavesszezia
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{ o 1 { J I 4 J 1 @
Aumiudnana1alsemei 29.00, 61.00 uag 93.50 WosiFuavsIsZazdn WUN M lugaaued
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A lugaai lauaraaas Tagnluriawrardi luausnyeanisnaasini lugadanaauiniga
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AuiANINA18ANUIAUVDI81 (Stress relaxation) 1 1¥AaNS lvavesluanaes uduna
mM3dsuansetadivesinseine Tuanaess Imhganzauaanielu wenawulla Ty
@ Ao YR A ~ d I 4 A A o VA
qacveteaiia ldvedinanas Tasf 93.50 Wesisuavesszezta a1 lugaauinnini 61.00

I3 4 A o w
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~ /3 o ~ ! = Ao v ' cs'
MN1919N 4.4 Lﬂﬂilcﬁu@ﬂ’lﬁqtylﬁfllli\iGU@\?I“]‘EJ’N@Q‘WH‘WH’]HJ’li]’lﬂ@]’l\‘lﬂigl‘ﬂﬁcﬂ 29.00, 61.00

J 2 o A
1ag 93.50 1o FUAVDITZ B EA

Percentages of force degradation (%) ; (SD)

Duration time 29.00 % of extension 61.00 % of extension 93.50 % of extension
U (0] M U (0) M U (0] M

30.51 32.73 31.26 41.29 39.62 36.61 45.58 43.40 40.68
th (3.54) (1.67) (2.90) 2.27) 1.77) (2.96) (1.55) (1.29) (1.79)
35.98 37.79 40.70 42.87 42.16 43.56 50.74 46.34 49.10
b (4.26) (1.84) (2.42) (2.28) (1.78) (3.22) (1.71) (2.04) (2.82)
48.34 45.49 51.61 55.89 45.66 55.51 58.26 47.45 56.22
3 (1.84) (1.99) (1.66) (3.01) (2.50) (1.63) (1.63) (1.66) (1.46)
56.23 48.12 55.00 58.15 48.72 59.55 60.31 48.88 61.13
hk (2.03) (1.63) (2.30) (1.79) (2.80) (2.54) (1.70) (1.61) (1.58)
59.01 51.27 57.33 61.12 51.81 60.53 62.53 52.45 62.72
2wk (1.44) (2.08) (2.23) (1.88) (2.30) (1.65) (1.07) (1.56) (1.04)
61.60 52.68 59.53 62.39 53.35 62.88 64.93 54.26 64.12
Sk (1.58) (2.02) (2.04) (1.48) (2.54) (1.75) (1.85) (1.71) (1.87)
64.29 55.03 63.00 63.78 55.32 66.30 65.51 56.04 66.52
ik (1.06) (1.36) (2.16) (1.59) (0.80) 0.87) (1.86) (1.74) (0.95)

000 - Ou EO OM 29.00 % of extension i m § g

o 3 0 3 @

g g 3 ¢ 2 B ok

60.00 - ¢ w8 2.0 2

51.61
51.27
52.68

40.70
48.34
45.49
48.12

35.98
37.79

30.51
32.73
31.26

% of force degradation
N w S ul
] = (< =]
o o o o
o o o o
L L L L

10.00 +

0.00 —
1lh 24 h 3d 1wk 2 wk 3wk 4wk

Duration time

a s o a o= Ao g ' =
31 4.10 WlesiFuams gaydonsaved Tgaepailuinmindiainaialszmai 29.00

I3 4 A
losiFuavosszezan
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70.00 -

60.00 -

% of force degradation

ouUumOOM

1lh

24 h

55.89

45.66

3d

55.51

25 mm. of extension

fe'e) 8
o~ ™ 3 ] ~ ©
0 B = 2 o o 3 °
— o 8 3 © ©
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0 - ™ )
@ o] Ts)
N o © >
o wn
<
1
1wk 2wk 3wk 4w k

Duration time

s 411 uJaimuﬂmiammauiwaﬂmmemWuwmmmﬂmqﬂiwmﬂw 61.00 1o 1Fua

GUEN‘i%EJZEJﬂ

80.00 -
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% of force degradation
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1h

