kg 5 &)
B REE

Dental Caries and Bioelectricity or Free Radical

WENF W




FTEEREAMEESRHIRIR R

i 55 P HL AT A 2k

Dental Caries and Bioelectricity or Free Radical

F
==PARS

W&

B M Ik =X
= B 2 & X &
SRR BNTF Fl%

BIUEERZ B



HERE

APWET ENTHBE LA A B ERE . E R A%
ERARRFEETE FAFERILET RO BUR, ILEMRIR 20
R WA KB LRIELMIL L EFE R AT F B AL (Eh) 78
WERARTRER L EBREER G TAEY RO EMER, H#ET
PR YR MY R R —— R R B ALY B B R, KR L R BE
LT EER R RV AR ALEEIE . A FE S S B A B I R T
(W ER N e s

BB B (CIP) &

RS EYEM A RS/ BT ER R BNEERE LR,
2003.1
ISBN 7-81086-031-3

1. g 0. & L @H-BoR ke A E- LY B -30E I8
w-BoRikFEE-A s ER - % V. R781.102-53

o [ R A B 548 CIP 8 1% 52(2002)5 103394 5

55 M ZE BE Rt ARAL AR A AT
(HLEHKRAARE 175 BRBHRTS.710032)
1% :029-3376765( & 11#F) 029-3376763( L4 )
{£ & .029-3376764 E-mail : fmmup03@{mmu.edu.cn
A B H AL T % ED 55 Hh O B
*

FA:787x1092  1/16  ENgK:15 F¥:340 TF
20034 1 A5 1R 2003 4 1 A% 1 KEIKI
EN%:1~1500 i E41:39.00 5T
ISBN 7-81086—031-3/R-26

(M LA, FLA B A5 8 B 0E A4 57 SR )



IE LA K A5

RAFE L ARETARE F 28
WL AV AE BLRE-BRE,

BRMADL RERLERE I HAW
HBELEREA TAL D HE,

w0TF



F

TF
FMEEAFOREFER

WA ME IR BRI —  TER R BRI R R B AL E TS . (B8R AR
B KRR 24 %A B R 50, BT A 1 R B 2 GUS( i R . o0 B AR
B 1935 SR 7EE b R oK B R BN EE K% O EEBTAT S ) shikat #1941 5
J& , fb BN IR S TR M A BB T A . 1958 Efh iR T REE — A CHR BB #) % & £ 18
355 995 DR % % 90 ML 7 T 2 £ — oA 8 L B 0L A0, DA BT B K AR A R B — R R BT B, THT 2 1
FEMERWAZFEIRM, B SEEL". WG 2 F,Keyas(1960)3& t T #E#TH H 89 “ =B A
FiE", X33 T 18 4F,Newbrun(1978)7E B¢ 5 & A9 2Ll L AMFE T A B I, 4R M T IR X
7, HCTT L, 300 SR X T U R BT 5 AR BB R ATBE M (IERRIN . ZERLE M8 7R IR 1
AR FMUES A L ERE L, ELFEERRIIE, 270 8RGO S, BB
R ER L, EBAL. MELERTIHRRE, B3 AAMBENES, FHEmENE 4T
1986 4F 8 A 8 HEmBS, 8T TR FREKREE, £ RE%EARBAEFMR A FH B

RE W EF LR, BRUBEE YRR, MEST)IHBGT 1 4/5(1987 ), R
B 1952 EREFS, EHBHEE R THEFRBER AR EES B ETIAEER LK
PLEBRBIS . R ENSS T, E DR EEEHE2EARKBE T, 0 FHIER,
AR F AT 2 U 4 BF 5T A S JE R B T 2R 1 A B AL R 1 (E) ZE BB AR AR R IIVE A
T S50 2 R0 A A 7 S5 o (30 40 3 AR PR A A TR B T SF B B R A AR A U A AR SR
137 ) R R B VR M R A B T A R, X e S SO R KRR BT A R B R e
TH ., EXELRFLHERMLE, ENTRE T SRR EY B FIER", X 1890 &F
Miller 38t 9 “4h 2 UL HEAT TIBIE . B0, R MK L4 F Rk FRNAET A
e bRy (ESR) % BUEHE b £ 5 M —— B TE HEBR B 60 45 Fh ML WA R, BRREAE BE SR P AR R R
HEmE. BT OEERRRSES TRMAFATENLER FRERY . BRMEXFE
SRR T AR T EE A TESRMM RS, LRRY MR SE g, H
A E TR . B R TS G B R i, BRI SRR I

