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~~1f1 L~~) 1~u1.jf,j1U1vi1P1'J13J~::'fJ1~.;rUU~~3J 3 'DU~ C1\'1~L~U-f! ~Lj;1~11L~U-f! LL~::f1~U 'fJ:: L~U-f!) vi1~U

V1~~'fJU1Uvi3JLU~~j;113J3J1j;11~1U 1'fJL'fJ~1'fJ 37 vt~\.I3J~ 520 :n"U LLU~LUU 52 n~3J j;113J'i~~ufU~f}1\'1Lif~L~'fJ".. . .
.J1U1vi1f1'J13J~::'fJ1~.;rUU~'fJ3J LL~::1::U::L'J~11 Un11LL ori vi1n11'i~~'II~~:n"UV1~~~u1 u'iuL13J "ULL~::'iUP11U1~U

1::U::L'J~1V1~~~U "'JULP1~~~riJ~j;111~LLnU LtiJni iI LLi\"J,j13J11'i1U'J(u\.I1f11n11LU;UULLU~~'II'fJ~~ V1~~~UP1'J13J

LL;j~tJ'J'II~~'i~~"'JULP1~'fJ~~11~Lj;1'fJf LLUU L'fJ V1~~~Uf11LL1~~~~~~~'II'fJ~'i~~"'JULP1~~~V1~~'fJU~1n~~~Ur;) 1U." " .. .
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.. ~ ..~"
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d , '.1 '}" ~
L U'f)~~')n~u'JfJ1J'tru~"j]'f)~u')nLL~~ L1J~U,) f1ru~V1UP1-..

LL 'YiV1fJP1,)~P1f ~~')~~n'tt11~~,)~V1fJ')ii'fJ ~~U'JfJLiJU~')U'JU. ..
"Jo."I",}".":r.I"J "~.I~

~')nV1~,)LuUP1'f)~L"j]~Uu~'f)~V1't'l,)1J~')U(;1'JfJ'J~(;1u't1J~l1,)'Yi ... .
L if'f)L~'f)LiJU't~fJ~L'J~,)U,)U c;i'~.ju~fin')'t~~~:1 ii;;~(;1f1~~l1,)'Yi.
'}" .", .1 ~.l' ...I~
L "j]~')U L(;1U')U LL~~f1~f1'J')~~~'f)')(;1u't,)P1~')nn')'tP1(;1 L"j]'f) LuU~~

0...1 "."I"J ~~.J' d " .1

~,)LuU~')n ~~LuUV1~,)'lI'f)~n')'t'J~fJU L 'Yi'f)~,)'lI'f)~~u't~n'f)1J
..

n')'tc;i' (;1~u:1~'lI 'f)~viuP1 LL'Yi V1 fJL U n')'tLL U~,j') ~U'J fJ:1 ii L~'f)n:1-if
..

oJ') fJ')yj') f1'J,)~ ~~'f)') (;1'YiUtJ~ 'f)~~ L ~~')~~~ n1J;;~ (;1tJ11J~11,)'Yi.
L if'f)L~'f)"j]U(;1(;\')~ 1 l(;1fJ:1 ii~~~(;\'f)n')'tLtJ~fJULLtJ~~fJru~~1J~

'lI'f)~;;~(;1tJ11J~11,)'YiL d'f)L~'f)U'f)fJ~~(;1. .
0.. _d

"Ja@\l.l.a:"Jfin,'i,
~~ ~.,1'o ""-

n1'i,)~Url'i~'lJVl1n1'iVl(;1~'fIlJrln.l~~lJj;1Vl1~mUI11'V'1'11'f1~.
~ _I~ .r '1.1 1 ~.. '1
')~(;1u'ilJ~111'V'1L 'IJ'fILU'fIVl~'II1U ~ 'lJu'i:::L VlP! VlU 4 'JI'IJ(;1 rl'fl ~rl.
'JI'fIvJvl (Cae Soft, GC America Inc. Alsip, IL.60803, ~~:;j

'fIL~1n1) (;1'i1 ~'fI'IJ~ifi'IJL'IJ'fIf (Dura Conditioner, Reliance
"

Dental Mf g . Co.Worth, IL.60482, ~~:;~'fIL~1n1) Vl'i'JI'flvJvl
.. "

(TrusoftTM, Harry J. Bosworth Co Skokie, IL.60076, ~~:;j

'fIL~1n1) LL~::: '1~L~L~~ (Viscogel, Dentsply De Trey Gmbh

D- 78467 Konstanz, LU'fI'iii'IJ) L(;1ULL'JIL 'IJ.J1U1vi1~,)1~~:::'fI1(;1

.;.r'IJU~'fI~ 3 'JIU(;1j;11~L,)~1 LL~:::'1fin1'i~'i:::lJ1t)1 'IJ'U~ln~l~:;lJ.
n1'it1(;1~'i1lJUn~fi'flL 'V'I~L(;1'IJvl (Polydent, Block Drug Co. Inc.,

~~:;~'fIL~1n1) ~Lj;1'f1'i1L(;1'IJvl (Steradent, Reckitt & Benckiser
..

~ .. ..
Ltd. Hull, ~~'i1'J1'f11n.11~n'i) LL~::: ~~'IJ 'fI::: L(;1'IJVl (Clean A

..
Dent, Forever Denmark Aps., DK-4700 Naestved, L(;1'IJ~l'in)

~11~i'IJVl(;1~'fIlJLU'IJ'iUv1~LlJ~; LLlJlJ~ 2 j;11~~1j;1'i~1'IJ
" ..

1'f1L'fI~L'fI 37 L(;1u3'1n~~vi,)'fItJ1~vT~~~(;1 52 n~~ LL(;]~:::n~~3'1. .." """"
:n'IJVl(;1~'fIlJ~l'IJ,)'IJ 10:n'IJ 'i')~:n'IJVl(;1~'fIlJvi~~~(;1 520 TI'IJ

('iU~ 1) u1n~~vi,)'fItJ1~LL(;]~:::n~~1ucJ1'IJn'i:::lJ,)'lJn1'iVl(;1~'fI~" . .
~ , 1_1.,1'

(;1~j;1'f1 u'IJ

n~~~ 0 LiJ'Un~~P1,)LJP1~~U1~'UVl~~If)LJ1UVl~~If)LJP1,)1~. ..
LL;j~fj') LL~::: n1'J(;lIf)LJ~'UIf)~c;1If)LL'J~~~~~~~1 'U;;'UL~~~'Un1'J" .