EO OM

24 h

58.26

30 mm. of extension

47.45

3d

56.22

y 8 B

n ©

5 9 -
) 3
o)
[ce)
o
<

1
1wk 2 wk 3wk 4wk

Duration time
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NANAMINAaodlun131an 4.4 uaz3iln 4.10, 4.11 uag 4.12 taaa)esiFuUANS
= ' - Ao 9 ' = -4
qaFonsvelgeeasiluminganaialszman 29.00, 61.00 tag 93.50 esiFuUAYDI
A ' 73 o = 1 = o A
szazda W wesisuanisgdeusaved Taeneaailulugr Tuausnvesnisnaasaiian
[ v A 1 @ ] J 2 4
Tndifsanuuaiionarlumsnaaeesi 'l 3 Julgeedeiluves 0 wiinfesiuamsgade
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29.00 tlosIFuAveITTETEA MNEIAL
v & ' o s 2 o " Ao 9
AuiuINMInaassma lugaduazlesisuansgadous el Taeaaailuniun
vinaszmeniton Isensaeiludunny agil1da Teerdeifluveausin Omeo ® power

chain I (0) Hauiiav19auANI1 Teen9@eil HUeaUTHM Unitek ® C module spool chains (U)

1aZUPIVTHN plastic chains (M) Masel ®

v b ¢ A (Y] J

4.2 andamemamnveagasihensneunhuaiensiSinamsdan lua
a v Y J 2 o v
vinmsnaasalsiSmaarsianm ludlugasiwnneunudluaised 3.1 udd
nadouaNtaANIINMenMAIiIve 3.3.4 Idwanisnaassdwansluaisied 4.5 uazga

4.13,4.14 1o 4.15

d' A = o A a @ 4
13190 4.5 ﬁiJ‘U@'ﬂNﬂTc’Jﬂ']W‘U@QT\Iall‘c’JNLiJ@L!ﬂﬁﬂiﬂWﬂlﬁ?i’JaﬂWllucﬁ

Physical Properties ; (SD)

formula 300% Modulus Tensile strength % Elongation at

(MPa) (MPa) break

1.16 27.37 1020

1 (0.07) (1.05) (27.39)
1.26 28.01 990

? (0.07) (1.59) (22.36)
1.46 29.40 920

’ (0.15) (0.85) (11.18)

wva P 2 o a A Aa o o
HamsnagoUauiia 300 tosidua lugdd vosdlduerauiondsdFuams dan lugs

aaaaaluglin 4.13
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1.80 ~

1.60 -

1.40

1.16

1.20

1.00 +

0.80 +

300 % Modulus (MPa)
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0.20

0.00 -~

1 2 3
Formula
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A A e o a o
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a Y 4 1 1 I J @ oA g a @
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wAa 9 1 =3 ad A a [ 4
HansNAdeUANIA ANUAIUMUABLsRsveITlauealonlsiSinamsTaa lud

aqaaalugiin 4.14

32.00 ~

29.40
30.00 -

27.37

28.00 -

26.00 -

24.00 -

Tensile Strength (MPa)

22.00 -

20.00 -+
1 2 3
Formula
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o d ¢ 4
4.3 nlspumgumlugdasazilesisuamsgaydanssvoavenaasfunazlgeanaiun
a Yo a o Jd v
Han AN UNAAHUNAUIVL
[y d < d = = d‘ a Y (Y] =<
4.3.1 Tugaanazlesiduimsgadaussvesuavensasiuiinaaldmeununavensaa
Wuduuuy
a =2 o 9 oy J Y o
nnnInaassnaanaveaily lasldieaonnhudgas 3 (TM)  udinis
1 o S 3 4 = = = [ =3 Y A
nadovwia lugdauazlesisuanmsgudonsa lasnfSouisuniutovesailuduuny fe
UaVYAINUUBIVTEN American Orthodontics (AO) THnamsnaasidauanaluaisnan 4.6

ez 4.7 wazgU 4.16 - 421

~ ' o = A a Y ~ o = Y ~
A1319N 4.6 ﬂ'lI‘JJﬂﬁﬁﬂl@\il!ﬂﬂﬂ”l\iﬂ\?ﬂl!ﬂﬂﬁ@llﬂL‘]Jﬁ‘(’J‘]JW]lelﬂ‘]JL!ﬂ‘UEJ']\?@QWUGIHLLU‘UVI 230,