PR BE 2 2 g o 7E AN 22 S0 B 26 R B 10, X FAEAT B M (LT A\ R B LR ARG AR AT
32 R WA, AT R U X R A AR B MR AR . SRR R R R KRR
U AR R RS T CAME B S EER T ERERR CHRERREAR
R B VR — AR R Miller f) b 4241, (ELX S0 3EIE AR AN RE UL P R R




B IR, BN BES S AR DR R I B S R IR, W R A T T R , TV R R A A N
[ 75 160 160 2F B8 R, T O 6 B A 0 2F % TR T S 9 6 B A RN B 1B
RO o BT L, 5 17] 2 180 6 4R 77 76 R IR s B s o ML o 86 40 T 2= A B S 38 M
ERHE, BARGSE, HEIR 20 CERAS ENEShD T TRY AW LEUR
M A A B AR, BT AR T 2R T SR A, 2T AR,
B, T O HER 1980 M T FEANES TREERLKAS, RAHHER
(BABRER), RIS T2y N E NS KRS, FRERTIE EYEE TRY
LHEBOREY TREVERSTARR, HAT H%H AKERGERLRE, 0%
BT Bk O RSEL B BUAC B2 RV o B AR 1 R R S e A e R
FTRS AL A A bR S 2 R R A i B T BB, R R 5
B4Rt B R P UL A LR TR R R AR R R — R RI%E KRN T AR
R BB R, MR TR R B E SN ERIEEALRER 1 EWH R, R
% ELVE % L PR TR B B0 TR F AR B 5T B K ML — e R AR R

R R EAE LA RIS, EEUE R RR S R A, AR E LR A E SR
W, RGERER, RO BB EEEHE, WNETN ARG, B 28 SRAERR
W T | BT AR BT TR 0 A KRR B KL, — A
b, hEEERCBATIM S RO A KA BT R



H %

F—R BRAFNENEYELFERHRY

| EBREERENENEYBAFTERREITBIGIE --oorrervrrrrrrarrrerarett e 1
2 New Theory of Caries and Its Experimental Verification =++++sssesssseernsesenisniinnnnniiininn.. 7
3 “HFTHSEEES, RRGIEE TR P oo 16
4 “BHEEHIER I SEBREL ] «rrveevvrrereeerermmmmnrioe ettt 17
5 SEEERHIIERIE B L SATED ovvreeree e e 18
6 MEESSE B EIERIITRRWERE o ovveeerrrrrrrrrr 23
7 BRI AL FIR(EIR) -oooverrerrrerr s 24
8 BERSHLIE R A M AL SR TE B TRABUE ST vvereerrmmrmrrerseerermmatiieiie e et eeeeens 25
O BB B HLERAGEABAE «rereerrrrermmermrer e 27
10 BB TSI R AE MR TN GRAIER - ooooerererrermrmssoree et 32
11 FRREEAS T SRR - vvrrrrrrrrereess s et aa e 35
12 BUFFBRESEIEEMTE - vrvererorrrrrrer et 38
13 BUFFBRERIES T SEERBIIETR vvererrrrrrrme ettt 41
14 B RE LT LRI LSERIIR oo 44
15 DIBEHBALZETEIR wreveereesersomsrmmerer et e e e s s ottt e s e e et 47
16 RSB EREERRESRERVIETIRBAIEIL oo 48
B BUFATBRIEMNEIRAEAEX
1 BIALZA A TREAS R (FFETAEEE U IE L) +oeeeeeeeiommrermrrr ettt 51
2 REALEA THEEERTRRRN RSO RBHRERELELRT) oo 83
3 RHEESIENR B R R A BRI AT IR S MIBEST -ovveerrrrere e 116
4 ERRFNENEMBLLBR(EAE A TERBORBFT) oo 125
S BIALEE RS FF U A BIEAME - ovvemrrmeermres e s e st 128
6 BEXTHLALEE A THETLRLBIBIME - ovvvermmrrermmemrsose s s s s s e st st 130

