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E681U29i1U29FU?OIQ1D5FLm1E681U29N<XFU?OY2UU29FJ<AJPO579=g8T23U29FU?OU29      
J@aFJ<AR9T;2S5 (Demineralization) R7=U29JT3FJ9?PU29GV1U7W6E43R9T;2S5 (Remineralization) 
H_X3FLm1E681U29N<XJ2P29hDW1U7W6MO\KOAE_k14A@TUW6J?X3R8O7\4Pi1cT43L2UH_X3P<U29R7UFL7<XA1
M4441UW14A@TS74OF872 MO\P<U29J9\2394AD5YZ2743 (Artificial caries) F>VX4 _̀U[2h_3E681U29U29
FU?OIQ1D5R7=U29AW6AWk3U29FU?O94AD5Y=P<G82PJWP>W1;BUW6U29R>9TU9=Y2AE43U9OFE\2J@TD?8FG7V46
IQ1R7=U297=72AE43R9T;2S544UY2UD?8FG7V46IQ1 i1N23N�[�<FPVX4GT2G82PFLm1U9OOT23 (pH) 
i1G926Y57?1N9<ABSXZ273Y1h_3Y5ON<XFG7V46IQ1F9?XP7=72ASW8KOAP<GT2L9=P2: 5.5 Y=NZ2ig\P<U29
J@aFJ<AR9T;2S5FU?OE_k1 FPVX4GT2G82PFLm1U9OOT234A@Ti1l28=FLm1U723R7=F><A3>4N<XY=NZ2ig\
RG7FH<APR7=I4JFISFU?OU294?XPSW8 R9T;2S5i1D?8IQ1Y=MPTh@UNZ272AR7=F9?XPP<U29J=JPU7W6E43
R9T;2S5 (ten Cate R7= Duijster, 1982; Lijima R7=G:=, 1999; Zero, 1999) 

94AD59=A=F9?XPR9U (Incipient caries) Y=P<7WU[:=FLm194AK9GY5OE28 (White spot 
lesion) i1N23G7?1?UY=>67WU[:=J<E28E5T1 R7=MPTL92U�7WU[:=E439@D5 FPVX494AK9GY5OE284A@T
i1Jl28=R8O7\4PN<XJT3FJ9?Pig\FU?OU29J@aFJ<AR9T;2S5P2UU8T2U29GV1U7W6E43R9T;2S5 KG93J9\23
E43D?8FG7V46IQ1O\2114UJ5OY=h@UNZ272AFU?OFLm19@E_k1 H_X3YZ2FLm1S\43MO\9W6U296@9:=IQ1 RSTh\2
g2U94AK9GY5OE284A@Ti1Jl28=R8O7\4PN<XJT3FJ9?Pig\FU?OU29GV1U7W6E43R9T;2S5 Y=NZ2ig\
KG93J9\23IQ1AW3G34A@TMO\KOAMPTFU?OFLm19@D5 Y_3MPTYZ2FLm1S\436@9:=IQ1 (Zero, 1999)  

 LQYY56W1MO\P<U291Z2J29g72Ac1?ON<XP<D7i1U29AW6AWk3U29FU?OIQ1D5P2ic\F>VX4L�43UW1MPTig\
94AK9GP<U2975U72PST4ML H_X3 FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFIS (Casein 
phosphopeptide � Amorphous calcium phosphate,CPP-ACP) FLm1J29c1?Og1_X3N<XUZ27W3h@U
1Z2P2ic\i1U29AW6AWk3U29FU?OIQ1D5   

FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFIS  FLm1J29L9=U46Fc?3H\41E43 FGH<1 
I4JKIFL6MNOB (Casein phosphopeptide ,CPP) R7= 4=P49BIQJFRG7FH<API4JFIS



 
 
 

 

                                                                                                                                              
 
                                                                                                                                          2 
 
                                                                                                                                                                 

(Amorphous calcium phosphate ,ACP) P<U7MUi1U29L�43UW1IQ1D5  GV4 NZ2ig\                  
4=P49BIQJRG7FH<API4JFIS4A@T69?F8:D?8IQ1 H_X3Y=NZ2g1\2N<XFLm1Rg7T3E43RG7FH<APR7=I4JFIS 

R7=NZ2ig\RG7FH<APR7=I4JFIS4A@Ti1l28=N<X4?XPSW8 FPVX4G82PFLm1U9OFU?OE_k1SXZ2U8T2Y5O8?U�S (GT2
G82PFLm1U9OOT231\4AU8T2 5.5) Y=FU?OU297=72AE43R9T;2S544UY2UD?8FG7V46IQ1R7=NZ2ig\ 
4=P49BIQJRG7FH<API4JFISP<U29RAU44UY2UUW1MO\RG7FH<APR7=I4JFIS H_X3RG7FH<APR7=
I4JFIS1<kY=R>9TFE\2J@TD?8IQ1Y_3FLm1U29JT3FJ9?PU29FU?OL�?U?9?A2U29J=JPU7W6E43R9T;2S5 
14UY2U1<k FGH<1 I4JKIFL6MNOB  4=P49BIQJFRG7FH<API4JFIS Y=NZ2ig\L9?P2:RG7FH<APR7=
I4JFISi1RDT1G926Y57?1N9<ABF>?XPJ@3E_k1 FPVX4P<U9OFU?OE_k1Y=MLL9W6Jl2>G82PFLm1U9OOT23E43
RDT1G926Y57?1N9<AB OW31Wk1Y_3L�43UW1U29FU?OU29J@aFJ<AR9T;2S5E43D?8FG7V46IQ1MO\  (Reynolds, 
1998)   

14UY2U1<kAW3>68T2FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFIS AW3J2P29h7O
U29A_OFU2=E43FcVk4JFS9LKSGr4UGWJ P?8RN1JB (S.mutans) R7=JFS9LKSGr4UGWJ KHM691WJ         
(S. sorbrinus) UW6D?8FG7V46IQ1 KOAU29FE\2ML4A@T98PUW6F>77?FG?7 (Pellicle) E431kZ272A (Rose, 
2000a; Rose, 2000b; Hicks, Garcia-Godoy R7= Flaitz, 2004) R7=AW3P<D7ST4U29
FL7<XA1RL73E43FcVk4N<X4A@Ti1RDT1G926Y57?1N9<ABNZ2ig\Fg7V4RSTFcVk4N<XMPTUT4ig\FU?OIQ1D5 (Hicks, 
Garcia-Godoy R7= Flaitz, 2004)  

U29 _̀U[2L9=J?N;?l2>E43FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFIS N<X4A@Ti1
9@LR66ST23o MO\RUT gP2U�9WX3L92`Y2U1kZ2S27 1kZ2A26\81L2U FPrO4PL92`Y2U1kZ2S27 R7= 
J297=72A (Solution) ST4U29JT3FJ9?PGV1U7W6E43R9T;2S56194AD5YZ2743KOA _̀U[2i1 IQ1RN\ 
>68T2 FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFIS cT8AJT3FJ9?PU29GV1U7W6E43R9T;2S5 
(Reynolds, 1997; Shen R7=G:= 2001; Cai, 2003; Reynolds R7=G:= 2003; Lijima R7=
G:= 2004; Itthagarun R7=G:= 2005; Cai R7=G:= 2007)  JT81U29 _̀U[2D7E43FGH<1            
I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB (Casein phosphopeptide � Amorphous 
calcium phosphate paste)  ST4U29JT3FJ9?PGV1U7W6E43R9T;2S56194AD5YZ27431Wk1 Yamaguchi 
R7=G:= (2006) MO\ _̀U[261D?8FG7V46IQ1O\21F9<A6i1IQ18W8 >68T2FPVX41Z2IQ1MLRcTFGH<1         
I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB121 10 12N< 8W17= 2 G9Wk3 Y=cT8AJT3FJ9?PU29
GV1U7W6E43R9T;2S5FPVX4FN<A6UW6IQ1N<XMPTMO\9W6U29RcTFGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP
I4JFISF>JSB 
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JZ2g9W6L9=J?N;?l2>E43FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSBST4 
U29JT3FJ9?PGV1U7W6E43R9T;2S5i1IQ1P15[ABNWk3IQ1RN\R7=IQ11kZ21PN<XP<ST4U29FL7<XA1RL73>Vk1N<X 

E4394AK9GIQ1D51Wk1AW3MPTP<U29 _̀U[2 OW31Wk1U298?YWAG9Wk31<kY_3P<8WSh5L9=J3GBF>VX4NOJ46
L9=J?N;?l2> E43FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSBST4U29JT3FJ9?PGV1
U7W6E43R9T;2S56194AD5YZ2743N<XD?8FG7V46IQ1P15[ABO\21F9<A6NWk3IQ1RN\R7=IQ11kZ21P KOA8WOU29
FL7<XA1RL73E43>Vk1N<X94AD5UT41R7=g7W3DT21U9=681U29YZ2743U29FL7<XA1RL73Jl28=G82P
FLm1U9OOT23i1cT43L2U  

 

��	!	��	���"
# 

 

 U29ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSBP<D7ST4U29JT3FJ9?P            
GV1U7W6E43R9T;2S56194AD5YZ2743N<XD?8FG7V46IQ1P15[ABO\21F9<A6g9V4MPT 

 

�
�!$������%����	���"
# 

 

 U29 _̀U[28?YWAG9Wk31<kP<8WSh5L9=J3GB F>VX4 _̀U[2L9=J?N;?l2>E43FGH<1 I4JKIFL6MNOB     
4=P49BIQJFRG7FH<API4JFISF>JSBST4U29JT3FJ9?PGV1U7W6E43R9T;2S56194AD5YZ2743N<XD?8FG7V46
IQ1P15[ABO\21F9<A6 

 

�����&	��	���"
# 

 

 U29ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSBMPTP<D7ST4U29JT3FJ9?P  
GV1U7W6E43R9T;2S56194AD5YZ2743N<XD?8FG7V46IQ1P15[ABO\21F9<A6 

 

 

 



 
 
 

 

                                                                                                                                              
 
                                                                                                                                          4 
 
                                                                                                                                                                 

�'�����	���"
# 
  
 U298?YWAFc?3NO743i1g\43Lj?6WS?U29 (Laboratory experimental research) 

 

���(������	���"
# 

 

 3218?YWA1<kNZ2U29 _̀U[294AD5YZ2743N<XD?8FG7V46IQ1P15[ABO\21F9<A6N<XP<U29EWOD?8IQ144U
623JT81F>VX4ig\FU?O94AD5YZ2743MO\4AT2398OF9r8 R7=94AD5YZ2743N<XMO\P<G82P7_UGT41E\23JPXZ2FJP4 

 

�������(�)*����� 

 

 1. U298?YWAG9Wk31<kFLm1U298?YWAFc?3NO743i1g\43Lj?6WS?U29 KOAU75TPSW84AT23FLm1IQ1U92P
1\4AR7=IQ1U92P1kZ21PN<XL92`Y2U94ARSU 94AD5R7=94A45O 

2. U29JT3FJ9?PU29GV1U7W6E43R9T;2S5 FLm1U29FL9<A6FN<A6>Vk1N<XF�7<XAE4394AD5YZ2743N<X
FU?O61cWk1D?8FG7V46P15[AB 9=g8T2394AD5YZ2743E43D?8FG7V46IQ1N<XMO\9W6FGH<1  I4JKIFL6MNOB 
4=P49BIQJFRG7FH<API4JFISF>JSB R7=MPTMO\9W6FGH<1I4JKIFL6MNOB 4=P49BIQJFRG7FH<AP
I4JFISF>JSBl2Ag7W3DT21U9=681U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43
L2U 

           3. U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2UFLm1U29YZ2743ig\
iU7\FG<A3UW69=A=F872N<XFU?OU9Oi1RDT1G926Y57?1N9<ABl2Ag7W3Y2UU299W6L9=N2142g29N<XFJ<XA3
ST4U29FU?OIQ1D5J@3 (ten Cate R7= Duijster, 1982) 
           4. UZ2g1Oig\8WO>Vk1N<X94AD5O\8AKL9RU9P4?PFPY-KL9 >7WJF849BcW1 4.5.0.29 Y2Uc?k1
SW84AT23N<XJT43DT21U7\43Y57N99`1Bc1?ORJ3K>72M9HB (Polarlized light microscope) R7=c?k1
SW84AT23P<G82Pg12L9=P2: 100±50 MPKG9FPS9 
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���"�	�
+����	���"
# 

 

1. 1kZ272AN<Xic\i1U29NO743 FLm11kZ272AFN<APF><A34AT23FO<A8F1VX43Y2US\43ic\L9?P2: 
P2Ui1RST7=8W1 

2. U29SWOc?k1SW84AT23ig\MO\S2PE12ON<XS\43U29 NZ2KOAU29SWOc?k1IQ1SW84AT23S2PR18 
A28 (Longitudinal section) O\8AFG9VX43SWOF1Vk4FAVX4c1?OREr3 Y2U1Wk11Z2P2EWOUW6U9=O2[N92A1kZ2  
F649B 600 R7= 1,200 ig\MO\G82Pg12L9=P2: 100±50 MPKG9FPS9 KOAic\MPKG9P?FS49B8WO 
 3. D7U298?YWAN<XMO\MPTJ2P29h1Z2MLJ95LFLm1D7N23G7?1?UMO\ OW31Wk1Y_3G89P<U298?YWAN23
G7?1?UFU<XA8UW6L9=J?N;?l2>i1U29JT3FJ9?PU29GV1U7W6E43R9T;2S5ST4ML 

 

��	"�	�
+��	����,-�,��	���"
# 

 

1.   D?8FG7V46IQ1P15[AB gP2Ah_3 
1.1 D?8FG7V46IQ1E43IQ1U92P1\4AN<Xh@Uh41F1VX43Y2UYWOIQ1 KOAD?8FG7V46IQ1 

O\21RU\P (Buccal surface) N<XMPT>6 94AD5 94A45O 94ARSU9\28g9V47WU[:=N<XD?OLUS?ST23o MO\RUT 
P<Y5OE28g9V4E28E5T1G7\2Ac47BG IQ1FL7<XA1J< g9V4P<94AE95E9=FLm1g75PN<XFLm17WU[:=E43IQ1             
SUU9= 

1.2 D?8FG7V46IQ1E43IQ1U92P1kZ21PN<Xh@Uh41F1VX43Y2UMPTg75OF43S2P;99Pc2S? 
(Prolong retention)  KOAD?8FG7V46IQ1O\21RU\PN<XMPT>6 94AD5 94A45O 94ARSU9\28g9V47WU[:=N<X
D?OLUS?ST23o MO\RUT P<Y5OE28g9V4E28E5T1G7\2Ac47BG IQ1FL7<XA1J< g9V4P<94AE95E9=FLm1g75PN<XFLm1
7WU[:=E43IQ1SUU9= 
          2.   U29J9\2394AD5YZ2743 gP2Ah_3 U29J9\2394AD5YZ2743F7<A1R6694AK9GY5OE28i1cWk1 
FG7V46IQ1 FLm1U29NZ2ig\FU?OU29J@aFJ<AR9T;2S5cWk1iS\D?814UE43D?8FG7V46IQ1 (Subsurface 
lesion) KOAU29RcTc?k1IQ1i1J297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5 (Demineralizing 
solution) H_X3FS9<APKOAU29DJPU9OR7GS?U G82PFE\PE\1 9\4A7= 85  YZ2181 0.88 P?77?7?S9 U9O
K>7<4=G9?7?U 9\4A7= 0.2 YZ2181 8 P?77?7?S9 M�O94UH<4=L2MNNB YZ2181 50 P?77?U9WP                    
1kZ2L92`Y2U4?441 YZ2181 92 P?77?7?S9R7=ic\KHFO<APM�O94UMHOBL9W6GT2G82PFLm1U9OOT23
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FNT2UW6 4.8  45:gl@P? 37 43`2FH7FH<AJ FLm1F872 168 cWX8KP3 JZ2g9W6IQ1RN\R7= 96 cWX8KP3 
JZ2g9W6IQ11kZ21P 
 3.  IQ1SW84AT23 GV4 IQ1U92P1\4AR7=IQ1U92P1kZ21PN<XP<D?8FG7V46IQ1LUS? 

 4.  c?k1IQ1SW84AT23 GV4 G9_X3H<XIQ1E43IQ1SW84AT23 

 5.  c?k1SW84AT23 GV4 c?k1IQ1N<XSWOP2Y2Uc?k1IQ1SW84AT23 

            6.  >Vk1N<X94AD5N<XFL7<XA1RL73 gP2Ah_3 G82PRSUST23E43>Vk1N<X94AK9GIQ1D59=g8T23
69?F8:94AD5F9?XPS\1g9V469?F8:>Vk1N<XG86G5P (>Vk1N<X94AK9GIQ1D5UT41DT21U9=681U29YZ2743U29
FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U) R7=69?F8:>Vk1N<XNO743 (>Vk1N<X94AK9GIQ1D5
g7W3DT21U9=681U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U) E43c?k1
SW84AT23 
 

���.#-�%����	+�/	"�0+��
� 

 

 U298?YWA1<kG2O8T2Y=J2P29hic\FLm1E\4P@7i1U29>?Y29:2F7V4Uic\FGH<1 I4JKI             
FL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSBi1U29L�43UW1R7=AW6AWk3IQ1D5MO\4AT23FgP2=JP 
KOAF�>2=D@\L�8AN<XFJ<XA3ST4U29FU?OIQ1D5J@3R7=i1FOrUF7rUH_X3FJ<XA3ST4U29FU?OD7E\23FG<A3Y2UU29
U7V1I7@44M9OB98PNWk3AW3MPT>9\4PN<XY=ig\G82P9T8PPV4i1U296@9:=IQ1 F1VX43Y2UFGH<1I4JKI       
FL6MNOB 4=P49BIQJFRG7FH<API4JFISY=FLm1Rg7T3E43RG7FH<APR7=I4JFISY_3J2P29hcT8A
9WU[2KG93J9\23E43D?8FG7V46IQ1M8\MO\ 14UY2U1<kAW3J2P29hic\FLm1E\4P@7>Vk1�21i1U29 _̀U[28?YWA
F>?XPFS?PMO\ 
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���������	���+ 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

FGH<1 I4JKIFL6MNOB                                   
4=P49BIQJFRG7FH<AP I4JFIS  

J?X3R8O7\4P 
- FcVk4R6GN<F9<A 
- 42g29 
-      1kZ272A 

94AD5 : >Vk1N<XF>?XPE_k1                94AD5 : >Vk1N<X7O73 

�	��)���
���/1	�$ 

�	��'�(��#��/1	�$ 
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                                                                ����� 2 
 

����

�%���3���� 
 

 
 �������	�(��+.��4 �5$ 
 FPVX4P<U299W6L9=N2142g29L9=FlNG29BK6M�FO9S R6GN<F9<AN<X42 ẀA4A@Ti1RDT1G926        
Y57?1N9<ABN<XA_OFU2=UW6D?8IQ1Y=NZ2Lj?U?9?A2UW642g29L9=FlNG29BK6M�FO9SJ9\23FLm1U9O4?1N9<AB
44UP2Y2UE681U29MU7KGM7H?J (Glycolysis) U9ON<Xh@UD7?S44UP2Y=NZ2ig\GT2G82PFLm1U9O
OT23i1cT43L2U7OSXZ273U8T29=OW68?U�S GV49=g8T23 5.2-5.5 H_X3Y=P<D7NZ2ig\FU?OU29J@aFJ<A       
R9T;2S5Y2UD?8IQ1MO\UT4ig\FU?O94AD5i19=A=F9?XPR9UE_k1 RSTFPVX4GT2G82PFLm1U9OOT23P<9=OW6J@3E_k1
P2UU8T29=OW68?U�SY=NZ2ig\FU?OE681U29J=JPGV1U7W6E43R9T;2S5N<XD?8IQ1  OW31Wk1 E681U29FU?O
K9GIQ1D5Y_3FLm1E681U29N<XFU?OY2UU29FJ<AJPO579=g8T23U29J@aFJ<AR9T;2S5UW6U29GV1U7W6E43         
R9T;2S5N<XD?8IQ1 KOAh\2P<U29J@aFJ<AR9T;2S5P2UU8T2U29GV1U7W6E43R9T;2S5UrY=NZ2ig\FU?OK9GIQ1D5
E_k1 (Clarkson, 1999) 