V1~~'1)~

n~~vl1 LUUn~~f1,)1Jf1~vlLL-rl~U'V1~~'1)1J1u.J1tJ1~tJ1. ..
'1 ., ",d ~"...I ~'1 d

j;l~'1)~L,)~1 L~f.I'V1--3 L,)'V1'1)ru~J1~~'1)--3LuUL,)~1 8 -n')L~--3 LL~~'V1. OJ
'1)ru~J1fJ 3 7 '1)--3~1L-n~L:nf.l~1 U;rf1,)1Jf1~'1)n.I~J1fJ 16 /fi') 1~--3/. OJ OJ .. OJ
tJu vi1L.JIu;J'V1ntJu~Uf111Jn1~U~1~f.I~L,)~11, 2 LL~~ 3 itJ~1~.
1~f.lU1~1'V1~~'1)1J'V1nitJ~1~.

0

'UVlU'1

u~~iiuvTu~LL YiVlff11tJ3,Jl.jf;;~~ufu~1l1YiL d'E)L~'E) (Tissue. .
Conditioner) ~~LUU;;~f;J'i11Uj1U..;(UU~'E)3,J'E)U1~~3,J lu~1u

vTU~n113,JU1~~~';;'E)U1~~~1n~~1tJ L-J!U l.jfLuu;;~~~3,J;{.. .
"" 4 '1'" ~ .~.I .:- 4 .I~

L U'fJLtJ'E)1Iru~ ~ -n~1U L~13,J~1U-nUu~'E)3,J-n'J~11'JL Yi'E)u1U~1l1Yi..

1~Ld'E)L~'E)~3,JU1ruri'E)uvi1..;(uU~'E)2,J(11'J1 L~12,J~1U..;(UU~'E)3,JOJ ..

vtt~vTuVi~~~(1'E)U..;(Ufi113,J'i!1~'E)'E)n1u 1~tJL'i1Yi1~'E)U1~~~1 U

~1UU1~~~~u~ii1111n111n1 (Maxillofacial Prosthetics) ~
..

?:Ju'JtJ 1v1fum1fn~ 1~tJm1cJ1i~ 1 U-J!'E)~U1nL ~'E)fn~ 11~2,J~L1~
OJ

LL~~'E)1~~ m11.jff~~u1ii ~i'J2,J v1'JtJ~~~ L d'E) L ~'E)~1~ LL -li~ LL 1~~~

'" .~ . I '" ~ 0 4

~'fJ~'il1U~1U-nUu~'fJ2,J~'JtJ'J~~U2,JL Yi'fJ~~LL1~n1~LL Vln~1n.. . .
"" -'1 ~ a ~ "" 4 0:; 4

m1U~L~tJ'JLL~~U'E)~nUm1n~L~UU1L'JruL U'E)LtJ'E)L ~~1UU 'i!~

'" '1'" -"1" "" 4.. a ..
~'E)~ ~'i!1~tJ~L'J~1U1ULuUL~'E)U 1 L U'E)LtJ'E)~~~~LL1I~LL1~~2,J\!1ru

Yi'fJ~~~vi1..;(UU~'E)3,J~~ ~1ULUU;;~ ~LL ;j~1v11-4.. .
~ .I~ "" 4 .1 "', 4."1 ~ ~
'J~~u1U~1l1YiL U'E)LtJ'fJu1~n'fJU~'JtJ~'JU~~ 'i!~LuU~ Yi~-.

L'fJfi~L3,Jfi1~1L~VI (Poly ethyl methacrylate) LL~~ 1 Yi:flL2,Jfi~-

~ , ..
L2,Jfi1~1L~VI (Poly methyl methacrylate) LL~~~'JUL ~~'J ~'E)

L'E)fi~LL'E)~n'fJlI'E); (Ethyl alcohol) LL~~L'E)~LVI'E)f Yi~1~~1'i!-

L'i!'E)f (Ester plasticizer)s-7 ~~12,J11(1~~3,J~'JU~~LL~~~'JUL ~~'J

'1!:'1"'~ ~'" '" """'.'1 ~,d", ~ 0

~-n ~~VlUVl1I1~Lm'fJ~u'JtJ~12,J'E)~11~'JUVI~~~~m~u~ LL~~
OJ OJ

iJ~~12,J11(1ufuriJ~'11~'Ju~~3,J1~U1~iu~i1~L~'E)1~;;~~~.
~CU~2,J1TiI~L ~2,J1~nun111.jf~1u8 1~tJ;;~~~'J1~ ~'J12,J~U1'E)U1~. .'" ~ ~ .. 0 '" ~ .I~ "" 4 1'"

U'fJtJ 2 2,J~~L2,J~1 ~~~~Vl1~U1V1~um1u1U~1l1YiLU'E)LtJ'E) ~

'fJU1~~2,JU1ru9
OJ

'E)u1~11n~13,J;;~~ufU~1l1YiL d'E)L~'E)~-1i'E)L~tJ~1i1ru 2. ~

U1~m1 ~L~tJ'J-1i'fJ~nu~ru~2,JU~Vl1~mtJ1l1Yi LL~~Vl1~:n'J1V1tJ1.
~'E);;~~~~LU~tJU~1nU2,JLUuLL;j~ 1~~n11u~~uU 1 UL 'J~1riJuiu.. .

" ~ ~ "" ~ ~~
LL~~~1 tJ ~'E)m1Lm ~ ~ ~ LL~~L~1ru1l'E)~ L 'i!'E)~~U Vl1tJ ~~ tJ L'il Yi1 ~

~ .
LL~U~~1 riJ~UL~U (Candida albicans) ~~LUUU~'itJ~i1~~

i2,Jofiufinum1tiJnL~U1l'fJ~L d'E)L~'E)U-J!'E)~U1n (denture stoma-.
titis) 10,11 i1~,ium1~'Jul"J2,J~'11u":fIuVl1ff~~LUU~~~1i1tl.!

4 1 '0 ~ .I~ "" 4
LU'E)~~1n 2,J~12,J11(1V11~'J12,J~~'E)1~'J~~u1U~1l1YiLU'E)LtJ'E).'" .1 1'" ."I~~ ""1"'40
~'JtJn11LLu~~ ~L Yi'11~LuU'J~~U2,J ~'E)~ ~-nL~1'fJ~Vl1~'J12,J.
~~'fJ1~iuv1'JtJ1vJ~1 (Ultrasonic device) ~~f'111.jf~1tJf'1'fJU
'" .. 0 '" ~ .. t 0

111~~~ ~1'E)Vl1~'J12,J~~'fJ1~~'JtJ~11L~3,J ~'E)U1tJ1V11~'J13,J
OJ

.~ .1 4."1 ~~d d '" 0 '1'"

~~'E)1~-nUu~'E)3,J 'i!~LuU'JfiVl~~~'JnVl~~LL~n~12,J11(1V11 ~ ~.
~ .I~ "" 4 .,. " .Id ~1"'~ ,
'J~~u1U~1l1YiLU'fJLtJ'E)L~'E)2,J~1l1YiL1'J LL~~Lu~tJU~ ~~~L-nU.
n11~n~1I'E)~ Unl6 LL~~~CU~12 LL~~ Klingler LL~~ Lord13
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'I\J~ 1 LLU~n~)Jif')~,j'1~ 52 n~)J L~uLLr;i~:;n~)J31=D"UV1~~'fJl.J 10 =D"U 1'))J=D"UV1~~'fJl.Jvt~"")J~ 520 =D"U.. . . .
Fig 1 Divided 52 sample groups, 10 specimens in each group, the total was 520 specimens.

