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Many researches have been presented in regard to the 

treatment for hypersensitive dentin by fluoride iontophoresis. 

Although the mechanism of desensitization by fluoride 

iontophoresis is not apparent, several hypotheses have been 

proposed. Therefore, funda mental studies were conducted to 

examine the distribution of fluoride in dentin and the 

penetration of fluoride ion through the dentin to the pulp 

chamber by fluoride iontophoresis. In addition, 

histopathological study was conducted to investigate the 

pulpal response affected by fluoride iontophoresis.  

Fluoride distribution in dentin was examined on six extracted 

human first premolars. Cavities were prepared at the root of 

buccal dentin using a diamond point with water coolant. A 2% 

Solution of sodium fluo ride was applied for 1.0 mA  min to 

the freshly cut dentin and the specimens were then analyzed 

by microradiogram and electronprobe X - ray analyzer (EPMA : 

Shimadzu corp. EMX- SM type).  

Penetration of fluoride ion to the pulp chamber  

 

 

 

 

 

was examined using 29 extracted human first pre -  

molars. The root tip portion of the tooth was cut  off and the 

pulp tissue was removed. Shallow cavities reaching to the  

dentin were prepared at the buccal and lingual crown of the 

teeth by diamond point with water coolant. They were filled 

with 2% sodium fluoride and iontophoresed for 1.0mA  min. 

After cutting the electric current, the amount of the fluoride 

in the distil led water which had been filled  

in the pulp chamber was estimated by Capillary - tube  

Isotachophoresis (CITP : Shimadzu corp. IP - 2A).  

The pulpal response of the iontophoresis of 2%  sodium 

fluoride was studied using 46 first premolars of patients 9 

to 21 y ears old that were expected to be extracted for 

orthodontic reasons. Class V cavities were prepared at the 

buccal portion of these teeth by diamond point with water 

coolant and 2% sodium fluoride was filled and iontophoresed 

for 1.0 mA  min (0.2mA×5 min). In one control group, saline 

was iontophoresed in a cavity, and in another control  

group, current was not applied after the cavity preparation. 

Experimental teeth were extracted immediately, 3 days, 1, 2, 

3 and 4 weeks after treatment. They were fixed,  
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decalcified, and em bedded in paraffin, and sectioned at 

5ɡm thick. The sections were stained with hematoxlin and 

eosin, and observed under a light microscope.  

Results were summarized as follows :  

1. Microradiogram of the floor dentin did not show any 

changes of radio - opaci ty by 1.0mA  min iontophoresis.  

2. By 5 minutes topical application of 2% sodium  

fluoride solution, the fluoride penetrated approxima -  

tely 150 ɡm depth into the dentin, while 1.0mA min 

iontophoresis resulted in approximately 350 ɡm  

penetration of fluoride into the dentin.  

3. By 5.0mA  min iontophoresis of 2% sodium fluoride, the 

fluoride penetrated into the deeper portion of the dentin, 

thus the amount of the fluoride in dentin was proportional 

to the amount of current applied.  

4.  The amount of fluoride ion transported into the  

pulp chamber was 15.77 ppm in average by 1.0mA min 

iontophoresis of 2% sodium fluoride. On the contrary, only 

4.77 ppm of the fluoride ion was detected when 
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saline was iontophoresed. Therefore  it is concluded that 

the fluoride ion was transported through the dentin to the 

pulp chamber by iontophoresis. By the topical application 

of 2% sodium fluoride for 5 minutes, the fluoride ion was 

not detected in the distilled water filled in the pulp 

chamber.  

5. As the current was increased from 2.0mA min to 3.0 mA  

min, fluoride concentration increased from 17.45 ppm to 

19.21 ppm.  

6. Histopathological study showed 1.0mA  min iontophore -  

sis  of 2 % sodium fluoride did not appre ciably affect the 

pulp tissue compared with two control groups. (Request 

original article reprints, in Japanese, to Dr. NAGATANI)  
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≤ ⇔√⁹↓─╟℮⌂↓≤⅛╠MANNING│⁸  

─ ≤⇔≡ⱨ♇ ▬○fi ╩ ⇔⁸∕─
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⌐ ⇔√ⱨ♇ ▬○fi⅜⁸ ─ⱨ♇ ◌ꜟ◦►ⱶ≤⌂∫
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╕√ ╠│⁸2%NaF ─ ╩ 1 ⇔√

╩ ⌐≡ ⇔√≤↓╤⁸ ─ │ ⁸

↕╣╢ ⅜ ╘╠╣√≤ ⇔≡™╢⁹ 

⁸ ⌐ ⇔≡ⱨ♇ ▬○fi ⅜

╩ ╦∆≤™℮ ⅛╠⁸∕─ ─

╙ ↕╣≡™╢⁹∆⌂╦∟⁸GREENHILL23)╠│⁸ⱨ

♇ ▬○fi ⅜ ╟╡╙ ─ ╩

∆╢ ╩ ╩ ™√ ⌐⅔™≡ ⇔≡™

╢⁹╕√⁸ZADOK24)⁸WILSON25)╠│⁸▬○fi ─ ⌐⅔

↑╢ⱨ♇ ╡ ╖ ╩◄♇♅fi◓ ╩ ™√Biopsy ⌐╟╡

⇔⁸ ⌂╢ ⌐ ⇔≡▬○fi ╩ ∆╢↓

≤⅜⁸∕─ ╩ ∆╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔⌂

⅜╠⁸↓╣╠ ─ │⁸ ─↔ↄ ⌐⅔↑╢ⱨ

♇ ─ ⌐∆⅞∏⁸ №╢™│ ┼─ⱨ

♇ ⌐ ⇔≡│ ↄ ╣╠╣≡™⌂™⁹ 

│⁸ ─ ⌐ ™╠╣╢ ─

⅜⁸ ⅛╠ ⌐ ╢╕≢─ⱨ♇ ⌐ ⅎ

╢ ⌂╠┘⌐ⱨ♇ ▬○fi ─ ⌐≈™≡⁸ⱴ

▬◒꜡ꜝ☺○◓ꜝⱶ⁸X ⱴ▬◒꜡▪♫ꜝ▬◙כ(Electron  

probe X- ray microanalyser ⁸ EPMA≤ ∆)⅔╟┘

(Capillary - tube isotachophoresis ⁸

CITP≤ ∆)╩ ™≡ ⌐ ⌂ ╩ ∫√⁹↕╠⌐⁸

≤ ↕╣√ ╩ ™⁸ⱨ♇ ▬○fi ⌐

╟╢ ┼─ ⌐≈™≡ ╩ ╖√⁹ 

↓╣╠ ─ │⁸ ╠⅛⌐↕╣≡™⌂⅛∫√

⌐ ∆╢ⱨ♇ ▬○fi ─ ─

√╘─ ≤∆═ↄ ↕╣√╙─≢№╢⁹ 

 

II. ⌂╠┘⌐  

 

1.▬○fi ─ ⱨ♇ ─ⱴ▬◒꜡ꜝ☺○

◓ꜝⱶ⌂╠┘⌐ EPMA⌐╟╢ ( 1) 

│ ↕╣√ ─ 1

6 ╩ ™≡ ↕╣√⁹ │ ⁸ 1⌐ ∆↔≤ↄ

⌐ ⅜ ≢⅝╢╟℮ ∟⌐ ⅜ ↕╣⁸

⌐ ╩ ╢√╘ ╟╡2mm ⌐ 5

─Ɽꜝⱨ▫fi꞉♇◒☻ ⅜ ↕╣√⁹≈™≢ 301♄▬ꜘ⸗

fi♪ⱳ▬fi♩( )╩ ™⁸ ≡⌐ⱦfiכ♃כ▪◄

⌐ ╩ ⇔⁸50%◒◄fi ⌐≡ 1

⇔√⁹∕⇔≡ ⅜ ⁸ ⅜ ⌐⌂╢╟

℮ ⌐ ⇔√⁹ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

1 1─  

 

 

⌐│ 2%NaF╩ √⇔⁸0.2mA 5 ( 1.0mA )

