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Figure 1. Appliance with micro-electrode and artificial

hydroxyapatite
% Bt AAS s wn BEF Fol AEA FAsA, B 2o
fom X o] AF hydroxyapatiteHA, <> %, 7 2k &k, APP-100)7} 9

(

A2 windowE ¥4 3}3l electrode(Table 2)7} Eo1d 4 &= £& FAA

N

o 1F HAE 3x3mZzZ e & FX o F4dE windowd] ¥HEo] 2 AT
HAE SAA7]L HARYE ofad #HHog Hste] FA A EeEA
E =2 stk 9% HA F9] micro-electrode tipg X A7 & A8
0 3o electrode A Ho=2 XA 7] H oz HHoz Yol wEAH
o 74 WeE oA # M RES EE Tol off FIrolA LFAGA
=

93 oE FAE BF Fok Bxd npsd fa8 A AR wE



SEH == st

Table 2. Specifications of micro-eletrode(Beetrode) used in experiments

Tip Diameter 100gm (0.1mm)
Tip Length 2mm(approx.).except 5mm(approx.)on MEPH5
Response Time 1sec(90%) typical
pH Range 0-14
Slope Nernstian
Resistance 100k & (max)

no significant, interference by k", Na",Ca""in 0.1
Selectivity to 1M solutions. Cannot be used in blood or

highly reducing or oxidizing solutions

2. 434y
Micro-electrode 9o X El7} H2E 4= J=E A9 FXE FHANA 3

Az A2 E HATh om FAE AR AANUL FHA, APAE T

AN AASE=S stiar, 1 oole] Atels AS ZFAE FFEaL A==
shdth. A El7F GFA A electrode®] W& Hil Sle Zo] 3l HYW AP

N #a Q.

0% Folt HAAS Qe T pHE HEAFY 5o s daB
A stk HAAY Qe FHW pHE SBEE 9 PN wEs 2



£ Ao AMEHOIR SAEANE S 4 SEEE AZt ©WE pH #] Ao|rt
EAst=AE B7] 9|4 Repeated one-way ANOVAZE o] &3l X319
H, FH 2L E 93] duncan testE A A SFH T BE E4o= SAS 8.1 AT A

(SAS Institute Inc., cary, US.A)E ©|&3lAtt.
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AEelM AHgd 7124 559 TR AFH 242 B3 ZT(Table
3).
Table 3. Compositions of drinks for experiments
Drink Compositions
liquefied fructose, carbonic acid gas,
coca-cola
caramel color, phosphoric acid, spicy
concentrated orange juice, liquefied fructose,
orange juice
calcium, orange fragrancy, citric acid, Vitamine C
liquefied fructose, liquefied fructose,
gatorade
citric acid, DL-malic acid, tri-natrium citrate
skim milk, skim milk powder, whey powder,
yoghurt
liquefied fructose, liquefied fructose, liquefied fructose
concentrated coffee powder, sugar, whole milk powder,
coffee
skim milk powder, sodium hydrogen carbonate
2 AAA) AZA e %
RE SAASA 587 ey 428 44 & F AFH B 273
Fom H A=A BHYEHF2 1.26 ml/min®] A}

3. Electrode?t &5 ¢ pH W3}

A g A82 micro-electrode?] beetrode?] A4S Hrlsty] Yt V&
o] T2 pH Aol d AEHA Y orionAte] pH electrode$} vl =7
3} 9 o (Table 4).



Table 4. pH values of Orion and Beetrode electrode

Drink Orion Beetrode
cola 2.47 2.50
orange juice 3.87 6.85
gatorade 3.05 3.21
yoghurt 3.64 3.60
coffee 6.59 712

4. 72t 8¢ pH W3}

7t. 2ol 9§ pH W

FgE NEE 59U dF 543 pH sH0S EQom @A DollA pH
4352 HAAE Holw %7] 20% <t W2 pH 3 &S HATH I Fof A

N# pHL BHEHIAE AL &

rO

g 4 A AT (Table 5, Figure 2).