41U')U
0-

;UVI~~t)1J

J1U1~1~~1~~~~1~~UUfl~~ 1::U::L,)~'

(tlU'l'.J)

1 0 f1f~ ~uvt')'4U'V1~~'f)1J iI~lt) 1 0 U1~ ~~~1~.J1 LL~,)LL-rl~'f)
" "0 0 0

1 UU1U1:;U1 VI~1t)~'f)ru~11~~'f)~~Uf111J 8 ,j') 13.J~ LL~:;~. ..
'f)ru~l1~ 37 'f)~Pl1Len~L~U~1 Uvlf1,)1Jf13.J'fJn.I~l1~ 16 i')l3.J~/. .. .. .. ..
~ 0 oJ ~. ~_I ..
')U 'V11LenUU'V1n,)U~Uf111Jm~U~1:;U:;L,)~1 1, 2 LL~:; 3 ~u~1~.
1~UU13.J1'V1~~'f)1JVJn~u~1";;L-rlunu

n~~ti1 2 LUUn~~VlV1~'f)-3ti1LLorl~UVlV1~'f)1J1 u1 ;"j~LV1Uvl. .
(~:;;~1fJL~V1~U.J1U'1:;;U1 ~'JfJte)'(;l'11ri'JU 1 L.ijV1/200 iI~~~(;l'1)"

U1U 20 u1Vi LL~'J~1-3.J1 ~1nJuLLorl(;\'f)1u.J1U'1:;;U1 ir-31~ti1

'f)ru~l1i1~'f)-3~Ur1'11J 8 i'J1~-3 LL~:;;ti1'f)ru~l1i1 37 'f)-3~1Len~LenfJ~. " . "
1U~r1'J1Jr1~'f)ru~11i1 16 i'J1~-3/liu vi1LorludVlnliu~ur1'11J" .. " .
n1~UV1'1:;;fJ:;;L'J~1 1, 2 LL~:;; 3 iUV11.J 1V1fJU1~1V1V1~'f)1JVln.
iUV11.J

n~),J~ 3 L~un~),JVl~~'tI~~LL-rl~uVl~~'tIlJ1U~LI?l'tl11L~Uvl. .
(~~~1fJL~~YrlU.J11J1~1J1?/r'JfJIf51?l11~'JU 1 L~~/200 tJ~~~1?l1)

..

U1U 20 u1Vi LL~'J~1~.J1 "1n,fuLL-rl~'tIlu.J11J1~1J1 fI~l.?j'~

'tI(u'I-111tJ~'tI~"Uf'11lJ 8 .t;'Jl),J~ LL~~~'tI(u'I-111tJ 37 'tI~~1Len~L;nfJ~. .. . ..
lUvlf'1'JlJf'1),J'tIru'l-111tJ 16 .t;'Jl),J~/1u vi1L-DU';Vln1U"Uf'11lJ.. .. .. .
n1'1-1U~1~fJ~L'J~1 1, 2 LL~~ 3 i1J~1~ 1~fJU1),J1Vl~~'tIlJVln

.

i1J~1~

n~3J~ 4 LUUn~3JVl(;1~I1)~~~LtJ1fJ;UVl(;1~l1)lJ~'JtJ r1~U 11)~, ,

L(;1Uvll(;1tJ~LtJ1fJ~1~~1n;UVl(;1~l1)lJ 25 L'DUtlL3JlJ11 LUU~1U'JU

n'l,iila

1-nLF11'1)~r)(;1~ 1f5~~'il~LLnU L~n.J! i'f) ~F1'JlJF13.Jnl'ivil~lU.
" .. .. ..~
(;1'JEJF1'1)3.J~'JL~'1)'i1J'1)~lJ'i~'V1 Hunter Associates Laboratory Inc;

VIrginia, ~m~'1)L3.J1nl ('iU~ 2).. ..

r)(;1~1J'1)~r)~~'1)'1)nLtluiI'JL~1J U'i::n'1)lJfI'JEJ~l L *, a* LL~::

b* ~~LtlU'i::lJlJ~ :n 1'1) t1) 1(;1EJUlfaU'V1(;1~'1)lJ3.Jlr)(;1mUr)ULi3.J
" ~ , ,
~ULL~ ::'JUF1'ilJ'i'1)lJ'i:: EJ:: L 'J~1 'V1 (;1~ '1)lJ1J'1)~ LL~~::n~3.J.

1 unl'i1-n LF11'1)~r)(;1~LL~~::F1f~1flvilnl'iuflJ LF11'1)~r)(;1m.:i

1fl3.Jl~'i~lU~l3.J,)'1)LL U::Ul1J'1)~~C,J~~LF11'1)~ri'1)u ~lnJu~~ul.. ..
" ".. ~." .. ". ~d

'DU 'V1(;1~'1)lJ3.Jl'DlJU1(;1'JEJn'i::(;11~'V1'D'D LL~'J'V11nl'i'J(;1~1J'1)~LL 1JU
..

LL~~::')l~1J '1)~fa U 'V1 (;1 ~ '1)lJ'iU (;)3.J L lJ~';; 1 (;1 EJ'Jl~1J '1)lJ fll U.(Il EJ1J'1)~..
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~uVlC;]~'fI1J1 ii(;1'J~n1Jt;i1LL ".u~vivi1Lf11'f1~"'~1tJlt) ,,1n,! ufjc;]

~ u VI C;]~'fI1J ~'JtJLL lIU~1JlI'fI~ Lf11'f1~ LL~'J'fI'fI n f'i1i~1 ii Lf11'f1~

vi1n1'J1C;]~

lV1uuV1n1J'iJ1~~ TU 471 ~~J1~-JnnV1 1 nl~n:;~ lV1u,
U1:iUt;i")'f)U1~ 2 :iu~1.jf'f)uvT1Jnu1 ii~UVlL ~'f)1 ii:iUt;i")'f)U1~

" .
'" , " 0 ~ 0 "'..
~r1,)1~~U1'f)U1~U'f)U 6 ~~.~1~m~UV1'iJU~1'iJ'f)~ L'f)L'f)~VlL'f)~

'" 0 ~ ..~d .:
V1 2240-97 Vl1n1'j',)V1r1,)1~LL'iJ~~,)Vl~'j'~n~1~'iJ'f)~LL'iJU-nU

VlV1~'f)1JvT~ 2 ;;1~ lV1unV1LuuL,)~1 1 1U1~

n1'a~G\aiJ'I.J bb'a~ii~a~aG\.. .