�	��'�(��#��/1	�$  FPVX4U9Oi1RDT1G926Y57?1N9<ABJWPDWJUW6D?8FG7V46IQ1 Y=NZ2ig\FU?O
U29J@aFJ<AR9T;2S5 H_X3L9=U46O\8A 2 EWk1S41 (Chow, 1990) OW31<k 

1. U297=72AE43R9T;2S5i1IQ1 (Dissolution) 
FPVX4GT2G82PFLm1U9OOT23E43RDT1G926Y57?1N9<ABN<XS?O4A@TUW6D?8IQ17O73Y1h_3Y5O 

8?U�SY=NZ2ig\F9?XPP<U297=72AE43R9T;2S544UY2UD?8FG7V46IQ1  RG7FH<APR7=I4JFISP<U29
7=72A44UY2UD7_UM�O94UH<4=L2MNNB (Hydroxyapatite) 

2. E681U29H_PDT21 (Diffusion) 
g7W3Y2URG7FH<APR7=I4JFIS7=72A44UP2Y2UD7_UM�O94UH<4=L2MNNBJT3D7 

ig\69?F8:l2Ai1IQ1P<G82PFE\PE\1E43RG7FH<APR7=I4JFISJ@3U8T2E43Fg78i1RDT1G926                    
Y57?1N9<AB RG7FH<APR7=I4JFISY_3P<U29H_PDT2144UY2UD?8FG7V46IQ1 (Chow R7= Vogel, 2001) 

 
�	��)���
������/1	�$ FPVX4RG7FH<APR7=I4JFISi1D?8FG7V46IQ1h@U7=72A44UP2

4A@Ti1E43Fg78i1RDT1G926Y57?1N9<AB JT3D7ig\E43Fg78i1RDT1G926Y57?1N9<ABP<G82P4?XPSW8F>?XP
P2UE_k1 Y1U9=NWX3P<G82P4?XPSW8J@3U8T2M�O94UH<4=L2MNNB 98Ph_3U29NZ2321E431kZ272AN<Xc=7\23 
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RDT1G926Y57?1N9<ABY1NZ2ig\GT2G82PFLm1U9OOT23U7W6P2LUS? E681U297=72AE43R9T;2S5Y=gA5O
73R7=JT3D7ig\P<U29SUS=U41E43R9T;2S5U7W6 (Reprecipitation) 
 
��#.��"$+�	� (White spot lesion) 
 FLm17WU[:=E4394AD5F9?XPR9Ui1cWk1D?8FG7V46IQ1N<XJ2P29hFgr1MO\i1N23G7?1?U 94AK9G
Y=P<NWk369?F8:N<XFLm1D7Y2UU29J@aFJ<AR9T;2S5R7=U29GV1U7W6E43R9T;2S5 
 
1. U9=681U29FU?O94AK9GY5OE28 

i1cT83F9?XPS\1E43U29FU?OIQ1D5i1cWk1FG7V46IQ1 P<U29H_PDT21E43U9OFE\2J@TFG7V46IQ1KOA  
S93NZ272AFG7V46IQ1ig\4T411?XP73 FL�ON23H_PDT21E43U9OFE\2J@TcWk1E\23iS\ P<g72AU29 _̀U[2 
>68T2 4WS92U29J@aFJ<AR9T;2S5Y=P<D7ST4JT81E43FG7V46IQ1N<X4A@TE\23iS\P2UU8T2cWk1D?814UJ5O 
(Arends R7= Christoffersen, 1986) KOARG7FH<APR7=I4JFISN<Xh@U7=72A44UP2Y2UcWk1iS\D?8
Y2UU9=681U29J@aFJ<AR9T;2S5i1cT83R9U R7=U7W6P2SUS=U41N<XD?8cWk114UJ5O9T8PUW6R9T;2S5
Y2URg7T34VX1oi1cT43L2U FcT1 1kZ272A 42g29 A2J<IQ1 R7=1kZ2A26\81L2U FLm1S\1 Y=P<G82PG3
SW8J@3 J2P29hL�43UW1KG93J9\23D?8FG7V46IQ1cWk114UMO\O<E_k1 ST4P2FPVX4Jl28=R8O7\4PE43
J297=72A946D?8FG7V46IQ1FL7<XA1Y2UJl28=MPT4?XPSW8MLJ@TJl28=4?XPSW8R7\8RP\69?F8:D?8FG7V46
IQ1cWk114UJ5OMPTFU?OU29H_PDT21E43U9OFE\2NZ24W1S92A RSTD7_Ui1cWk1E\23iS\AW3G3P<Jl28=MPT
4?XPSW84A@TST4ML4<U9=A=g1_X3 OW31Wk1 i194AK9GFO<A8UW1Y=J2P29h>6MO\NWk3U9=681U29J@aFJ<A            
R9T;2S5R7=U29GV1U7W6E43R9T;2S5 
 
2. 7WU[:=N23G7?1?U 

94AK9GY5OE28FLm17WU[:=E43IQ1D5N<X>6MO\N23G7?1?U P<7WU[:=FLm1Rh6J<E28
F1VX43P2Y2UP<U29J@aFJ<AR9T;2S5i1cWk1iS\D?8FG7V46IQ1 1Z2MLJ@TU29J@aFJ<AG82PKL9T3RJ3 h\2D?8
E4394AK9GY5OE28P<7WU[:=F9<A6PW1R7=ST4F1VX43O<RJO38T294AD51Wk1MPTMO\4A@Ti19=A=N<XUZ27W3P<        
U29OZ2F1?1K9G RSTh\2g2UD?8E4394AK9GY5OE28P<7WU[:=D?8E95E9=MPTF9<A6PW1RJO38T24A@Ti19=A=
N<XUZ27W3P<U29OZ2F1?1E43K9G4A@T H_X342YP<U2975U72PE4394AK9GST4MLMO\ (Thylstrup R7= 
Fejerskov, 1994) 
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3.   7WU[:=N23Y57U2A8?l2G 
FPVX4SWOc?k1FG7V46IQ1N<XP<94AK9GY5OE28ig\P<G82Pg12L9=P2: 80-100 MPKG9FPS9R7\8 

1Z2P2S98YO@O\8AU7\43Y57N99`1Bc1?OK>72M9HBY=>68T294AK9GY5OE28P<9@LN93G7\2AJ2PFg7<XAP 
KOA�21E43J2PFg7<XAP4A@TN<X69?F8:D?8E43FG7V46IQ1A4OE43J2PFg7<XAPc<kMLN2394AST469?F8:
D?8FG7V46IQ1R7=F1Vk4IQ1 RST7=69?F8:E4394AK9GP<7WU[:=ST23oUW1R6T3MO\FLm1 4 JT81  
(Thylstrup R7= Fejerskov, 1994) MO\RUT 
 

1.    cWk1N<X 1 Surface zone  P<G82Pg12L9=P2: 20-50 MPKG9FPS9D?8FG7V46IQ1 
69?F8:1<kAW3G3P<G82PST4F1VX43O< P<9@>951i1FG7V46IQ1L9=P2:9\4A7= 1 E43L9?P2S9  
 

2. cWk1N<X 2 Body of lesion  9@L9T23E43cWk11<kAW3G3FLm19@L9T23J2PFg7<XAPP<9@>951i1 
FG7V46IQ1L9=P2:9\4A7= 20 E43L9?P2S9 FLm1JT81N<XFLm1D7Y2UU9=681U29J@aFJ<AR9T;2S5 
 
 
           3.   cWk1N<X 3 Dark zone P<9@>951i1D?8FG7V46IQ19\4A7= 2-4 E43L9?P2S9 FLm1cWk1N<X 
RJO3h_3U9=681U29SUS=U41U7W6E43R9T;2S5l2Ag7W3Y2UU9=681U29J@aFJ<AR9T;2S5 
  

4.   cWk1N<X 4 Translucent zone  P<G82PU8\23SWk3RST 5-100 MPKG9FPS9P<9@>951i1cWk1 
FG7V46IQ1P2UU8T29\4A7= 1 E43L9?P2S9F7rU1\4A FLm1JT81N<XP<U29J@aFJ<AR9T;2S5MLMPTP2U 
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��	�����/	�����/	�4 ��*�	�����4 ���� 
 
1. JT81L9=U46E43D?8FG7V46IQ1   

Y2UU29 _̀U[2E43 Wilson R7= Beyon, 1989 KOAU298WOL9?P2:R9T;2S5FL9<A69=g8T23 
D?8FG7V46IQ1RN\R7=IQ11kZ21P >68T2 D?8FG7V46IQ11kZ21PP<L9?P2:R9T;2S51\4AU8T2IQ1RN\R7=Y2U
U298?FG92=gB43GBL9=U46N23FGP<E43IQ11kZ21P >68T2 D?8FG7V46IQ11kZ21PP<JT81L9=U46ST23o
FgPV41FG7V46IQ1RN\ RSTY=P<L9?P2:G82PcVk1R7=J294?1N9<ABP2UU8T2IQ1RN\ (Bird R7=G:=, 
1940) 
 
�	�	���� 1    (���#�(��#��/������������/	�5��(��)��4 ��*�	�����4 ���� (���#��) 
 
                      ��	�-)*�       �	�������#%         ���(B�#�       4��(4�         ���(B�#�/  
                                                                                                                           4��(4� 
IQ1RN\                 2.3                   1.7                        36.1                17.3                    2.07 
IQ11kZ21P             2.8                   4.7                        34.3                17.0                    2.06 

 
 
2. KG93J9\23E43D?8FG7V46IQ1 

IQ11kZ21PP<E12OFJ\1DT2 @̀1ABU723E43RNT3FG7V46IQ11\4AU8T2IQ1RN\L9=P2: 2 
MPKG9FPS9 14UY2U1<kAW3>68T2U29F9<A3SW8E43D7_Ui1FG7V46IQ11kZ21PP<G82PFLm19=F6<A61\4A
U8T2IQ1RN\ (Skaleric R7=G:=, 1982) R7=P<cT438T239=g8T23D7_UP2UU8T2IQ1RN\ OW31Wk1  Y_3JT3D7
ig\IQ11kZ21PP<9@>951N<XD?8FG7V46IQ1P2UU8T2IQ1RN\ (Shellis, 1984) NZ2ig\P<D7ST4U29H_PDT21E43
U9OR7=U297=72AE43R9T;2S5N<XD?8FG7V46IQ1 D?8FG7V46IQ11kZ21PY_3P<K4U2JN<XY=FU?OU29J@aFJ<A 
R9T;2S5MO\F9r8R7=3T2AU8T2 R7=42YFLm1J2FgS5ig\IQ11kZ21PP<K4U2JFU?OK9GIQ1D5MO\P2UU8T2IQ1RN\ 
(Featherstone R7= Melberg, 1981) 
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3. U29FU?O94AD5YZ2743 
Featherstone R7= Melberg, 1981 MO\ _̀U[2U29FU?O94AD5YZ2743i1IQ1RN\R7=IQ11kZ21P 

N23g\43Lj?6WS?U29 >68T2 IQ11kZ21PY=FU?O94AD5YZ2743MO\F9r8U8T2IQ1RN\R7=94AD5YZ2743i1IQ1
1kZ21P75U72PF9r8U8T2IQ1RN\ 1.5 FNT2 
 

(�B�� 4��.4(��0�+% �����%4 �(���(B�#�4��(4� 

FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFIS L9=U46O\8AKG93J9\23 2 JT81 GV4  
FGH<1 I4JKIFL6MNOB R7= 4=P49BIQJFRG7FH<API4JFIS 

FGH<1 I4JKIFL6MNOB FLm1I4JKIFL6MNOBN<XMO\Y2UF41MHPBN9?LH?1 (Trypsin) AT4A      
FGH<1H_X34A@Ti11kZ21P8W8 (Reynolds, 1998)  JT814=P49BIQJFRG7FH<API4JFISFLm1J29L9=U46
E43RG7FH<APR7=I4JFISN<XJ2P29hFL7<XA1FLm14=L2MNSB (Apatite) MO\4AT2398OF9r8 (Boskey, 
1997) 

 
(�B�� P<G5:JP6WS?i1U29ST4S\21U29FU?OIQ1D5  KOAFGH<1Y=cT8AJT3FJ9?Pig\RG7FH<APR7=

I4JFISi1RDT1G926Y57?1N9<ABP<G82PFE\PE\1J@3E_k1 (Herod, 1991) H_X3RG7FH<APR7=I4JFISFLm1
R9T;2S5N<XJZ2GWaN<XFLm1JT81L9=U46E43KG93J9\23IQ1 14UY2U1<kFGH<1J2P29hAW6AWk3U29A_OS?OE43
FcVk4JFS9LKSGr4UGWJ P?8RN1JB61M�O94UH<4=L2MNOBMO\ (Reynolds R7= Wong, 1983;        
Vacca-Smith R7=G:=, 1994; Vacca-Smith R7= Bowen, 1995; Vacca-Smith R7= Bowen, 
2000) R7=FGH<1AW3J2P29h7OU29J9\23KGK71<E43FcVk4JFS9LKSGr4UGWJKHM691WJ  (Guggengeim  
R7=G:=, 1999) R7=J2P29hL9W6Jl2>G82PFLm1U9O-OT23E43RDT1G926Y57?1N9<AB (Reynolds , 
1987)  OW31Wk1FGH<1Y_3J2P29h7OU29FU?OIQ1D5MO\  

 
Y2UU29 _̀U[2E43 Reynolds R7= Rio i1Ls 1984  >68T2 FPVX4ic\FGH<1i19@LFU7V4E43  

FGH<1N<X7=72A1kZ2MO\ (Soluble caseinate)  9\4A7= 2  KOAL9?P2S9iJT73MLi11kZ2ig\g1@OVXP J2P29h
7OU29FU?OIQ1D5i1g1@MO\NWk369?F8:g75P9T43IQ1R7=69?F8:D?8F9<A6 14UY2U1<kY2UU29 _̀U[2E43  
Reynolds R7= Black i1Ls 1987 >68T2 FPVX4FS?PFGH<F1N (Caseinate) 73MLi1c4GKUR7S 9\4A7= 
17 KOA1kZ2g1WU Y=P<D77OU29FU?OIQ1D5RSTG82P1T29W6L9=N21E43c4GKUR7SY=7O73 R7=FPVX4
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7OL9?P2:E43FGH<F1N73Fg7V49\4A7= 2 KOA1kZ2g1WU >68T2 Y=MPTP<D7ST4G82P1T29W6L9=N21
E43c4GKUR7SRSTY=MPTP<D7ST4S\21U29FU?OIQ1D5 H_X3RJO3ig\Fgr18T2h_3RP\8T2FGH<F1NY=P<D7 
ST4S\21U29FU?OIQ1D5 RSTUrY=P<D7ST4G82P1T29W6L9=N21E4342g29 (Reynolds R7= Black, 
1989)  

 
 FGH<1FPVX4h@UAT4AO\8AF41MHPBN9?LH?1 Y=MO\FGH<1 I4JKIFL6MNOB44UP2 H_X3P<D7i1U29

ST4S\21U29FU?OIQ1D5FcT1FO<A8UW6FGH<1 R7=FGH<F1N (Reynolds, 1987)  FGH<1 I4JKIFL6MNOB SW8
g7WUN<XMO\Y2UU29AT4AFGH<1O\8AF41MHPBN9?LH?1 MO\RUT (Reynolds, 1998)   

 
1. Gln-Met-Glu-Ala-Glu-Ser(P)-Ile-Ser(p)-Ser(p)-Ser(p)-Glu-Glu-Ile-Val-Pro-Asn- 
       Ser(p)-Val-Glu-Glu-Lys.- α s1(59-79) 

 
2. Arg-Glu-Leu-Glu-Glu-Leu-Asn-Val-Pro-Gly-Glu-Ile-Val-Glu-Ser(p)-Leu-      

                  Ser(p)-Ser(p)-Ser(p)-Glu-Glu-Ser-Ile-Thr-Arg.- β(1-25) 
 

3. Asn-Ala-Asn-Glu-Glu-Glu-Tyr-Ser-Ile-Gly-Ser(p)-Ser(p)-Ser(p)-Glu-Glu-        
Ser(p)-Ala-Thr-Glu-Glu-Val-Lys. - α s2(46-70) 

 
4. Lys-Asn-Thr-Met-Glu-His-Val- Ser(p)-Ser(p)-Ser(p)-Glu-Glu- Ser-Ile-Ile-    

                  Ser(p)-Gln-Glu-Thr-Tyr-Lys. - α s2(1-21) 
 
FGH<1 I4JKIFL6MNOBN5USW8Y=L9=U46O\8A U75TPE43I4JKIFH9?7 (Phosphoseryl 

cluster sequence)   H_X3L9=U46O\8AU75TPE43FH49<1I4JFIS (Serine phosphate cluster) 
R7=U7@S2P?7  F9H?O?8 (Glutamyl residues)  KOAFH49<1H_X3FLm1U9O4=P?K1Y=FLm1SZ2Rg1T3N<Xig\           
R9T;2S5FE\2P2FU2=KOA42 ẀAG82PFLm1L9=Y576N<XJ2AO\21E\23E43U9O4=P?K1 (Reynolds, 1998) 

            
                              -Ser(p)-Ser(p)-Ser(p)-Glu-Glu-                

 
        l2>N<X 2   RJO3l2>YZ2743U75TPE43I4JKIFH9?7                                                                            
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U75TPE43I4JKIFH9?71<kJ2P29hRAUSW844UP298PUW6RG7FH<API4JFIS J9\23FLm1J29 

L9=U46Fc?3H\41G4774AOBE_k1P2 (Colloidal complex)  
 