7 B A TREREBYEGTE R FT SR vvevvrrrrrnrrsrensnsssssssnii 134



8 BUM¥ALHAEMEEALSHRRIEEELRBIERLERr oo 137
O FHBARBMEBUFEATEERILEE e 140

F=ZR BRARNESAHE
1 ﬁﬁﬁﬁﬁ#ﬂiﬂﬂﬁi%@.ﬂ%ﬂiﬁﬁaEg(ﬁ?ﬁif&ﬂkiﬁi) ................................. 145

 BTALNTERNAHMERESFERUERBA(Eh) XRAXEHR

(B BEALIE ) <o rrrerereeoeseeeeseeseesssesseseses oo 164
3 B T LT AGETY +-vvvereeresessseeronsessesrreosmmmssssssesssassssssssscosns 188
b B B AR BT MRS <rrrrreessseeresessssse oo 191
S ERARFEEREMRERAMIBAPBIRIT oo 193
6 48 SUAL My AL B B 5 T B (L B MG TR IR G B +ovvevrvveeonsemssosemnmnnsnnnnan, 195
7 BENNHEETEAESEE FER XM ORRBTT oo 197
S BEAYPEFEEENHETEENERBGAIII oo, 199
O BHE R TIE T IR oveeeeererrrroreossssssssssmssssssssessssssssssssiniee 202
10 B S B F AL REGTFED wvvvvereovmmmsmrrorosssssenssess s 205
T YL T T ——— 208
12 B AL A AL T B A K AR BB REO IRIRTRET +rorrvveoreesssereesnseeeneen 212

13 BREREEESRBEMBOTSEIT e 216



i w3 LB A P A 2 PR B L SCIR U
*HF

IR RAEBRE LHER, 2R ELH 50%H /8 REP 25 L2 NBE IR, P LIk 48
BRI R R 22T SO R BT LT, &R P B R R AR R AT S0%LLT , Ak E
FIER KR =K 00% L) b B0 B R —Fg MR, AR MBS HERSI R REIHER
HE R KB e M B S M, 1 EL BRI A S HIR S, S EOH L R LI BEBUR MR &
H, R R T A AU (WHO) S it , BB 1 I #E A A6 LA SRR AR, BLE K iR 51 9 3
i A 26 A R ) = KR R 2 — o 9 LE 8o A R R 2 PR U UL R R T 86 , S BN SR
ERKEE, REFAETRERARNES  FHBTARMNBRE V8 KE KRF R
5% WAL A E B s A

LA 0 0 B AN MLBE B9 A B FR A6 , 7R 1890 4 36 [ Miller $2 i 9 “fL2E 4B £ UL "™, X
2 04 1 5 % R RN ALER A N O A CF I BE) MR T T R R - B(EE A A
B BRIEFHIZE J 8. BB, T W 1B GREEREK A ) 7 b7 T 2 3OCT ki &
o, B REET . 25t 100 ZEM KR, BRIZFRAFRE T ERS T EZH TR, &
BT BN L E A — B, RSB RO —— T R, R T R R =
BEZS (MY B S MEKEZE(MEY BE BY BE), R, X T X e E 2
QTSR B TR R PRI — FAUR R L AR R BN BRI iR, 1987 & B A TR R
H AR T — A EENEAREL . BEOEANEETENE R TRRFER T EN
B (3L, T 2 (A B — A R AL O LR R LA (ER)P, SR, B TR T IR R AR UL K
T AL BRI A BE TR R BOE MO UL, 3R AR vl B R A R e R b DA Do
SR, KB TERARBSEESOER (REEE S .3870830), 24 , BN THH 4 BHRLE
STHIREE AT T 11 FHERRIE,HKBT S FTENEEX @R ELHEZREL, AH
BERT T

— BEFEHRABRCHESERIE

F R 1 e T AR A, B R T o R IR B R R R BRFEES

B, 05 B 4 SR B0 AR M SRR B 2 106 B AT IR OF BALEE FE 34 IR KR —2F
i AN [E A 0 e L L ZE AR R B SR IR 1-1

®1-1 FEFHEBHBEELRE

(B :mV)
5 k¢ X8 t p
B E SRR [ﬁ] 106 -126.77+67.29 10311 <001
fe B 27 T S @ R T 34 -6.15+13.38

S0 S ST B, 728 2 T R B R R — R BRI, TR MR MY AFAE Z — o 106 BIHE R
oF 18 6 — 15 41 ¥ A 70 e (3L, T 4k B o 12 1] L B E B S O B ES B R A 2 L S R OF T R
FIAHER B E . X—FLHE hEM S LR SR E KRG RIE.