1-nLr1~'fJ~'VlI11~'fJUUUL,)'fJfejf~~'fJU~ 1U LL'fJ~'fJ1f 10 Lr1OJ .
do" d ~ .. ~-
'Vlr1')UI"J3.Jn1'f'Vl1~1UI11,)ULr1'f'fJ~r1'fJ3.J~,)L~'fJ'f '/J'fJ~U'f~'Vl Lloyd

instruments Ltd., Segenworth west, Foreham, Hants. POl55

SH. ('fUvl 4) ~L"'~I11Lon~;'/JU1111100 U')I;]U Lr1~'fJU.J')~u~')u
OJ

" ~~ " " -
r1')13.JL'f,) 500 3.J~~L3.J~'f /U1'Vl UI11'DU'VlI11~'fJUI11,)ULL'/JU"ULLUU

",ilu ~~LU'fLLn'f3.J1 ~Lr1~'fJ~"'UI11~~L~'fJ:iU'Vl~~'fJu'/J1111'fJ'fJn"1n.
rlU LL~~Lr1~'fJu.J')~uniiu~vi1LL "'U~Li3.J ~U LI11U~ ~ L U'JJ~

OJ

d -.., ..
Lr1'f'fJ~,,~UU'Vlnr11 LL'f~ ~~~~~ 111OJ .

'i\Ji 2 Lf11tJ~;;~~tji~~11~LLnU LtJn'lf ~ 1JtJ~1J1~ tTuL~tJf LLtJ~1';LtJ~..

~'lLlJtJ1'l1~1 L'Jf)f~LUU ~".f~tJLIJ1n'l ...
Fig 2 Ultra Scan XE, Hunter Associates Laboratory Inc; Virginia, U.S.A.

n1'a'VIG1ai)'UR'J13Ju.!i~W'J

1 Unl'iV1V1~'iJUr1,)I~LLojj~~,)1I'iJ~r;~V11V1fJnl'inV1 l.jfLr1~'iJ~.
V11'i~L[;1'iJf LLUU L'iJ iu 408 1I'iJ~U1';;V1 Pacific TransducerOJ .
corp; Los Angeles, ~~f.i'iJL~1nl (lU~ 3)

..I d _..~.. . .. -~
~\J'WI 4 LrJ1f1~VI~~fl1JtJUL'jfl~~~fltJ~ 1U LLfI~fl11 10 LrJ 1JfI~1J1~VI
.. ~ .

~l1)tJl}; fjU~~1L3.JUVI.J ~1n~ ;LnUL'jfl~ L'j~.;I Y/fl1LLl!3.J !iu.;I~ ~ 0155~

LfI~LtI~

Fig 4 LLOYD Universal testing machine, LR lOK Lloyd instruments Ltd.,

Segenworth West, Foreham, Hants. POl55 SH.

~'\J..i 3 L~1f)~;;~~'11I.JLL;j~iJ'1VJ11iJLVlf)f LLtJtJ Lf) iU 408 LL~:;"1r;f~iu

471 "'f)~tJ1';V1 LLU~~~ V111U-/i~'1L'Df)f ~f)~LLf)UL~~~ ~~ffSf)LI.J1n1..

Fig 3 Type A Durometer model 408 and Durometer deadweigh test stands

model 471, Pacific Transducer corp; Los Angeles, U.S.A.
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- ...
n1'a1I.A'a1:'VI!leJaJa..

U 1;;'fI~ ~m ~ vT~~~ ~ ~1 ~ Lfll1 ~.;;j'V11~~'f1 WI ~') fJ nl'i~ Lfl'iI~.;;j"
fl,)I~LLU'iU'i,)ULL1J1J'V11~L~fJ,) (One way ANOVA) L~'fI~1

0-, " - ..- - 0
fl,)I~LLj;1nj;11~'i~~,)I~n~~ LL~~ ,)Lfl'iI~~'fI'V1fi~~~'fI~UlfJl.
vilfl,)I~~~'fII~..:rUU~'fI~ JIU'i~UI LL~~'i~fJ~L,)~ILL-rl ~,)fJ

nl'i~Lfl'iI~.;;jfl,)I~LLU'iU'i,)ULL1J1J~'fI~'V11~ (Two way ANOVA)

LLri\',)~1 fl,)l~ LLj;1n lJil~'i~~~I~ ~ ~,)fJnl'iLmfJ1JL ~fJ1J L =fj~.j!'fIU"
d ~ .."-

Duncan's New Multiple Range Test 'V1'i~~1Jfl,)I~L-n'fl~U
'"
'i'flfJ~~ 95

d'1~.I" .., d ,~
'V1 ~~ ~uI"JLrl'i1:::~~1rl1L'U~ULL~:::rl1LlJU~LlJU~1j;1'i~1U'll'f)~n1'i ..

LU~UU~'II'f)~LLIJl~:::n~~ LLIJlL 1i'f)~~1nf'l1r;i~n~11"J13J~1~1'i(1~'f).
rl1"J1~ ~~1 U'V11~ rl~U n 1~ r;i~.J u~~l~ LL U~~ f'l1 L'U~ U'II 'f)~n1'i

LU~UUm ':';LUU National Bureau of Standards (NBS) units
d 0.1

j;11~~~n1'i NBS units = dE x 0.92 "D~~1~1'i(1U1~1LLu~CJ~

rlI"J1~LLj;1ni;i1~'II'f)~~'V11~rl~unl~ j;11~j;11'i1~~ 1 u'f)n~1nilu~

1~u1,j"f)~~'II'f)~n1'iLU~UU~ (dE) 'II'f)~;;~~~1'1jLrl'i1:::';rlI"J1~.. .
LLU'iU'iI"JULLlJlJ 2 'V11~ j;11~j;11'i1~~ 2 LL~:::LmUlJLViulJL;~

.jf'f)U~I"JU Duncan's New Multiple Range Test 1~CJ~j;11~j;11'i1~
d d 0

'V1 3 "D~"t'IlJI"J1

Lrl "D'f)vJyj ~n1'iLu~uu~~1~:;lJliI'V1fi"t'l~~1n'i:::u:::LI"J~1

L~u1un~~ 1 iU~1'; ~U'V1~~'f)lJ~n1'iLU~UU~U'f)U~~~ LLIJl. .
13JLLj;1nIJl1~nu'f)u1~~iiu~1Fi'runlJn~~ 2 iU~1'; ~l"Jun~~ 3

~ . .
iu ~1';~ n1'iLU~UU~~1 n~~ ~ LL~::: LLj;1n 1Jl1~'f) u1~~ii U~1 Fi'ru. ~

..

nlJvi~~'f)~n~~.

eJBn'l'a'VIGlBeJ\j

oJ d

n'1~b\JaIJUa

Lv\UI ril~'iJ'fJ~iaUVl ~~'fJU~rj~ L~ UrjUL~2,J ~ULL~~rjU~1U
. '- Id . I ..