�C�����#	��� (�B�� 4��.4(��0�+%�
����(B�#�4��(4� 

 
FGH<1 I4JKIFL6MNOB J2P29hNZ2ig\J297=72ARG7FH<API4JFISP<G82PG3N1 KOA

>68T2 FPVX4ic\ FGH<1 I4JKIFL6MNOBN<XFS9<APY2UFGH<1 α s1(59-79)  NZ2Lj?U?9?A2UW6RG7FH<AP
I4JFISN<Xl28=G82PFLm1U9OOT23 R7=G82PFE\PE\1E43RG7FH<APR7=I4JFISST23UW1 RSTP<G82P
REr3R93E43M4441N<XFNT2UW1 >68T2 FGH<1 α s1(59-79) 1 KPF7U57 Y=J2P29h98PSW8UW6RG7FH<AP MO\
J@3J5O 24 4=S4PR7=98PUW6I4JFISMO\J@3J5O 16 4=S4P KOAY=MO\RG7FH<API4JFISi1g72A
9@LR66    MO\RUT  M�O94UH<4=>2MNOB  44US2RG7FH<API4JFIS (Octacalcium phosphate, 
OCP)   MS9RG7FH<API4JFIS (Tricalcium phosphate, TCP)  4=P49BIQJRG7FH<API4JFIS 
R7= MORG7FH<API4JFISMOM�FO9S (Dicalcium phosphate dihydrate, DCPD) H_X3U29N<XY=4A@T
i19@LR66iO1Wk1Y=E_k14A@TUW6G82PFE\PE\1E43RG7FH<APR7=I4JFIS R7=l28=G82PFLm1U9OOT23
E43J297=72ARG7FH<API4JFISN<XJ2P29h98PUW6FGH<1 α s1(59-79) MO\4AT234?J9=KOAMPTE_k1UW6
l28=G82PFLm1U9OOT23 MO\RUT 4=P49BIQJRG7FH<API4JFIS (Reynolds, 1998)      

 
i1U29NZ2Lj?U?9?A29=g8T23 FGH<1 I4JKIFL6MNOB UW6RG7FH<API4JFIS Lj?U?9?A2Y=

FU?OE_k1N<X 69?F8:U75TPE43I4JKIFH9?7 (-Ser(p)-Ser(p)-Ser(p)-Glu-Glu-) H_X3Y=FLm169?F8:N<XP<       
L9=J?N;?l2>i1U29NZ2Lj?U?9?A2UW64=P49BIQJRG7FH<API4JFISR7=FLm169?F8:NZ2ig\FU?OLj?U?9?A2 
J@3J5OUW64=P49BIQJRG7FH<API4JFIS Lj?U?9?A2N<XFU?OE_k11<kKL9S<1Y=NZ2g1\2N<X 2 4AT23 GV4 NZ2ig\
RG7FH<API4JFISP<G82PG3SW8i1J297=72A KOAL�43UW1U29SUD7_UE43RG7FH<API4JFISS2P
;99Pc2S? R7=NZ2g1\2N<XFLm1SW8J=JPR9T;2S5S2P;99Pc2S? (Biomineralization) KOAY=NZ2g1\2N<X
FLm11?8G7<F4FS49B (Nucleator) cT8AJT3FJ9?PU29KSE43D7_U U29N<XKL9S<1Y=NZ2g1\2N<Xi17WU[:=iO
E_k14A@TUW6G82PFE\PE\1E43KL9S<1 9@L9T23E43KL9S<1 JT81L9=U46R7=9=OW6G82P4?XPSW8E43
J297=72A F1VX43Y2UFGH<1 I4JKIFL6MNOB FLm1KL9S<1N<XP<G82PJ2P29hL9W69@L9T23ig\FE\2UW6
>Vk1D?8ST23oMO\3T2A 98PNWk3l28=4JW:�21 (Amorphous phase) H_X3FLm1l28=N<XMPTP<9@L9T23 OW31Wk1  
FGH<1 I4JKIFL6MNOB Y_3J2P29h98PSW8UW6RG7FH<API4JFISM4441MO\ R7=J9\23FLm1U75TP  
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(Cluster) E_k1P2L�43UW1U29KSY1h_39=OW68?U�SE431?8FG7<AJN<XY=NZ2ig\FU?OU29SUD7_US2P
;99Pc2S? (Reynolds, 1998)      
 

�$3���
��,��	��D���
�4 �5$��� (�B�� 4��.4(��0�+% �����%4 �(���(B�#�4��(4� 

 
1. �+�	��'�(��#�����/1	�$ 
 

Y2UU29 _̀U[2E43 Reynolds (1998) >68T2FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<AP
I4JFIS Y=cT8A7OU29J@aFJ<AR9T;2S544UY2UD?8FG7V46IQ1 KOAU29YW6UW1E43FGH<1                   
I4JKIFL6MNOB UW6 4=P49BIQJRG7FH<API4JFISY=FLm1D7NZ2ig\FU?OFLm1J29L9=U46Fc?3H\41 
CPP[Ca3(Po4)1.87(HPO4)0.2..xH2O]8 E_k1P2H_X3J29L9=U46Fc?3H\41N<XFU?OE_k11<kY=NZ2g1\2N<XFLm1
Rg7T3E43RG7FH<APR7=I4JFIS 98Ph_3FLm1Rg7T3E43RG7FH<APM�KO9I4JFIS (CaHPO0

4) FPVX4P<
U9OFU?OE_k1 FGH<1 I4JKIFL6MNOBY=YW6UW64=P49BIQJRG7FH<API4JFIS MLL9W6Jl2>G82PFLm1             
U9OOT23E43RDT1G926Y57?1N9<ABig\P<GT2F>?XPE_k1 KOANZ2ig\RG7FH<API4JFISM444198Ph_3
RG7FH<APM�KO9I4JFISRAU44UY2UUW1 OW31Wk1 L9?P2:E43RG7FH<APM4441 I4JFISM4441
R7=RG7FH<APM�KO9I4JFISi1RDT1G926Y57?1N9<ABY=F>?XPE_k1  Y_3FLm1U29cOFcAU297O73E43GT2
G82PFLm1U9OOT23i1RDT1G926Y57?1N9<AB  (Reynolds, 1998)  14UY2U1<kY2UU29 _̀U[2E43 Rose 
(2000a)  >68T2 FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISP<D7i1U297OU29R>9TE43
RG7FH<APFE\2J@TRDT1G926Y57?1N9<AB R7=>68T2 FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS
R7=RG7FH<APY=RET3EW1UW1i1U29MLYW6UW6SZ2Rg1T3N<Xic\FU2=S?O (Binding site) N<X4A@T61FcVk4 
JFS9LKSGr4UGWJ P?8RN1JBi1RDT1G926Y57?1N9<AB  KOAFGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP 
I4JFISY=P<G82PO_3O@O (Affinity) UW6SZ2Rg1T3N<Xic\FU2=S?Oi1RDT1G926Y57?1N9<ABFLm1 2 FNT2E43
RG7FH<AP4?J9= OW31Wk1 U29F>?XPL9?P2:E43FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISY=
7OG82PO_3O@OE43RG7FH<APST4SZ2Rg1T3N<Xic\i1U29FU2=S?ORSTY=MPT7OG82PY5E43SZ2Rg1T3N<Xic\i1
U29FU2=S?O R7=FPVX47Ol28=G82PFLm1U9O-OT2373Fg7V4FNT2UW6 5 Y=NZ2ig\JWPL9=J?N;?�i1U29R>9T 
(Diffusion coefficient) E43RG7FH<APF>?XPE_k1 (Rose, 2000a; Rose, 2000b) FPVX4FL9<A6FN<A6D7
E43 FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISUW6I7@44M9OBST4U29R>9TE43RG7FH<AP 
FE\2J@TRDT1G926Y57?1N9<AB >68T2 I7@44M9OBP<D7i1U29F>?XP4WS92U29R>9TE43RG7FH<APFE\2J@TRDT1
G926Y57?N9<AB i1E:=N<XFGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS Y=7O4WS92U29R>9T 
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E43RG7FH<APFE\2J@TG926Y57?1N9<AB  14UY2U1<k FGH<1  I4JKIFL6MNOB 4=P49BIQJRG7FH<AP
I4JFISAW3P<SZ2Rg1T3N<Xic\i1U29FU2=S?Oi1RDT1G926Y57?1N9<ABN<XSZ2Rg1T3FO<A8UW6RG7FH<AP NZ2ig\
FPVX4P<FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS4A@Ti1RDT1G926Y57?1N9<ABY=7OU29R>9T
E43RG7FH<APFE\2J@TRDT1G926Y57?1N9<AB H_X3FLm1D7ig\7OU29J@aFJ<AR9T;2S5NWk3i1l28=G82PFLm1U9O
OT23N<XFLm1U723R7=i1l28=G82PFLm1U9OOT23i1cT83N<XP<K4U2JNZ2ig\FU?OIQ1D5 (Rose, 2000a) 
R7=Y2UU29N<XFGH<1 I4JKIFL6MNOB  4=P49BIQJRG7FH<API4JFISJ2P29h4A@Ti1RDT1G926                     
Y57?1N9<ABKOA42 ẀA4A@TN<XD?8E43R6GN<F9<A R7=4?1FS49BFH77@729B FPNN9?U (Intercellular matrix)  
(Reynolds R7=G:=, 2003) Shaw R7=G:= (1983) >68T2L9?P2:RG7FH<APi1RDT1G926                
Y57?1N9<ABP<G82PJWP>W1;Bi1N23S93E\2PUW6456WS?U29:BE43K9GIQ1D5 

 OW31Wk1 FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISY_3P<D7i1U297OU29J@aFJ<A
R9T;2S5E43IQ1 

 
2. �/�(�����	��)���
������/1	�$(��	�'/�
�4 � 
 
         FGH<1 I4JKIFL6MNOB J2P29hYW6UW6F>77?FG?7R7=R6GN<F9<Ai1RDT1G926Y57?1N9<ABMO\O< 
(Reynolds R7=G:=, 2003; Cross, 2004) OW31Wk1 FGH<1 I4JKIFL6MNOB Y_3J2P29hNZ2ig\ 
4=P49BIQJRG7FH<API4JFISP<G82PG3N1R7=NZ2ig\4=P49BIQJRG7FH<API4JFISYZ2UWO4A@Ti1RDT1
G926Y57?1N9<ABFLm1D7NZ2ig\i1RDT1G926Y57?1N9<ABP<Rg7T3JZ2943E43RG7FH<APR7=I4JFISE12O
igaT FPVX4U9OFU?OE_k1SXZ2U8T2Y5O8?U�S (GT2G82PFLm1U9OOT231\4AU8T2 5.5) Y=FU?OU297=72AE43              
R9T;2S544UY2UD?8IQ1R7=NZ2ig\4=P49BIQJFRG7FH<API4JFISP<U29RAU44UY2UUW1MO\RG7FH<AP
R7=I4JFISM4441 H_X3Y=cT8A9WU[2Jl2>G82P4?XPSW8E43RG7FH<APR7=I4JFIS  RG7FH<APR7= 
I4JFISY=R>9TFE\2J@TD?8IQ1Y_3FLm1U29JT3FJ9?PU29FU?OL�?U?9?A2U29J=JPU7W6E43R9T;2S5 NZ2ig\FU?O
U29gA5OAWk3E43K9GIQ1D5 (Reynolds, 1998)   
 
3. �+�	�#G+(�	����(-)*��(���.��H���
� �������%�
�5��4 � 
 

Y2UU29 _̀U[2E43 Schupbach R7=G:= (1996) >68T2FGH<1 I4JKIFL6MNOBY=cT8A7O
U29A_OS?OE43FcVk4JFS9LKSGr4UGWJ P?8RN1JBR7=FcVk4JFS9LKSGr4UGWJKHM691WJi1F>77?FG?7MO\  
KOA>68T2 FPVX4FS?PFGH<1 I4JKIFL6MNOB73i1F>77?FG?7 FGH<1 I4JKIFL6MNOBY=h@UO@OH_PFE\2J@T           
F>77?FG?7R7=Y=MLL�OSW89W6 (Receptor) E43FcVk4JFS9LKSGr4UMG61KPF7U57E431kZ272A H_X3Y2U 
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U29N<XFGH<1J2P29h7OU29A_OS?OE43FcVk4JFS9LKSGr4UGWJ P?8RN1JBR7=FcVk4JFS9LKSGr4UGWJ
KHM691WJ FLm1D7NZ2ig\P<U29FL7<XA1RL739=661?F8`i1M6K4I�7PB (Biofilm) H_X3Y=JT3FJ9?Pig\P<U29
J=JPGV1U7W6E43R9T;2S5FE\2J@TSW8IQ1R7=AW6AWk3U29J@aFJ<AR9T;2S5 RST4AT23M9UrS2PY2UU29 _̀U[2
E43 Reynolds R7=G:= (1995)  >68T2 h_3RP\8T2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP
I4JFISY=cT8AF>?XP9=OW6E43RG7FH<APR7=I4JFISi1RDT1G926Y57?1N9<ABRSTY=MPTP<D7
FL7<XA1RL739=OW6E43FcVk4JFS9LKSGr4UGWJKHM691WJi1RDT1G926Y57?1N9<ABi1g75P9T43IQ1 
 
�	�
G�I	5����(�B�� 4��.4(��0�+% �����%4 ����(B�#�4��(4�����#'/,��'����
�/	�J�/��	�#
�#
*��	��'�(��#��/1	�$����	��	��/�(�����	��)���
������/1	�$(��	�'/�
�
4 � 
 
1. ��	�K�
�������	
"	��*�	�	������(�B�� 4��.4(��0�+% �����%4 ����(B�#�

4��(4�(�L��/�������� 
 

P<U29 _̀U[2h_3D7i1U29S\21IQ1D5i1gP2U�9WX 3N<XL92`Y2U1kZ2S27R7=P< FGH<1                                 
I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISFLm1JT81L9=U46 >68T2gP2U�9WX3N<XL92`Y2U
1kZ2S27R7=P<FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISFLm1JT81L9=U46J2P29hNZ2ig\
FU?OU29GV1U7W6E43R9T;2S5FE\2J@TSW8IQ1MO\ (Shen R7=G:=, 2001; Reynolds R7=G:=, 2003; 
lijima R7=G:=, 2004; Itthagarun R7=G:= 2005; Cai R7=G:=, 2007) KOA>68T2 gP2U�9WX3N<X
P<FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS 10.0, 18.8 R7= 56.4 P?77?U9WPJ2P29hcT8A
F>?XPU29J=JPR9T;2S5GV1U7W6FE\2J@T94AK9GMO\9\4A7= 63, 102 R7=152 S2P7Z2OW6 (Shen R7= 
G:=, 2001) 14UY2U1<k >68T2 gP2U�9WX3L92`Y2U1kZ2S27N<XP<FGH<1 I4JKIFL6MNOB 4=P49BIQJ
RG7FH<API4JFIS FLm1JT81L9=U46J2P29hJT3FJ9?Pig\P<U29J=JPR9T;2S5GV1U7W6FE\2J@T94AK9GMO\ 
P2UU8T2gP2U�9WX3N<XL92`Y2U1kZ2S27RSTMPTP<FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS
FLm1JT81L9=U46L9=P2: 2 FNT2 (lijima R7=G:=, 2004) R7=FPVX4FL9<A6FN<A6G82PJ2P29hi1
U29J=JPR9T;2S5GV1U7W6E43gP2U�9WX3N<XL92`Y2U1kZ2S27R7=P<FGH<1 I4JKIFL6MNOB 4=P49BIQJ
RG7FH<API4JFIS FLm1JT81L9=U46UW6gP2U�9WX3N<XL92`Y2U1kZ2S27R7=P<J29L9=U46RG7FH<AP 
4VX1oFLm1JT81L9=U46 >68T2 gP2U�9WX3N<XP<FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS 
FLm1JT81L9=U46Y=P<U29J=JPR9T;2S5GV1U7W6FE\2J@T94AK9GiS\D?8FG7V46IQ1MO\J@3J5O h_3RP\8T2Y=P<
L9?P2:RG7FH<APNWk3gPOi1gP2U�9WX31\4AN<XJ5O KOA9=OW6E43U29J=JPR9T;2S5GV1U7W6FE\2J@T94A 



 
 
 

 

                                                                                                                                              
 
                                                                                                                                          19 
 
                                                                                                                                                                 

K9GY=P<G82PJWP>W1;BUW6L9?P2:E43RG7FH<API4JFISN<X7=72A1kZ2MO\i1gP2U�9WX3 14UY2U1<kFPVX4
MO\ _̀U[2U29G34A@TE43FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISi1RDT1G926Y57?1N9<AB
g7W3Y2UFG<kA8gP2U�9WX3L92`Y2U1kZ2S27H_X3P<P<FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<AP
I4JFISFLm1JT81L9=U464A@T 9.5 P?77?U9WP >68T2 Y=J2P29hS98Y>6 FGH<1 I4JKIFL6MNOB 
4=P49BIQJ RG7FH<API4JFISi1RDT1G926Y57?1N9<AB  3 cWX8KP3g7W3Y2UFG<kA8gP2U�9WX3 (Reynolds 
R7=G:=, 2003) lijima R7=G:= (2004) AW3>68T294AK9GN<XDT21U29J=JPR9T;2S5GV1U7W6O\8A
gP2U�9WX3N<XP<FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISFLm1JT81L9=U46 FPVX41Z2MLRcT
i1J297=72AN<XP<GT2G82PFLm1U9OOT23 4.8  Y=P<U29J@aFJ<AR9T;2S51\4AU8T294AK9GN<XDT21U29
J=JPR9T;2S5U7W6GV1O\8AgP2U�9WX3L92`Y2U1kZ2S27N<XMPTP<FGH<1 I4JKIFL6MNOB 4=P49BIQJ
RG7FH<API4JFISFLm1JT81L9=U46 H_X3RJO38T2FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<AP
I4JFIScT8AS\21N21ST4U297=72AE43D?8FG7V46IQ1Y2UU9O RST4AT23M9UrS2PP<U29 _̀U[2E43 
Schirrmeister R7=G:= (2007) >68T2U29FG<kA8gP2U�9WX3N<XP<RG7FH<APFLm1JT81L9=U46Y=MPTP<
D7ST4U29JT3FJ9?PU29GV1U7W6E43R9T;2S5E4394AK9GiS\D?8FG7V46IQ1FPVX4FN<A6UW6U75TPFG<kA8gP2U
�9WX3N<XMPTP<RG7FH<APFLm1JT81L9=U46 NWk31<k42YF1VX43Y2Ui1U29 _̀U[21<kgP2U�9WX3MPTMO\JWPDWJUW6D?8
FG7V46IQ1KOAS93 OW31Wk1 U29JWPDWJE43RG7FH<APUW6D?8IQ1KOAS93Y_3FLm1LQYYWAg1_X3N<XP<D7ST4U29
JT3FJ9?PGV1U7W6E43R9T;2S5 
 
2.  (�H+�������	
"	��*�	�	������(�B�� 4��.4(��0�+% �����%4 ����(B�#�4��(4�

(�L��/�������� 
 

MO\P<U29 _̀U[2 >68T2 FPrO4PN<XL92`Y2U1kZ2S27R7=P<FGH<1 I4JKIFL6MNOB4=P49BIQJ 
RG7FH<API4JFISFLm1JT81L9=U46 18.8 R7= 56.4 P?77?U9WP Y=cT8AF>?XPU29J=JPR9T;2S5         
GV1U7W6FE\2J@T94AK9GN<X4A@TiS\D?8FG7V46IQ1MO\ 9\4A7= 78 R7= 176 S2P7Z2OW6 H_X3RJO3ig\Fgr18T2   
FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS cT8AJT3FJ9?PU29GV1U7W6E43R9T;2S5 KOA
E_k1UW6L9?P2:E43FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS (Cai R7=G:=, 2003) 
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3. �*�	#	�����	������ (�B�� 4��.4(��0�+% �����%4 ����(B�#�4��(4�(�L�
�/�������� 

 
>68T2 FPVX4ic\1kZ2A26\81L2UN<XP<G82PFE\PE\1E43FGH<1 I4JKIFL6MNOB 4=P49BIQJ 

RG7FH<API4JFIS 9\4A7= 2 R7=9\4A7= 6 (1kZ2g1WUST4L9?P2S9) FLm1JT81L9=U46 Y=NZ2ig\9=OW6
E43RG7FH<APR7=I4JFISi1RDT1G926Y57?N9<AB F>?XPE_k1S2PG82PFE\PE\1E43E43FGH<1                      
I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS (Reynolds R7=G:=, 2003) 
 