─▬○fi ⅔╟┘ 1mA 5 ( 5.0mA )─▬○fi

⌂╠┘⌐ ≤⇔≡ 5 ─ ─ 3 ≤⇔⁸

2 ∏≈ ╩ ∫√⁹⌂⅔⁸▬○fi ⌐│◌fi♩

♇ⱪ◄כ☻( ⁸ ─ ⌐⅔™≡╙▬○fi

≤⇔≡ ╩ ⇔√)╩ ™√⁹ 

⁸ ∟⌐ ╩ ⇔⁸10% ⱱꜟⱴꜞfi

⌐≡ 1 ╩ ∫√⁹∕─ ↓╣╠─ ╩ ⁸ ▪

ꜟכ◖ꜟ ⌐≡ ─ ⁸☻♅꜠fi⸗ⱡⱴכ╩ ↕∑⁸≈

™≢ꜞ◗ꜝ♇◒ ⌐ ⁸ ⇔⁸ ↕∑√⁹↕╠⌐

╩♄▬ꜘ⸗fi♪♦▫☻◒(BUEHLER ISOMET)⌐≡ ⌐

™⁸ ⌐ ⇔⁸ ⌐≡ 60ɡm─ ≤⇔√⁹ 

EPMA⌐╟╢ ⌐ ∟⁸ X ⌐≡↓╣╠ ─ⱴ▬

◒꜡ꜝ☺○◓ꜝⱶ╩ ⇔√⁹ ⇔√ │♁ⱨ♥♇◒☻

CSM ≥♩♇◕כ♃⁸≢ ≤─ 20cm⁸ 10k

л⁸ 10mA⁸X │ 10 ≤⇔√⁹ 

⇔√ⱨ▫ꜟⱶ│Kodak Spectroscopicfilm649 - 0≢⁸

│Kodak ─ D- 158╩ ™ 20°C⌐≡ 5 ╩

∫√⁹∕⇔≡ ⁸ ⁸ ⁸ ⇔√ ⁸☻ꜝ▬♪◓ꜝ

☻⌐ ⇔ ⇔√⁹ 

≈⅞⌐ EPMA⌐╟╢ ─√╘⁸ ╩▪ꜟⱵ ─

⌐◄ⱳ◐◦ (A1ardite )⌐≡ ╡ ↑⁸ ∕─ ╩

Ⱳfiכ◌⁸⇔ ╩ ⇔√⁹ 
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Ca CaKɓ  ADP  Ar- Exatron 

F FKŬ RAP FPC 

Zn ZnKŬ  LiF Kr- Exatron 

15k  0.15ɛA 
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⌐ ⇔√ EPMA│ - ARL EMX- SM ≢⁸

15kл⁸ 0.15ɡA⌐≡ ╩ ∫√⁹ ≤⇔√

│◌ꜟ◦►ⱶ⁸ⱨ♇ ⅔╟┘ ⁸

─ ™ ─ 3 ≤⇔⁸ ─ ≢⁸⇔⅛╙ ⌐

─ ⌐ ℮╟℮⌐⇔≡⁸ ╟╡ ┼≤

╩ ∫√⁹╕√ⱨ♇ ─ ─√╘⁸ ╩ ∫

≡CPS╩╙ ╦∑≡ ⇔√⁹ ─ ⌐ ™√  

⅔╟┘ ⌐≈™≡│ 1⌐ ⇔√⁹⌂⅔⁸ ⌐╟∫

≡ ♩כꜗ♅√╣╠ │⁸Ɑfi◑ꜗ♇ⱪⱷ⸗ꜞכ ╩ ⅎ╢

≡⌐כ♄כ◖꜠ ⇔√╙─≢№╡⁸3 ─Ɑfi♩כꜗ♅─

( ) ╡│∆═≡ ↕╣≡™╢⁹ 

 

2.ⱨ♇ ─ ─ CITP⌐╟╢ ( 2)  

≤⇔≡│ ↕╣√ 1

29 ╩ ™√⁹ │ 2⌐ ∆↔≤ↄ ⁸ ∟⌐

1/3 ╩ ↕╣ ⅜ ↕╣√⁹∕─ ⁸ ╩  

∆╢√╘ ╟╡ 2 ⌐ 5cm ─Ɽꜝⱨ▫fi꞉♇◒

☻ ╩ ⇔√⁹≈™≢#301♄▬ꜘ⸗fi♪ⱳ▬fi♩(  

 

2 (46 ) 

   3  1  2  3  4   

 5 4 8 3 4 3 27 

 3   3 6     12 

 3   3 1     7 

 

)╩ ™ ≡⌐ⱦfiכ♃כ▪◄ ─ ⅔╟┘

⌐ 5 ╩ ⇔⁸ ╩ 50%◒◄fi ⌐≡ 1 ∆╢

≤≤╙⌐⁸↕╠⌐ ⌂ ╩ ∫≡⅛╠ ╩ ⌐

⇔√⁹ 

─ ⌐│ ╩⁸ ⌐│ 2%NaF№╢™│

≤⇔≡ ╩ √⇔ ╩ ∫√⁹ ─ ─ │

0.2mA⌐ ⇔⁸ ╩ ⅎ╢↓≤≢ ╩1.0mA ⁸

2.OmA ⅔╟┘ 3.0mA ─ 3 ≤⇔√⁹ 

─ ⅜ ∆╢≤ ⌐ ╩ⱴ▬◒꜡

◦ꜞfi☺⌐≡ ⇔⁸CITP⌐≡ ╩ ∫√⁹ │⁸ꜞ

◓fi▬♦כ ⌐ pH6.21⁸0.01Mⱥ☻♅☺fi 1 ♫Ⱶכ♃⁸╩

ꜟ ⌐│PH3.48⁸O.01Mn-◌ⱪ꜡fi ╩ ⇔⁸1st  stage 150mA⁸

2nd stage 75mA─ ≤⇔√⁹ 

 

3.▬○fi ─ ⌐⅔╟╓∆ ⌐≈™≡─

( 3) 

⌐│ ≤ ↕╣√ 9 ⅛╠ 21 ╕≢

─ ─⌂™ 1 46 ╩ ─ ─╙≤⌐⁸

≤⇔≡ ™√⁹↓╣╠│ 3 ⌐ ↕╣⁸ⱨ♇

27 ⁸ ≤⇔≡ ╩ ⌐ √⇔ ╩ ∫√ (

≤ ∆)12 ⅔╟┘ ─╖─ 7 ≤⇔√(

2)⁹ 

─ │ ⌐ ⇔⁸ 301♄▬ꜘ⸗fi♪ⱳ▬fi♩

( )╩ ™⁸ ≡⌐ⱦfiכ♃כ▪◄ ╩ ∫√⁹

─ ↕│ ─ ⌐ ∆╢ ≤⇔⁸ ⁸

─ ╩≢⅝ ╢ ╡ ∆╢√╘ ─◄

♫ⱷꜟ ⅔╟┘ ⌐꞉♀ꜞfi╩ ⇔√⁹≈™≢ ⌐∕╣

∙╣ 2%NaF№╢™│ ─╖─ │ ╩ √⇔⁸ ≤⇔

≡ 0.2mA⁸ ⌐ ─ ∂√ ⌐│ 0.15mA╕√│ 0.1mA 

─ ⌐≡1.0mA ─ ≤⌂╢╟℮▬○fi ╩ ∫

√⁹ 

⅜ ⁸ │ ⌐ ⇔√●♇♃Ɽכ♅ꜗⱪ

╩♩כ꜠ ⅔⅝⁸ ≡⌐♩ⱷfi☿ꜟכⱡ☺כꜚ
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╩ ⇔√⁹∕⇔≡⁸ ─ ⌐ ⁸10% ⱱꜟ

ⱴꜞfi ⌐≡ 1 ╩ ∫√ ⁸ ⌐ ™ ⁸Ɽꜝ

ⱨ▫fi ╩ ™⁸LKB 2259Multi Range Microtome ⌐≡

5ɡm─ ╩ ⇔√⁹∕─ ⁸ ⌐HE

╩ ⇔⁸ ⌐≡ ╩ ∫√⁹ 

 

й.  