Table 5. pH change in cola

Time Subject A Subject B Subject C  Subject D Mean SD

0 7.15 7.62 6.83 6.34 6.98 0.54
5sec 4.37 5.42 4.61 4.35 4.69 0.50
10sec 5.32 6.12 5.47 4.26 5.29 0.77
15sec 5.61 6.42 5.69 4.52 5.56 0.78
20sec 5.75 6.61 5.77 4.73 5.71 0.77
25sec 5.82 6.68 5.82 4.85 5.79 0.74
30sec 5.87 6.72 5.85 4.94 5.84 0.73
40sec 5.47 6.85 5.89 5.07 5.82 0.76
50sec 5.67 6.91 5.91 5.14 5.91 0.74
60sec 5.71 6.94 5.93 5.21 5.95 0.73
80sec 5.73 6.98 5.97 5.28 5.99 0.72
100sec 5.67 7.00 5.99 5.37 6.01 0.71
120sec 5.77 7.01 6.01 5.46 6.06 0.67
5min 5.83 6.96 6.06 5.55 6.10 0.61
10min 5.93 6.83 6.08 5.41 6.06 0.59
15min 6.16 6.77 6.08 5.46 6.12 0.53
20min 6.17 6.68 6.09 5.37 6.08 0.54
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25min 6.19 6.75 6.11 5.30 6.09 0.60
30min 6.18 6.71 6.16 5.26 6.08 0.60

BOO [~
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5 6.00

5.50

5.00

4.00
0 20s 40s 60s 80s 100s 120s  10m 20m 30m

Time

‘—Subject A —Subject B Subject C Subject D === Mean

Figure 2. pH change in cola

4. QAR F20] oF pH W5

CAAF~E AR 593 AF 349 pH 42 QY. 934 A% B
ol 97 pHSl 57018t2 WA @gkw W AA DA pH 483 AA
Ae Btk WA A% BAAE 108 F U4 pH ooz 3= HT

(Table 6, Figure 3).

Table 6. pH change in orange juice

Time Subject A Subject B Subject C  Subject D Mean SD
0 7.70 7.52 6.33 6.44 6.99 0.71
5sec 5.93 6.05 4.93 4.83 5.43 0.64
10sec 6.16 6.11 4.93 4.86 551 0.71

15sec 6.25 6.18 4.98 5.00 5.60 0.71
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20sec 6.37 6.29 5.02 5.14 5.70 0.72
25sec 6.35 6.36 5.07 5.21 5.75 0.70
30sec 6.31 6.40 5.09 5.24 5.76 0.69
40sec 6.35 6.46 5.15 5.26 5.81 0.70
50sec 6.32 6.50 5.20 5.32 5.84 0.67
60sec 6.39 6.50 5.24 5.32 5.86 0.67
80sec 6.40 6.59 5.30 5.40 5.92 0.67
100sec 6.45 6.63 5.34 5.44 5.96 0.67
120sec 6.53 6.63 5.39 5.50 6.01 0.66
5min 6.87 6.82 5.57 5.68 6.23 0.70
10min 6.95 6.84 5.73 5.79 6.33 0.66
15min 7.22 6.87 5.80 5.82 6.42 0.73
20min 7.30 6.89 5.86 5.86 6.48 0.73
25min 7.39 6.94 5.91 5.88 6.53 0.76
30min 7.48 6.95 5.93 5.89 6.56 0.78
8.00

7.50 |

7.00

6.50

L 6.00 |

550 |

5.00

L }

4.00

60s 80s

Time

100s 120s

[— Subject A — Subject B Subject C

Subject D =H=Mean

Figure 3. pH change in orange juice
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AEHCE ANaZ 54T dF F43% pH sH3S Holw FJHA DelA
pH 4642 HAAE BYt I@A B ColM+= 30% ol dA pH o4
S EYou FJHA A% DoAE 208 o]do] AuAlof A pH o]FS I
Eatgith 27 wE pH IFES HYoy 1 Foe ofF 4vret 35
%1 tH(Table 7, Figure 4).