4. �	����	#���������� (�B�� 4��.4(��0�+%�����%4 ����(B�#�4��(4�(�L�

�/�������� 
 
 Reynolds R7=G:= (1995) >68T2 J297=72AFGH<1 I4JKIFL6MNOB4=P49BIQJRG7FH<AP
I4JFISG82PFE\PE\19\4A7= 1 J2P29h7OU29FU?OIQ1D569?F8:D?8F9<A6R7=69?F8:g75P9T43IQ161
IQ1U92PE43g1@NO743MO\9\4A7= 55 R7= 9\4A7= 46  S2P7Z2OW6 H_X3MPTRSUST23Y2UU29ic\
J297=72AI7@44M9OBN<XP<G82PFE\PE\1 500 JT81i17\21JT81R7=AW3>68T2U29ic\J297=72AFGH<1 
I4JKIFL6MNOB4=P49BIQJRG7FH<API4JFIS9\4A7= 0.5 9T8PUW6J297=72AI7@44M9OBN<XP<G82P
FE\PE\1 500 JT81i17\21JT81 Y=P<D7i1U29L�43UW1IQ1D5MO\P2UU8T2U75TPN<Xic\J297=72A
J297=72AFGH<1 I4JKIFL6MNOB4=P49BIQJRG7FH<API4JFISg9V4J297=72AI7@44M9OBF><A3
4AT23FO<A8 14UY2U1<kAW3>68T2J297=72AFGH<1 I4JKIFL6MNOB N<XP<G82PFE\PE\19\4A7= 0.1, 0.5, 
1.0 Y=J2P29hJT3FJ9?PU29GV1U7W6E43R9T;2S56194AD5YZ2743MO\ (Reynolds, 1997) 
 
5. (���%�����(�B�� 4��.4(��0�+% �����%4 ����(B�#�4��(4�(�L��/�������� 
 

Yamaguchi R7=G:= (2006) MO\ _̀U[2i1g\43Lj?6WS?U29 >68T2 FPVX41Z2IQ18W8N<XP<94AD5
YZ2743P2RcTFGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSBKOA1Z2P2FYV4Y23ig\FLm1 
J297=72AN<XG82PFE\PE\19\4A7= 1 RcT8W17= 2 G9Wk3 121G9Wk37= 10 12N< FLm1F872 4 JWLO2gBY=
J2P29hFU?OU29J=JPR9T;2S5GV1U7W6F>?XPE_k1FPVX4FL9<A6FN<A6UW6U75TPN<XMPTMO\ic\FGH<1 I4JKI              
FL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB   
 



 
 
 

 

                                                                                                                                              
 
                                                                                                                                          21 
 
                                                                                                                                                                 

Sudjalim R7=G:= (2007) MO\ _̀U[2i1g\43Lj?6WS?U29 >68T2 FPVX41Z2IQ1U92PRN\H<XN<X 3 
R7=MO\9W6U29S?OR69UFUrSYWOIQ1 (Bracket) N<XP<94AD5YZ2743P2N2FGH<1 I4JKIFL6MNOB 
4=P49BIQJ RG7FH<API4JFISF>JSB8W17= 6 G9Wk3 >68T2 Y=J2P29hFU?OU29J=JPR9T;2S5GV1U7W6 
F>?XPE_k1 FPVX4FN<A6UW6U75TPN<XMPTMO\9W6U29N2FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFIS
F>JSB 

 
Y2UU29 _̀U[2OW3U7T28 RJO3ig\Fgr18T2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP

I4JFISJ2P29hJT3FJ9?Pig\FU?OU29J=JPGV1U7W6E43R9T;2S5 R7=cT8AS\21N21U29FU?OU29        
J@aFJ<AR9T;2S5i1l28=N<XFLm1U9OH_X3FLm1U7MUN<XcT8AL�43UW1K9GIQ1D5 
 
���	����(�B�� 4��.4(��0�+% �����%4 � ���(B�#�4��(4����4�'��0�+%,��	�
�D���
�4 �5$ 

 

I7@44M9OBJ2P29h98PFE\2UW64=P49BIQJRG7FH<API4JFISN<Xh@UNZ2ig\P<G82PG3N1KOA    
FGH<1 I4JKIFL6MNOBMO\FLm14=P49BIQJ RG7FH<API7@44M9OBI4JFIS (Amorphous calcium 
fluoride phosphate, ACFP) H_X3P<J@S9KG93J9\23 GV4 Ca8(Po4)5(PO4)5F xH2O Y=Fgr1MO\8T2
14UY2UFGH<1 I4JKIFL6MNOBY=FLm1SW8U723N<XO<i1U29E1JT3RG7FH<APR7=I4JFISMLAW3G926            
Y57?1N9<ABR7=D?8IQ1R7\8 FGH<1 I4JKIFL6MNOBAW3FLm1SW8U723N<XO<i1U29E1JT3I7@44M9OBO\8A R7=
Y2UU29N<XFGH<1 I4JKIFL6MNOB4=P49BIQJRG7FH<API4JFISNZ2ig\4=P49BIQJ RG7FH<API4JFIS
YZ2UWO4A@Ti1RDT1G926Y57?1N9<AB61D?8IQ1R7=FPVX44A@Ti1l28=FLm1U9OY=RSUSW8ig\RG7FH<APR7=
I4JFIS R7=Y=cT8AJT3FJ9?Pig\FU?OU29SUS=U41E43 I7@44K94=L2MNOB H_X3Y=cT8AJT3FJ9?Pig\FU?O
U29GV1U7W6E43R9T;2S5 (Reynolds, 1998)  
 

P<U29 _̀U[2 >68T2 FPVX4ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS 9\4A7= 0.5 
9T8PUW6KHFO<API7@44M9OBN<XP<G82PFE\PE\1E43I7@44M9OB 500 JT81i17\21JT81Y=P<L9=J?N;?l2>i1
U29S\21N21U29FU?OK9GIQ1D5NWk3i169?F8:g75P9T43IQ1R7=69?F8:D?8F9<A6MO\P2UU8T2U29MO\9W6                  
FGH<1 I4JKIFL6MNOB  4=P49BIQJRG7FH<API4JFIS g9V4KHFO<API7@44M9OB F><A34AT23iO4AT23
g1_X3 14UY2U1<kAW3>68T2FPVX4ic\FGH<1 I4JKIFL6MNOB9\4A7= 0.5-1.0  Y=P<L9=J?N;?l2>    
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i1U29ST4S\21U29FU?OIQ1D5MO\FNT2UW6U29ic\I7@44M9OBN<XP<G82PFE\PE\1 500 JT81i17\21JT81 
(Reynolds R7=G:=, 1995; Roberts, 1995) 

 

(�B�� 4��.4(��0�+% �����%4 � ���(B�#�4��(4�(���% 

 
FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSB (P<cVX4N23U29G\28T2 Tooth 

Mousse) FLm1G9<PN<XP<1kZ2FLm1>Vk1�21R7=L92`Y2U1kZ2S27 KOA69?[WND@\D7?S (GC Asia Dental 
Pte Ltd) R1=1Z2ig\ic\i1U29L�43UW1IQ1D5  L�43UW1U29FU?O4<K9cWX1 (Erosion) ic\9WU[242U29               
FJ<A8IQ1 ic\l2Ag7W3I4UJ<IQ1 E@Og?1L@1R7=FU7292UIQ1 R7=ic\9T8PUW6I7@44M9OBi1U29L�43UW1
IQ1D5  
 

JT81L9=U46E43FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSB MO\RUT 
1kZ269?J5N;?�, U7<FH4947 (Glycerol), FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFIS,                 
O<-H476?N47 (D-sorbitol),  H?7?G41 MO44UMHOB (Silicon dioxide), MH7?N47 (Xylitol), U9OI4J 
KI9?U (Phosphoric acid), Guar gum, H?3GB 44UMHOB (Zinc oxide),KHFO<AP RHGG2M9OB (Sodium 
saccharin), F4NN?7 ><-M�O94UH<F61KHF4N (Ethyl p-hydroxybenzoate), RPU1<FH<AP 44UMHOB 
(Magnesium oxide), 6?8N?7 ><-M�O94UH<F61KHF4N (butyl p-hydroxybenzoate), K>9>?7                  
><-M�O94UH<F61KHF4N (Propyl p-hydroxybenzoate) 
 
8?;<U29ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB 
 

U9:<ic\9T8PUW6h2O>?P>BL2UF�>2=65GG7 
g7W3Y2UN<XD@\L�8AI4UJ<IQ1FJ9rYF9<A69\4AR7\8  

1. 7\23h2O>?P>BL2UF�>2=65GG744UO\8A1kZ2 
2. 6<6FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSB73MLi1h2O>?P>BL2UNWk361

R7=7T23 
3. ig\h2O>?P>BL2U4A@Ti1cT43L2UFLm19=A=F8724AT231\4AN<XJ5O 3 12N< 
4. 1Z2h2O>?P>BL2U44UY2UL2U 
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5. R1=1Z2ig\D@\L�8Aic\7?k1F7<AFGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSBig\NWX8
NWk3L2Uig\121FNT2N<XY=FLm1MLMO\ (1-2 12N<) KOAg7<UF7<XA3MPTig\G2A44Ug9V46\81L2U 

6. ig\D@\L�8A6\81JT81FU?1E43FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFIS>JSB44U
ig\P2UN<XJ5OR7=R1=1Z2MPTig\N2142g29R7=OVXP1kZ2g7W3Y2UN2FGH<1 I4JKIFL6MNOB 
4=P49BIQJ RG7FH<API4JFISF>JSBFLm1F872 30 12N< 

 
U9:<MPTMO\ic\9T8PUW6h2O>?P>BL2UF�>2=65GG7 

1. FcrOIQ1ig\Rg\3 
2. N2FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSB73ML61D?8IQ1 
3. ig\FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSBJWPDWJUW6IQ1FLm19=A=F872

4AT231\4AN<XJ5O 3 12N< 
4. R1=1Z2ig\D@\L�8Aic\7?k1F7<AFGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSBig\

NWX8NWk3L2Uig\121FNT2N<XY=FLm1MLMO\ (1-2 12N<) KOAg7<UF7<XA3MPTig\G2A44Ug9V46\81L2U 
5. ig\D@\L�8A6\81JT81FU?1E43FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFIS>JSB44U

ig\P2UN<XJ5OR7=R1=1Z2MPTig\N2142g29R7=OVXP1kZ2g7W3Y2UN2FGH<1 I4JKIFL6MNOB 
4=P49BIQJ RG7FH<API4JFISF>JSBFLm1F872 30 12N< 

 
i1Ls G.`. 1999 D7?SlW:�BN<XP<FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISFLm1

JT81L9=U46 MO\9W6U299W6943Y2U43GBU2942g29R7=A2E43L9=FN`Jg9W�4FP9?U2 (Food and 
Drug Administration) 8T2P<G82PL74OlWAR7=J2P29hic\MO\i1D@\N<XP<l28=MPTJ2P29hN1ST4
1kZ2S27R7GKSJMO\ F1VX43Y2UD7?SlW:�BMPTP<JT81L9=U46E431kZ2S27R7GKSJ RST4AT23M9UrS2P 
69?[WND@\D7?SMPTR1=1Z2ig\ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJ RG7FH<API4JFISF>JSBi1D@\N<XR>\
1P8W8 F1VX43Y2UD7?SlW:�B1<kP<KL9S<1FGH<1H_X3NZ2Y2U1P8W8FLm1JT81L9=U46 
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�	�	���� 2   ��$��	�
G�I	(�B�� 4��.4(��0�+% �����%4 ����(B�#�4��(4��/��	�
�/�(�����)���
������/1	�$ 
 
5'�
G�I	��"
#   �
��
+ �'����     

��� 
B�����-(�B��� 

����	3��� 
B�����-(�B��� 

-��+4 � 
("�	�����$/�
�
��#/	�) 

�'����
�	�
G�I	 

5� 
�	�
G�I	 

 Reynolds 
R7=G:= 
(1995) 
 

 Reynolds 
E.C.(1997) 
 
 
 

 Shen R7=
G:= (2001) 
 
 
 

 Reynolds 
R7=G:=  
(2003) 
 
 
 

U29FU?OIQ1D5 
 
 
 
U29GV1U7W6
E43R9T;2S5 
 
 
 
U29GV1U7W6
E43R9T;2S5 
 
 
 
L9?P2:E43
RG7FH<AP
R7=
I4JFISi1
RDT1G926         
Y57?1N9<AB 
 

J297=72A 
 
 
 
J297=72A 
 
 
 
 
gP2U�9WX3
L92`Y2U
1kZ2S27 
 
 
1kZ2A26\81
L2U 
 
 
 
 
 
 

9\4A7= 0.1,       
0.2, 0.5, 1.0  
 
 
9\4A7= 0.1,0.5, 
1.0 
 
 
 
0.19,10.0,18.8
,56.4 P?77?U9WP 
 
 
 
9\4A7= 2.0, 6.0 
 
 
 
 
 
 

IQ1U92Pg1@ 
     (12) 
 
 
IQ1U92PRN\
H<XN<X 3 (3) 
 
 
 
IQ1U92PRN\
H<XN<X 3 (10) 
 
 
 
IQ1RN\ (15) 

 g\43Lj?6WS?U29 
 
 
 
 g\43Lj?6WS?U29 
 
 
 
 
 i1P15[AB 
 
 
 
 
 i1P15[AB              

ST4S\21U29
FU?OIQ1D5 
 
 
JT3FJ9?PU29
GV1U7W6E43
R9T;2S56194A
D5YZ2743 
 
JT3FJ9?PU29
GV1U7W6E43
R9T;2S56194A
D5YZ2743 
 
F>?XP9=OW6E43
E43RG7FH<AP
R7=I4JFIS
i1RDT1G926
Y57?1N9<AB 
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5'�
G�I	��"
# �
��
+ �'����

���  
B�����-(�B��� 

����	3���  
B�����-(�B��� 

-��+4 � �'����
�	�
G�I	 

5�
�	�
G�I	 

Reynolds R7=
G:= (2003) 
 
 
 
 
 
 
 
 
 
 
Cai R7=G:=  
(2003) 
 
 
 
Lijima R7=
G:=(2004) 
 
 
 
 
 
 
 

U29GV1U7W6
E43R9T;2S5 
 
 
 
 
 
 
 
 
 
 
U29GV1U7W6
E43R9T;2S5 
 
 
 
U29GV1U7W6
E43R9T;2S5 
 
 
 
U29S\21 
N217=72A
E43D?8       
FG7V46IQ1
Y2UU9O 
 

gP2U�9WX3
L92`Y2U
1kZ2S27 
 
 
 
 
 
 
 
 
 
FPrO4P
L92`Y2U
1kZ2S27 
 
 
gP2U�9WX3
L92`Y2U
1kZ2S27 
 
 
gP2U�9WX3
L92`Y2U
1kZ2S27 

RG7FH<AP
G29B64F1S, 
RG7FH<AP
G29B64F1SR7=
RG7FH<AP
M�KO9FY1
I4JFIS, FGH<1 
I4JKIFL6MNOB 
4=P49BIQJ
RG7FH<AP
I4JFIS 
 
18.8 , 56.4 
P?77?U9WP  
 
 
 
18.8  P?77?U9WP             
 
 
 
 
18.8  P?77?U9WP             
 
 
    
 

IQ1RN\ 
(15) 
 
 
 
 
 
 
 
 
 
 
IQ1U92P
RN\H<XN<X 3 
(10) 
 
 
IQ1U92P
RN\H<XN<X 3 
(10) 
 
 
IQ1U92P
RN\H<XN<X 3 
(10) 
 
 
 
 

i1P15[AB  
 
 
 
 
 
 
 
 
 
 
 
i1P15[AB 
 
 
 
 
i1P15[AB      
 
 
 
 
i1P15[AB      
                                                   

FGH<1I4J
KIFL6MNOB 
4=P49BIQJ
RG7FH<AP
I4JFISP<
4WS92U29
J=JPGV1U7W6
E43R9T;2S5
J@3J5O 
 
 
 
JT3FJ9?PU29
GV1U7W6E43
R9T;2S561
94AD5YZ2743 
 
JT3FJ9?PU29
GV1U7W6E43
R9T;2S561
94AD5YZ2743 
 
S\21N21ST4
7=72AE43D?8      
FG7V46IQ1
Y2UU9O 
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5'�
G�I	��"
# �
��
+ �'����

���  
B�����-(�B��� 

����	3���  
B�����-(�B��� 

-��+4 � �'����
�	�
G�I	 

5�
�	�
G�I	 

Itthagarun 
R7=G:= 
(2005) 
 
 
 
 
 
 
 
Yamaguchi 
R7=G:=                  
(2006) 
 
 
Cai 
R7=G:=                  
(2007) 
 
 
 
 

 

U29GV1U7W6
E43R9T;2S5 
 
 
 
 
 
 
 
 
U29GV1U7W6
E43R9T;2S5 
 
 
 
U29GV1U7W6
E43R9T;2S5 

gP2U�9WX3 
 
 
 
 
 
 
 
 
 
F>JSB 
 
 
 
 
gP2U�9WX3
L92`Y2U
1kZ2S27 
 

MORG7FH<AP
I4JFISMOM�
FO9S , FGH<1 
I4JKIFL6MNOB 
4=P49BIQJ
RG7FH<AP
I4JFIS 47 
P?77?U9WP 
 
 
9\4A7= 0.1 
 
 
 
 
U9OH?S9?U
9T8PUW6FGH<1 
I4JKIFL6MNOB 
4=P49BIQJ
RG7FH<AP
I4JFIS 20 
P?77?U9WP, U9O
H?S9?U 20 
P?77?U9WP 
 

IQ1U92P   
RN\H<XN<X 3 
  (12) 
 
 
 
 
 
 
 
IQ18W8 
 (6) 
 
 
 
IQ1U92P
RN\H<XN<X 3  
  (10) 
 
 

     i1P15[AB 
 
    
 
 
 
 
 
 
 
 
g\43Lj?6WS?U29 
 
 
 
 
i1P15[AB 
 

FGH<1I4J
KIFL6MNOB 
4=P49BIQJ
RG7FH<AP
I4JFISP<
4WS92U29
J=JPGV1U7W6
E43R9T;2S5
J@3J5O 
 
JT3FJ9?PU29
GV1U7W6E43
R9T;2S561
94AD5YZ2743 
 
U9OH?S9?U
9T8PUW6FGH<1 
I4JKIFL6
MNOB
4=P49BIQJ
RG7FH<AP
I4JFISP<
4WS92U29
J=JPGV1U7W6
E43R9T;2S5
J@3J5O 
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5'�
G�I	��"
# �
��
+ �'����

���  
B�����-(�B��� 

����	3���  
B�����-(�B��� 

-��+4 � �'����
�	�
G�I	 

5�
�	�
G�I	 

Schirrrmeister 
R7=G:=                  
(2007) 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

U29GV1U7W6
E43R9T;2S5 
 
 
 
 
 
 
 
 

 

gP2U�9WX3 
 
 
 
 
 
 
 
 
 
 

H?3GB H?FS9S
9T8PUW6MO
RG7FH<AP
I4JFIS 
RG7FH<APU7@KG
F1S R7=
RG7FH<APR7G
RSS, MO
RG7FH<AP
I4JFIS 
RG7FH<APU7@KG
F1S R7=
RG7FH<APR7G
RSS,FG H<1 
I4JKIFL6MNOB 
4=P49BIQJ
RG7FH<AP
I4JFIS 9\4A
7= 0.7 
 
 

  IQ18W8 
   (15) 

     i1P15[AB 
 
    
 
 
 
 
 
 
 
 
 
 

RG7FH<APMPTP<
D7ST4U29
JT3FJ9?PGV1
U7W6E43R9T
;2S56194AD5
YZ2743 
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����� 3 
 

��1�+�	(����	���"
# 

 