 

1. 1─  

1)ⱴ▬◒꜡ꜝ☺○◓ꜝⱶ  

5.0mA ⱨ♇ ▬○fi ⌐⅔↑╢ ─ⱴ▬◒꜡

ꜝ☺○◓ꜝⱶ │⁸ ≤⇔√ ─ ─∕╣≤

⇔≡ ⅜⌂ↄ⁸X ⌐ ⅜ ╘╠╣⌂⅛∫√⁹╕

√⁸2%NaF │╙∟╤╪⁸1.OmA ⱨ♇ ▬○fi

⌐⅔™≡╙ⱴ▬◒꜡ꜝ☺○◓ꜝⱶ ⌐№╠╦╣╢╒≥─

│ ╘╠╣⌂⅛∫√( 3)⁹ 

2)EPMA⌐╟╢ ─  

(1) ≤⇔√ ─  

ⱨ♇ ▬○fi ╩ ⇔√ ─EPMA⌐╟╢ ⌐

∟⁸ ≤╙ ≢№╢ ─ ╩ ™⁸

↓╣╠╩ ≤⇔√⁹∕─ ⁸ ⌐⅔™≡│⁸CaK

ɗ1⁸FKɖ ⁸ZnKɖ1 ≤╙∕─ ⌐ │ ╘╠╣⌂⅛∫√⁹

⇔⅛⇔⁸ ⅛╠☿ⱷfi♩ ⌐ ∆╢≤ FKɖ ─╖ ⅜

⇔⁸☿ⱷfi♩ ⌐│ⱨ♇ ⅜ ⌐ ↕╣≡™╢↓≤

╩ ⇔√( 4a)⁹ 

(2)2%NaF ─  

2%NaF╩ ⌐ 5 ⇔√ ─ ╩

⇔√ ⁸CaKɗ1 ⅔╟┘ ZnKɖ1 ─ │ ≤ ⇔≡

╠ ╢≤↓╤⅜⌂⅛∫√( 4b)⁹ 

↓╣⌐ ⇔⁸FKɖ │ ╟╡ 150ɡm─ ↕⌐ ╢╕≢

™Ⱨכ◒⅜ ╠╣√⁹

∕⇔≡⁸∕─ │ ⅛╠─ ⅜  

∆╢⌐⇔√⅜∫≡ ∆╢ ⅜ ╘╠╣⁸ ─ ™Ⱨ

⅜◒כ ⇔√ │ ( 4a)≤ ─꜠ⱬꜟ⌐ ∫≡

™√⁹ 

(3) ⱨ♇ ▬○fi ─  

1.0mA ─ 2%NaF▬○fi ╩ ⇔√ ╩ ⇔

√ ⁸CaKɗ1 ⌂╠┘⌐ ZnKɖ1 ─ ⌐ ⇔≡│ ⁸

≤ ≢№╢─⌐ ⇔⁸FKɖ ─ │ ╟╡

350ɡm ─ ↕╕≢ ™Ⱨכ◒⅜ ⇔≡ ⇔√⁹∕⇔≡⁸

⌐⅔™≡│⁸ ™Ⱨכ◒⅜ ⇔√ │ ─ FK

ɖ ≤ ─꜠ⱬꜟ⌐ ∫√─⌐ ⇔⁸1.0mA ▬○fi ╩

⇔√ ⌐⅔™≡│⁸ZnKɖ1 ⌐ ⇔ FKɖ ─ ⅜ ⅛

≢│№╢⅜ ⌐ ⇔⁸⇔⅛╙∕╣│ ⌐ ╢╕≢

⇔≡™√( 4c)⁹ 

↓─ │⁸ ⅜ 5.0mA ─▬○fi ⌐⅔™≡⁸↕

╠⌐ ⌐ ╘╠╣√( 4d)⁹∆⌂╦∟⁸CaKɗ1 ⅔╟┘ ZnK

ɖ1 │ ≤ ⇔≡╕∫√ↄ ⅜╖╠╣⌂™─⌐ ⇔⁸

FKɖ │ ™Ⱨכ◒⅜ ╟╡ ╕≢ ╘╠╣⁸⇔⅛╙

─ ⌐⅔™≡ ™Ⱨכ◒⅜╖╠╣╢≤™℮ ⅜

╠╣√⁹ 

 

2. 2─  

1)CITP⌐╟╢ⱨ♇ ─ ⌐≈™≡ 

ⱨ♇ ─ ⌐ ∆╢ ⌐ ∟⁸ ⌂ⱨ♇

─ ⌐CITP⅜ ⅛ ⅛⌐ ∆╢ ╩ ╖√⁹

∆⌂╦∟⁸ │ 3─ ≤ ≤⇔⁸3⁸5⁸8⁸10⁸

15⁸20⅔╟┘ 30ppm─ ⱨ♇ ╩∕╣∙╣ 10ɡ∏≈

5 fiכ♂─⧵⁸⇔ ╩ ⇔√⁹ 

∕─ ⁸ⱨ♇ fiכ♂─ │ ╩ ∫√ ─

⌐ ⇔√ ╩ ⇔⁸⇔⅛╙ 5 ─ │┌╠≈⅝╙

⌐ ⅛≢№╡⁸ ⌂ ⅜ ╠╣√⁹⇔√⅜∫≡⁸

(a)2%NaF ╩ 5 ∫√

─ⱴ▬◒꜡ꜝ☺○◓ꜝ

ⱶ  

(b)2%NaF▬○fi ╩1.0mA

∫√ ─ⱴ▬◒꜡ꜝ☺○

◓ꜝⱶ            

        

(c)2%NaF▬○fi ╩ 5.0mA

∫√ ─ⱴ▬◒꜡ꜝ☺○

◓ꜝⱶ  

1985 5              ┼─ⱨ♇ ▬○fi ─            (531)159 

 



 

 

 

 

 

 

 

 

 

 

 

 

(a) ─ EPMA⌐╟╢ ♩כꜗ♅  

 

 

 

 

 

 

 

 

 

 

(b)2%NaF ╩ 5 ∫√ ─ EPMA⌐╟╢ ♩כꜗ♅  

 

 

 

 

 

 

 

 

 

( c)2%NaF▬○fi ╩ 1.0mA ∫√ ─ EPMA⌐╟╢ ♩כꜗ♅  

 

 

 

 

 

 

 

 

 

(d)2%NaF▬○fi ╩ 5.0mA ∫

√ ─EPMA⌐╟╢ ♅

♩כꜗ  

160 532                                       28 2  



 

7 

 

3  

conc.ppm N mean SD CV(%) 

3 5 3.40 0.48 14.14 

5 5 4.92 0.51 10.30 

8 5 7.24 0.36 5.00 

10 5 8.93 0.13 1.46 

15 5 12.57 0.31 2.45 

20 5 17.03 0.38 2.20 

30 5 24.67 0.37 1.51 

 

5 ⱨ♇ ⌐ fiכ♂╢∆  

│ⱨ♇ ─ ─√╘─ ⌂ ≢№╢↓≤⅜ ↕

╣√( 3, 5)⁹ 

2) ⌐ ∆╢ⱨ♇ ▬○fi─  

2%NaF▬○fi ╩ ∫√ ─ ╩CITP⌐≡

⇔√ ◓fi▫♦כꜞ⁸ ꜟ♫Ⱶכ♃┘╟⅔ ─ ⌐ 2

≈─☻♥♇ⱪ⅜ ╘╠╣⁸ ⌐ 2 ─ ▬○fi─ ⅜

↕╣√( 6)⁹ 

⁸CITP╩ ™√ ⌐⅔™≡│⁸☻♥♇ⱪ─ ↕(

)⅛╠ ⅜ ≢№╢≤↕╣≡⅔╡⁸ ⌐⅔↑╢ⱨ

♇ ─ Ɽ♃כfi ◓fi▫♦כꜞ⁸╠⅛ ─ ─

⌐ ∆╢ ™☻♥♇ⱪ│ⱨ♇ ≢№╢↓≤⅜ ↕╣√⁹

╕√⁸ ─☻♥♇ⱪ⌐≈™≡│⁸ ⌐╟╡ ─

ꜞfi ⅛╠ ∆╢ꜞfi ▬○fi≢№╢ ⅜ ™⁹∕↓

≢⁸↓╣╠ ☻♥♇ⱪ─ ⌂ ╩ ℮ ≢⁸ 5ɡЄ

⌐ 10ppmⱨ♇ 5ɡЄ╩ ⇔√╙─⁸⌂╠┘⌐ 5

ɡЄ⌐ 20ppmꜞ fi 5ɡЄ╩ ⇔√╙─╩∕╣∙╣

⇔√⁹ 

∕─ ⁸™∏╣─ ◓fi▫♦כꜞ╙≡™⅔⌐ ♫Ⱶכ♃≥

ꜟ ─ ⌐ √⌂☻♥♇ⱪ─ │╖╠╣⌂⅛∫√( 7,

8)⁹↓─↓≤⅛╠⁸ ⌐ ⇔≡™√▬○fi│ ⇔√

▬○fi≤ ⁸∆⌂╦∟ⱨ♇ ▬○fi≤ꜞfi ▬○fi≢№╢↓

≤⅜ ↕╣√⁹ 

 