s3 < &
400 ez 567 oI FUAVDITZHL TR

Duration time Modulus (MPa) ; (SD)
230 % of extension 400 % of extension 567 % of extension
AO ™ AO ™ AO ™
1.08 1.07 1.42 1.43 1.78 1.75
begin
(0.09) (0.07) (0.13) (0.08) 0.1) (0.08)
0.97 0.97 1.28 1.28 1.57 1.55
lh
(0.05) (0.03) (0.03) (0.02) (0.02) (0.02)
0.94 0.94 1.25 1.27 1.51 1.51
4h
(0.04) (0.02) (0.03) (0.02) (0.02) (0.02)
0.90 0.91 1.18 1.23 1.49 1.51
8h
(0.05) (0.03) (0.03) (0.02) (0.03) (0.02)
0.88 0.90 1.18 1.23 1.48 1.50
1d
(0.04) (0.03) (0.02) (0.02) (0.03) (0.02)
0.87 0.89 1.17 1.20 1.47 1.49
1 wk
(0.04) (0.03) (0.03) (0.02) (0.03) (0.02)
0.84 0.89 1.12 1.20 1.46 1.47
2 wk
(0.04) (0.03) (0.03) (0.03) (0.03) (0.03)
0.79 0.87 1.08 1.16 1.39 1.43
3wk
(0.05) (0.03) (0.03) (0.03) (0.03) (0.03)
0.76 0.87 1.07 1.16 1.37 1.42
4wk
(0.03) (0.03) (0.03) (0.04) (0.03) (0.03)
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Modulus (MPa)

Modulus (MPa)

1.40 4

1.20 4

1.00

0.80 -

0.60 -

0.40 -

0.20 4

230 % of extension

begin 1h 4h 8h 1d
Duration time

OAO
BT™M

3wk 4wk

‘ljﬁ 4.16 ﬂ'lIﬂJﬂﬁﬁ"lJENLLﬂ‘UEJ'NﬂQNHT]Nﬂ@]]lﬂ!ﬂiﬂﬂmﬂﬂﬂﬂllﬂﬂﬂ']iﬂiﬂuﬂulmﬂﬂ 230
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1.60

1.40 ~

1.20 ~

1.00

0.80 -

0.60 ~

0.40 +

0.20 +

0.00 ~

Lﬂ@il%uﬁ"“ﬂxﬁzﬂzﬂﬂ

400 % of extension

43

1.27

1.25 1.23 1.23
1.18 1.18

128128

begin 1h 4h 8h 1d

Duration time

1.171.20

OAO
BT™M
1.16 1.16
1.08 1.0
3wk 4wk

‘l.lﬁ 4.17 ﬂWINﬂﬁﬁﬂJﬂQLLﬂUﬂNﬂQ‘WHﬂNa@]]lﬂ!ﬂiﬂﬂmﬂﬂﬂﬂuﬂllEJNGN‘WL!G]‘NLL‘U‘UTI 400

Lﬂ@il“ﬁuﬂﬁ]ﬂﬂigﬂ&’ﬂﬂ
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OAO
567 % of force extension BTM
2.00 1.78

1.80

55
153 151 151 150 149 147

1.60 - 1.51 1.49 1.48 1.47 1.43

1.39 1.37
1.40
1.20
1.00

0.80 -

Modulus (MPa)

0.60 -

0.40 -

0.20 -

0.00
begin 1h 4h 8h 1d 1wk 2 wk 3wk 4wk

Duration time
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Duration time

Percentages of force degradation (%); (SD)

230 % of extension

400 % of extension

567 % of extension

AO ™ AO ™ AO ™
9.57 9.15 10.47 10.44 12.06 11.41
1h
(4.58) (3.27) (2.53) (2.18) (2.11) (1.93)
13.03 11.32 12.04 10.94 15.56 13.50
4h
(4.23) (2.39) (2.56) (2.22) (2.36) (2.35)
16.44 14.46 16.81 13.99 16.67 13.99
8h
(5.01) (3.13) (2.72) (2.00) (2.93) (2.39)
18.56 15.77 17.17 14.35 17.24 14.28
1d
(4.33) (3.47) (2.40) 2.22) (3.21 (2.28)
18.99 16.09 17.69 15.83 17.39 14.63
1 wk
(4.00) (3.26) (3.25) (2.34) (3.25) (2.28)
21.70 16.63 21.03 16.07 18.21 15.79
2 wk
(4.20) (3.28) (3.24) (2.92) (3.03) (2.55)
26.76 18.35 24.31 18.78 22.18 18.34
3wk
(4.51) (2.92) (2.53) (2.90) (3.10) (3.41)
29.11 18.64 25.21 19.09 22.95 18.60
4wk
(3.00) (2.55) (3.02) (3.57) (3.06) (3.10)
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31N 4.22 -4.27
MmN 48 A lugdaveslaonsasilunnda ldiSouiouiuTgereaafludununi 29.00,