1'fJ U1~U~ L '1~IVl ~ ~'fJU2,J1 ~1 U'1 CIA '-'I ~1 n11 L u ~ U ULL u ~~'iJ 'fJ~ ~

~12,J~2,JnI1 dE = [(M. *)2+(da*)2+(db*)2] 1/2 ~lnJuulril

..I , ~ ~ .I~ ~, ,~
61'1"'" 1 ~1L~fltJLUtJ-3LUU)J1~1~'U~'f}-3n1'1L1JfltJU\1 LLfl::~1~'J1)JLL~n~1-3~'f}-3\1~1)J1::UU NBS..
Table 1 Mean, standard deviation of color change and value of color change by NBS system

1a~'lJ;'UaIl1'W. .
bililbiiil

'j:!I:b~a1

(i'lJG11'\1i)

na&Jf1~\Jf1&J. .
. .l

A1LQftll SO

LR 'D'f}yjvi' 0.18

0.14

0.19

0.66

0.69

1.14

0.69

0.74

1.22

0.13

0.16

0.21

0.64

0.69

1.12

0.72

0.77

1.22

0.17

0.12

0.19

0.66

0.71

1.13

9.76

0.78

1.13

0.15

0.14

0.21

0.70

0.72

1.04

0.72

0.75

1.243
-~ ..

~11 ~'fIU~'DULUf)1 0.64

0.62

1.05

0.64

0.65

1.15

0.12

0.13

0.15

0.59

0.59

1.06

0.66

0.67

1.10

O.Tl

0.10

0.60

0.61

1.01

0.61 0.09 0.56

0.57

0.96

0.69

0.68

1.1 A

0.11

0.09

0.17

0.62

1.05

0.11

0.190.133

'V11'Dt)YJ.fl
OJ

0.26

0.29

0.32

2.15

2.19

2.21

2.19

2.23

2.29

0.27

0.22

0.23

2.02

2.05

2.11

2.27

2.33

2.40

0.32 2.09

2.14

2.20

2.39

2.43

2.45

0.31

0.35

0.31

2.19

2.24

2.25

2.33

2.38

2.40

0.32

0.253

~~1f1 L.,~ 0.27

0.24

0.28

1.15

1.14

1.24

1.25

1.23

0.29

0.25

0.28

1.1 A

1.15

1.28

1.26

1.28

0.27

0.22

0.29

1.18 1.26

1.25

1.26

0.25

0.23

0.24

1.16

1.15

1.16

1.26

1.24

1.23

1.16

1.18 1.133 14

utJU).J1n (Trace) NBS units = 0.0-0.5

UtJU (Slight) NBS units = 0.5-1.5

YitJi~Ln~L~U (Noticeable) NBS units = 1.5-3.0

L~u1~tJfJ1~i~L"U (Appreciable) NBS units = 3.0-6.0

LtJ~uul'itJU;r1~).J1n (Much) NBS units = 6.0-12.0

LtJ~UU).J1n (Very much) NBS units = 12.0+
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1I'1"1~"; 2 ~fln'11"rjLf111:;';f1,)1~LLtJ1tJ1,)ULLl.Jl.J 2 V11~ 'f)~n11LtJ~tJU~

Table 2 The data analyzed by two-way ANOVA of color change

.w w ~.,!\J'\J.II"'WLUilLllii

3 O??8

200.367 0.000

0.296

LPI 'Df)~'Ii'

.J1tJ1vi1 PI,)1 ~~:: f)1~.;r U U fl f) ~ LLfi ::J1U 1::U1

1::tJ::L')fl1 (iU~1':;')

.J1tJ1vi1P1,)1~~::f)1~.;rUUflf)~LLfl::J1U1::U1 x 1::tJ::L')fl1 2226

3

2

3_827 0.011

0.000

0.778

342.401

0".40

~.:. ..
~11 FlfJU~'nUL UfJ1.

J1U1~1~~1~ft~fJ1~~UUftfJ~~ft~J1U'~U1

1~U~L~ft1 (iU~1':;')

J1U1~1~~1~ft~fJ1"~UUftf}2JLLft~J1,j'~U1 x 1~U~L~ft'

0.005

0.149

0.999

3

2

6

4.365

1.923

0_065

V1t~tJyJ{I

J1~1~1~~1~ft~tJ1~~UU~tJ~~~~J1U1~U1

1~~~L~~1 (ftU~1';;)

J1~1v11~~1~ft~tJ1~~UU~tJ~LL~~J1U1~U1 x 1~~~L~~'

3

2

0.249 0.862

00.10

~~1" L~~ ;:

J1 ~1~1 "~1~~~~1 ~~UU ~~ ~ ~~~J1U1~U1
~.I ..

1~~~L~~1 (~u~1~)

J1~1~1"~1~~~~1~~UU~~~LL~~J1U1~U1 x 1~~~L~~' 6 0.026 1.000

..I .~ a~" .I.J~ ~ .. .1.1
GI'l'i'lG'WI 3 n')nu1U1JLVlU1JL'D~'D'iJU~'iJ~n,)1Lu~tJU" ~')nn,)1'JLfl1,)::"'fI'J'))JLLu1u1'JULL1J1J 2 VI,)~

Table 3 The Duncan's new multiple range test of color change.