6 2%NaF▬○fi ╩ 1.0mA ⇔√ ─  

5ɡЄ╩CITP⌐≡ ⇔√ ─ Isotachopherogram 

 

7 6≤ ─ 5ɡЄ ⌐ 10ppmⱨ♇ 5ɡЄ╩

⇔√ ⇔√ Isotachopherogram 

 

8 6≤ ─ 5ɡЄ ⌐ 20ppmꜞ fi 5ɡЄ╩

⇔≡ ⇔√ Isotachopherogram 

 

 

 

 

 

 

 

1985 5              ┼─ⱨ♇ ▬○fi ─            (533)161 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 ─ ⱨ♇ ⌂╠┘⌐ꜞfi  

 

╕√⁸ ╩ ─fiכ♂∆ │⁸ ⇔√ⱨ♇ ⅔╟┘ꜞfi

─ ⌐ ⇔≡ ⇔√⁹∆⌂╦∟⁸ⱨ♇ ╩ ⌐

⇔≡ ⇔√ ◓fi▫♦כꜞ⁸│⌐ ─ ⌐ ∆╢

™☻♥♇ⱪ─♂כfi ⅜⁸ ⅎ√ⱨ♇ ⌐ ⇔≡ ⇔

( 6A, 7AΩ)⁸ ⌐ꜞfi ╩ ⌐ ⇔√ ⌐│ 2

─☻♥♇ⱪ─♂כfi ⅜ ⇔√( 6B, 8BΪ)⁹ 

─↓≤╟╡⁸ ─ ⌐⅔™≡ ╘╠╣√

─ 2 ─ ▬○fi│ 1─☻♥♇ⱪ⅜ⱨ♇ ⁸ 2─☻♥♇ⱪ

⅜ꜞfi ≢№╢↓≤⅜ ↕╣√⁹ 

3) ⌐ ∆╢ⱨ♇ ⌂╠┘⌐ꜞfi ▬○ 

fi─  

▬○fi 47 ⁸2%NaF 10 ⁸2%NaF

▬○fi 47 ⌐≈™≡ ∫√ ╩ 4⅔╟┘ 9

⌐ ⇔√⁹ 

 

 

(1) ─ ⌐ ⇔≡ 

⌐⅔↑╢ ≤ⱨ♇ ≤≢│⁸

⌐ ∆╢ⱨ♇ ⌐ ╠⅛⌂ ⅜ ╘╠╣√⁹ 

∆⌂╦∟⁸ ⅜ 1.0mA ─ ⁸ ≢│

4.77( ±3.41)ppm≢№╢─⌐ ⇔⁸ⱨ♇ ⌐⅔™≡│

15.56(±8.60)ppm≢№╡⁸ ⌐│ ╠⅛⌐ⱨ♇ ─ ™

⅜ ╘╠╣√⁹↓─ │ ╩ 2 ⁸3 ≤⇔√ ⌐│

↕╠⌐ ≤⌂╡⁸2.OmA ─ ⁸ ⅜ 5.19 

( ±2.62)ppm ≢№╢─⌐ ⇔ⱨ♇ ≢│ 17.45( ±

8.66)ppm⁸ ⌐3.OmA ≢│ ⅜5.04( ±1.38)ppm

≢№╢─⌐ ⇔ⱨ♇ ⅜ 19.21(±8.10)ppm≢№∫√⁹

↓╣╠ ⌐⅔↑╢ ≤ⱨ♇ ≤╩

⇔√ ⁸ ⌐ 1%≢ⱨ♇ ⌐ ─ ⅜

╘╠╣√⁹ ⁸ꜞfi ⌐ ⇔≡│⁸1.0mA ─ ⁸  

 

4  

  
mA- min. N 

Fluoride(ppm) Phosphate(ppm) 

  mean SD mean SD 

 
1.0  21 4.77 3.41 37.5  18.4  

Saline 2.0  18 5.19 2.62 59.1  14.1  

 
3.0  8 5.04 1.38 87.9  27.1  

2.0% NaF  Topical application 10 0.00 0.00 10.3  1.2  

 
1.0  21 15.56 8.60 36.1  21.1  

2.0% NaF  2.0  18 17.45 8.66 49.0  21.2  

  3.0  8 19.21 8.10 74.8  32.5  

Phosphate concentration 

162 534                                       28 2  
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⌐⅔™≡ 37.5( ±18.4)ppm⁸ⱨ♇ ≢│

36.1( ±21.1)ppm≤ ⅜⌂⅛∫√⅜⁸ ⅜2.OmA ⁸3.OmA

≤⌂∫√ ⌐⅔™≡│⁸ ⅜∕╣∙╣ 59.1( ±

14.1) ppm⁸87.9( ±14.1)ppm≢№╢─⌐ ⇔⁸ⱨ♇ │

49.0( ±21.2)ppm⁸74(5ה±32)8הppm≤ ⅜ ∆╢⌐

∫≡⁸∕─ ⅜ ⅝ↄ⌂╢ ⅜ ╘╠╣√⁹ 

(2) ─ ⌐ ⇔≡ 

⌐⅔™≡⁸ ╩ 1.0mA ⅛╠ 2.0mA ⅔╟

┘ 3.0mA ≤ ↕∑√ ⁸ⱨ♇ │ 4.77( ±3.41)ppm⁸

5.19(±2.62)ppm⅔╟┘ 5.04( ±1.38)ppm≢№╡⁸∕╣╠─

⌐│╒≤╪≥ ⅜╖╠╣⌂⅛∫√⁹↓╣⌐ ⇔ ─

⌐⅔™≡⁸ꜞfi │ 37.5( ±18.4)ppm⁸59.1( ±14.1)ppm⅔╟

┘ 87.9(±27.1)ppm≤ ─ ⌐ ™ ⇔⁸⇔⅛╙↓╣

╠─ │ 1%≢ ─ ╩ ╘√⁹ 

⁸ⱨ♇ ⌐⅔™≡│⁸ ╩ 1.0mA ⅛╠ 2.0mA

⅔╟┘3.0mA ≤ ↕∑√ ⁸ ⱨ♇ │15.56 

(±8.60)ppm⁸17.45(±8.66)ppm⅔╟┘ 19.21(±8.10)ppm≤

∆╢ │ ╠╣√⁹⇔⅛⇔⌂⅜╠⁸ ⌐│ ─

│ ╘╠╣⌂⅛∫√⁹ 

↓╣⌐ ⇔ꜞfi │ 36.1( ±21.1)ppm⁸49.0( ±21.2)ppm

⅔╟┘ 74.8( ±32.5)ppm≤ ─ ⌐ ∫≡ ⇔⁸⇔⅛

╙ 1.0mA ≤ 2.0mA ≤─ ⌐│ 5%

≢ ─ ⅜ ╘╠╣√⁹ 

⌂⅔⁸2%NaF ⌐⅔™≡│⁸ ⌐ⱨ♇ │ ↄ

↕╣⌂⅛∫√⁹⇔⅛⇔ꜞfi ⌐≈™≡│ 10.3( ±1.2)ppm

≤ ⅛≢│№╢⅜⁸∕─ ⅜ ╘╠╣√⁹ 

 

3.ⱨ♇ ▬○fi ─ ⌐ ╓∆  

⌐ ╩ ─1⅛╠7╕≢─ ⌐≈™≡

⌐ ⇔√⁹ 

1. ─  

2. ─ ─ ╣ 

3. ( ⅔╟┘ )  

4. ─  

5.  