J <2 o A
61.00 1az 93.50 1WosiFuAveITZaZ IR

Modulus (MPa) ; (SD)

Duration time 29.00 % of extension 61.00 % of extension 93.50 % of extension
(0] L (0] L (@) L
5.89 6.16 11.08 7.92 13.05 8.97
begin
(0.14) (0.20) (0.07) (0.18) (0.06) (0.14)
3.97 5.33 6.69 6.77 7.39 7.57
lh
(0.02) (0.03) (0.02) (0.03) (0.01) (0.04)
3.67 5.24 6.41 6.61 7.00 6.74
24 h
(0.02) (0.04) (0.02) (0.04) (0.02) (0.04)
3.21 5.05 6.02 6.52 6.86 6.34
3d
(0.02) (0.03) (0.03) (0.04) (0.02) (0.03)
3.06 4.89 5.68 6.12 6.67 6.15
1 wk
(0.02) (0.04) (0.03) (0.02) (0.02) (0.02)
2.87 4.73 5.34 6.00 6.21 5.66
2 wk
(0.02) (0.04) (0.02) (0.03) (0.02) (0.02)
2.79 4.60 5.17 5.89 5.97 5.44
3wk
(0.02) (0.03) (0.03) (0.03) (0.02) (0.03)
2.65 4.53 4.95 5.80 5.74 5.18
4wk
(0.01) (0.03) (0.01) (0.04) (0.02) (0.01)
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Y J < g T { a Y ]
M1 4.9 nfosiFudmagaydousaeslgensasilunnga ldnfsouieoniu Tgeedaily

Y ~ - A
AULLUUN 29.00, 61.00 LLAE 93.50 Lﬂﬂil%u@ﬂlﬂﬁi%ﬂzﬂﬂ

Duration time

Percentages of force degradation (%) ; (SD)

29.00 % of extension

61.00 % of extension

93.50 % of extension

O L (0] L (6] L
32.73 13.52 39.62 14.53 43.40 15.63
1h
(1.67) (2.92) (1.77) (3.42) (1.29) (4.33)
37.79 14.96 42.16 16.50 46.34 24.87
24h
(1.84) (3.52) (1.78) (3.98) (2.04) (3.95)
45.49 18.00 45.66 17.72 47.45 29.31
3d
(1.99) (3.13) (2.50) (4.00) (1.66) (2.93)
48.12 20.64 48.72 22.72 48.88 31.51
1 wk
(1.63) (3.75) (2.80) (2.47) (1.61) (1.82)
51.27 23.20 51.81 24.26 52.45 36.96
2 wk
(2.08) (3.60) (2.30) (2.72) (1.56) (1.88)
52.68 25.29 53.35 25.66 54.26 39.40
3wk
(2.02) (3.22) (2.54) (2.95) (1.71) 2.71)
55.03 26.49 55.32 26.80 56.04 42.30
4wk
(1.36) (2.56) (0.80) (4.10) (1.74) (1.06)
go mL 29.00 % of extension
60.00 1 55.03
52.68 .
51.27 —
w2 b
| ¢ B
s
E 40.00 - 37.79
K 3273
(@]
S 30.00 25.29 26.49
§ 20.64 20
2 18.00
‘S 20.00 13.52 14.96
N
10.00 1
0.00
1h 24 h 3d 1 wk 2 wk 3wk 4wk

U

Duration time

Y A sd A
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0o B\L 61.00 % of extension
60.00 -
55.32

51.81 5335

50.00 -

42,16
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o

o
L

26.80
30.00 -

20.00 -

% of force degradation

10.00 -

0.00 -

1h 24 h 3d 1wk 2 wk 3wk 4wk

Duration time
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93.50 % of extension
70.00 - oo oL
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50.00 + 46.34
43.40
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30.00

% of force degradation
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10.00 -
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1lh 24 h 1wk 2wk 3wk 4wk

Duration time
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%6 of force degradation (40 mm. extension)
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5190 3. Percentages of force degradation and descriptive statistics at 20 mm extension