���-	�������$/��
��#/	� 

 
1. L9=c2U9FL�2gP2A (Target population) 
 

IQ1U92P1\4AH<X 1 g9V4 2 R7=IQ1U92P1kZ21PH<XN<X 1 g9V4 2 N<XP<7WU[:=E4394AD5YZ274361
D?8FG7V46IQ1O\21RU\P  

 
2. L9=c2U9N<X _̀U[2 (Study population) 

  
2.1  IQ1U92P1\4AH<XN<X1 g9V4 2 N<Xh@Uh41F>VX4U29YWOIQ1 KOAD?8FG7V46IQ1O\21RU\P MPT>6 
       94AD5 94A45O 94ARSU9\28g9V47WU[:=N<XD?OLUS?ST23o MO\RUT P<Y5OE28g9V4E28E5T1 
       G7\2Ac47BG IQ1FL7<XA1J< g9V4P<94AE95E9=FLm1g75PN<XFLm17WU[:=E43IQ1SUU9= 
2.1  IQ1U92P1kZ21PH<XN<X 1 g9V4 2 N<Xh@Uh41F1VX43Y2UMPTg75OF43S2P;99Pc2S? (Prolong  
       retention) KOAD?8FG7V46IQ1O\21RU\P MPT>6 94AD5 94A45O 94ARSU9\28g9V47WU[:= 

                   N<XD?OLUS?ST23o MO\RUT P<Y5OE28g9V4E28E5T1G7\2Ac47BG IQ1FL7<XA1J< g9V4P<94AE95E9= 
                   FLm1g75PN<XFLm17WU[:=E43IQ1SUU9= 
 
3. U75TPSW84AT23N<X _̀U[2 (Study sample)  
  
       IQ1U92P1\4AH<XN<X 1 g9V4 2 R7=IQ1U92P1kZ21PH<XN<X 1 g9V4 2 N<XP<G5:JP6WS?N<XS\43U29i1 
     E\4 2.1 R7=E\4 2.2 1Z2P2J5TPSW84AT23R663T2A (Simple random sampling) F>VX4YWOFE\2FLm1 
     U75TPNO743R7=G86G5P  
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��
�(�3P%,��	��
+(�)�����-	�����,-�,��	�
G�I	 (Eligible criteria) 
 
1. (�3P%�	��
+(��	 (Inclusion criteria) 
 

1.1 IQ1U92P1\4AR7=IQ1U92P1kZ21PN<Xh@UEWOD?8FG7V46IQ1O\21RU\P i1EWk1S41U29FS9<APc?k1
SW84AT23R7\8P<>Vk1N<X69?F8:FG7V46IQ1N<Xh@UEWOP2UU8T2 1X2 P?77?FPS9 i1R189=126  

 
2. (�3P%�	��
+��� (Exclusion criteria) 
 

2.1 IQ1U92P1\4AR7=IQ1U92P1kZ21PN<Xh@UEWOD?8FG7V46IQ1O\21RU\Pi1EWk1S41U29FS9<APc?k1
IQ1SW84AT23R7\8P<>Vk1N<X69?F8:FG7V46IQ1N<Xh@UEWO1\4AU8T2 1X2 P?77?FPS9 i1R189=126 

 
��	+��$/��
��#/	� 
 
4 ���	����# 

Y2UU29 _̀U[21Z29T43>68T2 l2Ag7W3U29ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP 
I4JFISF>JSB  P<GT2F�7<XA>Vk1N<XE4394AD5g7W3U29NO743FNT2UW6 -623.75±82.39 S2923P?77?FPS9 
FPVX4FL9<A6FN<A6UW6U29MPTic\FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSB P<GT2F�7<XA
>Vk1N<XE4394AD5g7W3U29NO743FNT2UW6 +727.72±41.35 S2923P?77?FPS9 

UZ2g1OGT2G82PG72OFG7VX41N<XMPTA4P9W6NWk3N<XJPPS?�21FLm1Y9?3 (Type I error, α ) FNT2 
UW6 0.05  KOAGZ218:Y2UJ@S9  
 

OW31Wk1Y_3MO\L9=P2:GT2G82PRSUST23E43GT2F�7<XA R7=1Z2P2GZ218:E12OSW84AT23 S2P 
J@S9 (l?9PAB, P1SBcWAR7=N8<J?1, 2548) OW31<k 

 

YZ2181SW84AT23ST4U75TP =              (Z 1- α/2) 
2 σ2 

            D2 

            D  =   G82PRSUST23E43GT2F�7<XA 

            Z = GT28?U�SH_X3R6T3>Vk1N<XiS\KG\3E43U29U9=Y2A GT2Jh?S?44UFLm1FESN<XA4P9W6 
(Acceptance region) R7=FESN<XMPTA4P9W6 (Rejection region) 
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     Z 1- α/2     =   GT2 standard normal deviated N<X percentile N<X 1- α/2 
    =   UZ2g1Oig\P<9=OW6G82PFcVX4PWX1N<X9\4A7= 95 OW31Wk1 GT2 α/2 P<GT2FNT2UW6 0.025  
    = Z0.975 = 1.96 (2-tailed)   

                       σ =   G82PRL9L981 (E43G82PRSUST23) 
 

Y2UU29RN1GT2i1J@S9OW3U7T28 RJO3MO\OW3ST4ML1<k 
 YZ2181SW84AT23ST4U75TP =     (1.96)2 (2904.524) 2 
       (727.72 � (-623.75))2 
            =   17.74 

  YZ2181SW84AT23N<Xic\i1U29 _̀U[2MPTG89SXZ2U8T2  18  SW84AT23 
 
4 ���	��*�	�� 

Y2UU29 _̀U[21Z29T43>68T2 l2Ag7W3U29ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP 
I4JFISF>JSB  P<GT2F�7<XA>Vk1N<XE4394AD5g7W3U29NO743FNT2UW6 -460.93±39.77 S2923P?77?FPS9 
FPVX4FL9<A6FN<A6UW6U29MPTic\FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSB P<GT2F�7<XA
>Vk1N<XE4394AD5g7W3U29NO743FNT2UW6 +984.15±10.87 S2923P?77?FPS9 

UZ2g1OGT2G82PG72OFG7VX41N<XMPTA4P9W6NWk3N<XJPPS?�21FLm1Y9?3 (Type I error, α ) FNT2 
UW6 0.05  KOAGZ218:Y2UJ@S9  

OW31Wk1Y_3MO\L9=P2:GT2G82PRSUST23E43GT2F�7<XA R7=1Z2P2GZ218:E12OSW84AT23 S2P 
J@S9 (l?9PAB, P1SBcWAR7=N8<J?1, 2548) OW31<k 
 

YZ2181SW84AT23ST4U75TP =              (Z 1- α/2) 
2 σ2 

         D2 

            D  =  G82PRSUST23E43GT2F�7<XA 

            Z = GT28?U�SH_X3R6T3>Vk1N<XiS\KG\3E43U29U9=Y2A GT2Jh?S?44UFLm1FESN<XA4P9W6 
(Acceptance region) R7=FESN<XMPTA4P9W6 (Rejection region) 
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     Z 1- α/2  = GT2 standard normal deviated N<X percentile N<X 1- α/2 
   = UZ2g1Oig\P<9=OW6G82PFcVX4PWX1N<X9\4A7= 95 OW31Wk1 GT2 α/2 P<GT2FNT2UW6 0.02 
   = Z0.975 = 1.96 (2-tailed)   

                      σ = G82PRL9L981 (E43G82PRSUST23) 
 
Y2UU29RN1GT2i1J@S9OW3U7T28 RJO3MO\OW3ST4ML1<k 

YZ2181SW84AT23ST4U75TP =     (1.96)2 (1825.30) 2 
         (984.15� (-460.93))2 
              =   6.13 

  YZ2181SW84AT23N<Xic\i1U29 _̀U[2MPTG89SXZ2U8T2  7  SW84AT23 
 
���������B� (Intervention) 
 3218?YWA1<kFLm1U29 _̀U[2FL9<A6FN<A6G82PRSUST239=g8T23>Vk1N<XE4394AD5YZ2743UT41R7=
g7W3FL7<XA1RL73Jl2>G82PFLm1U9OOT23 KOAR6T3U75TPSW84AT23 OW31<k 

1. U75TPG86G5P GV4 U75TPN<XMPTMO\9W6U29N2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP
I4JFISF>JSB (CPP-ACP Paste ; Tooth Mousse® : GC Corporation, Japan) 

2. U75TPNO743 GV4 U75TPN<XMO\9W6U29N2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<AP
I4JFISF>JSB 

 

�
�+$�$���3%���,-�,��	���"
# (Material and Instrument) 

 
1. �$���3%���,-�,��	��+��� 
 

1.1 U7\43Y57N99`1Bc1?Oic\RJ3K>72M9HB (Polarized light microscopy, Meiji 9300, Meiji 
Techno, Japan) 

1.2 U7\43Y57N99`1Bc1?OJFS49?K4 (Stereomicroscopy, ML 9300 MEIJI, Japan) 
1.3 FG9VX43SWOIQ1i6F7VX4AF>c9c1?OG82PF9r8SXZ2 (Low speed Cutting Machine,ISOMET™ 

1000, Buehler, USA) 
1.4 FG9VX43SWOF1Vk4FAVX4c1?OREr3 (Saw microtome, Leica sp1600, Germany) 
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1.5 FG9VX438WOG82PFLm1U9OR7=OT23 (pH  meter, GP353, EDT, England) 
1.6 FG9VX43EWOD?88WJO5 (Polishing Machine, DPS 3200, Imptech, South Africa) 
1.7 FG9VX43U81J29O\8ARPTFg7rU (Magnetic stirrer, MR 3003 SD, Heidolph, Germany) 
1.8 FG9VX43cWX34?F7rU941?UJB 9=66O?Y?S47 (Digital Balance, FA-200, A&D, Japan) 1kZ2g1WU

8WOJ@3J5O 210 U9WP G82P7=F4<AO 0.001 U9WP 
1.9 S@\G86G5P45:gl@P?>9\4PFG9VX43FEAT2 (Shaker incubator, Stuart scientific Ltd., UK) 
1.10 FG9VX43FEAT2J@T @̀1ABU723 (Orbital Shaker, KS125, Laboratechni staufen, Germany) 
1.11 S@\O@OG8W1 (Fume Hood, MJ-G100, Major lab, Japan) 
1.12 44KSFPS?UMLFLS E12O 5 P?77?7?S9 (Automatic pipette, Rainin, USA) 
1.13 FG9VX43JRU1l2> (Sanner , hp scanjet 2400, Hewlett-packard Co.) 
1.14 KL9RU9PG4P>?8FS49B : 4?PFPY-KL9 >7WJ F849BcW1 4.5.0.29 R7=KIKSc4L H<F4J8  
       (Computer program: Image-Pro Plus version 4.5.0.29, Adobe Photoshop CS8) 
1.15  S@\FAr1FUr6J29SW84AT23N<X45:gl@P? 4 43`2FH7FH<AJ 
1.16 12�?U2YW6F872 (Timer) 
1.17  FN49BKPP?FS49B (Thermometer) 
1.18 MPKG9P?FS49B (Digitamatic Micrometer, Mitutoyo, Japan) 
1.19  R66g7T4H?7?KG1 
1.20  6477BF649B1?cFc49B (Ball burnisher) 
1.21  E8O�<O7\23 (Wash bottle) 
1.22  E8O>72JS?Uc1?ON1U9OE12OFJ\1DT2 @̀1ABU723 1.5 FH1S?FPS9 J@3 3.5 FH1S?FPS9 
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2. 8WJO5N<Xic\i1U29NO743 
 

2.1 J297=72AN<Xic\i1U29NO743  
 

2.1.1 J297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5 (100 P?77?7?S9) 
  

U9OR7GS?UG82PFE\PE\19\4A7= 85     YZ2181 0.88 P?77?7?S9 
U9OK>7<4=G9?7?U 9\4A7= 0.2              YZ2181 8 P?77?7?S9 
M�O94UH<4=L2MNSB4?XPSW8                   YZ2181 50 P?77?U9WP 
(Bio-Gel® HTP Gel, Bio-Rad, Hercules. USA)           
1kZ2L92`Y2U4?441                             YZ2181 92 P?77?7?S9 

 
 

2.1.2 J297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6E43R9T;2S5 (l2G8?c2FlJWc8?NA2 G:=
NW1SR>NA`2JS9B Y5�273U9:BPg28?NA27WA) 

 
KLRSJFH<APG74M9OB (Potassium chloride BP)   0.65  U9WP 
RPU1<FH<APG74M9OB (Magnesium chloride BP)  0.058  U9WP 
RG7FH<APG74M9OB (Calcium chloride BP)  0.165    U9WP 
MOKLSWJFH<APM�KO9FY1I4JFIS                0.804    U9WP 
(Dipotassium hydrogen phosphate USP) 
KLSWJFH<APMOM�KO9FY1I4JFIS                0.365  U9WP 
(Potassium dihydrogen phosphate USP) 
KHFO<APF61KHF4N     2.0        U9WP 
(Sodium benzoate) 

  KHFO<APG29B64UH<FPNN?7FH77@K7J    7.8  U9WP 
(Sodium carboxymethylcellulose BP) 

  1kZ2L92`Y2UM4441 FS?PY1P<L9?P2S9FNT2UW6 1000 P?77?7?S9 
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2.2 1kZ2L92`Y2UM4441 (Deionized water) 
2.3  J297=72AU9OR7=OT23P2S92�21 N<XP<Jl2>G82PFLm1U9OOT23N<X 4 R7= 7  
2.4  FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSB (CPP-ACP Paste ; Tooth  
       Mousse®: GC Corporation, Japan) 
2.5  F9H?1g7T4iJ 
2.6  1kZ2A2N2F7r6 
2.7  FNLU28  
2.8  D3EWOIQ1c1?OMPTP<I7@44M9OB 
2.9  U9=O2[N92ARDT1U7PE12O 600 R7= 1,200 U9?N 
2.10 I�7PBhT2Al2>c1?OE28OZ2I49BFSR>1 (Fortepan) 

 

��1�+�	(����	���"
# 

 
1. �	��
+(�)���
��#/	� 

 
1.1 1Z2IQ1P27\23G926F7V4O1kZ272A UZ2YWOF1Vk4FAVX4N<XS?O44U EWOD?8FG7V46IQ1O\8AD3EWO

IQ1c1?OMPTDJPI7@44M9OBKOAic\gW8EWOA239@Lh\8A 
  

1.2  F7V4UIQ1N<XP<7WU[:=E43D?8FG7V46IQ1O\21RU\PN<XMPT>6 94ARSU 94A9\28 94A45O  
       g9V47WU[:=N<XD?OLUS?ST23o MO\RUT  P<Y5OE28g9V4E28E5T1G7\2Ac47BG  IQ1FL7<XA1J<  
       g9V4P<94AE95E9=FLm1g75PN<XFLm17WU[:=E43IQ1SUU9= 
 
1.3  FUr6IQ1i1J297=72AKHFO<APG74M9OB G82PFE\PE\19\4A7= 0.9 N<X45:gl@P? 4  
        43`2FH7FH<AJ ( ?̀8>9,8Wc92l9:B R7=cWA8Wd1B, 2550) 
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4.2 1Z2IQ1P27\23O\8A1kZ2L92`Y2UM4441 50 P?77?7?S9R7\8HW6IQ1ig\Rg\3O\8AU9=O2[  
         N?cc@ 
 

4.3  FUr6c?k1IQ1SW84AT23i1l2c1=L�ON<XG82PcVk1JWP>WN;B9\4A7= 100 45:gl@P? 4 43`2 
      FH7FH<AJ KOAc?k1IQ1SW84AT23NWk3 2 SW84AT23N<XMO\Y2UIQ1H<XFO<A8UW1Y=h@UFUr6M8\i1 
      l2c1=FO<A8UW1 ( ?̀8>9,8Wc92l9:B R7=cWA8Wd1B, 2550) 
 

5. �	��$/��
��#/	�(�)��"
+��$/�
G�I	 

 

5.1 U29UZ2g1OU75TPNO743R7=U75TPG86G5P 

UZ2g1OgP2AF7EL9=YZ2c?k1IQ1SW84AT23 KOAgP2AF7EY=L9=U46O\8A  

 -      F7E4296?G RJO3gP2AF7EE43H<XIQ1SWk3RST 1 h_3 20 KOASW84AT23IQ1N<XP2Y2UIQ1H<X  

         FO<A8UW1 Y=P<gP2AF7EFO<A8UW1 

                 -      SW84WU[9MNA RJO3h_3U75TPNO743g9V4U75TPG86G5P 

 

5.2 FE<A1gP2AF7EL9=YZ2c?k1IQ1SW84AT23M8\iS\l2c1= 2 l2c1=G@TUW1 GV4 1U R7= 1E F>VX4    
MPTig\P43Fgr1gP2AF7E 

 

5.3  R6T3U75TPR663T2A (Simple randomization) KOAig\D@\N<XMPTFU<XA8E\43UW6U29NO743 
J5TPgA?6c?k1IQ1SW84AT23NWk3 2 SW84AT23N<XP2Y2UIQ1H<XFO<A8UW1i1l2c1=E43U75TPN<X 1 
44UP2iJTi1l2c1=i1E\4 5.2.1 l2c1=7= 1 SW84AT23 
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RJO3U29UZ2g1OU75TPNO743R7=U75TPG86G5P 

 

                U75TPNO743         U75TPG86G5P 

 

               H<><><-F4H<>< F>JSB                        1 U               1 E  

 

 
 
                              20 U                  20 E 
 

6.   �	���/��)*�����+�������)*��������$� 
 
6.1       NZ2U29R6T3U75TPKOAU29J5TPSW84AT234AT233T2A (Simple randomization) KOANZ2�72U 
            N<XFE<A1GZ28T2 �U723� 10 i6 R7=GZ28T2 �9?P�  10 i6  R7\8ig\D@\N<XMPTFU<XA8E\43UW6U29 
            NO743 gA?6�72UG9Wk37= 1 i6 F>VX464USZ2Rg1T3E43>Vk1N<XG86G5PE43IQ1 1 H<X (2 c?k1 
            IQ1SW84AT23) gA?6�72UY1G96NWk3 20 i6 F>VX49=65SZ2Rg1T3G96NWk3 20 H<X  

 
6.2    9=62A1kZ2A2N2F7r661c?k1IQ1SW84AT23i169?F8:>Vk1N<XG9_X3g1_X3E4394AD5YZ2743 S2P 
           SZ2Rg1T3N<XYW6�72UMO\i1E\4 6.1 F>VX41Z2P28WOg2GT2>Vk1N<XE4394AD5YZ2743F9?XPS\1  

           ( ?̀8>9,8Wc92l9:B R7=cWA8Wd1B, 2550) 
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7.  �	�"�	����	�(����#�������	���	�(�L���++/	�,�-/���	� (pH cycling) 

YZ2743U29FL7<XA1RL73Jl2>G82PFLm1U9OOT23i1cT43L2U KOARcTSW84AT23IQ14A@Ti1
J297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AE43R9T;2S5 (pH = 4.8) FLm1F872 8 cWX8KP3ST48W1 
F>VX4ig\iU7\FG<A3UW69=A=F872N<XFU?OU9Oi1RDT1G926Y57?1N9<ABl2Ag7W3Y2UU299W6L9=N21
42g29N<XFJ<XA3ST4U29FU?OIQ1D5J@3 R7=RcTi1J297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6E43R9T;2S5 
16 cWX8KP3ST48W1 (ten Cate R7= Duijster, 1982) R7=MO\OWORL73U29YZ2743U29FL7<XA1RL73
Jl2>G82PFLm1U9OOT23E\23S\1 KOANZ2ig\FU?OU29J@aFJ<AR9T;2S5R7=U29GV1U7W6E43R9T;2S5
J7W6UW1FLm1cT83o (3 cT83) F>VX4ig\iU7\FG<A3UW6c<8?SL9=YZ28W1P2UN<XJ5O (J2;?S, 8Wc92l9:BR7=
cWA8Wd1B, 2548)  OW3S2923N<X 3 

 
gP2AFgS5 :  
IQ1U92P1\4A     YZ2743Jl28=U29FL7<XA1RL73G82PFLm1U9OOT23l2Ai1cT43L2UFLm1F872 
                        4 JWLO2gB 
 IQ1U92P1kZ21P  YZ2743Jl28=U29FL7<XA1RL73G82PFLm1U9OOT23l2Ai1cT43L2UFLm1 
                        F872 2 JWLO2gB 
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S2923N<X 3  RJO3EWk1S41U29YZ2743Jl28=U29FL7<XA1RL73G82PFLm1U9OOT23l2Ai1cT43L2U 

cT83     F872 9=A=F872                             EWk1S41NO743 
1. 
 