6. ─  

7. ─  

⌂⅔⁸ ─ │ ⁸≈⅞─↔≤ↄ⌐ ⇔√⁹ 

⌐ ⇔√╙─ 

─ ╘╠╣√╙─ 

─ ╘╠╣⌂™╙─ 

─ ⌐╟╡⁸3 ─ ⌐≈™≡⁸

╩ ∫√( 5)⁹ 

1)ⱨ♇  

ⱨ♇ ⌐≈™≡│ ⁸3 ⁸1 ⁸2 ⁸3 ⅔╟┘

4 ╕≢╩ ⌐ ⇔ √⁹∕─ ⁸ ─ │⁸

≢ 5 1 ⁸1 ≢ 8 2 ⁸2 ≢ 3 2

⁸27 ─ 5 (19%)⌐╖╠╣√⅜⁸∕─ │∆═

≡ ─ ⌐ ╕∫≡™√⁹╕√⁸ ─ ─ ╣

│⁸ ≢ 5 ⁸3 ≢ 4 3 ⁸1 ≢ 8

4 ⁸2 ≢ 3 2 ⁸ 27 17 (63%)⌐ ╘╠ 

╣√⁹∕─ │⁸1 ( )╩ ™≡ 16 ⅜ ≤ ↕╣⁸

⌂ ≢№∫√⁹ 

⌐ ⇔≡│⁸ ⅜ ⅔╟┘ 3 ─ 9 6

⌐╖╠╣√⅜⁸3 ─ 1 ╩ ™≡│⁸1 ⌐▬○

fi ─ ⌐ ∆╢≤ ╦╣╢ │╖╠╣⌂⅛∫√⁹

⌐ ⇔≡│⁸ ⁸3 ⅔╟┘ 1 ⌐⅔™≡⁸∕╣∙╣ 5

2 ⁸4 2 ⁸8 3 ⌐ ╘╠╣√⅜⁸∕─ ─

≢│ │ ╘╠╣⌂⅛∫√⁹ 

─ ⌐≈™≡│⁸™∏╣─ ⌐╙╒≤╪≥ │

╠╣⌂⅛∫√⅜⁸ ╘≡ ⅛⌂ ─ ⅜ 3

≢ 4 1 ⁸1 ≢ 8 1 ⁸2 ≢ 3 1 ⁸

27 3 (11%)⌐ ╘╠╣√⁹⌂⅔⁸ⱨ♇ ▬○fi

⅜ ≤ ╦╣╢ ⌐ ⇔√ ⌐⅔↑╢

─ │⁸ ↄ ╘╠╣⌂⅛∫√⁹ 

10│ⱨ♇ ▬○fi ─ ≢⁸ ⌐

⌐ ∆╢ ™ ⅜╖ⅎ╢⁹ 11│⁸ ⌐ ⌂╢

─ ≢№╢⁹ ⌐ ⌐ ─

⅜ ╘╠╣⁸ ─ ⌐ ─ ╣⅜ ∂≡™╢⁹

╕√ ╙ ╘╠╣╢⁹ 

12│ ∂ↄⱨ♇ ▬○fi 1 ─ ≢⁸

⌐ ⅜ ╠╣╢⁹ ⌐ ⇔√ ⌐⅔™≡

⅜ ╘╠╣╢⁹ 13│ ⌐ ⌂╢ ─

≢⁸ ⌐ ⅜ ↕╣⁸ ─ ╙

─ ╣⅜ ╘╠╣╢⁹╕√ ⌐ ─ ⅜ ⇔

≡™╢⁹ 

14│ ∂ↄⱨ♇ ▬○fi 2 ─ ≢ ⌐

⅜╖ⅎ╢⁹ 15 │∕─ ≢⁸ ─ ⅜

⌐ ↕╣≡™╢ ⅜╖╠╣╢⅜⁸∕╣ ⌐│

│ ╘╠╣⌂™⁹╕√ ⌐≈™≡ ╩ ⅎ╢⌐

№√∫≡⁸ⱨ♇ ─ ╩ ∆╢↓≤╩ ⅎ√ 

1985 5              ┼─ⱨ♇ ▬○fi ─            (535)163 

 



 

 

 

   

10 37:ὖ⁸17  

4 (×10) 

ⱨ♇ ▬○fi ⁸O.2mA×5 ⁸  

11  10─  

(×100) 

⁸ ⌐ ⅜ ⇔≡⅔

╡⁸╕√⁸ ╙ ╘╠╣╢⁹ 

12 39:ὖ⁸11  

4 (×10) 

ⱨ♇ ▬○fi ⁸0.2mA×5 ⁸1 ⁸

⌐≈╠⌂╢ ⌐⅔™

≡ ⅜ ╘╠╣╢⁹ 

 

 

 

 

 

 

 

13 12─  

(×100) 

⌐ ⅜ ╘╠╣╢⁹╕√⁸

⌐│ ─ ⅜ ⇔≡™

╢⁹ 

14 21:ὖ⁸9 ⁸ 

4 (×1O) 

ⱨ♇ ▬○fi ⁸O.2mA×5 ⁸2  

⌐ ⌐ │ ╘╠╣⌂™⁹ 

15 14─  

(×100) 

⅜ ⌐ ↕╣≈≈

№╢ ⅜ ╘╠╣╢⁹ 

 

 

 

 

 

 

166 538                                       28 2  



 

11 

  

16 30:ὖ⁸11  

4 (×1O) 

─╖⁸0.2mA×5 ⁸1  

17 16─ (×100) 

─ ⌐ ╣⅜ ╘╠╣⁸ ─ 

╙╖╠╣╢⁹╕√⁸ ⁸ ─  

╙ ╘╠╣╢⁹ 

 

 

  

18 32:ὖ⁸11  

4 (×10) 

─╖⁸1 ⁸ ⌐≈╠⌂╢  

⌐ ⌂ ─ ╣⅜ ∂≡™╢⅜⁸ 

⌐ ⌐ │ ╘╠╣⌂™⁹ 

19 18─  

(×100) 

⌐⅔↑╢ ⌂ ─ ╣ 

( , ─ )⅜╟ↄ ╢⁹ 

 

 

 

 

1985 5              ┼─ⱨ♇ ▬○fi ─            (539)167 

 



 

 

 