% force degradation

Time G&H Ormco American Ortho Thai-made
_ Mean SD Mean SD Mean SD Mean SD
1h 10.96 2.14 12.7° 2.36 9.57° 4.58 9.15° 327
4h 12.9 3.09 15.04° 2.68 13.03 423 11.32° 2.39
8h 15.35 3.17 17.51 3.21 16.44 5.01 14.46 3.13
1d 16.03" 2.89 20.09" 3.76 18.56 433 15.77° 3.47
1wk 19.02° 3.3 22.53%¢ 3.51 18.99" 4 16.09" 3.26
2 wk 21.8° 2.23 24.11° 3.41 21.7° 42 16.63"  3.28
3wk 25.73™ 2.64 29.33" 4.02 26.76° 451 1835 2.92
4 wk 26.24™¢ 2.64 29.33% 4.02 29.11% 3 18.64"° 255
* differs from G&H, P< 0.05
® differs from Ormco, P<0.05
¢ differs from American Ortho, P< 0.05
¢ differs from Thai-made, P<0.05
miN‘ﬁ 4 . Percentages of force degradation and descriptive statistics at 30 mm extension
% force degradation
Time G&H Ormco American Ortho Thai-made
_ Mean SD Mean SD Mean SD Mean SD
1h 11.54° 3.83 14.28" 1.9 10.47° 2.53 1044°  2.18
4h 13.66™ 2.58 17.4¢ 2.27 12.04° 2.56 1094 222
8h 16.35™ 1.25 19.63" 1.87 16.81™ 2.72 13.99"*¢ 2
1d 16.76™ 0.99 21.56" 2.66 17.17° 2.4 1435 222
1wk 18.71> 1.65 2258 0.03 17.69" 3.25 15.83"°  2.34
2 wk 19.95™ 1.95 23.97%¢ 3.98 21.03% 3.24 1607 2.92
3wk 21.26" 1.7 27.7°¢ 3.73 24.31* 2.53 18.78" 2.9
4 wk 23.14™ 2.09 29.31%% 431 25.21% 3.02 19.09"  3.57

* differs from G&H, P< 0.05

® differs from Ormco, P<0.05

¢ differs from American Ortho, P< 0.05

¢ differs from Thai-made, P<0.05
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A9 5. Percentages of force degradation and descriptive statistics at 40 mm extension

% force degradation

Time G&H Ormco American Ortho Thai-made
_ Mean SD Mean SD Mean SD Mean SD
1h 12.26° 2.23 16.16" 1.44 12.06° 2.11 11.41° 1.93
4h 16.03" 2.13 18,14 1.9 15.56™ 236 13.5""¢ 2.35
8h 17.78™ 32 21.17% 2.22 16.67" 2.93 13.99*>¢ 2.39
1d 18.34™ 3.58 22.65" 2.2 17.24™ 3.21 14.28*¢ 2.28
1wk 19.21 3.49 24,09 2.13 17.39¢ 325 14.63" 2.28
2 wk 22,27 32 25.34"¢ 2.48 18.21%° 3.03 15.79*° 2.55
3wk 23.14™ 2.85 27.03"* 3.1 22.18™ 3.1 18.34*"¢ 3.41
4 wk 24.97™ 2.33 29.37% 3.59 22.95™ 3.06 18.6"" 3.1

* differs from G&H, P< 0.05
® differs from Ormco, P<0.05
¢ differs from American Ortho, P< 0.05

¢ differs from Thai-made, P<0.05
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3197 6. Percentages of force degradation of G&H elastics

% force degradation

Time 20 mm 30 mm 40 mm
_ Mean SD Mean SD Mean SD
1h 10.96" 2.14 11.54° 3.83 12.26" 2.23
4h 12.9% 3.09 13.66° 2.58 16.03"° 2.13
8h 15.35% 3.17 16.35 1.25 17.78" 3.2
1d 16.03% 2.89 16.76 0.99 18.34° 3.58
1wk 19.02 3.3 18.71° 1.65 19.21 3.49
2 wk 21.8 2.23 19.95% 1.95 2227 3.2
3wk 25.73"¢ 2.64 21.26" 1.7 23.14° 2.85
4 wk 26.24° 2.64 23.14% 2.09 24.97 2.33
* differs from 20 mm, P< 0.05
® differs from 30 mm, P<0.05
¢ differs from 40 mm, P< 0.05
(20 F] N‘ﬁ 7. Percentages of force degradation of Ormco elastics
% force degradation
Time 20 mm 30 mm 40 mm
_ Mean SD Mean SD Mean SD
1h 12.7° 2.36 14.28° 1.9 16.16¢ 1.44
4h 15.04"¢ 2.68 17.4 227 18.1 1.9
8h 17.51° 321 19.63° 1.87 21.17% 2.22
1d 20.09° 3.76 21.56° 2.66 22.65° 22
1wk 22.53¢ 3.51 22.58" 0.03 24.09" 2.13
2 wk 24.11° 3.41 23.97 3.98 25.34° 2.48
3wk 29.33¢ 4.02 27.7° 3.73 27.03° 3.1
4 wk 29.33¢ 4.02 29.31° 431 29.37° 3.59