S BAFATEERNEST

A 5 T A1 TG (3 — B R A (R AE MO B LR P . L 1 AR B 11 2%
YR SR IO —BLER, BLOTI AR 12— 2 20 Hh42 60 S A2 & BRACHI Lo A THRALTY,
i 8 T R 1T T 2 20 SR 9 L RRA R, LB T — /0 TF B R R AR
SRJE A M KT R I pH=4.0 1 & ZURRAOBLH WH 7 KR 76 (R 69 7F B 0 B T e BLAL S A
TR (LR L A T BB PR L R AR 2 1 T, 3R R AT AR R o FUR B T
o A LB A BT LA 0 R RR IR TR RO A, R T LU SR
1 ARTIT 4 2 U 45 B BB PE I (R AR SN T BB K 67 ) B pH=4.0 KB
o, 5 7 .t LR O BT (10 R B2 IR TR . b, A TP AR
o2 A TR B 75 UL R O BLIE . I . RS O T B 0 2 — R F T P o
877 161 BOREIR, O ELR WA , B S0 5 5 B A% A T T RS A MR B B8 O A R A 2
NI, R R A A A JRE O A 20 B4 90 SF ALK, B SRR R B X AL 2% A iKY
LA SR PR AR th 5 1 PR 2 AR R, 8 91 M 9 K VLI KB T LR R 2 42
1 T AT 1 PR, AR TE A S DR 26 P o 0 B B A I L P A M5 ¢
A RO P o T A P, A T 27 6 7 4 55 0 4 4 5 A Ao 8
st A2 T REHUEL, PR s RO FE RO U TF 3 A T el % A TR GESK T 3 — R
(8.9]

FE O 5 F LA 5P S A, L7 T 0N 5 00 o gk 5 B — TR XK, ARG 46 BRI
oF [ 5 o 0 0 I, o R 24 22 P LA S , S 00 OF R AP 8 X 40
e 22 AT o S PRV 24 JR R 4 A T, S PR S 60, S A 22 B A 8 S
S0 5 10 F 60 I AR A4 B 0 L 45 51 4 PR L R IE SR o B  URIE AR 0 —
A R B 53 ;B b R S 1 — 2 0 R O T B 2 . 52 P A A 0 L
S SRR AN R, R 6V B FE b Y BV L A, R 48 F 4 o ML CB KRS
R BB B RS . ST T KR W A TF 6 O 0 Y B A IR T R s F
A O 5 R LR — R, OB R BB TR .5 B SR S,
A2 P K O SO B, B RTD I . K — SR RO R B o R 0 AL T
PR AL, BV pH=A.0 §0fL2¥ A THEILY HUAE e M, LUS B pH=7.0 ) 0.1M
LBV WYE S A, AR TR T TR A T 2R . YA R IR pH=4.0 R ARl
R, I T 1 SR SRR A0 11 T (R T AR S 5 T P L 5 0 o LT B 4t
F 81 A £ P BR T JL 0 S 0,

0 G B LR 7o , LA T A K AR R MOEEAT T P AL A LSRR S0, 364% T 48
IS B, 7 5 B o o 2 D o R R IR LRI ) Ca P 3 B, B
BEVR 2 7 7 L1 0 Ca P15 L AR o B 2 TE IS, LG RO 51 0.842 01 0767, sty
AT LAt A2 A T 6050 30, BT 5 i ¥ R S0 S 0