⅜⁸ⱨ♇ ─ F│ ⅜ 112 ≤ ⌐ ↄ

18F╩ ⇔≡─ ⌐│ ⌂ ⅜ ↕╣√⁹╕√⁸

╩ ™√ ╢╟⌐ⱨꜝ◓○☺ꜝ♩כ○⁸│⌐

⅜ ≢№╡⁸⇔√⅜∫≡⁸∕─ │ №╢™│

─ ≤™∫√ ⌂╙─⌐≤≥╕╠↨╢╩ ∏⁸∕─

│ⱨ♇ ⌐ ⇔≡ ∞ №√╠⌂™⁹ ⌐⅔™≡│⁸

↓─ ╩ ∆═ↄ⁸CITP╩ ™≡ⱨ♇ ─ ╩

⇔⁸ ╩ ∫√⁹ 

╟╡ⱨ♇ ▬○fi─ ⌐│⁸ⱨ♇ ▬○fi ╩ ™

╢─⅜ ≢№╢⁹⇔⅛⇔⌂⅜╠⁸ 2╟╡ ╠╣╢

│ ⌐ √↕╣√╙─≢№╡⁸∕─ │ 15 20ɡЄ≤

╘≡ ≢№∫√↓≤⅛╠⁸ⱨ♇ ▬○fi ╩ ⇔≡─

│ ⌂↓≤⅜ ↕╣√⁹↕╠⌐ⱨ♇ ▬○fi ╩ ™

√ ⁸ⱨ♇ ▬○fi ─ ▬○fi─ │ ≤⌂╡⁸

⌐╟∫≡ ─ ▬○fi⅜ ⌐ ∆╢≤⇔≡╙⁸∕

╣╠─ │≢⅝⌂™⁹∕─ ⁸CITP╩ ™√ ≢│⁸

⌐ ╕╣≡™╢ ─ ▬○fi╩ ⌐ ⅜

≢№╢↓≤⅛╠⁸ CITP⌐╟╢ ╩ ∫√⁹ 

⌐ √∆ │⁸ ⁸ ╩ ™≡ ∫≡™√⅜⁸

─ ⁸ ⌐ⱨ♇ ▬○fi≤ Ɫ꜡◕fi ≢№╢

▬○fi⅜ ⌐ ∆╢√╘⁸1 ─ ⌐ ╩

⇔⁸ ╩ ™√ ⅜ ╣╢ ⅜ ↕╣√⁹

∕↓≢⁸ ╩ ™≡ ╩ ∫√≤↓╤⁸ ⌐ ⌐

│⌂ↄ⁸⇔⅛╙⁸ ⌐⅔™≡ ─ ╩ ╘

⌂⅛∫√↓≤⅛╠⁸ ─│╢⅛⌐ ™ ╩ ™╢↓

≤≤⇔√⁹ 

1─ ╟╡⁸▬○fi ⌐╟∫≡ⱨ♇ ▬○fi⅜

⌐╕≢ ⇔⁸ ⌐ ∆╢ ⅜ ↕╣√

⅜⁸ 2⌐⅔↑╢ ⅛╠⁸1.0mA ─ 2%NaF▬○fi ⌐

╟╡⁸ ⱨ♇ ⅜ 15.56(±8.60)ppm≤⌂╢↓≤⅜

∫√⁹⇔⅛╙⁸ ─ ≢ ╩▬○fi ⇔√

⌐│⁸ⱨ♇ │ 4.77( ±3.41)ppm≢№∫√↓≤⅛╠⁸

⌐⅔↑╢ⱨ♇ ─ │⁸ ╠⅛⌐ ⌐ √⇔√

2%NaF⌐ ∆╢╙─≢№╢≤ ⅎ╠╣╢⁹ ⌐⅔

™≡╙ⱨ♇ ⅜ ↕╣√⅜⁸↓╣│ ─ ⁸№

╢™│ ⌐ ⇔≡™√ⱨ♇ ⅜⁸ ⌐╟╡

┼≤ ┌╣√╙─≤ ╦╣╢⁹ 

⁸ ─ ™⌐╟╢ ⱨ♇ ─ ⌐ ⇔

∆╢≤⁸ ⌐⅔™≡│⁸ ─ ⌐╙⅛⅛╦

╠∏ⱨ♇ ⌐ │ ╘╠╣⌂⅛∫√─⌐ ⇔⁸ ⌐

↕╣√ꜞfi │ ─ ⌐╒╓ ⇔≡ ∆╢↓≤ 

 

⅜ ╘╠╣√⁹↓╣│⁸ ⌐ ⇔⁸⇔⅛╙▬○fi≤⇔

≡ ⌐ ≢⅝╢ⱨ♇ ⌐№╢ ─ ⅜№╢─≢

│⌂™⅛≤ ↕╣╢⁹↓╣⌐ ⇔ꜞfi │⁸

─ ⅜ꜞfi ≢№╢↓≤╩ ⅎ╢≤⁸∕─ ⅜ⱨ♇

⌐ ⇔≡ ⅝™╙─≤ ╦╣╢⁹ 

ⱨ♇ ⌐⅔™≡│⁸ⱨ♇ ⅜ ─ ⌐ ∫≡

∆╢╙──⁸∕─ │ ↄ⁸╕√⁸ꜞfi ╙

⌐╖╠╣╢╒≥ ─ ⌐ ⇔≡ ∆╢↓≤

│⌂⅛∫√⁹↓─ ⌐≈™≡ ∆╢⌐⁸▬○fi ⌐╟╡

⇔√ⱨ♇ │⁸ ⌐⅔™≡ ╛⅛⌐◌ꜟ◦►ⱶ▬○

fi≤ ⇔⁸ⱨ♇ ◌ꜟ◦►ⱶ≤⌂∫≡ ∆╢ 39)≤ ⅎ╠╣⁸

↕╠⌐↓─ ⌐╟╡ ─ №╢™│ ⅜⅔↓╢↓≤

⅜ ↕╣╢⁹↓─↓≤⌐╟╡▬○fi─ ⌐ ⅜ ↓╡⁸

∕─ ≤⇔≡ ─ ⌐ ⇔√ⱨ♇ ⌂╠┘⌐ꜞfi 

─ ╩ ↕⌂⅛∫√─≢│⌂™⅛≤ ╦╣╢⁹ 

⁸CITP╩ ™╢↓≤⌐╟╡⁸▬○fi ─

ⱨ♇ ─ ╩ ≤∆╢↓≤⅜≢⅝√⁹ 

↓─↓≤│⁸ ┼ ⇔√ⱨ♇ ▬○fi⅜⁸ ╙⇔

ↄ│ ≢ ⌐ ╠⅛─ ╩⅔╟

╓∆↓≤╩ ∆╢╙─≢№╡⁸↕╠⌐ ⌂ ⅜

─ ≢№╢≤ ╦╣╢⁹ 

4.ⱨ♇ ▬○fi ─ ┼─  

│⁸ⱨ♇ ▬○fi ─ ⌐ ∆╢

─ ≤⇔≡⁸ⱨ♇ ▬○fi ─ⱨ♇ ─ ⌐

≈™≡ ╩ ⅎ╢√╘⁸ 1⅔╟┘ 2╩ ∫√⁹∕─

⁸ⱨ♇ ▬○fi ╩ ∆↓≤⌐╟╡⁸ⱨ♇ │

⌐╕≢ ⇔⁸⇔⅛╙⁸ ≢│№╢⅜ ╩ ⇔≡

⌐╕≢ ∆╢ ╩ √⁹⇔⅛⇔⌂⅜╠⁸ 40)│⁸

╩ ⇔≡™╢ ⌐⅔™≡│⁸∕─

─∆═≡⅜ ─ ╩ ↓⇔≡™╢─≢│⌂ↄ⁸  

№╢™│ ≤™∫√ ⌐─╖ ↕╣╢≤

⇔≡™╢⁹⇔√⅜∫≡⁸ⱨ♇ ▬○fi ╩ ⌐⅔™

≡ ™╢ ⁸ ⌂ ⌐╙▬○fi │ ↕╣╢↓≤

⌐⌂╡⁸∕─ ≢ⱨ♇ ▬○fi ─ ⌐⅔╟╓∆

╩ ∆╢ ⅜№╢≤ ⅎ╢⁹ 

╟╡⁸ⱨ♇ ♫♩ꜞ►ⱶ─ ⌐╟╢ ─ ⌐≈

™≡│⁸LUK0MSKY5⁸ROVELSTAD╠⁸LEFK0WITZ╠⁸ ╠⌐╟

╡ ↕╣≡™╢⁹∕─ ≢⁸ROVELSTAD╠│⁸NaF ╩

⌐ ⇔≡⁸∕─ ╩ ⇔√≤↓╤⁸ⱨ♇ ⌐

╟╢ ╩ ╘≡│™╢⅜⁸⇔⅛⇔ ─

⅜ ∆╢↓≤╩ ⇔≡™╢⁹
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╕√ LEFKOWITZ╠╙ ⌐∕─ ╩ ⇔≡™╢⁹↓