* differs from 20 mm, P< 0.05
* differs from 30 mm, P<0.05

¢ differs from 40 mm, P< 0.05
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A3197 8. Percentages of force degradation of American Orthodontics elastics

% force degradation

Time 20 mm 30 mm 40 mm
_ Mean SD Mean SD Mean SD
1h 9.57° 4.58 10.47° 2.53 12.06 2.11
4h 13.03 4.23 12.04° 2.56 15.56" 2.36
8h 16.44 5.01 16.81 2.72 16.67 2.93
1d 18.56" 4.33 17.17 2.4 17.24 321
1wk 18.99° 4 17.69 3.5 17.39 3.5
2 wk 21.7% 4.2 21.03° 3.24 18.21° 3.03
3wk 26.76"° 4.51 24.31° 2.53 22.18° 3.1
4 wk 29.11°¢ 3 25.21%¢ 3.02 22.95" 3.06
* differs from 20 mm, P< 0.05
® differs from 30 mm, P<0.05
¢ differs from 40 mm, P< 0.05
M99 9. Percentages of force degradation of Thai-made elastics
% force degradation
Time 20 mm 30 mm 40 mm
_ Mean SD Mean SD Mean SD
1h 9.15 3.27 10.44° 2.18 11.41° 1.93
4h 11.32% 2.39 10.94%¢ 2.22 13.5 2.35
8h 14.46° 3.13 13.99° 2 13.99° 2.39
1d 15.77° 3.47 14.35 2.22 14.28° 2.28
1wk 16.09" 3.26 15.83" 2.34 14.63° 228
2 wk 16.63° 3.28 16.07° 2.92 15.79° 2.55
3wk 18.35° 2.92 18.78° 2.9 18.34° 3.41
4 wk 18.64 2.55 19.09" 3.57 18.6" 3.1

* differs from 20 mm, P< 0.05
® differs from 30 mm, P<0.05

¢ differs from 40 mm, P< 0.05
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Mmsan 2. Length of 6 units elastic chains

Company Number Length
Mean SD
Unitek ” 30 15.16 0.01
Ormco 30 15.43 0.02
Masel * 30 15.83 0.02
Thai made 30 15.18 0.02
Total 120 15.44 0.28

15199 3. Mean initial force values (Newton) exerted by non-latex elastic

chains and Thai latex elastic chain at 3 stretched lengths comparisons

Distance
(mm) 20 25 30 Total

Company
Unitek ® | Mean | 2.54 ¢ | 487 %% | 595 "¢ 4.45
SD | 0.16 0.17 0.05 1.45
Ormco ® | Mean | 2.24° 421" 4.96 ¢ 3.81
SD |0.14 0.07 0.06 1.17
Masel ® | Mean | 2.36° 423" 4.98 ¢ 3.86
SD | 0.07 0.11 0.07 1.12
Thai latex | Mean | 2.34° 3.01%" | 341" 2.89
SD | 0.20 0.18 0.14 0.48

P<0.05

Non-latex elastic chains: Unitek ®, Ormco® and Masel ®

a: Unitek ®, b: Ormco ®, ¢: Maasel ® and d: Thai latex
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15197 4. Mean percentages of force degradation between non-latex elastic chains and