DL S B0 2 0 BT LSRR AN BRI R — & R R M — LI, A s e e
2 1 i T R AE R R BLEL o R T AR S

= EEFEERALER RN ARRES LR
F AR I Bt B 5 s (69 24 BIREIR , M TG BUR MY B R AL, AR L




TR 77 1 0 B EL v (7 fth R B R BR IR R U, R R 0 e 0 AR B M/, B A SR B A B OF T
(e LK SR R 1-2,

£ BEARXKRIEHENXTRBEETY

(4 :mV)
H5H % x+s t p
LR 24 —138.70+63.83 01 vor
EBE 24 —4.98+15.87 : <

SCH UL H . 8 R A R A TE R O T B AR A SR B R O Y U FE SR R
VO | 5530 5F T B AL SE IR AR L R B B

R AL R G ARG T T S R R AL R R 19 BIEE AR H A R B E MR . L E R
St BRI AL % Y7 Luminol 548 S ALY 0 85 7 & fh 26 R R, (8 2 3006 , H TR E A
6 4h %k, B A & Ve B AT #1735, BE LY B ILES (SOD) BE 45 5 b 40 il i E AL B 7
B 5, BEE SN %) Luminol B %& 6o XF G IIAE & %6 in Luminol 1 %€ & JG{H , #RJ5 Hin SOD+Lumi-
nol I EH KM, AR ENLEXHRMESABECYAEFAaENSE KN
ZEBSER  BEIR A A A HUME VR S B 100 fER B E DR F A M, HEBE, WE 1-3,
£ 1-4

£1-3 19BEEAKMBRHZKE (#43  A/s.mg)

BB AR 4 4 0
A5
Xs t p pE t p
1 Lumenol 17.40+28.26 0.26+0.16
247 <0.05 2.75 <0.01
1 SOD+Lumenol ~ 1.77x1.91 0.13+0.04
%14 SODAMERENER  wpy v w/omp
8 51 X8 t p
B g 15.64+26.85D
2.09 <0.05
MW 0.17+0.17

D% 1-3 &b Z[L 41-(SOD+L 41))/19 #E B M 13

EIWSe 0k THIFETAANNBENY A FAMESEATERBANRR, #HITT
HEXWIERLR, R8540 FlBE, EHE 1 MER. Jof R mE B AL IO E e R H
B VE X, ORE R, ZEMER P A 0.05 ml AEFEERK, WEig BTk, E,
FELEHE TR P9 A 0.05ml SOD A= b /K B, Wi R i 28k, % 3 A (L EAFTE 5
Mriangk 1-5,




F1-5 SEEHKRSOD WHBEFHEALEREECAFIE

(#ff.mV)
4 3 151 %% X HEER
X BB 4 40 —177.64+50.19 *
hnA B Rk A 40 ~170.33+49.17 ok
fin SOD 4 40 -88.87+40.81 ke

* X4 R4 52 B K 6L 2 1A AR B % L P>0.05
w* A K 411 15 SOD 41 2 ] 4 25k & %  P<0.01
*xx if B 55 SOD #1 2 [ M2 18 & % , P<0.01
PLERANSER, NMUESE THEAAN T RRESA LY ABR T AW E, M HEIEX A
SOD 2 BRER4Y | et & , B o] {6 498 20 2F T8 61 oy (0 #3508/ o P L AR R I BT R SR R - B R AT B
BT A R IR I LR R SR R B E R O

A BTAAREEREAHE BETAHNEUIRRLE, XERBREROSER? &
RERRENERHE?

F R & A W R R R R B (e B £ R DR
R, WA FEBRAS KWK, B EEEIT AR, RO RAUMETERMEKR,
R RARE, R R IE B A F 4 W 1,4 K5 2 I HL A AT 35 -100mV, 7 R JE R -
150mVI™, BB fi i 5L R4 53 b el (308 A0 M4 4E F W BE R 7 FUSUBIN — D UREE IR AR, FF R AT
BB AR 2 1 F AR AL B PLEE B SR 5 R A SO LR R R R

B R B AL IR R A AL ER R B AR ), AR R — RIS R BE, R A R ERITRA
O B T 4 AR G TR BE , A LA TR, T EL7E BB IR0 A R R R A KR
B e gt 51 B BT I A AL R SR e O PR, 7E O R TR U AR T AR T R R T
W FEBE X R T RS E BT E SR TR s M i & et e A . X
2 A BE L R R A i E R AL

T IESTX %48, E MR 114 & & B T ST TR M SR AL Kotk
RT3 £EEETEEAMZEEEEEANBELYIET A dRKRE RRBE 1-6
1-7 &R

£1-6 3 BEEETHHRMNERMENE
(BB & el /s.mg)

TR EE Y
45
X+s L P Xts t p
fil Lumenol 34.29+31.76 3.85+1.18
5.651 <0.001 2421 <0.05
i SOD+Lumenol  5.04+5.40 3.24+0.88




£ 1-7 SOD e {8 B
MARKEOLE e i om)