-~ ..
~11 ~tJU~1IULUtJ1 p N c s 2

Vll'D'fJ~'" N p c s 2 3

~t'tf\ L~fI N c s p 2 3

~1'l f')~'U~/j'UL'U~f ~n'l1LtJ~fJ'U;~1v1fufjVlfio,"j~~'ln"" "
u'lfJ'lvi'lf'),)'l2.J~~~'l~.,:r'UtJ~~2.J U'ltJ1~tJ'l LL~~ 1~fJ~L,)~'l

l~fJni:i2.J 1 o,"j~L~'Uvi ~n'l1LtJ~fJ'U;ii~fJ~~~LL~~LLj;ln~'l~~'ln. .
VJnn~2.J~ tJ'l~~ if fJrl.'llO1cy LL~~ l.1Jo,"ju f'),)'l2.J LLj;ln (;\'l~~ tJ'l~~ if fJ

. ~ 0 0 0 .. .. 0

~'lf1ru1~~,)'l~n~2.Jf')')Uf')2.J n~2.Jf1~'U ~~ L~'UVI LL~~n~2.Jw . . . .
~Lj;I~1'lL~'Uvi rl.'l~fUfjVlfio,"j~~~~1~fJ~L,)~'lJ'U ni:i2.J 1 itJ~'lo;;j.
:n" 'U VI ~~~U~n'l1LtJ~fJ'U;ii~ fJ~~~ LL(;\l.1J LLj;ln ~'l~n'U~ tJ'l~~.
iffJrl.'llO1runUnf!2.J 2 itJ~'lo;;j ioi')'Un~2.J 3 itJ~'lo;;j~n'l1LtJ~fJ'U

~3.J1 n~ ~ ~ LL~:; LLj;l n (;]1~'f) rJ1~~ ii Ut/.1 iI ru Ii lJvT~~'f)~ n~3.J. w.
Vl1'D 'f) ~vi ~ m1L U~ UU ~~1~:;lJtfJVlfiVi~~1 nJ1 u1vi1"

~'113.J~:;'f)1~.;rUU~'f)3.J LL~:; J1U1:;U1 1~Un~3.J~'1lJ~3.J~m1. .
LU~UU~U'f)U~~~LL(;]13J LLj;l n (;]1~'f)rJ1~~iiut/.1 ilrulilJn~3.J 1 Vi~-. w .
L~uvi u'f)n~1nif ii~13JViu~'113.JLLj;ln(;]1~'f)rJ1~~iiut/.1i1tlJ1 U

J1 u1vi1 ~'113.J ~:;'f)1 ~ .;rUU~ tJ3.J Vln n~3.J. .
~~1~ L~~ ~n11L1J~uu~~13Jl~:;utt)VlfiVi~~1nJ1u1

vi1~'113.J~:;'f)1~.;rUU~tJ3.J J1U1:;U1 LL~:;1:;U:;L'1~1
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oJ a -
n'l"i L 'iJailuLL 'iJa\1R~'l3J LL!J\1e1~

L~ IE)U1 r11 f1,)1 ~ LL oJj~~')~ rJ (;11CfJ~1 n Lf1~IE)~rJ (;1 f1,)1~ LL oJj~ ~')

(;1L131Lj;1IE){ LLUULIE) ~1~Lf111::~~1r11L'U~tJ LL~:: r11L~tJ~LUU"

~1j;11~1U1CfJ~~j;11~j;1111~~ 4 LL~::UlE)n~1ndii~1CfJu1,j'1E)~~
.. "

r11 fI,)1~ LL oJj~~,)~1 ~Lf111::~ f1,)1~J.LU1U1,)ULL UU~IE)~Vl1~ (j;1111~

~ 5) ~1nJuvi1n1'tLmtJUL~tJUL:n~.j{'eJUCfJ')tJ Duncan's New

Multiple Range Test 1CfJ~~j;11~j;1111~~ 6 ~~ViU~1~1f1,)1~LLoJj~

~,)'lJIE)~ Lf1'DIE)~vi 1CfJfu:SVlfiVi~~1nJ1tJ1vi1 f1,)1~~::'eJ1 (;1W'U

U~IE)~ J1U1::U1 LL~::1::tJ::L,)~1 ~')U(;111f1IE)U~-tULUIE){ Vl1-" "

'D1E)~vi LL~::~~Lf1 L~~ r11f1,)1~LLoJj~~')1CfJfu:SVlfiVi~~1nJ1tJ1

vi1f1,)1~~::1E)1(;1W'UU~IE)~ J1U1::U1 1::tJ::L,)~1 LL~:::SVlfiVi~

i,)~'lJIE)~J1tJ1vi1f1,)1~~::1E)1(;1W'UU~IE)~ J1U1::U1 LL~::1::tJ::

L'J~1

~1n.:EJVlfi~~'JJ'EJ~J'lf.J1vi1f1,)13,J~:;'EJ1~,.:r1..!U~'EJ3,J LL~:;J'l

U1::U1-rilJ11

LrI 'DIfJWvl : n-c13.JL -ri~L~Uvl ~F11r1,)13.JLL;j~~')~iiIfJU~~~. .
LLI?l13J LLlJI n 1?l1~1fJ tJ1~~ii Uit1 l'i'ru rill n-c13.J rI')lJ rl3.J ~')un-c13.J

~ .. .
~ LlJIlfJ11 L~U vl ~F11r1,)13.JLL .jj~~,)~~~~LLI?l13J LLlJIn 1?l1~lfJtJ1~~ii U" .
0 ~ ~ ,.. .. ..r,.. ..

~1r1runlJn~3.J rI~U 1fJ:: L~UY1 UlfJn,,1nUn~3.JrI~U 1fJ:: L~UY1
~ . .

~ F11 rI,)13.J LL ojj~ ~')~13J LLlJI n 1?l1~1fJ tJ1~~ii Uit1 I'i' ru rill n-c13.J rI')lJ rl3.J~ . .

"'.:- .., .. , " '" .oJ
~11 rl'f)U~-nUL U~1 : n~3,Jrl'JU~3,J3,Jrl1rl'J13,JLL 1J~~'JV1.. . .