 
 
 
 
 
 
 
 
2. 
 
 
 
 
 
 
3. 

6.57-7.00 
7.00-7.30    
 
7.30-10.10 
 
 
10.10-11.30 
 
 
 
11.30-14.10  
 
 
14.10-15.30 
 
 
 
15.30-18.00 
 
 
18.00-18.03  
18.03-18.33 
 
18.33-06.57                        

3  12N< 
30  12N<   
L9=P2: 10 8?12N< 
2 cWX8KP3 40 12N<   
 
L9=P2: 10 8?12N< 
1 cWX8KP3 20 12N< 
 
L9=P2: 10 8?12N< 
5  12N<   
2 cWX8KP3 40 12N< 
 
L9=P2:  10 8?12N< 
1 cWX8KP3 20 12N<  
 
L9=P2: 10 8?12N< 
5  12N<   
2 cWX8KP3 40 12N<   
 
 
3  12N< 
30 12N<                 
L9=P2: 10 8?12N< 
12 cWX8KP3 24 12N<       
  
L9=P2: 10 8?12N< 
5  12N<   
 
                                             

N2FGH<1I4JKIFL6MNOB4=P49BIQJRG7FH<API4JFISF>JSB 
RcTi11kZ272AFN<AP 
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
RcTi1J297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5 
L9?P2S9 1.5 P?77?7?S9  
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
RcTi1J297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6R9T;2S5 
L9?P2S9 1.5 P?77?7?S9 
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
RcTi11kZ2L92`Y2UM4441 5 P?77?7?S9 
RcTi1J297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5 
L9?P2S9 1.5 P?77?7?S9 
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
RcTi1J297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6R9T;2S5 
L9?P2S9 1.5 P?77?7?S9 
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
RcTi11kZ2L92`Y2UM4441 5 P?77?7?S9 
RcTi1J297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5 
L9?P2S9 1.5 P?77?7?S9 
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
N2FGH<1I4JKIFL6MNOB4=P49BIQJRG7FH<API4JFISF>JSB 
RcTi11kZ272AFN<AP 
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
RcTi1J297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6R9T;2S5 
L9?P2S9 1.5 P?77?7?S9 
7\23O\8A1kZ2L92`Y2UM4441 L9?P2S9 10 P?77?7?S9 
RcTi11kZ2L92`Y2UM4441 5 P?77?7?S9 

gP2AFgS5 :  i18W1R9UE43U29NO743 Y=F9?XPRcTc?k1SW84AT23IQ1N5UU75TPU29NO743i1J297=72AJZ2g9W6NZ2ig\ 
                    FU?OU29GV1U7W6E43R9T;2S5FLm1F872 60 12N< UT41F9?XPU29NO743F>VX4NZ2ig\FU?OF>77?FG?761D?8IQ1 
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�
*�����	���	�	� 

1. N2FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSBKOAic\>@TUW161IQ1U75TPNO743                       
FLm1F872 3 12N< 2 cT83F872 GV4 UT41RcTJ297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5i1cT83
Fc\2 R7=g7W3RcTJ297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5i1cT83FAr1 

  
2. RcTc?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5Pi11kZ272AFN<APFLm1F872 30 12N< 
 
3. 1Z2c?k1IQ1SW84AT23P27\23O\8A1kZ2L92`Y2UM4441 10 P?77?7?S9R7\8HW6ig\Rg\3O\8AU9=O2[             

N?cc@ 
 
4. RcTc?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5Pi1J297=72AJZ2g9W6J297=72AJZ2g9W6NZ2

ig\FU?OU29J@aFJ<AR9T;2S5 1.5 P?77?7?S9N<X699Y5i1E8O>72JS?UE12OFJ\1DT2 @̀1ABU723 1.8 
P?77?7?S9 N<X45:gl@P? 37 43`2FH7FH<AJ FLm1F872 2 cWX8KP3 40 12N< 

 
5. 1Z2c?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5PP27\23O\8A1kZ2L92`Y2UM4441 1.5 

P?77?7?S9KOAic\U9=64U�<O>72JS?UF>VX4UZ2YWOJ297=72AJZ2g9W6J297=72AJZ2g9W6FU?OU29
J@aFJ<AR9T;2S5N<XS?OG\2361D?8IQ144UR7\8HW6ig\Rg\3O\8AU9=O2[N?cc@ 

 
6.   RcTc?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5Pi1J297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6

E43R9T;2S5 1.5 P?77?7?S9 699Y5i1E8O>72JS?UE12OFJ\1DT2 @̀1ABU723 1.8 P?77?7?S9R7=823
4A@TFG9VX43FEAT2O\8A4WS92 150 946ST412N< N<X45:gl@P?  37 43`2FH7FH<AJ FLm1F872 1 cWX8KP3 

       20 12N<  
 
7.  1Z2c?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5PP27\23O\8A1kZ2L92`Y2UM4441 10  
     P?77?7?S9KOAic\U9=64U�<O>72JS?UF>VX4UZ2YWOJ297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6E43 
      R9T;2S5N<XS?OG\2361D?844U R7\8HW6ig\Rg\3O\8AU9=O2[N?cc@ 
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8.  RcTc?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5Pi11kZ2L92`Y2UM4441 10 P?77?7?S9 82361 
     FG9VX43FEAT2O\8A4WS92 150 946ST412N< FLm1F872 5 12N< F>VX4UZ2YWOJ297=72AN<X42YSUG\23R7\8 
     HW6ig\Rg\3O\8AU9=O2[N?cc@ 
 
9.   g7W3Y2UN2FGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFISF>JSB61c?k1IQ1SW84AT23U75TP 
      NO743FLm1F872 3 12N<g7W3RcTJ297=72AJZ2g9W6NZ2ig\FU?OU29J@aFJ<AR9T;2S5i1cT83FAr1 Y= 
      RcTc?k1IQ1SW84AT23i11kZ272AFN<APFLm1F872 30 12N<   
 
10.  1Z2c?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5PP27\23O\8A1kZ2L92`Y2UM4441 10  
       P?77?7?S9R7\8HW6ig\Rg\3O\8AU9=O2[N?cc@ 
 
11.  RcTc?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5Pi11kZ2L92`Y2UM4441 10 P?77?7?S9 82361 
       FG9VX43FEAT2O\8A4WS92 150 946ST412N< FLm1F872 5 12N< F>VX4UZ2YWOJ297=72AN<X42YSUG\23 
       R7\8HW6ig\Rg\3O\8AU9=O2[N?cc@ 
  
12.  RcTc?k1IQ1SW84AT23NWk3U75TPNO743R7=U75TPG86G5Pi1J297=72AJZ2g9W6NZ2ig\FU?OU29GV1U7W6 
       E43R9T;2S5 3 P?77?7?S9699Y5i1E8O>72JS?UE12OFJ\1DT2 @̀1ABU723 1.8 P?77?7?S9R7=8234A@T 
       61FG9VX43FEAT2O\8A4WS92 150 946ST412N< N<X45:gl@P?  37 43`2FH7FH<AJ FLm1F872 12 cWX8KP3 
       24 12N<  
 
8.   �	��
+-�*��
��#/	�(�)����	0��
+�)*����(c���#�����#5$"�	���+��#�����"$����
�%��� 
     .��	0�B% 

8.1 U29FS9<APc?k1F9H?1c1?O6TPSW8O\8ASW8F43 

  FcrOc?k1IQ1SW84AT23ig\Rg\3 A_Oc?k1IQ1SW84AT23UW6R66>?P>BA239@LN93U9=64U
E12OFJ\1DT2 @̀1ABU723 12 P?77?FPS9 J@3 25 P?77?FPS9O\8AE<kD_k3KOA823SW84AT23IQ1O\21iU7\
U723g9V4O\21MU7U723RS=UW6>Vk1R66>?P>BA23R7=ig\R189=126E43D?8IQ169?F8:94AD5
YZ2743SWk3�2UUW6>Vk1R66>?P>BA23 DJPF9H?1c1?O6TPSW8O\8ARJ3F43 S2PGZ2R1=1Z2E4369?[WN 
FNF9H?173i1R66>?P>BA23i1E:=FNF9H?1S\439=8W3MPTig\FU?OI4342U2`i169?F8:>Vk1D?8c?k1
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IQ1SW84AT23F1VX43Y2UY=NZ2ig\FU?OU29RSUgWUE43c?k1SW84AT23E:=SWOMO\ 94Y1F9H?1REr3SW8
L9=P2: 8 cWX8KP3 

 

 
 

 

                                        l2>N<X 6  l2>RJO3U29823c?k1IQ1SW84AT23 

8.2  U29SWOc?k1SW84AT23 

  1Z2c?k1IQ1SW84AT23N<XS?O4A@Ti1F9H?1P2A_OUW6FG9VX43SWOF1Vk4FAVX4c1?OREr3 SWOc?k1IQ1
SW84AT23S2PR18O\21RU\P-O\217?k1DT2169?F8:N<XNZ2ig\FU?O94AD5ig\MO\G82Pg12 180  
MPKG9FPS9 KOA 1 SW84AT23IQ1 SWO 2 SZ2Rg1T3 GV4 69?F8:N<XNZ2U29NO743 (>Vk1N<XNO743g9V4
>Vk1N<XN<XDT21U9=681U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U) R7=69?F8:94AD5
F9?XPS\1N<X9=62A1kZ2A2N2F7r6L�ONW6M8\ (>Vk1N<XG86G5Pg9V4>Vk1N<XN<XMPTMO\DT21U9=681U29
FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U)   

 

 

 

         l2>N<X 7  l2>RJO3U29SWOc?k1SW84AT23 F>VX41Z2MLJT43U7\43Y57N99`1BRJ3K>72M9HB 

  1Z2c?k1SW84AT23N<XMO\P2EWOUW6U9=O2[N92A1kZ2F649B 600 R7= 1,200 ig\MO\G82P
g12 100±50 MPKG9FPS9 
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9.  �	��
+�)*������#5$"�	��� 

     9.1 RcTc?k1SW84AT23i11kZ2L92`Y2UM4441 R7\81Z2P2JT43O@O\8AU7\43Y57N99`1BRJ3
K>72M9HB O\8AUZ27W3EA2A 40 FNT2 l2>N<XP43Fgr1DT21U7\43Y57N99`1BRJ3Y=P<E12O
FJ\1DT2 @̀1ABU723 1.2 P?77?FPS9 g9V4 1200 MPKG9FPS9  

      9.2  hT2Al2>94AK9GIQ1D5YZ2743O\8AU7\43N<XST4S93Y2UU7\43Y57N99`1BRJ3K>72M9HB 
Y2U1Wk11Z2I�7PBML7\23R7=4WOl2>E28OZ2E12O 3 x 5 1?k8R7\81Z2l2>1Wk1P2JRU1 (Scan) FE\2
FG9VX43G4P>?8FS49B6W1N_Ul2>M8\    

 9.3 1Z29@LFE\2KL9RU9PKIKSc4L H<F4J8 UZ2g1OE46FESE4394AK9GIQ1D5YZ2743KOA
J9\23U946E12OG82PU8\23 1 P?77?FPS9g9V4 1000 MPG941 82361l2>94AK9GIQ1D5YZ2743 
ig\E46E43U946823c?OE46E4394AK9GIQ1D5YZ2743N23O\21G4IQ1 (Cervical) F1VX43Y2U
7WU[:=E4394AK9GIQ1D5YZ2743N23O\21G4IQ1PWUY=FLm1FJ\1S93P5P�2UUW6D?8O\2114UE43
94AK9GY5OE28YZ2743ST23Y2U94AK9GIQ1D5YZ2743N23O\216OFG<kA8N<XPWUFLm1FJ\1S93NZ2P5P
Rg7PUW6D?8E4394AK9GIQ1D5YZ2743 ( ?̀8>9,8Wc92l9:B R7=cWA8Wd1B, 2550) 

 

                            

 

l2>N<X 8  l2>RJO3SZ2Rg1T3U946E12OG82PU8\23 1 P?77?FPS9 g9V4 1000 MPG941 61        
l2>94AK9GIQ1D5YZ2743 

9.4 L9W6GT2 Contrast E439@Ll2>FLm19\4A7= 100 NZ2ig\l2>P<J<FU?OE_k1F><A3 2 J< GV4 J<
E28R7=J<OZ2 Y2U1Wk1F7V4Uic\FG9VX43PV4cVX4 Magic wand F>VX4F7V4UE46FESE43J<N<XS\43U29 i1
N<X1<kGV4 J<OZ2 H_X3FLm194AD5 KOAL9W6GT2 Tolerance FNT2UW6 @̀1AB gP2AG82P8T2 E46FESN<XF7V4U
Y=G946G75PJ<N<XGT2G82PRSUST23Y2UJ<OZ2N<XF7V4UM8\9\4A7= @̀1AB KOAY=RJO3FLm1FJ\1L9=
RJO3E46FES Y2U1Wk11Z2>Vk1N<X94AK9Gi1JT81N<X4A@Ti1U946N<XJ9\23M8\P28WOE12OE43>Vk1N<XO\8A
KL9RU9P 4?PFPY-KL9 >7WJF849BcW1 4.5.0.29 SWk3g1T8A8WOFLm1S2923MPKG9FPS9  
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�	�(�H�����������'� 

6W1N_UE\4P@7>Vk1N<X94AD5E43c?k1SW84AT23 

 
S2923N<X 4  S29236W1N_U>Vk1N<X94AD5R7=>Vk1N<X94AD5N<XFL7<XA1RL73E43c?k1SW84AT23E43IQ1U92P 
                1\4AR7=IQ1U92P1kZ21P 
 

7Z2OW6
IQ1SW8 
4AT23 

>Vk1N<X94AD5U75TPG86G5P (MPKG9FPS92) >Vk1N<X94AD5U75TPNO743(MPKG9FPS92) 

 UT41         
pH-cycling  
(U) 
  

g7W3          
pH-cycling        
(E) 

94AD5N<X
FL7<XA1 
RL73 
(E-U) 

UT41           
pH-cycling  
 (G) 
 

g7W3                
pH-cycling        
(3) 

94AD5N<X
FL7<XA1        
RL73           
(3-G) 

1       
       
20       

 

�	���(��	��%����'� 

U298?YWAG9Wk31<kic\KL9RU9PJZ2F9rY9@L SPSS (Statistical Package for the Social 
Science) version 13.0 i1U29L9=P87D7E\4P@7N<XMO\Y2UU29 _̀U[2 OW31<k 

1. Jh?S?Fc?3>99:12  MO\RUT U298WOR18K1\PFE\2J@TJT81U723 (GT2F�7<XA) U298WOU29U9=Y2A   
(GT2JT81F6<XA3F61P2S92�21) E43>Vk1N<X94AD5R7=G82PRSUST23>Vk1N<X94AD5N<XFL7<XA1RL73 

      2.   8?FG92=gBg2G82PRSUST23E43GT2F�7<XA>Vk1N<X94AD5N<XFL7<XA1RL739=g8T23U75TPNO743UW6 
            U75TPG86G5PO\8AJh?S? paired t-test 
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�5��'��+�	(����	���"
# 

                                                             GWOF7V4UIQ1SW84AT23 

 

        S9<APc?k1IQ1SW84AT23 

                           EWOD?8FG7V46IQ169?F8:U_X3U723c?k1IQ1SW84AT23       

                                        FS9<AP>Vk1N<XJ9\2394AD5YZ2743        
 

                                                                       J9\2394AD5YZ2743              

 

                                                                     J5TPSW84AT23 

                                                             FS9<AP>Vk1D?8IQ1JZ2g9W6U298?YWA 

 

                  
                         

 
 

                                        
                                                        pH cycling  IQ1U92P1\4A 4 JWLO2gB 
                  IQ1U92P1kZ21P 2 JWLO2/� 
 
                                                    SWOIQ1g12 L9=P2: 100±50  MPKG9FPS9 

 

                       1Z2c?k1SW84AT23MLJT43O\8AU7\43Y57N99`1BRJ3K>72M9HB  x40 FNT2 R7=1Z2ML8WO>Vk1N<X94AD5 

     U75TPNO743      U75TPG86G5P 
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                                                               ����� 4 
 

5��	���"
# 
 

 U298?YWA1<kG9Wk31<k FLm1U29 _̀U[2L9=J?N;?l2>E43FGH<1 I4JKIFL6MNOB 4=P49BIQJ
RG7FH<API4JFISF>JSBST4U29JT3FJ9?PGV1U7W6E43R9T;2S56194AD5YZ274361D?8FG7V46IQ1P15[AB
O\21F9<A6 i1g\43Lj?6WS?U29 NZ2U29 _̀U[2i1IQ1U92P1\4A 20 H<XR7=IQ1U92P1kZ21P 20 H<X KOA1Z2
IQ1P2J9\2394AK9GIQ1D5YZ2743 Y2U1Wk1NZ2U29J5TPSW84AT23F>VX4R6T3U75TPFE\2J@TU75TPNO743R7=U75TP
G86G5P R7=NZ2U29J5TP4<UG9Wk3F>VX4UZ2g1O>Vk1N<XNO743R7=>Vk1N<XG86G5PE43U75TPNO743R7=U75TP
G86G5P FE\2J@TE681U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23 KOANZ2ig\FU?OU29J@aFJ<AR9T;2S5
R7=U29GV1U7W6E43R9T;2S5J7W6UW1 3 cT83ST48W1 KOAi1U75TPNO743Y=NZ2U29N2FGH<1 I4JKIFL6
MNOB 4=P49BIQJRG7FH<API4JFISF>JSB8W17= 2 G9Wk3 121G9Wk37= 3 12N< JT81i1U75TPG86G5PY=
MPTMO\9W6U29N2J29iOo  IQ1U92P1\4AY=NZ2U29NO743FLm19=A=F872 4 JWLO2gBJT81i1IQ1U92P
1kZ21PY=NZ2U29NO743FLm19=A=F872 2 JWLO2gBY2U1Wk1Y=NZ2U29SWOIQ1ig\MO\G82Pg12L9=P2: 
100±50 MPKG9FPS9 hT2A9@L94AD5YZ2743O\8AU7\43hT2A9@LN<XST4KOAS93Y2UU7\43Y57N99`1Bc1?O
RJ3K>72M9HBN<XUZ27W3EA2A 40 FNT2  1Z2l2>hT2AN<XMO\P28WO>Vk1N<X94AD5O\8AKL9RU9PKL9RU9P
4?PFPY-KL9 >7WJF849BcW1 4.5.0.29 >68T2  
 