ﬁﬁ EIJ X*s @ t p
x5 29.01+2.73
5.625 <0.001
L 0.36+0.08

@13 1-6 # I[L 41-(SOD+L #))/31 WA i3

F 1-6,1-7 BARMLGER G R 1-3.K 1-4 WER ML, WA RERRREZE, fFAE
BREEGAERAETRABIERITHEROTER S CLETHREAHERERNAR, K
M, BV EE B i R R RIS R AR T R R R E R

EIWS e 79 F B . B i AR R A X R BT T AR LR

MR 1 i 53 BREE, wRAEATIALERENEETBRNEREEN LR
F il B IEH IS EARRE, MR ARAERK T KRG, T E 10 R W BT 0 H R R 5 HLEE
B BB, 4 B B O T AR O 5 T BE ST I, O SR SR s K L R IR 18,

®1-8 WHFIOASZERTEENEFRAAMLEER

($ﬁi :mV)
45 k4 Xs t P
B 53 -111.08+78.19
11.92 <0.001
EHEFE 53 -43.25+37.91

A SR LB, A — OF T 6 % B BE A HLAR B IR , L 70 1 BIAR B 2 i/ o TE B SR R 5 B
UK,

W PR SC B 2 3 F 30 & B H AL ANIE BRSE R 1.7 KJG I E 1T R B BEF [ i AL , A R T
B, 555 7E BB F i 0.05 ml A 3B Eh K A RMARL SOD A BB E KWK, 5 5 I R 1 X M A
B BRI R, BEAT ST AT . SRR 1-9,

#£1-9 #£@#kR SOD 3B F HEWERBLEIRWE

(B4 :mV)
o 51 E 1 T8 HEHL
xf B4 30 -141.97+62.97 *
TR KA 30 -122.87+56.03 *%
fm SOD # 30 -54.87+30.82 *okok

* B4 5 T ALK AL Z KT £ R 2 %, P 0,05
*x i JEh K415 SOD 412 46 2 4% B %, P <0.01
*xx 31 B4 5 SOD 4 2 14 % 4% B, P <0.01
A ST R, RS R 414, T SOD R BIBEAIFE 4 B i 2, B AT B BE ST W 80 £ PR AL
SEF/N, TSSOV SRR BEAY AT A R ERURER T\ & REE TR
B {37 B S B R SR, , T Lt R B B O I b P AL SR SR R ) E R R
EOEMK SRR R, TUEY AR THEFEERN T AR T CEATRREAEE
S SR o R 4 AT LS S 2 o A T e i, AR TRt LA R TR R e R P
PR E RN TR B S AR S BB L MR SR A AL T B e 2 A R AR A X

5




ol R otV T A0 R R R o F T R T 0, U e PRI B P T O R 3 A O 105 AT . B BE R
Y g Je el 2 ) PEIAR, BT LA A AR 0 T R B ST T A o F O, B M L (LB B O T R R B R L e
Tsh i B TR TN RE R TR AT R R R BN , B T BT . B
AR L UL - R R EE B o B R S A O I e (S R R R AR RS R R R, R R X —
JRREE RS R,

& B BRORIHENEYRLFERHRENMIREIETFCH 2EH%, BRE
B8 Tt S B M RSN SE I B0 UE , B A R A B R R AF TR IR BT 5T, 37 B8R 7E B 1A O T 9 S8
Priy A B T2 (IR AT § o B R DL, ARER B RX LM FE T — T
MR A, RL%A B 2B RAT S BB R O R A Ok B A KB A B IE
FEERFERN . EHEREXH , BRARKRE-THFHS ELEERE FRNCEELHBTH
RSt 4R (ESR) KB T BUB I E B MW —— LI B A% M F R, BEEESFRAERIBF ™4
REAmE AFRRTNAER T RET "M I R4, Bieinfl, RITREBEMEZERE
28 THRARER 20 2K, B A 21 e, B3 28 BUCRHEHOR B 218 5% 5 75 5