Table 7. pH change in gatorade

Time Subject A Subject B Subject C  Subject D Mean SD
0 6.89 7.39 6.81 6.63 6.93 0.32
5sec 5.76 5.09 5.39 4.80 5.26 0.41
10sec 6.04 5.41 5.55 4.64 5.41 0.58

15sec 6.17 5.52 5.63 4.76 5.52 0.58

20sec 5.27 5.63 5.67 4.88 5.36 0.37

25sec 5.43 5.72 5.71 4.99 5.46 0.34

30sec 5.29 5.77 5.73 5.02 5.45 0.36

40sec 5.46 5.81 5.75 5.06 5.52 0.35

50sec 5.52 5.86 5.78 5.04 5.55 0.37

60sec 5.51 5.90 5.80 5.01 5.55 0.40

80sec 5.52 5.96 5.84 5.02 5.58 0.42

100sec 5.57 5.99 5.87 5.03 5.61 0.43

120sec 5.58 6.01 5.89 5.02 5.62 0.44

5min 5.49 6.03 5.99 5.36 5.72 0.34

10min 5.58 5.99 6.06 5.32 5.74 0.35

15min 5.63 6.02 6.12 5.33 5.77 0.36

20min 5.71 5.99 6.18 5.34 5.80 0.36

25min 5.81 5.99 6.23 5.39 5.85 0.35

30min 5.84 5.98 6.25 5.38 5.86 0.36
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. 27 2Ed ¢ pH W3}
ANEZ FYF A5 343 pH sH4E Eolv 377 DA
pH 4652 HAAE HIYth Azte] Fastelm w3 BE Al¢fstii= pH

g Eo] A HXA
pHol o 2 3 E 5 x] kelth(Table 8, Figure 5).

Table 8. pH change in yoghurt

20m 30m

gokom, 30 A3 Fel= HAHA A, C DellM= A

Time Subject A Subject B Subject C  Subject D Mean SD
0 7.16 7.65 6.58 6.73 7.03 0.48
5sec 4.94 5.45 5.37 4.65 5.10 0.38
10sec 5.37 5.60 5.34 4.69 5.25 0.39

15sec 5.50 5.63 5.33 4.77 5.31 0.38

20sec 5.54 5.64 5.33 4.82 5.33 0.37

25sec 5.51 5.68 5.32 4.83 5.34 0.37

30sec 5.51 5.69 5.32 4.90 5.36 0.34

40sec 5.50 5.73 5.32 4.90 5.36 0.35

_14_



50sec 5.39 5.66 5.31 4.89 5.31 0.32

60sec 5.36 5.68 5.31 4.89 5.31 0.32
80sec 5.32 5.70 5.31 4.92 5.31 0.32
100sec 5.32 5.77 5.31 4.97 5.34 0.33
120sec 5.33 5.79 5.31 4.92 5.33 0.36
5min 5.24 5.94 5.32 4.98 5.37 0.41
10min 5.29 5.90 5.35 4.90 5.36 0.41
15min 5.36 5.98 5.39 5.16 5.47 0.35
20min 5.41 6.06 5.41 5.08 5.49 0.41
25min 5.47 6.09 5.42 5.18 5.54 0.39
30min 5.50 6.19 5.45 5.31 5.61 0.39

B0 [~

4.00
0 20s 40s 60s 80s 100s 120s  10m 20m 30m
Time

‘—Subject A —Subject B Subject C Subject D === Mean

Figure 5. pH change in yoghurt

o Aol 9§ pH W}

ANE AR BYF 4F LE JAA4NA pH FoHEor 1 F A
N8 delzth o= WAANAE A pH 57 olstrE HelstA 2gt
(Table 9, Figure 6).
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Table 9. pH change in coffee

Time Subject A Subject B Subject C  Subject D Mean SD
0 7.87 7.87 6.37 6.48 7.15 0.83
5sec 8.26 8.07 6.52 6.80 741 0.88
10sec 8.25 8.01 6.52 6.61 7.35 0.91
15sec 8.26 8.00 6.53 6.63 7.35 0.90
20sec 8.26 7.98 6.53 6.60 7.34 0.90
25sec 8.24 7.97 6.53 6.62 7.34 0.89
30sec 8.24 7.95 6.53 6.64 7.34 0.88
40sec 8.22 7.92 6.52 6.68 7.34 0.86
50sec 8.23 7.92 6.53 6.70 7.34 0.86
60sec 8.24 7.91 6.52 6.71 7.34 0.86
80sec 8.23 7.37 6.52 6.75 7.22 0.76
100sec 8.20 7.86 6.51 6.78 7.34 0.82
120sec 8.18 7.86 6.50 6.76 7.33 0.82
5min 8.08 7.81 6.41 6.79 7.27 0.80
10min 8.01 7.70 6.29 6.73 7.18 0.81
15min 7.94 7.62 6.16 6.70 7.10 0.82
20min 7.85 7.36 6.09 6.68 6.99 0.77
25min 7.76 7.59 6.02 6.60 6.99 0.82
30min 7.69 7.64 5.94 6.63 6.98 0.85
L= 28O et bl