╣⌐ ⇔ LUKOMSKY│⁸ⱨ♇ ♫♩ꜞ►ⱶ─ ⅔╟┘

╩ ⌐ ⌐ ∆╢↓≤≢⁸∕─ │⌂™≤⇔⁸

╙ ⌐ ⇔╒≤╪≥ ╩ ↕⌂⅛∫√≤ ≠↑

≡™╢⁹ 

⁸ⱨ♇ ▬○fi ─ ⌐ ⅎ╢ ⌐≈™≡│⁸ 

SCOTT43)⁸LEFKOWITZ44)⁸ 26)⁸WALTON45)╠⌐╟╡ ↕╣≡⅔

╡⁸™∏╣╙∕─ ⌐≈™≡⁸ ⌐ ≤│⌂╠⌂™≤

⇔≡™╢⁹ 

∕↓≢⁸ ⌐⅔™≡│⁸ 1⅔╟┘ 2─ ╩

╕ⅎ⁸ⱨ♇ ▬○fi ─ ⌐⅔╟╓∆ ⌐≈™≡

╩ ∫√⁹∆⌂╦∟⁸ ≤ ↕╣

√ ╩ ™≡ ╩ ∫√↓≤⌐╟╡⁸ 1⌂╠┘⌐ 2

⌐⅔↑╢ ≤ ≢⇔⅛╙ ─ ≤⌂╡⁸

⸗♦ꜟ ≤ ≤╩ ┘≈↑≡ ⅎ╢↓

≤⅜ ≢№╢≤ ╦╣╢⁹↕╠⌐⁸ ╟╡ 2 ⌂™⇔

4 ─ ╩ ™≡ ⅜ ⅎ╢↓≤│⁸ ╩≢⅝℮╢ ╡

⌐⇔≡ ⅜ ⅎ√≤ ⅎ╠╣╢⁹⇔√⅜∫≡⁸46 ≤ 

™℮ ⌂™ ≢│№╢⅜⁸∕─ ─╙√╠∆ │ ⅝

™≤ ⅎ╢⁹ 

ⱨ♇ ▬○fi ⅜ ⌐⅔╟╓∆ ╩ ⌐

∆╢ ≢ ╙ ⇔√ │⁸ ─ ─

≢№╢⁹↓╣│⁸ ⅜ ⌐ ╙

⌐ ⇔⁸⇔⅛╙∕─ ⌐│ ─

⅜ ⇔≡ ∆╢ 46)╒⅛⁸∕─ ⌐│ꜝ◦ꜙ◖ⱨ─

╙ ⇔≡™╢↓≤╟╡⁸ ⌐ ╠⅛─ ╩

⇔≡™╢ 47)≤ ⅎ╠╣╢√╘≢№╢⁹╕√⁸

⌐ⱨ♇ ▬○fi ╩ ⇔√ ⁸∕─ │ ≤

≤╙⌐ ↓╢≤™℮ ─╙─≢№╢↓≤⅛╠⁸

⌐ ╠⅛─ ⅜ ╘╠╣╢─≢№╢≤∆╣

┌⁸∕╣│ ╘≡ ─ ≢ ∂╢╙─≤ ⅎ╠╣╢⅛╠≢

№╢⁹ 

∕─ ⁸ ─ ─ ╣⌐ ⇔≡│⁸ ▬○fi

≤╙ ≤ ⇔≡ ⌐∕─ │ ╘╠╣∏⁸╟

∫≡ ─ ╣─ │⁸ ▬○fi ⌐╟╢╙─≢│⌂ↄ⁸

─ ⌐╟╢╙─≢№╤℮≤ ⇔√⁹ 

↓╣⌐ ⇔⁸ ─ ⌐≈™≡ ∆╢≤⁸∕─

│ ⌐⅔™≡∆≢⌐ ╘╠╣√⁹╕√⁸ 46 1

⌐│⁸ ⌐╟╡ ─ ⌐ ╠⅛⌐ ─ ╦

∫√ ⌐ ∆╢ ⌐ ⅜ ⇔≡⅔╡⁸

48)─ ≤ ∆╢ ╙ ╠╣√⁹∕─ ⌐≈™≡╖╢

≤⁸ⱨ♇ 19%⁸ 25%≢№∫≡⁸ ─

29%≤ ⇔≡ ╩ ∫√ 2 ⅜╛╛ ™ ╩ ⇔√⁹↓

─ ⌐ ⇔≡ ∆╢≤⁸ 49)│⁸ ⁸

─ Zeta ╩ ⇔√≤↓╤⁸pH ─ ⌐⅔™

≡™∏╣╙( )⌐ ⇔⁸⇔⅛╙∕─ │ ─ Zeta

⅜ ─ Zeta ╟╡ ⅝™↓≤⅛╠⁸

╩ ∫√ ⁸ ─ │ ┼ ₁⌐ ⇔⁸

⌐ ╩ ↕∑╢↓≤╩ ⌐ ⇔≡™╢⁹

╕√ 50)│⁸ ─ ─ ⌐ ⇔≡ ⇔⁸∕─

─ 1≈≤⇔≡⁸ ─ ─ ⌐╟╡ ⌐

↕╣√ ⌐╟╢ ╩ →≡™╢⁹↓╣╠─

≤ ╩ ⅎ ╦∑╢≤⁸ ─ ⌂ │⁸ 

─ ⌂╠┘⌐ ─ ⌐╟╢ ─

≢№╢≤ ╦╣╢⅜⁸ ╩ ∫√ ⌐│⁸ ╩

↕∑╢ ⌐№╢√╘⁸ ─ ┼─ ╩

≤╙ ↕∑√╙─≤ ⅎ╠╣╢⁹╕√⁸ ─ ≤ ⁸

4 ╕≢╩ ⇔√ⱨ♇ ╩╖≡╖╢≤⁸ ⅜

∆╢≤≤╙⁸∕─ │ ∆╢ ⅜ ╘╠╣√⁹⇔√⅜∫

≡⁸ ─ ⌐╟╢ ─ │ ⌐⅔™≡

╘╠╣√⅜⁸∕╣╠│ ⌐ ∆╢≢№╤℮≤ ╦╣╢⁹ 

⌐ ─ ≤⇔≡⁸ ─ ⌂╠┘⌐

─ ⅜№→╠╣╢⁹ 26)│⁸▬♯─ ╩ ™≡ⱨ

♇ ▬○fi ⅜ ─ ╩ ∆╢↓≤╩⁸╕√⁸ 

LEFKOWITZ44)│⁸ⱥ♩─ ╩ ™⁸ ∕─╙─⅜

─ ╩ ∆╢≤ ⇔≡™╢⁹∕⇔≡⁸ ≤™℮

╘≡ ⌐ ─ ⅜╖╠╣╢↓≤⅜

─ ⌐≈⌂⅜╢≤⇔≡™╢⁹↓╣⌐ ⇔ WALTON╠ 45)

│⁸▬♯─ ╩ ™⁸♥♩ꜝ◘▬◒ꜞfi ⌐╟╢

╩ ℮↓≤≢ ─ ╩ ⌐ ⇔√≤↓

╤⁸ⱨ♇ ▬○fi ⌐ │⌂™≤

⇔≡™╢⁹╕√⁸WALTON╠│⁸ ─↓─ ─ │

─ ⅜ ↄ⁸↓─↓≤⅜ ≤⌂∫≡ ─

╩ ⇔√╙─≤⇔⁸ ╠─ ⌐⅔™≡│⁸

╩ ↕∑╢─╖⌐≤≥╘≡▬○fi ╩ ∫≡™

╢⁹⌂⅔⁸ ≤⇔≡ ⌐ ╩ ∫√ ⌐⅔™≡│⁸

⌂ ─ ⅜╖╠╣√↓≤╩ ⇔≡™╢⁹

⌐⅔™≡│⁸↓╣╠─ ╩ ⇔⁸ ╩ ℮ ⌐

│⁸∕─ ╩ ⌐ ∆╢√╘ ⌂ⱨ▼◙כ♃♇♅

⌐≡ ╩ ∫√⁹╕√⁸∕─ ↕│ ⌐ ∫√≤↓

╤⌐≤≥╘╢╟℮⌐⇔√⁹↕╠⌐⁸▬○fi ⁸

╩ ⌐ ↕∑╢↓≤│⁸ ─ ╩│∂╘

№╢™│ ⅜ ╦╢ ⅜№╢√╘⁸ ⌐

⅜⌂™≤↕╣╢●♇♃Ɽכ♅ꜗⱪ꜠כ♩╩ ⅔⅝⁸
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─ №╢™│ ⅜ ┌⌂™╟℮⌐⇔√