 �)*������#5$(c���#���(�3��#5$(��������/���	�"�	����	�(����#�������	����	�
(�L���++/	�,�-/���	� �����
��	�"�	����	�(����#�������	����	�(�L���++/	�,�
-/���	� (+
��	�	���� 5) 
           4 ���	����# 
        U75TPNO743    UT41U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           275.20 ±26.63 x103MPKG9FPS92 
           g7W3U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           199.03 ±27.48 x103MPKG9FPS92 
 U75TPG86G5P   UT41U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           277.41 ±25.57 x103MPKG9FPS92 
           g7W3U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           366.14 ±23.06x103MPKG9FPS92 
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4 ���	��*�	�� 

U75TPNO743    UT41U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           237.78±33.05 x103MPKG9FPS92 
           g7W3U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           171.66±22.49 x103MPKG9FPS92 
 U75TPG86G5P   UT41U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           239.65±34.43 x103MPKG9FPS92 
           g7W3U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
           322.41±38.65 x103MPKG9FPS92 
 

FPVX41Z2GT2>Vk1N<X94AD5YZ27439=g8T2369?F8:94AD5UT41U29YZ2743U29FL7<XA1RL73Jl28=
G82PFLm1U9OOT23i1cT43L2UR7=69?F8:g7W3U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9O
OT23i1cT43L2UE43IQ1c?k1FO<A8UW1P2GZ218:g2G82PRSUST23  F9<AUGT2G82PRSUST231<k8T2 �GT2
G82PRSUST23E43>Vk1N<X94AD5YZ2743N<XFL7<XA1RL73ML�  Y=>68T2i1SW84AT23IQ1U92P1\4AU75TP
NO743 Y=P<GT2F�7<XA>Vk1N<X7O73 76.07±14.40 x103 S2923MPKG9FPS9 (7O739\4A7= 27.64)   
i1E:=N<XU75TPG86G5PY=P<GT2F�7<XA>Vk1N<X94AD5F>?XPE_k1 88.83±14.88 x103 S2923MPKG9FPS9 
(F>?XPE_k19\4A7= 32.02) JT81IQ1U92P1kZ21PU75TPNO743Y=P<GT2F�7<XA>Vk1N<X7O73 66.12±19.52 
x103 S2923MPKG9FPS9 (7O739\4A7= 27.80)    i1E:=N<XU75TPG86G5PY=P<GT2F�7<XA>Vk1N<X94AD5
F>?XPE_k1 82.86±11.39 x103 S2923MPKG9FPS9 (F>?XPE_k19\4A7= 34.57)   OW3S2923N<X 5 
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�	�	���� 5   �)*������#5$(c���#����/	(c���#����)*����(����#����� (x1030�.��(���2 ±SD) 
 
-��+ 
4 � 
 

                               ��$/��+���                          ��$/�����$� 

 UT41 g7W3     >Vk1N<X 
    FL7<XA1 
     RL73 

9\4A7=E43 
>Vk1N<X 
FL7<XA1RL73 

UT41 g7W3 >Vk1N<X 
FL7<XA1           
RL73 

9\4A7=E43 
>Vk1N<X 
FL7<XA1RL73 

IQ1
U92P
1\4A 
 

275.20 
±26.63 

199.03 
±27.48 

   -76. 07 
   ±14.40 
 

7O 27.64 277.41 
±25.57 

366.14 
±23.06 

+88.83 
±14.88 

 

F>?XP 32.02 

IQ1
U92P
1kZ21P 

237.78 
±33.05 

171.66 
±22.49 

  -66.12 
  ±19.52 
 

7O 27.80 239.65 
±34.43 

322.41 
±38.65 
 

+82.86 
±11.39 

 

F>?XP 34.57 

 
gP2AFgS5 : 
 FG9VX43gP2A +gP2Ah_3 >Vk1N<X94AD5YZ2743F>?XPE_k1l2Ag7W3DT21U29YZ2743U29 
                                              FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 
 FG9VX43gP2A - gP2Ah_3 >Vk1N<X94AD5YZ27437O73l2Ag7W3U29YZ2743U29FL7<XA1RL73 
                                              Jl28=G82PFLm1U9OOT23i1cT43L2U 
 
 FPVX41Z2GT2G82PRSUST23E43>Vk1N<X94AD5YZ2743F�7<XAIQ1U92P1\4AR7=IQ1U92P1kZ21PE43
U75TPNO743R7=U75TPG86G5PP2NOJ46U29RYURY3E\4P@7O\8AJh?S? kolmogorov-Smirnov test 
>68T2E\4P@7P<U29RYURY3R66LUS? Y_3FL9<A6FN<A6GT2G82PRSUST23E43>Vk1N<X94AD5YZ2743F�7<XA
UT41R7=g7W3YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U9=g8T23U75TPNO743
R7=U75TPG86G5PN<XP2Y2UIQ1H<XFO<A8UW1NWk3IQ1U92P1\4AR7=IQ1U92P1kZ21PO\8AJh?S? paired t-test 
N<X9=OW61WAJZ2GWaN23Jh?S? 0.05 D7U298?FG92=gB>68T2 GT2F�7<XA>Vk1N<X94AD5YZ2743E43c?k1SW84AT23
IQ1U92P1\4AR7=IQ1U92P1kZ21Pi1U75TPNO743P<GT21\4AU8T2>Vk1N<X94AD5YZ2743F�7<XAE43U75TP
G86G5P4AT23P<1WAJZ2GWaN23Jh?S? (P=.000)  
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FPVX41Z2GT29\4A7=E43>Vk1N<XFL7<XA1RL73E43U75TPNO743R7=U75TPG86G5PP268U98PUW1 
>68T2 IQ1U92P1\4A   U29N2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB8W17= 2 
G9Wk3 121G9Wk37= 3 12N< 121 4 JWLO2gBY=P<L9=J?N;?l2>7O94AD5YZ2743MO\9\4A7= 59.66 JT81IQ1
U92P1kZ21P U29N2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB8W17= 2 G9Wk3 121
G9Wk37= 3 12N< 121 2 JWLO2gBY=P<L9=J?N;?l2>7O94AD5YZ2743MO\9\4A7= 62.37 
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����� 5 
 �����	#5��	���"
# ��$�5��	���"
# ������(������ 

 
�����	#5��	���"
# 
 
 U298?YWA1<kG9Wk31<k FLm1U29 _̀U[2L9=J?N;?l2>E43FGH<1 I4JKIFL6MNOB 4=P49BIQJ
RG7FH<API4JFISF>JSBST4U29JT3FJ9?PGV1U7W6E43R9T;2S56194AD5YZ274361D?8FG7V46IQ1P15[AB
O\21F9<A6 NWk3i1IQ1U92P1\4AR7=IQ1U92P1kZ21P i1g\43Lj?6WS?U29 KOAFL9<A6FN<A6>Vk1N<X94AD5
YZ2743N<XFL7<XA1RL7361c?k1SW84AT23E43IQ1H<XFO<A8UW1UT41R7=g7W3DT21U9=681U29YZ2743
FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U 9=g8T23U75TPNO743R7=U75TPG86G5Pl2AiS\
U7\43Y57N99`1Bc1?ORJ3K>72M9HB  

U29FS9<APc?k1IQ1SW84AT23F>VX4U29 _̀U[2G9Wk31<k  Y=ic\IQ1H<X FO<A8UW1FLm1SW8G86G5P 
(Intradental control) U7T28GV4 R6T3G9_X3IQ144UFLm1 2 c?k1 c?k1g1_X3FLm1c?k1G86G5PR7=4<Uc?k1g1_X3
FLm1SW8NO743 KOA69?F8:NO743 GV4 69?F8:D?8IQ1O\21iU7\RU\PE43IQ1U92P1\4ARN\R7=IQ1
U92P1kZ21PN<XMPTP<94AD5 94A9\28 U2945O g9V4G82PD?OLUS?iOoN<XD?8FG7V46IQ1 >68T2L9?P2:
I7@44M9OBF�7<XAi1SZ2Rg1T3N<X4A@T69?F8:FO<A8UW1E43D?8IQ1NWk3 2 c?k1 (Symmetrical area) Y=P<
G82PJWP>W1;BUW1P2U (Kirkegaard R7=G:=, 1976; Retief R7=G:=, 1980) KOAU29 _̀U[2G9Wk3
1<kMO\NZ2U29EWOD?8FG7V46IQ1cWk114UUT411Z2MLRcTJ297=72AN<XNZ2ig\FU?OU29J@aFJ<AR9T;2S5F>VX4NZ2
ig\FU?O94AD5YZ2743 H_X3U29EWOD?8FG7V46IQ144U623JT81Y=cT8ANZ2ig\FU?O94AD5YZ2743MO\3T2AE_k1 
F>92=69?F8:D?8FG7V46IQ1JT811<kY=L9=U46O\8AD7_UR9T;2S5N<XP<E12OigaTR7=P<G82PFE\PE\1E43
I7@44M9OBL9?P2:J@3 (Weatherell, Hallsworth R7= Robinson, 1973) 14UY2U1<kAW3>68T24WS92
U29J@aFJ<AR9T;2S5E43D?8FG7V46IQ1R7=F1Vk4IQ1i1c?k1SW84AT23N<XMO\9W6U29EWO>Vk1D?8Y=J@3FLm1J43
FNT2E43c?k1SW84AT23N<XMPTMO\9W6U29EWO>Vk1D?8 (Herkstroter, Witjes, R7= Arends, 1991) OW31Wk1U29
EWOD?8FG7V46IQ1cWk114U44UMLY_3cT8ANZ2ig\ FU?OU29J@aFJ<AR9T;2S5P2UE_k1 (Weatherell, 
Hallsworth R7= Robinson, 1973; Ingram R7= Silverstone; 1981; Herkstroter, Witjes, R7= 
Arends, 1991) 14UY2U1<kAW3>68T294AD5YZ2743N<XFU?OE_k161D?8IQ1N<XMO\9W6U29EWOY=FU?O94AD5NWX8
NWk369?F8:N<XNO743P<7WU[:=JPXZ2FJP4UW1 (Homogeneously) E:=D?8IQ1N<XMPTMO\9W6U29EWOY=P< 
7WU[:=E4394AD5N<XMPTR1T141 (Irregular) 62369?F8:Y=FU?OU29J@aFJ<AR9T;2S5F><A3F7rU1\4Ai1
E:=N<X62369?F8:MPTFU?OU29J@aJ<AR9T;2S5F7A (White, 1987)  
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F>VX4ig\L9?P2:D?8FG7V46IQ1N<Xh@UEWOY2UIQ1H<XFO<A8UW1P<G82PiU7\FG<A3UW1 U29 _̀U[21<kY_3
MO\G86G5PLQYYWAST23oN<XP<D7ST4U29EWOD?8FG7V46IQ1 MO\RUT YZ2181946ST412N<i1U29EWO F872N<XEWO 
R7=G82P7=F4<AOE43U9=O2[N92A H_X3Y2UU29 _̀U[2G9Wk31<k >68T2 >Vk1N<X94AD5YZ2743N<XFU?OE_k1i1
c?k1SW84AT23NWk3J43c?k1Y2Uc?k1IQ1SW84AT23H<XFO<A8UW1Y=P<GT2>Vk1N<X94AD5YZ2743iU7\FG<A3UW1 

 
U29J9\2394AD5YZ2743i1U29 _̀U[21<kY=1Z2IQ1MLRcTi1J297=72AJZ2g9W6NZ2ig\FU?O               

U29J@aFJ<AR9T;2S5KOAP<U9OR7GS?U (Lactic acid) FLm1JT81DJP H_X3J2P29hJ9\2394AD5YZ2743N<XP<
7WU[:=94AD5i19=A=F9?XPR9U GV4 P<J<E28E5T1JPXZ2FJP4 N_6RJ3 R7=D?8F9<A6 MPTST23Y2U94AD5i1
9=A=F9?XPR9UN<X>6i1cT43L2U (White, 1987)  F1VX43Y2Ui1cT43L2UY=P<Jl28=E43U29J@aFJ<A           
R9T;2S5J7W6UW6U29GV1U7W6E43R9T;2S5 (Herkstroter, Witjes R7= Arends, 1991) U29 _̀U[21<kY_3
YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2UKOAUZ2g1Oig\FU?OU29J@aFJ<A         
R9T;2S5YZ2181 3 946ST48W1 J7W6UW6U29NZ2ig\FU?OU29GV1U7W6E43R9T;2S5F>VX4ig\iU7\FG<A3UW6U29
FU?Oi1c<8?SL9=YZ28W1P2UN<XJ5O (J2;?S, 8Wc92l9:BR7=cWA8Wd1B, 2548; ?̀8>9, 8Wc92l9:BR7=
cWA8Wd1B, 2550) R7=YZ2743ig\iU7\FG<A3UW6U299W6L9=N2142g29i1RST7=8W1N<XFJ<XA3ST4U29FU?OIQ1
D5J@3 (ten Cate R7= Duijsters, 1982) KOARcTSW84AT23IQ1i1J297=72AJZ2g9W6NZ2ig\FU?OU29
J@aFJ<AR9T;2S5 (pH = 4.8) FLm1F872 8 cWX8KP3ST48W1 R7=RcTSW84AT23IQ1i1J297=72AJZ2g9W6NZ2ig\
FU?OU29GV1U7W6E43R9T;2S5 (pH = 7.0) FLm1F872 16 cWX8KP3ST48W1 F1VX43Y2UJ297=72AN<X1Z2P2ic\
i1U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT231<kJ2P29hFU?OU294?XPSW8MO\ OW31Wk1 i1
U29 _̀U[2G9Wk31<kY_3FL7<XA1J29igPTN5UG9Wk3N<XNZ2ig\FU?OU29J@aFJ<AR9T;2S5R7=U29GV1U7W6E43R9T;2S5 
14UY2U1<kJ297=72AJZ2g9W6U29GV1U7W6E43R9T;2S5N<X1Z2P2ic\Y=MPTP<JT81L9=U46E43I7@44M9OB
DJPF>92=Y=P<D7ST4U29JT3FJ9?PU29GV1U7W6E43R9T;2S56194AD5YZ2743MO\ 

 
9=A=F872F7<A1R66U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2UY=RSUST23UW1

i1IQ1U92P1\4AR7=IQ1U92P1kZ21P JZ2g9W6IQ1U92P1\4AY=ic\F872 4 JWLO2gB i1E:=N<XIQ1U92P
1kZ21PY=ic\ F872 2 JWLO2gB F1VX43Y2Ug2Uic\9=A=F872121U8T2 2 JWLO2gB 94AD5YZ2743Y=P<
K4U2J75U72PFE\2J@TcWk1F1Vk4IQ1R7=c?k1SW84AT23IQ1P<K4U2JFJ<Ag2AP2UE_k1i1EWk1S41U29SWOIQ1ig\
P<G82Pg12 150 MPG941 ( ?̀8>9,8Wc92l9:BR7=cWA8Wd1B, 2550) NWk31<kFLm1F>92=D?8FG7V46IQ1E43
IQ11kZ21P623U8T2R7=P<L9?P2:E43R9T;2S51\4AU8T2IQ1RN\4AT23P<1WAJZ2GWa (Wilson R7= Beyron, 
1989) 14UY2UG82PRSUST23E43E12OR7\8U29F9<A3SW8E43D7_Ui1FG7V46IQ11kZ21PAW3P<G82P 
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FLm19=F6<A61\4AU8T2IQ1RN\ (Skaleric R7=G:=, 1982)  4<UNWk3P<KG93J9\23E43D7_UM�O94UH<  
 4=>2MNOBN<X98PSW8UW1MPTR1T1FNT2UW6IQ1RN\ (Katz, Beck R7= Muhler, 1969) cT438T239=g8T23
D7_UP2UU8T2IQ1RN\  Y_3JT3D7ig\IQ11kZ21PP<9@>951N<XD?8FG7V46IQ1P2UU8T2IQ1RN\ (Shellis, 1984)  
NZ2ig\P<D7ST4U29H_PDT21E43U9OR7=U297=72AE43R9T;2S5N<XD?8FG7V46IQ1MO\ OW31Wk1 D?8FG7V46IQ1
1kZ21PY_3P<K4U2JFU?OU29J@aFJ<AR9T;2S5MO\F9r8R7=3T2AU8T2IQ1RN\  
 

U29 _̀U[2i1g\43Lj?6WS?U29P<SW88WOU29JT3FJ9?PU29GV1U7W6E43R9T;2S5N<X1?APic\4A@Tg72A
8?;< FcT1 U298WOU29J@aFJ<Ag9V4U29J=JPU7W6E43R9T;2S5N<XD?8IQ1  KOA8WOG82PFE\PE\1E43
RG7FH<APN<X4A@Ti1J297=72A (ten Cate R7= Arends, 1977; ten Cate, Buijs R7= Damen, 
1995) FLm1U298WON234\4PN<XY=c<k8T2P<U29J@aFJ<Ag9V4J=JPU7W6E43R9T;2S5N<XD?8IQ1 KOAGZ218:
Y2UG82PFE\PE\1E43RG7FH<APN<X4A@Ti1J297=72A E\4O\4AE438?;<1<k GV4 MPTJ2P29h64UL9?P2:             
U29J=JPU7W6E43R9T;2S5MO\KOAS93 14UY2U1<k AW3P<U298WOU29FL7<XA1RL73N23Y57U2A8?l2G
`2JS9B H_X3P<4A@Tg72A8?;< MO\RUT U29 _̀U[2O\8AMPKG9F9O?K4U92I (Microradiography) FLm18?;<         
U298WOL9?P2:R9T;2S5i1D?8FG7V46IQ1i1Fc?3L9?P2: (Wefel, 1990; Dunipace R7=G:=, 1997) 
U298WOG82PREr3D?8 (Hardness measurement) FLm18?;<N<Xic\NOJ46U29FL7<XA1RL73E43F1Vk4FAVX4
REr3N23U2Al2> D7Y2UU298WOG82PREr3D?8Y=RJO3G82PJWP>W1;BUW6L9?P2:R9T;2S5N<XP<4A@T 
(Featherstone R7=G:=, 1983; Kielbassa R7=G:=, 1999) JZ2g9W6U29 _̀U[21<kY= _̀U[2O\8A
U7\43Y57N99`1Bc1?ORJ3K>72M9HB H_X3P<E\4O<GV4 J2P29hRJO3ig\Fgr1U29FL7<XA1RL73E43D?8
FG7V46IQ1N<XP<U29FL7<XA1RL73F><A3F7rU1\4AMO\ KOAJ2P29h64USZ2Rg1T3E43IQ1D5 94AD5i19=A=
F9?XPR9U U29EA2AE4394AD5 R7=U29FL7<XA1RL73N23KG93J9\23N<XFU<XA8UW6U297=72AR7=GV1U7W6
E43R9T;2S5 KOAJ2P29hO@MO\NWk3>Vk1D?8 (Surface) R7=9=OW6iS\>Vk1D?8 (Subsurface)  (Arends, 
Schuthof R7= Jongebloed, 1980; Wefel R7= Harless, 1984) NWk31<kY=J2P29hFgr194AD5 4 cWk1 
FPVX4O@DT21J297=72AG8?K17<1 (quinoline) GV4 cWk1  Surface zone  cWk1 Body of lesion cWk1 Dark 
zone R7=cWk1 Translucent zone  RSTh\2O@DT211kZ2Y=Fgr1cWk1 Surface zone  R7=cWk1 Body of 
lesion  (Silverstone, Hicks R7= Featherstone, 1988; Thylstrup R7= Fejerskov, 1994)   