Thai latex elastic chain at stretched length 20 mm comparisons

Initial
Time force 1 hour | 24 hours | 3 days 1 week | 2 weeks | 3 weeks | 4 weeks
Company (Newton)
Unitek ® | Mean (%FD) [2.54  [30.51¢  [3598° |48.34°“%(56.23™¢ [59.01™ |61.60"" [64.29"*
SD 016  [3.54 4.26 1.84 2.03 1.44 1.58 1.06
Ormco ® | Mean (%FD) [2.24 3273¢ [37.79%  |45.49%°¢ |48.12%%¢ [51.27%°¢ 52,68 |55.03%¢
SD 0.14 1.67 1.84 1.99 1.63 2.08 2.02 1.36
Masel ® | Mean (%FD) 236 [31.26° |40.70%" |51.61%"“|55.00™ ¢ {57.33"¢ [59.53™¢ |63.00""
SD 007  [2.90 2.42 1.66 2.30 2.23 2.04 2.16
Thai latex | Mean (%FD) |2.34 13.52%"°114.96 > |18.00" > [20.64“ > 23.20“ ™ [25.29 "™ [26.49 ">
SD 0.2 2.92 3.52 3.13 3.75 3.60 3.22 2.56
P<0.05, %FD: the percentages of force degradation
Non-latex elastic chains: Unitek ®, Ormco ® and Masel ®
a: Unitek ®, b: Ormco® , ¢c: Maasel ®and d: Thai latex
ﬂ]‘ﬂ&ﬁ 5. Mean percentages of force degradation between non-latex elastic
chains and Thai latex elastic chain at stretched length 25 mm comparisons
Initial
Time force 1 hour | 24 hours | 3 days 1 week | 2 weeks | 3 weeks | 4 weeks
Company (Newton)
Unitek® |Mean (%FD)| 4.87 | 41.29°" | 42.87" | 55.89™" | 58.15"¢ | 61.12™¢ | 62.39™¢ | 63.78"¢
SD 0.17 2.27 2.28 3.01 1.79 1.88 1.48 1.59
Ormeco ® | Mean (%FD)| 4.21 | 39.62° | 42.16" |45.66"°“|48.72%“¢|51.81%%¢| 53.35%% | 55.32%%¢
SD 0.07 1.77 1.78 2.50 2.80 2.30 2.54 0.80
Masel ® | Mean (%FD)| 423 | 36.61%° | 43.56° | 55.51™¢ | 5955 | 60.53™¢ | 62.88™¢ | 66.30""
SD 0.11 2.96 3.22 1.63 2.54 1.65 1.75 0.87
Thai latex | Mean (%FD) | 3.01 |14.53“%°16.50%™¢|17.72%"°[22.72%"¢| 24.26""°| 25.66""° | 26.80" ™
SD 0.18 3.42 3.98 4.00 2.47 2.72 2.95 4.10

P<0.05, %FD: the percentages of force degradation

Non-latex elastic chains: Unitek ®, Ormco ® and Masel ®

a: Unitek ®, b: Ormco ®, ¢: Maasel ® and d: Thai latex
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M15199 6. Mean percentages of force degradation between non-latex elastic chains and

Thai latex elastic chain at stretched length 30 mm comparisons

Initial
Time force 1 hour 24 hours | 3days | 1 week | 2weeks | 3 weeks | 4 weeks
Company (Newton)
Mean
Unitek® | (%FD) 595 | 4558 “* | 50.74™¢ [58.26"%% 60.31% | 62.53"¢ | 64.93°¢ | 65.51™¢
SD 0.05 1.55 1.71 1.63 1.7 1.07 1.85 1.86
Mean
Ormco® | (%FD) 496 | 43.40°¢ | 46.34%° [47.45%°|48.88% | 5245 | 54.26%°" | 56.04"°"
SD 0.06 1.29 2.04 1.66 1.61 1.56 1.71 1.74
Mean
Masel® | (%FD) 498 | 40.68"¢| 49.10"" |56.22%"| 61.13%¢| 62.72"" | 64.12"¢ | 66.52"¢
SD 0.07 1.79 2.82 1.46 1.58 1.04 1.87 0.95
Mean
Thai latex |  (%FD) 341 | 15.63%%° | 24.87%™° [29.31%7°[31.51%™¢ 36.96"™° | 39.40%"° | 42.30""¢
SD 0.14 433 3.95 2.93 1.82 1.88 271 1.06