≢⁸ ≡⌐♩ⱷfi☿ꜟכⱡ☺כꜚ ╩ ∫√⁹ ─

╟℮⌂ ≢⁸ⱨ♇ 27 ⌐⅔™≡ 4 ╕

≢╩ ⇔√ ⁸1 ⌐╙ ─ ╩ ╘ ⌂⅛∫

√⁹╕√⁸ ─ ⅜ ∆╢ ⌐ ∏╢≤™╦╣≡

™╢ ─ ╙⁸ ─ ≤ ⇔≡⁸∕─ │ ╘╠

╣⌂⅛∫√⁹↓─↓≤│⁸ ⌂╠┘⌐ ⌐⅔™

≡╙ ─ ≢№∫√⁹SCOTT─ ⌐╟╣┌⁸

⌐ ⇔≡ י1ִ ⌐⅔™≡ ╘≡ ⅛⌐⁸╕√ י2ִ ⌐⅔

™≡ ⅛⌐∕─ ⌐ ╩ ╘≡™╢⁹⇔⅛⇔⌂⅜╠⁸

⌂╠┘⌐SCOTT─™∏╣─ ⌐⅔™≡╙⁸ ⅜ ⌐

⇔≡™⌂™ ─ ⌂ ─ ╩ ™≡™╢⌐╙⅛⅛

╦╠∏⁸ⱨ♇ ▬○fi ╩ ∆↓≤⌐╟╡⁸Lefkowitz ⅜

⇔√↔≤ↄ⁸ ⌐ ─ ╩ ∑⇔╘

╢≢№╤℮╒≥⌐ ─ ⅜ ╘╠╣⌂⅛∫√⁹ ⁸

51)⁸ 52)╠│⁸ⱪ꜡♥◒♩☿ⱷfi♩⅔╟┘ ◌ꜟ◦

►ⱶ ─ ╩ ╢ ≢⁸ ─ ⌐ ⇔

╩ ∫≡™╢⁹∕╣╠⌐╟╢≤⁸ ◌ꜟ◦►ⱶ ─

1≈≢№╢MPC(Kerr )╩ ™√ │⁸ 10 ╟

╡ ─ ⅜ ╘╠╣⁸∕─ ─ ╩ ™√ ⌐

│⁸30 ⌐⅔™≡∕─ ╩ ╘≡™╢⁹ ⌐

⅔™≡│ 4 ╕≢╩ ⇔√⅜⁸ ─ ⁸

─ ⅜⁸ⱨ♇ ╩│∂╘⁸™∏╣─ ⌐

⅔™≡╙ ╘╠╣⌂⅛∫√↓≤⅛╠⁸ⱨ♇ ▬○fi ⌂╠┘

⌐ │⁸ ⅜ LEFKOWITZ─ ─╟

℮⌐ ≢№╢≤│ ⅎ╠╣⌂™⁹ ⌐ⱨ♇ ▬○fi

─ │ ⌐ ╠╣╢ ⅛╠⇔≡⁸∕─

─1≈≤⇔≡ ─ ╩ →╢↓≤│ ╩ ↄ╙

─≤ ⅎ╠╣╢⁹ 

⌐ ⌐⅔↑╢ ⁸ ─ ⌐≈™≡

╩ ╖╢⁹ ⌐ ™√ │⁸™∏╣╙ 10

─⇔⅛╙ ─ ⅜ ╩ ╘╢√╘⁸ ⅜

ↄ─ ⌐ ╘╠╣√⁹╕√⁸ ╠ 53)│⁸ ⌐≤╙

⌂℮ ≤⇔≡⁸ ⌐ ⌐ ⅜ ∆

╢≤ ⇔≡™╢⁹⇔√⅜∫≡⁸ №╢™│▬○fi

⅜ ≤│ ⅎ╠╣⌂™ ⌐⅔↑╢ │⁸™∏╣╙

⌐╟╢╙─≤ ⇔√⁹ ─ ╩ ⇔√ ⁸ ≤

╙ │ ⁸3 ⅔╟┘ 1 ⌐⅔™≡ ⌐ ↕╣√⁹╕

√ ⌐ ⇔≡╙ ─ ≢№∫√⁹ 

⁸∏╣─ ⌐⅔™≡╙ ≤ ⇔≡∕─

⅜ ╘╠╣∏⁸ ─ ╙ ≢№╡⁸⇔⅛╙ ⌐ 

 

∆╢ ⅜ ╦╣√⁹ 

│⁸ⱨ♇ ⁸ ⌂╠┘⌐

─™∏╣⌐╙ ╘╠╣√⅜⁸∕╣╠│™∏╣╙ ─╙

─≢⁸⇔⅛╙ ╘≡ ⌂╙─≢№∫√⁹ │ 3 ≤╙

3 ⁸1 ⁸2 ⌐╖╠╣√⁹↓─ ⌐ ⇔ 54)│⁸

╩ ⇔√ ⌐│∂╘≡ ∆╢≤⇔≡⅔╡⁸

≤ ─ ╩ ≡™╢⁹ ⌐∕─ ⌐≈™≡

∆╢≤⁸ⱨ♇ ⅜ 11%⁸ ⅜ 8%≤

─ 15%⌐ ⇔≡╛╛ ™ ≤⌂∫≡™╢⁹↓╣╠ 2 ⌐

∆╢ │ ≢№╢↓≤╩ ⅎ╢≤⁸ ─ ⇔√

⌐╟╢ ⌐╟∫≡⁸ ─ ╩

⌐≤≥╘≡™╢─≢│⌂™⅛≤ ≢⅝╢⁹↕╠⌐⁸

∕─╙── 17)⌐╟╡ ⌐╟╢ ─

╩ ⌂╡≤╙ ⇔√↓≤╙ ⅎ╠╣╢⁹╕√⁸ ─

48,50,52,54)⌐ ⇔≡⁸3 ≤╙⌐∕─ ⅜ ↄ⁸↓─

↓≤│ ⌐⅔↑╢ ─ ⅜ ⌂⅛∫√↓

≤╩ ∆╢╙─≢№╢⁹ 

─ ╩ ⌐ ⇔≡╖╢≤⁸ 1⌂╠┘⌐

2─ ⅛╠⁸ⱨ♇ ▬○fi ╩ ℮↓≤⌐╟╡⁸ⱨ♇

│ ↄ ⇔⁸⇔⅛╙∕─ │ ⌐╕≢ ∆╢↓

≤⅜ ⌐ ↕╣√⁹∕─ ╩ ╕ⅎ≡ⱨ♇ ▬○fi

─ ⌐ ╓∆ ⌐≈™≡ ⌐ ╩ ╖

√≤↓╤⁸ ─ ≤ ⁸∕─ │ ╘≡ ≢№╢↓

≤⅜ ꜠ⱬꜟ≢│№╢⅜ ↕╣√⁹╟∫≡⁸1.0mA ─

ⱨ♇ ▬○fi │⁸ⱨ♇ ─ ╩ ∆╢ ≢ 

⌂ ≢№╡⁸⇔⅛╙ ⁸ ⌐ ⇔ ─ ╘

≡ ⌂™↓≤⅜ ↕╣√⁹ 
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л.  

 

ⱨ♇ ▬○fi ╩ ⇔√ ─ ⱨ♇

⌐≈™≡⁸ⱴ▬◒꜡ꜝ☺○◓ꜝⱶ⅔╟┘EPMA⌐≡ ╩ ™⁸

╕√CITP╩ ™⁸▬○fi ⌐╟╢ⱨ♇ ─ ⌐

⇔≡ ╩ ⅎ√⁹↕╠⌐⁸ ≤ ↕╣√

1 ╩ ™⁸ⱨ♇ ▬○fi ─ ⌐⅔╟╓∆

⌐≈™≡ ╩ ∫√⁹ ─ ⌐╟╡

─ ╩ √⁹ 

1. ⱴ▬◒꜡ꜝ☺○◓ꜝⱶ⌐╟╡ ⇔√≤↓╤⁸1.0mA ⌂╠

┘⌐ 5.0mA ─ 2%NaF▬○fi ≢│⁸ ─X ⌐

╩╙√╠∆↓≤│⌂⅛∫√⁹ 

2. EPMA⌐╟╢ ─ ⁸5 ─ 2%NaF ⌐

⇔≡⁸1.0mA ─ 2%NaF▬○fi │⁸ⱨ♇ ─

╩ ⇔ↄ ╘√⁹ 

3. 5.0mA ─ 2%NaF▬○fi ≢│⁸1.0mA ─ ─ ⌐

⇔≡⁸╟╡ ⌐⇔⅛╙ ─ⱨ♇ ⅜ ∆╢↓≤⅜

╘╠╣⁸ⱨ♇ ─ │ ⌐ ∆╢↓≤⅜

↕╣√⁹ 

4. CITP ╩ ™╢↓≤⌐╟╡⁸1.0mA ─ 2%NaF▬○fi ⌐

⅔™≡⁸ ⅛≢│№╢⅜ⱨ♇ ⅜ ╩ ⇔≡ ⌐

∆╢↓≤⅜⁸in vitro ─ ≢ ⇔√⁹ 

5. 1.0mA ─ 2%NaF▬○fi ⌐⅔™≡⁸ ⌐≈╠⌂╢

⌐ ╛ ─ ╣⁸№╢™│ ─ ╩

╘√⅜⁸↓╣╠─ │ ≤⇔√ ⌂╠

┘⌐ ≤ ⇔≡∕─ ╩ ╘∏⁸ⱨ♇ ▬○fi

│ ⌐ ∆╢ ⅜ ╘≡ ≢№╢↓≤╩ ⇔√⁹ 

 

 

╩ ⅎ╢⌐№√╡⁸ ↔ ⌂╢ ⁸ ⌂╠┘⌐

╩ ╡╕⇔√ ⌐ ╟╡ ╩ →╕

∆⁹╕√⁸ ⌐ ⇔⁸ ₁─ ⌂╠┘⌐ ╩  

⇔√ ⁸  

⌐ ™√⇔╕∆⁹↕╠⌐EPMA─ ⌐№√╡⁸ ─

⁸ ╩ ™√ ⁸ ⌂

╠┘⌐ ─ ⌐ ─ ╩ ⇔╕∆⁹ 

⌐⁸ ─ ⌐№√╡⁸↔ ⁸↔ ╩ ™√

⁸ ⁸ ╩│∂╘

─ ⌐ ↄ ⇔ →╕∆⁹ 
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