U298WO94AD5O\8AKL9RU9PG4P>?8FS49BJZ2F9rY9@L1Wk1Y=P<4A@TJ43KL9RU9P MO\RUT KL9RU9P 
Image pro-plus (version 4.5 for windows, Media cybernectics, USA) R7= KL9RU9P 
Plexira Studio Pro (version 2.5, 120es Application suite, Piexera cooperation, USA) RST 



 
 
 

 

                                                                                                                                              
 
                                                                                                                                          55 
 
                                                                                                                                                                 

F1VX43Y2UKL9RU9PNWk3J43P<E\4YZ2UWOi1U29UZ2g1OE46FESE4394AD5 H_X394AD5YZ2743N<XFU?OE_k1PWUP<
E46FESN<XMPTcWOFY1 Y_3NZ2ig\MPTJ2P29hRAU69?F8:94AD544UY2U69?F8:N<XMPTD5MO\4AT23cWOFY1 
OW31Wk1  i1U298?YWAG9Wk31<kY_38WO94AK9GIQ1D5i1cWk1 Surface zone  R7=cWk1 Body of lesion KOAic\
KL9RU9PG4P>?8FS49BJZ2F9rY9@L Adobe photoshop L9W6 contrast 9\4A7= 100 F>VX4ig\Fgr1G82P
RSUST23E46FESE4394AD5MO\4AT23cWOFY1   
 
 D7U29 _̀U[21<k >68T2 FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSBJ2P29h
JT3FJ9?PU29GV1U7W6E43R9T;2S56194AD5YZ2743N<XD?8FG7V46IQ1P15[ABO\21F9<A6NWk3i1IQ1RN\R7=IQ1
1kZ21P4AT23P<1WAJZ2GWaN23Jh?S? (p=.000) H_X3J4OG7\43UW6U29 _̀U[2E43 Yamaguchi R7=G:= 
(2006) H_X3 _̀U[2i1IQ18W8 YZ2181 6 H<X i1g\43Lj?6WS?U29KOAic\FG9VX43PV4 Ultrasonic FLm1SW88WOR9T
;2S5  >68T2 FPVX41Z2IQ1MLRcTFGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB8W17= 2 G9Wk3 
121G9Wk37= 10 12N<Y=cT8Aig\P<U29JT3FJ9?PU29GV1U7W6E43R9T;2S5F>?XPE_k1FPVX4FL9<A6FN<A6UW6U75TP
N<XMPTMO\RcTFGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB 4AT23M9UrS2PU29ig\IQ1JWPDWJ
UW6FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB121h_3 10 12N<U291Z2MLLj?6WS?Y9?3
NZ2MO\A2U S\4342 ẀAG82P9T8PPV4Y2UD@\L�8AGT41E\23P2U 14UY2U1<kFPVX41Z2MLFL9<A6FN<A6UW6
U29 _̀U[2E43 Sudjalim R7=G:= i1Ls 2007 NZ2U29 _̀U[2i1IQ1U92PRN\H<XN<X 3 YZ2181 5 H<XN<XS?O
R69UFUrS (Bracket) YWOIQ1l2AiS\g\43Lj?6WS?U29KOAic\ Quantitative light-induced 
fluorescence FLm1SW88WOU29J@aFJ<AR9T;2S5 (Mineral loss) >68T2 FPVX4N2FGH<1 I4JKIFL6MNOB 
4=P49BIQJRG7FH<API4JFISF>JSB 8W17= 6 G9Wk3 Y=cT8AJT3FJ9?Pig\FU?OU29GV1U7W6E43  R9T;2S5MO\
FPVX4FN<A6UW6U75TPG86G5PN<XMPTMO\9W6U29N2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS
F>JSB RST4AT23M9UrS2PU29N2h_38W17= 6 G9Wk3 42YMPTJ=O8Ui1U291Z2MLLj?6WS?Y9?3 OW31Wk1 
U29 _̀U[2i1G9Wk31<k Y_3N2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB8W17= 2 G9Wk3 
GV4 S41Fc\2 R7=S41UT41141 N2121 3 12N< NWk31<kF>VX4ig\J4OG7\43UW6G82PFLm1MLMO\i1U29
Lj?6WS?i1c<8?SL9=YZ28W1 
 
 FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFIS L9=U46O\8A 2 JT81 MO\RUT FGH<1 
I4JKIFL6MNOBR7=4=P49BIQJRG7FH<API4JFIS H_X 3FGH<1I4JKIFL6MNOBFLm1KL9S<1N<X
L9=U46O\8AI4JKIH<9?7N<XSUG\23FLm1YZ2181P2U KOAY=NZ2g1\2N<XNZ2ig\RG7FH<APR7=I4JFISP<
G82PG3N1R7=MPTSUS=U41S2P;99Pc2S? U29NZ2321E43FGH<1 I4JKIFL6MNOB 4=P49BIQJ 
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RG7FH<API4JFIS 14UY2UFGH<1 I4JKIFL6MNOB Y=cT8AL�43UW1U29SUS=U41E43RG7FH<AP
I4JFISR7\8 FGH<1 I4JKIFL6MNOB AW3cT8ANZ2ig\4=P49BIQJRG7FH<API4JFISG34A@T61D?8IQ1 
R7=G3l28=U294?XPSW8E43RG7FH<APR7=I4JFIS H_X3Y=cT8A7OU29J@aFJ<AE43R9T;2S5R7=cT8A
JT3FJ9?Pig\FU?OU29GV1U7W6E43R9T;2S5FE\2J@TIQ1 (Reynolds, 1998) Y2UU29N<XFGH<1 I4JKIFL6MNOB 
4=P49BIQJRG7FH<API4JFISNZ2ig\FU?Ol28=4?XPSW8E43R9T;2S561D?8IQ1 Y_3NZ2ig\FU?OU29J=JP
U7W6E43R9T;2S54AT2398OF9r8 (Yamaguchi R7=G:=, 2006) OW31Wk1 Y_3FLm1FgS5D7N<XNZ2ig\FGH<1              
I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSBJ2P29hJT3FJ9?PU29GV1U7W6E43R9T;2S561         
D?8IQ1MO\ 
 
 Y2UU29 _̀U[2G9Wk31<k>68T2 FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB
J2P29hJT3FJ9?PU29GV1U7W6E43R9T;2S56194AD5YZ2743N<XD?8FG7V46IQ1P15[ABO\21F9<A6NWk3i1IQ1RN\
R7=IQ11kZ21PMO\ RJO38T2FGH<1 I4JKIFL6MNOBFLm1SW8E1JT3RG7FH<APR7=I4JFISMLAW369?F8:    
D?8IQ1MO\O<R7=AW3J2P29hG3l28=U294?XPSW8E43RG7FH<APR7=I4JFIS69?F8:D?8IQ1 Y_3J2P29h
ST4S\21U29FU?OIQ1D5MO\ FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSBY_3FLm1N23F7V4U
g1_X3i1U291Z2P2ic\JT3FJ9?Pig\FU?OU29GV1U7W6E43R9T;2S5F>VX4ig\D?8FG7V46IQ1N<XFU?O94AK9GY5OE28
FU?OU29J=JPGV1U7W6E43R9T;2S5  14UY2U1<kFGH<1 I4JKIFL6MNOB 4=P49BIQJFRG7FH<API4JFIS
AW3FLm1Rg7T3E43RG7FH<APR7=I4JFISY_3J2P29hcT8A9WU[2KG93J9\23E43D?8FG7V46IQ1M8\MO\ 
>68T2 U29N2FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB61D?8FG7V6IQ1Y=cT8AF>?XP
GT2G82PREr3 (Hardness) E43FG7V46IQ1MO\ (gNWAc1U, P59;2R7=J5c?S, 2549) OW31Wk1 U29ic\FGH<1 
I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB42YY=FLm1N23F7V4Ug1_X3JZ2g9W665GG7N<XFJ<XA3
ST4U29FU?OIQ1D5J@3 KOAF�>2=i165GG7N<XYWOIQ1 (Sudjalim, Woods R7= Manton, 2006)  g9V4i1
U75TPFOrUF7rUH_X3P<G82PFJ<XA3ST4U29FU?OD7E\23FG<A3Y2UU29U7V1I7@44M9OB 14UY2U1<k42YY=FLm1
N23F7V4Ug1_X3i1U291Z2P2ic\FLm1 Minimal interventioni1U75TPD@\L�8AN<XP<94AK9GY5OE28F>VX4
JT3FJ9?Pig\FU?OU29GV1U7W6E43R9T;2S5F>VX4L�43UW1MPTig\94AK9GP<U2975U72PST4ML (Steinberg, 
2002)  U29ic\FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSBY_3FLm1N23F7V4Ug1_X3
JZ2g9W61Z2P2ic\i1U29L�43UW1IQ1D5 
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��$�5��	���"
# 
 FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSBP<D7ST4U29JT3FJ9?PGV1U7W6E43
R9T;2S56194AD5YZ2743N<XD?8FG7V46IQ1P15[ABO\21F9<A6NWk3i1IQ1RN\R7=IQ11kZ21P4AT23P<1WAJZ2GWa
N23Jh?S? 
 
���(������ 
 

1. U29 _̀U[2G9Wk31<kFLm1U29 _̀U[2L9=J?N;?l2>E43J29FGH<1 I4JKIFL6MNOB 4=P49BIQJ
RG7FH<API4JFISF>JSBF><A34AT23FO<A8 RSTi1c<8?SL9=YZ28W1P<U29ic\A2J<IQ1DJP
I7@44M9OB9T8PO\8A OW31Wk1 Y_3G89P<U29 _̀U[2h_3L9=J?N;?l2>i1U9:<N<Xic\9T8PUW6A2J<IQ1
DJPI7@44M9OB 

2. F1VX43Y2UE\4O\4AE43FGH<1 I4JKIFL6MNOB 4=P49BIQJRG7FH<API4JFISF>JSB P<92G2
R>3 OW31Wk1 Y_3G89 _̀U[2FL9<A6FN<A6UW6U29ic\I7@44M9OBH_X3P<92G2h@UU8T2 FcT1 1kZ2A26\81
L2UDJPI7@44M9OBR7=I7@44M9OB821?c  

3. U29 _̀U[2G9Wk31<kFLm1U29 _̀U[2i1g\43Lj?6WS?U29 (in vitro) H_X3MPTJ2P29hYZ2743Jl2>i1
cT43L2UY9?3MO\NWk3gPO OW31Wk1 Y_3G89NZ2U29 _̀U[2i1N23G7?1?UST4ML F>VX4ig\D7U29 _̀U[2
iU7\FG<A3UW6FLm1G82PY9?3P2UN<XJ5O 
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l?9PAB UP79WS1U57, P1SBcWA c272L9=899S1B, R7= N8<J?1 SW1L9=A@9. (2548). g7WUU29NZ28?YWAig\

JZ2F9rY. 2000 F7TP. >?P>BG9Wk3N<X 4. U953FN>Pg21G9: FNrUHB R41OB FY49B1W7 >W67?FGcWX1. 
?̀8>9 J5EJ8T23,8Wc92l9:B NW`YW1N9B, R7=cWA8Wd1B  P:<15[AB. (2550) D7E43I7@44M9OBF�>2=N<XST4 

          U29GV1U7W6R9T;2S5E4394AK9GY5OE28i1IQ11kZ21P. 8.NW1S Y5�2� 30:169-80. 
J2;?S 41W1S89JU57,8Wc92l9:B NW`YW1N9B, R7=cWA8Wd1B  P:<15[AB. (2548) I7@44M9OBF�>2=N<XKOA

NW1SR>NABST4U29S\21N2194AD5YZ2743O\21F9<A6i1IQ11kZ21P. 8.NW1S55(3-4):144-52. 
gNWAc1U J5EFU[P, P59;2 >21?c, R7=J5c?S >@7N43. (2549) D7E43FGH<1 I4JKIFL6MNOB 

4=P49BIQJRG7FH<API4JFISST4G82PREr3E43FG7V46IQ1N<Xh@UJ_UU9T41KOAFG9VX43OVXPKG72. 
8.NW1S Y5�2� 29:183-94. 
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�	�5��� � 
�	�	���� 6  �	�	���+��/	�)*������#5$���-�*��
��#/	����4 ���	����# 
  
��	+
�4 �
�
��#/	� 

�)*������#5$��$/�����$� (0�.��(���2) �)*������#5$��$/��+��� (0�.��(���2) 

 UT41 pH-
cycling  
(U) 
 

g7W3 pH-
cycling  
(E) 

94AD5N<X
FL7<XA1RL73 
(E-U) 

UT41 pH-
cycling 
(G) 
 

g7W3 pH-
cycling          
(3) 

94AD5N<X
FL7<XA1RL73         
(3-G) 

1 278051.19 371041.40 +92990.21 285400.32 199836.93 -85563.39 
2 301163.27 385282.42 +84119.15 293205.31 208433.10 -84772.21 
3 318840.93 392163.71 +73322.78 317683.74 239926.51 -77757.23 
4 291023.84 379760.95 +88737.11 279988.60 198064.19 -81924.41 
5 308767.10 367286.93 +58519.83 313670.65 247081.52 -66589.13 
6 297892.82 395582.94 +97690.12 298170.49 218092.54 -80077.95 
7 283001.45 369620.16 +88618.71 293847.58 233905.11 -59942.47 
8 289255.18 389496.27 +100241.09 276625.73 190700.35 -85925.38 
9 256655.21 360878.90 +104223.69 240798.37 154785.80 -86012.57 
10 268922.30 330868.28 +61945.98 284644.12 217333.68 -67310.44 
11 251550.59 346418.73 +94868.14 236743.50 176984.88 -59758.62 
12 264403.92 354774.22 +90370.30 252957.14 191679.97 -61277.17 
13 251527.84 337282.95 +85755.11 258662.43 161962.92 -96699.51 
14 262297.57 370963.19 +108665.62 248724.15 185900.10 -62824.05 
15 252186.13 358571.54 +106385.41 239942.98 186791.53 -53151.45 
16 311209.20 397586.16 +86376.96 309437.51 211286.34 -98151.17 
17 255491.88 353139.71 +97647.83 257463.77 201805.31 -55658.48 
18 311714.35 399686.70 +87972.35 299602.49 218268.12 -81334.37 
19 226242.11 332244.18 +106002.07 238866.26 139251.89 -99614.37 
20 268060.53 330219.12 +62158.59 275491.30 198479.96 -77011.34 

 
��	#(��$ :  FG9VX43gP2A +  gP2Ah_3 >Vk1N<X94AD5YZ2743F>?XPE_k1 
         FG9VX43gP2A -   gP2Ah_3 >Vk1N<X94AD5YZ27437O73 
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�	�	���� 7  �	�	���+��/	�)*������#5$���-�*��
��#/	����4 ���	��*�	�� 
 
��	+
�4 �
�
��#/	� 

�)*������#5$��$/�����$� (0�.��(���2) �)*������#5$��$/��+��� (0�.��(���2) 

 UT41 pH-
cycling 
(U) 
  

g7W3 pH-
cycling           
(E) 

94AD5N<X
FL7<XA1RL73 
(E-U) 

UT41 pH-
cycling 
(G) 
 

g7W3 pH-
cycling           
(3) 

94AD5N<X
FL7<XA1RL73      
(3-G) 

1 269795.52 353072.79 +83277.27 269363.42 187330.61 -82032.81 
2 195398.62 248417.91 +53019.29 214504.49 161913.54 -52590.95 
3 233549.74 309514.22 +75964.48 230532.80 169135.59 -61397.21 
4 232355.11 316805.60 +84450.49 216311.82 163351.10 -52960.72 
5 259464.76 359117.75 +99652.99 256704.71 158105.72 -98598.99 
6 263101.97 354359.90 +91257.93 279903.43 184160.71 -95742.72 
7 281017.23 369993.70 +88976.47 260130.61 185324.93 -74805.68 
8 193840.72 269689.05 +75848.33 201592.00 149091.27 -52500.73 
9 263818.28 359689.91 +95871.63 259355.53 178605.90 -80749.63 
10 164584.40 243167.94 +78583.54 174595.57 128575.82 -46019.75 
11 242742.66 327183.63 +84440.97 249287.39 149611.40 -99675.99 
12 227463.61 309414.82 +81951.21 220177.54 173369.91 -46807.63 
13 203796.45 293712.11 +89915.66 189023.10 135304.73 -53718.37 
14 273246.84 354612.21 +81365.37 267973.25 191958.20 -76015.05 
15 276985.19 338901.35 +61916.16 272466.48 203404.84 -69091.64 
16 280996.82 369150.10 +88153.28 287877.91 197927.35 -89950.56 
17 212490.33 306702.24 +94211.91 205898.89 154529.70 -51369.19 
18 201327.97 287998.83 +88670.86 199027.83 157470.22 -41557.61 
19 259582.20 349267.46 +89685.26 247505.30 202283.91 -45221.39 
20 257481.11 327493.49 +70012.38 253304.42 201746.26 -51558.16 

 
��	#(��$ :  FG9VX43gP2A +  gP2Ah_3 >Vk1N<X94AD5YZ2743F>?XPE_k1 
         FG9VX43gP2A -   gP2Ah_3 >Vk1N<X94AD5YZ27437O73 
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�	�5��� � 
 
�	���(��	��%����'�+��#.������ SPSS 
 

1. GT2G82PRSUST23E43>Vk1N<X94AK9GIQ1D5YZ27439=g8T2369?F8:UT41DT21U9=681U29
YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2UUW669?F8:94AK9GIQ1D5
YZ2743g7W3DT21U9=681U29YZ2743U29FL7<XA1RL73Jl28=G82PFLm1U9OOT23i1cT43L2U
E43c?k1SW84AT23NO743R7=c?k1SW84AT23G86G5PO\8AJh?S?U29FL9<A6FN<A6GT2F�7<XAR66 
paired       t -test 

 
Test of Normality 

 
-��+���4 � df Sig. 

IQ1U92P1\4A GT2G82PRSUST23i1c?k1NO743 20 .896 
 GT2G82PRSUST23i1c?k1G86G5P 20 .567 
IQ1U92P1kZ21P GT2G82PRSUST23i1c?k1NO743 20 .210 
 GT2G82PRSUST23i1c?k1G86G5P 20 .775 

 
 

Paired Samples Correlation 
 

-��+���4 � N Correlation Sig. 
IQ1U92P1\4A 20 .022 .926 
IQ1U92P1kZ21P 20 .333 .151 

 
Paired Samples Test 
 

Paired Differences  
Mean Std. Deviation 

t df Sig.             
(2-tailed) 

IQ1U92P1\4A -164898.3 20935.42162 -35.225 19 .000 
IQ1U92P1kZ21P -148979.5 25669.03301 -25.956 19 .000 
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��5'�(��#����#	����1% 

 
                1234567899: ;<9=>?6@7AB FU?O8W1N<X 6 >�[l2GP >.`. 2522 N<XYW3g8WOFc<A3igPT JZ2F9rY
U29 _̀U[2L9?aa2S9<NW1SR>NA`2JS96W:�?SY2UG:=NW1SR>NA`2JS9B 
Pg28?NA27WAFc<A3igPT i1LsU29 _̀U[2 2545 FE\29W692cU29FLm1>1WU321Pg28?NA27WA SZ2Rg1T3 
NW1SR>NABL9=YZ2K93>A2627Pg292c1G9Fc<A3igPT G:=R>NA`2JS9B Pg28?NA27WAFc<A3igPT 
FLm1F872 6 FOV41 Y2U1Wk1MO\A\2AMLFLm1>1WU321Pg28?NA27WA SZ2Rg1T342Y29AB l2G8?c2NW1S 
U99PJZ2g9W6FOrU G:=NW1SR>NA`2JS9B Pg28?NA27WAFc<A3igPTY1h_3LQYY56W1 
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