P<0.05, %FD: the percentages of force degradation

Non-latex elastic chains: Unitek® , Ormco ® and Masel ®

a: Unitek ®, b: Ormco® , ¢: Maasel ® and d: Thai latex
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@15197 7. Mean percentages of force degradation of Unitek ® elastic chains

at 3 stretched lengths comparisons

Distance

(mm) 20 25 30

Time % FD SD % FD SD % FD SD

1 hour 3051 | 3.54 | 4129%° | 227 |4558%" | 1.55

24hours | 3598™° | 426 | 4287 | 228 |5074%" | 1.71

3days 4834"° | 1.84 | 5589"° [ 3.01 |5826"" | 1.63

lweek |5623%° 1203 |5815%° | 1.79 |6031%° | 1.70

2weeks | 59.01™° | 1.44 | 61.12%° | 1.88 | 62.53%" | 1.07

3 weeks 61.60°¢ 1.58 62.39°¢ 148 | 64.93%° | 1.85

4 weeks 64.29 1.06 63.78 ¢ 1.59 65.51°" 1.86

P<0.05, %FD: the percentages of force degradation

a: at stretched length 20 mm, b: at stretched length 25 mm and c: at stretched length 30 mm

15197 8. Mean percentages of force degradation of Ormco ® elastic chains

at 3 stretched lengths comparisons

Distance

(mm) 20 25 30

Time % FD SD % FD SD % FD SD

1 hour 32737 | 167 | 39.62%° | 1.77 | 43.40%" | 1.29

24hours | 37.79%° | 1.84 | 42.16%° | 1.78 | 4634"° 2.04

3days 4549° | 1.99 45.66 250 | 4745° 1.66
1 week 48.12 1.63 48.72 2.80 48.88 1.61
2 weeks 51.27 2.08 51.81 2.30 52.45 1.56
3 weeks 52.68 2.02 53.35 2.54 54.26 1.71

4 weeks 55.03 1.36 55.32 0.80 56.04 1.74

P<0.05, %FD: the percentages of force degradation

a: at stretched length 20 mm, b: at stretched length 25 mm and c: at stretched length 30 mm



@3197 9. Mean percentages of force degradation of Masel ® elastic chains

at 3 stretched lengths comparisons

Distance

(mm) 20 25 30

Time % FD SD % FD SD % FD SD

a,b

1 hour 3126 [ 290 | 3661 |296 |40.68" 1.79

24hours | 40.70™° | 2.42 | 43.56%° | 322 |49.10%" |2.82

3days 51.61™° | 1.66 | 55.51° 1.63 | 56.22° 1.46

1 week 55.00>° | 230 | 59.55° 2.54 | 61.13° 1.58

a,b

2weeks | 57.33™° | 223 | 60.53%¢ 1.65 | 62.72 1.04

3weeks | 59.53%¢ | 2.04 | 62.88° 175 | 64.12° 1.87

4weeks | 63.00%° | 216 |6630° 0.87 | 66.52° 0.95

P<0.05, %FD: the percentages of force degradation

a: at stretched length 20 mm, b: at stretched length 25 mm and c: at stretched length 30 mm

@13197 10. Mean percentages of force degradation of Thai latex

elastic chains at 3 stretched lengths comparisons

Distance
(mm) 20 25 30
Time % FD SD % FD SD % FD SD
1 hour 13.52 2.92 14.53 3.42 15.63 433

24 hours 14.96 3.52 16.50° 3.98 24.87%" | 3.95

0c

3 days 18.0 3.13 17.72° 4.00 2931 *" | 2.93

1 week 20.64° 3.75 22.72° 247 31.51%° | 1.82

2 weeks 23.20° 3.60 24.26° 2.72 36.96 “° | 1.88

3 weeks 25.29°¢ 3.23 25.66° 2.95 39.40 *° | 2.71

4 weeks 26.49° 2.56 26.80° 4.10 4230 " | 1.06

P<0.05, %FD: the percentages of force degradation

a: at stretched length 20 mm, b: at stretched length 25 mm and c: at stretched length 30 mm
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51N

b

6. Mean and SD percentages of force degradation of non-latex elastic chains (U, O and M) and Thai latex elastic

chain in 37 °c distilled water. A: at stretched length 20 mm, B: at stretched length 25 mm and C: at stretched length 30

mm
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—*— Masel wet 25 % FD
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g‘ﬂﬁ 7. Mean and SD the percentages of force degradation of non-latex elastic chains (U, O and M) and Thai latex

elastic chain in 37 °c distilled water at every stretched lengths. A: Unitek ® elastomeric chain B: Ormco ® elastomeric

chain, C: Masel ® elastomeric chain and D: Thai latex elastic chain
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