/\r S TN

pH

oI -
|
|
|

6.00 | |
|
|
|

5.50 |
|
|
|

5.00 !
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Figure 6. pH change in coffee
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e pHE I E == FAFS QAT 4 dAth(Table 10, Figure 7).
Table 10. pH change in all drinks
Time Cola Orange juice  Yoghurt Coffee  Gatorade Mean SD
0 6.98 6.99 7.03 711 6.78 6.98 0.12
5sec 4.69 5.43 5.10 741 5.17 5.56 1.07
10sec 5.29 551 5.25 7.35 5.42 5.76 0.89
15sec 5.56 5.60 5.31 7.35 5.54 5.87 0.84
20sec 5.71 5.70 5.33 7.34%* 5.38 5.89 0.83
25sec 5.79 5.75 5.34 7.34 5.47 5.94 0.81
30sec 5.84 5.76 5.36 7.34 5.46 5.95 0.80
40sec 5.82 5.81 5.36 7.34 ** 5.52 5.97 0.79
50sec 5.91 5.84 5.31 7.34 5.54 5.99 0.79
60sec 5.95 5.86 5.31 7.34%* 5.56 6.00 0.79
80sec 5.99 5.92 5.31 7.22%* 5.58 6.00 0.73
100sec 6.01 5.96 5.34 7.34%* 5.62 6.05 0.77
120sec 6.06 6.01 5.33 7.33%* 5.62 6.07 0.76
5min 6.10 6.23 5.37 7.27 5.72 6.14 0.72
10min 6.06 6.33 5.36 7.18 5.74 6.13 0.69
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15min
20min
25min
30min

6.12
6.08
6.09
6.08

6.42
6.48
6.53
6.56

5.47
5.49
5.54
5.61

7.10
6.99
6.99
6.98

5.77
5.81
5.85
5.86

6.18
6.17
6.20
6.22

0.63
0.59
0.57
0.55

**: statistically significant(Duncan test, p<0.01)

8.00

7.50

7.00

6.50 r

L 6.00

5.50

5.00

4.50

4.00

60s

80s
Time

—o

la == Orange juice

Yoghurt Coffee === Gatorade

Figure 7. pH change in all drinks
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Abstract

Measurement of intra-oral pH and recovery speed of favorite drinks

by telemetry method

Dong-GU SEO, D.D.S.

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Baek-1l Kim, D.D.5, M.P.H, Ph.D)

The drinks ordinary to foodstuffs have direct decalcification in tooth and
cariogenecity. So the pH of drinks, intra-oral pH changes during intaking of
drinks and the ability of pH recovery are important means to incidence

and prevention of dental caries.

Telemetry method is the method to measure continous intraoral pH
change by using appliance including micro-electrode for 4 subjects. By using
this method, intra-oral pH change and recovery speed is measured during

intaking cola, getorade, orange juice, yoghurt and coffee.

1. In cola, intra-oral pH was rapidly decreased to pH 4.69 directly after
injection and after 20 seconds recovered to pH 5.7.

2.  In Orange juice, intra-oral pH was rapidly decreased to pH 5.43
directly after injection and after 20 seconds recovered to pH 5.7.

3. In yoghurt, intra-oral pH was rapidly decreased to pH 4.69 directly

_28_



after injection and couldn’t recovered to pH 5.7 although after 30 minutes.
4. In getorade, intra-oral pH was rapidly decreased to pH 5.17 directly
after injection and after 5 minutes recovered to pH 5.7.
5. In coffee, intra-oral pH was raised to pH 7.41 directly after injection

and then after decreased slowely to 6.98.

This results show that yoghurt has the high potential of tooth
decalcification and cariogenecity. It needs a caution to child about frequent

intaking or intaking before going to bed.

Key words : telemetry method, intra-oral pH, favorite drink
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