U ~ tJ ~ ~ ~ LLI?113J LLVl n 1?11~ ~ ri1~ ~ ii tJ ~1 Pi'ru nu n~3,J ~ LVl~ 11 L~ U vf. w .
LL~~n~3,J1~~L~Uvf ~'Jun~3,J~;U 'f)~ L~uvf ~r11rl'J13,JLL;j~fJ'J. .
~~~~ ~ LLI?113J LLVlnv11~'f)ri1~~iitJ~1Pi'runun~3,J 1 ~~L~uvf.. . w .

V11-n'f)~vf : n~3,Jrl'Ju~3,J~r11rl'J13,JLL;j~fJ'J~U'f)tJ~~~LLI?1.. .. .
13J LLVl n 1?11~ it] ri1~~ ii tJ~1 Pi' runu n~3,J~ LVl 'f)11 L~uvf ~'Jun~3,J

w . .
1 ~~L~uvf ~r11~'J13,JLL;j~fJ'J~3,J1n~~~LLI?113JLLVlnI?11~'f)ri1~~iitJ.

0 ~ ~ ,.. ..

~1~runun~3,J~~U 'f)~ L~UV1
w .
~~1rl L~~ : n~3,J~'Ju~3,J~r11~'J13,JLL;j~fJ'J~U~tJ~~~. . .

LL~~LLVln 1?11~'f)ri1~~iitJ~1Pi'runuV1nn~3,J LL~~ 13J~Url'J13,JLLVln
w . .

1?11~ 'f) ri1~ ~ ii tJ~1 Pi' C]J1J 'f)~ r11 ~'J13,J LL;j~ fJ'J 1 U -11 tJ1vi1 ~'J13,J

~~'f)1~o;luu~'f)3,JV1nn~3,J. .
~1 nifjV1fi~~1J'f)~1~tJ~L 'J~1 ~U11lJ~~UfU~111~ L if~L~~.

~ "'.., "",.oJ": J ..
V1~ 4 -nU~3,J rl1 rl'J13,JLL 1J~~'JV1L ~3,J1JUVl13,J1~tJ~L 'J~1LL~~3,J~'J13,J

LLVlnI?11~'f)ri1~~ii tJ~1Pi'ru1 UV1nn~3,J L'J~1 LL~~L~~~L~11~~
w . .

rl'J13,J LLU1U1'JULLUUV11~Li;)tJ'J LL~~LmtJUL VitJUL ;U~-D'~U ~U11

r11 ~'J13-J LL ;j~fJ'J1J 'f)~V1 nn~3,JlJ~ ~UfU~111~ L if ~ L ~ ~~ r113,J1 nn11. . .
LL~~LLVlnI?11~'f)U1~~iitJ~1Pi'C]J (p~.O5) nUr11~'J13,JLL;j~fJ'J1 U

~ .,: .-
'JUL13,JVlU

..I ,..I ,..I u -
911'1111" 4 ~1L~flULLfl::~1LUU-3LU\J~1~1~1\J"~-3~,)1~LL"-3CJ,)

..

Table 4 Mean and standard deviation of surface hardness.

"ifiI;J1J;1JfiSl'l'W. .
I.uill.iiil

na&Jft~\Jft&J. .
. oJ

ft'1l.~atJ

'i:II:~'Ja'1

(1\J61'1\1)

na3Jt-wiLGI'Uo";.
fi1LQa!/

naalaL61i1~'1Lt1UoM naalAiu iI: L61UoM
. .

. "j . "j

A'1LQa!l SD A'1 LQa !I SDSD SD

t~ ~tJyjvi' 0 11.80 0.41

0.47

0.51

0.51

0.41

0.51

0.47

0.44

11.80

13.85

14.70

15.80

0.41

0.49

0.47

0.41

11.80

13.55

14.75

15.80

0.41

0.51

0.44

0.413 15.50

V1l'D'fjyJt1j 0

1

11.65

16.40

19.35

19.80

0.49

0.50

0.49

0.41

11.65

16.60

19.65

19.85

0.49

0.50

0.49

0.37

11.65

16.20

19.60

19.75

0.49

0.41

0.50

0.44

11.65

16.85

19.35

19.90

0.49

0.37

0.49

0.31

2

3

7JftLR L~~ 0

1

2

3

13.75

15.65

15.80

17.65

0.44

0.49

0.41

0.49

13.75

16.50

16.70

17.40

0.44

0.51

0.47

0.50

13.75

15.80

16.75

17.70

0.44

0.41

0.44

0.47

13.75

15.70

17.25

17.75

0.44

0.47

0.44

0.44

11.80

13.50

14.30

15.75
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fI'1"1~"; ~ ~~n11'?jLPl1'1::';PI,)1IJLL1J11J1,)ULLl.Jl.J~f)~V11~~f)~,j1P1,)1IJLL;j~fJ')

Table 5 The data analyzed by two-way ANOYA of surface hardness.

3 3.798

382.070

1.970

0.011

0.000

0.071

L~ ~tJ~.;j

.J1 !J1vi1 ~'J13J ~:: tJ1~.,:r U U fI tJ3J LL fI::.J 1U1::U1

1::!J::L'Jfl1 (iU~1-J)

.J1!J1vi1~'J13J~::tJ1~.,:rUUfltJ3JLLfI::.J1U1::U1 x 1::!J::L'Jfl1 6

3 3.196

138.038

4.524

2 0.000

0.000

4':' ..
~11 f1tJUfI'DUL UtJ1

J1 U1~1 f1~1~ft~tJ1 fI ~ U Ufl tJ~ ~fl~J1U1~U1
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2
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3
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Table 6 The Duncan's new multiple range test of surface hardness.

:;.~\Ji\J.I1'1'WL;:filLiil J'1I1'1~'1~~'1I1.:iI'1~~U\J.illl :: ,'j'. ':II:L~.'1 ("\J~'1\1) :J" ,

Lfl ~t)viv1 2 3p N c s

-~ ..
~'i1 fltJU~'DUL UtJ'i 2N s p c 3

Vl1'D'fIvJ-fi 3N s c p 2

s 2 3~ft1~ L~~ N p c

1 it ,," '14" .. - ..~ ~U1tJ1 - N, \YiilL~UV1 = P, ~L~tJ11L~UV1 - S, PlilU tJ:: L~UV1 - C

~1n i)Vlfi'ri~'IJ 'iJ~J1 £J1vi1 F1t"J1~ ~~'iJ1 ~-;[ u1J~ 'iJ~ LL~~J1

1J'1~1J1 'riU~1 P11 LL '1 ~ ~~~~ ~ ~'IJ'iJ~ LLI1l~~ n~~~ F1t"J1~ i~ viu fi nu" . .
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,..~.~~ ,.. .., 0 ..,
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U1'IJ 'fJ ~ ~ F11 LL 1~ (;1~ ~~ ~ (;1'IJ 'fJ~f"J ~ (;1 ~1 f"J LPl11 ::~~1 F11 L 'il ~ U.. .. , ,
, .J .,... .J 0
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4 .. .1 .1 .J
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1343.881

3.714

16.668

274.640

16.977
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~ . .
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Table 7 Mean and standard deviation of the highest value of surface hardness. (Newton)

n~aJ.I.GlOI'j'1I.Glu\/i n~aJAaU 01: I.Glu\/ina&Jf1~'Uf1&J
. .

A'lLQa!J

1aI;J\J;1JaIl1'W. .
LililLiiil

~:!I:I.~it1

(i.\Jf11'11i) . oJ
A'1Lo.a!l

na3Jt'Wal.G1u\/i.
ft'lI.Qa!J A1 I,Qa IISD so soso

Lf\ ~t)rlVt 1.958

4.044

4.420

5.201

0.106

0.330

0.447

0.425

1.958 0.106

0.267

0.373

0.291

1.958

4.501

0.106

0.27Z

0.424

0.277

1.958

A.OlA

A.165

A.l23

0.106

b.255

0.241

0.159

0

3.998

4.604

4.650

2

3

4.793

4.940

--- ..
~11 f)tJ\J~'D\JL \JtJ1 0.118

0.289

0.610

0.513

2.372

5.067

5.804

5.383

0.118

0.424

0.490

0.557

2.372

4.883

6.216

5.092

2.372

5.280

5.996

5.342

0

,

2.372

5.796

5.850

5.895

0.118

0.574

0.668

0.445

2

3

Y1t'Df)~-II 0.100