Ok, BA LR BIFTE M
— AXEARTFRHEFBANIOOF | M 38 T, HELAT(RATEEF & E),1999;13:207

8 % ik

1 HERREOEFRHEFXEBEN—ABEM. SR OB ESHR. B AR SR, 1996: 9~12

2 Hillam C. The roots of dentistry. The Historical Society of the British Dental Association London. 1990: 2~4

3 EBATF. BARETHAYBRIARYIER. PEOBEFERE, 1993; 28(5): 297~299

4 BHF. . BEREREETE EHOSEAFBH. (Bl2#) (Scientific American, Chinese Edition), 1995;

(7): 52~54

ERE. ERARVENERAEEL5ARE B FUNEERFFMILI, 1997; 23~35

A, #HT, THRES BEAYHSTFAHEMNBEETEEMYMOKERLE. #ANBESRE,

1998; 16(3): 284-~285

7 Anderson P. & Eliott JC. Subsurface demineralization in dentel enamel and other permeable solids during
acid dissolution. J Dent Res, 1992; 71(8): 1473~1481

8 ®AT, B, R4S BRAFNENEYRAXEL(BAXATERENLRHE). FEO0EER
# &, 1997; 32(1): 34~36

9 EH, EHT, IRXES BeFATBERNMERTE AROKEEZERE, 1998; 12(4): 254~256

10 BH, AT, IXKBES. B ATBEERMZE. BAROBESFLEE, 1998; 12(3): 173~175

11 Z4R4N. Asfd A THESERRITERTRMMBENSBEHRR. A% FEOFERFFMBX,
1997; 39~42

12 %ZzE4H. OEABEEIR L. ARLEHKAE, 1995: 17~19

13 . EEASHTFERAEHESESTHEMTERMN(EDXRNERIR. AE: FHUERA¥EF¥
fIig 3, 1998: 27~41

14 ZEfkEg. mipFRE JbR. AEMESHMRKRFE LR, 1989: 105-107

[= N}




New Theory of Caries and Its Experimental Verification

Lizi Huang Chenglong Wang

Dental caries is one of the most common human diseases. At least 50% of the population
of whole the world, that is, 25 hundred million, are suffering from caries. The morbidity of
caries increases with the development of the economy and culture of society. The prevalence
rate of caries in developing countries is less than 50%; but that in developed countries is
more than 90%. Although caries is a kind of chronic disease and cannot cause death immedi-
ately, it can give rise to acute inflammation and focal infections or immunological disease. In
the meantime, it seriously destroys the masticator, decreases the function of the digestive sys-
tem and causes the disease of the system. According to the statistics of WHO, the depletion
of human hygienic resources due to caries is astonishing. Caries is listed as one of the top
three diseases which influence the human health!. To prevent the rise of caries incidence a-
long with the development of economy and culiure of the whole world, and to strive for pro-
tecting human from the harm of caries, we only hope to develop scientific technology, investi-
gate the systematic objective mechanisms of the caries, and make good use of mechanisms.

The authoritative theory available for the pathogenesis and other mechanisms of caries is
still the "chemico-bacteria theory” @ developed by Miller, an American, in 1890. That theory
summarized the pathogenesis and mechanisms of caries as follows: bacteria (plaque) dissolve
carbohydrate, which was held up on the tooth surface; acid (mainly lactose) forms; the detain-
ment, diffuseness and osmosis of the acid on the tooth surface dissolve the mineralized ele-
ments (hydroxyapatite) to soften and stain the tooth; gradually the carious hole forms. More

than 100 years has passed, although this theory has had plenty of materials to support, dis-

covery of the main cariogenic bacteria streptococcus mutans and the cariogenic microenvi-

ronment plaque has suggested the theory of three related factors about the pathogenesis of
caries (bacteria, host, food) and the theory of four related factors (bacteria, host, food, time).
But, how these factors causing caries was explained only by "Acid demineralization theory”. In
1987, Dr. Huang LZ used a tooth surface electrical potential detector and discovered an im-
portant clinical fact. The electrical potential at the tooth surface with caries was lower than
that at the normal tooth surface. These was an oxidation-reduction potential (Eh) of electro-
chemisiry between the potentials of these two tooth surfaces®. From this, Huang LZ advanced”
Bio —electrochemical theory of pathogenic mechanism of caries”,  which meant that the
pathogenic mechanism of caries mainly involved the bio—electricity and the effect of its elec-
trochemical corrosion®. His study about the topic of this theory got the support from Chinese
National Natural Science Foundation. From that timc, he led 4 graduates spending 11 years to

verify this theory, and obtained 5 experimental facts to support and verify it. They were briefly

as follows.