0.688

0.501

0.216

2.270

7.073

7.797

7.716

0.100

0.618

0.489

0.468

0.100

0.653

0.665

2.2700 2.270

7.309

8.355

8.020

7.260

6.863

7.340

2

3 0.658

~~1f1 L"t\ 0.116

0.283

0.316

0.257

2.063

5.379

4.089

4.078

2.063

A..776

2.063

5.142

3.697

3.439

0.116

0.391

0.271

0.328

2.063

4.936

4.160

3.227

0

1

2

3

4.282

3.567

0.118

0.399

0.489

0.404

2.270

6.987

7.852

7.656

0.100

0.636

0.697

0.466

0.116

0..267

0.269

0.275

0.116

0.262

0.264

0.308
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Table 8 The data analyzed by two-way ANOYA of the highest tensile strength.

9.649

49.923

4.091

0.000

0.000

0.001

3

2

6

Lfl ~fJyjv1

J1 tJ1 vi1 fI ,)1),J~:: fJ1 ~-flUUflfJ),J LLfl ::J1U1::U1

1::tJ::L')fl1 (iU~11f)

J1tJ1vi1f1,)1),J~::fJ1~-fluUflfJ),JLLfl::J1u1::u1 x 1::tJ::L')fl1

3

2

6
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0.000
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4~ ..
~11 RtJUfI'DUL UtJ1
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0.007

3

2

6
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11.764
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3

2
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f1'1'1'1a~ 9 n1nmUUL~uuL;~.jff}U~f}~f'i1LL't~~~~~q~~1nn1't~L~'t1~.J~,)1)JLLU'tU't')ULLUU 2 V11~

Table 9 The Duncan's new multiple range test of the highest tensile value.
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'iJ't)UL'iJj;l'VIUI.,~tJ't)3.J'JU ~'VII~rI~Un en~CJ~m'J~n~IU~'t)~

rI~'t)~rium'JPinM1'iJ't)~ Klingler LL~~ Lord13 ~V'lU~1 'VI'Jen't)~vf
..

~ .Id ~ ~..., ,
LL~~ L'J~L 'VIrI 3.Jnl'JL]J~tJU~ L U'J~~U'VI L3.J'JULL'J~j;l~'t)~m'J'VI~~'t)~.
14 'iu LL~~ Goll LL~~rlru~ 14 ~V'lU~1 ~~1r1 L.,~ ~;~rI~~j;l~'t)~

m'J'VI~~'t)~ 30 'JU

..;q"1~:;U rI'Jl3.J LL ;j~~'J V'lU~I'V1n n~3.J'iJ't)~'i~ ~1J:;U~111V'1.. .
.I'd!; ~~, ..~d, ,

L U't)LtJ't)'VI~ 4 enU~3.Jrllr1'JI3.JLL 'iJ~CJ'J'VI3.Jlnn'Jl LL~~LLj;lnj;ll~

't)fJl~~iitJ..;q"llOif!Jriurilr1'JI3.JLL ;j~~'Jl U'iUL~3.Jr;]U'VI~~'t)~ LL~~

,..~.d.l' ' ,~~
rll rI'Jl3.J LL 'iJ~CJ'J L V'l3.J'iJU j;l13.J'J~tJ~ L 'J~1 LL~~LLj;ln j;l1~'t) tJl~3.JU tJ

- .
'J IoA'i1:'M W an1'i'WI61 ail~

.,d .1 4 .Id ~ ,
m1Lu~ EJ1..ILLu~-3V11-3mEJJl1W L1fl-3n11Lu~EJ1..I~WU,)1

;;~~U:;U~Jl1~ L ifflL~fl~n11LU~EJ1..I~~1n;;1..ILi3.J?fJ1..I V1nn~3.J 11..1. . .
m3.J1 ruv13.J1nUflEJLLJ;ln [;}1-3n1..l1u;-3~1 ~r)1n11Lu~ EJ1..I~Ln ~
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Abstract
Objectives The purposes of this study were to detennine the physical properties of tissue conditioners which
were cleaned by denture cleansers according to the manufacturers' recommendations and soaked in tab water

continuously for 3 weeks.
Materails and Methods The study was carried on by using 4 brands of tissue conditioners (COE-SOFfTM,
Dura Conditioner, TrusoftTM, and Visco-gel) and 3 brands of denture cleansers (Polident, Steradent, and Clean
A Dent). Five hundred and twenty dumbbell shaped specimens (according to ISO 37 standard) were divided

into 52 groups depending on the different tissue conditioners, denture cleansers and duration of soaking time.
The color of each specimen was measured using the Ultrascan XE and the differences of color (11E) were then

calc.ulated. Durometer type A was used to measure the surface hardness of the materials. Lloyd universal testing
machine model LR IOK was used to test the tensile properties of the materials. The data were collected and

analyzed statistically. The one-way ANOVA was used to analyze the differences among groups of each week
and at the beginning. The two-way ANOVA was used to analyze the effect of denture cleansers, tab water, and

soaking times. Duncan's Multiple Range Test was then used to fmd the differences between groups at 95%

confidence level.
Results The physical properties of all 4 brands of tissue conditioners were effected either in control groups which

soaking in tab water all the time or in other groups which cleaning with denture cleaners (according to
manufacturer's direction) and soaking in tab water all the time. Within 3 weeks of study: color change was in

clinical acceptable level; surface hardness was increased by duration and up to the highest value in third week;

tensil strength was increased from the beginning and up to the highest value in first, second or third week depend

on the brand of materials.
Conclusion The physical properties (color, surface hardness, and tensile properties) of tissue conditioners were

affected by the influence of denture cleansers, tab water, and soaking time at different levels.

(CU Dent J 2002;25:81-93)

Key words: color change; denture cleanser; surface hardness; tensile properties; tissue conditioner
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