1 Repeatedly verifying the appearance of negative electrical potential (MEP) at the
tooth surface with carious changes.

Wang CL® used the tooth surface electrical potential detector and promoted its examining
method. There were 106 patients with caries, soft carious tissue at the bottom of the carious
hole, but with no penetration to the pulp and no evidence of pulpitis. With 34 subjects (no
caries) as control. The purpose was to examine the electrical potential difference at the differ-

ent parts of the same tooth. The results are shown in Table 1-10.

Table 1-10 Comparison of electrical potential difference
between different teeth surfaces

(mV)
Group no. of cases X8 t p
Difference between tooth surface 106 -126.77+67.29
of caries and of normal 10.311 <0.01

Difference between normal 34 -6.15+£13.38
tooth surfaces

This experiment verified that the appearance of NEP at the carious tooth surface was not
an accidental phenomenon, but was one of the characteristics of caries. In the 106 cases of
carious changes, their tooth surfaces were,no exception, NEP; in the opposite, at the tooth
surfaces of normal, there was no markable difference between the positive and the negative
electrical potential. But there was a statistically significant difference of electrical potential be-
tween carious tooth surface and normal one. Later on, experiments performed by Yan P et al.
repeatedly verified this fact several times®.

2 Establishing the electrochemical artificial caries model.

Appearance of NEP at the tooth surface with carious changes was an objective phe-
nomenon, having its objective causes. Acid demineralization theory considered the demineral-
ization by acid was the only pathogenic mechanism of caries. ~ One of its experimental bases
was the chemical artificial caries (CAR) model studied by many scientists in the 1960. The
protector was the smeared finger—nail oil on the tooth surface except for a small window area
in vitro. The extracted teeth were dipped in demineralization solution containing lactose, pH=
4.0, 7 days later. CAR appeared at that window area, but only local chalk-like layer could be
seen by the naked eye, no carious holes. Only because of the demineralization at the superfi-
cial layer and its underneath, the characteristics of the early stage enamel caries could be
seen microscopically. Many scientists judged that this phenomenon could verify the acid dem-
ineralization theory. But recently many scientists, like Anderson P et al™, verified that other
osmotic solids (natural or artificial combined apatite), when soaked into a pH=4.0 cariogenic
solution, also developed such a chalk phenomenon on the surface of the solids. So the public
began to doubt about whether the CAR model could explain the pathogenic mechanism of
caries. Moreover, one of the important characteristics of natural caries,was the formation of

carious holes on the tooth surface, which faced the pulp, gradually deepening until penetrating




into the pulp. CAR could not produce such an analogous carious hole from the enamel to
dentin, therefore there was an essential difference between CAR and a natural one. From the
19907, it was very difficult to search out worthfu! references about CAR. The acid could not
produce a hole similar to the clinical carious hole. Which indicated that the pathogenic mech-
anism of caries and the formation of carious holes could not be wholly summarized as the
demineralization by the acid. There were inevitably some effects of other factors. The involved
bio—electricity and the effect of its electrochemical corrosion most probably played an impor-
tant role in the pathogenesis of caries and in the formation of carious holes. The public could
possibly use an electrochemical method in the laboratory to make an electrochemical artificial
caries model (ECACM), which was more similar to the clinical caries. Tang L performed the
ECACM on the tooth in vitro by the use of electrolytic cell, and verified this hypothesis of
the public®.

Tang L smeared the tooth in vitro with the finger—nail oil except for each window area
on the ental buccal and lingual surfaces and then fixed this experimental tooth on the septum
of the electrolytic cell. This septum separated the electrolytic cell into two separated rooms,
left and right. These two window areas, respectively, were in two rooms. The two thin platinum
wires were insulated except for the two ends that still conducted. These two ends of the wires
were inserted into two different rooms respectively, and were close to the windows of the ex-
perimental tooth. These two ends of the wires were randomly connected to the anode or cath-
ode of the power with a stable voltage of the direct electric current. The room having the end
of the wire connect to the anode was the positive electrode (anode) room of the electrolytic
cell, the other was the cathode room. These two rooms were filled with the same electrolyte.
The stable voltage at 6V was maintained with an electric current passing through the elec-
trolytic cell,according to the different amount of resistance of the different tooth. At first, a
CAR demineralization solution, pH=4.0, was used as an electrolyte, and later on 0.IM KCl so-
lution, pH=7.0, was used as electrolyte. All had the results as the same that obtained on 7th
day. There was only difference of chalk appearing on the tooth surface of the window area at
the cathode room but no hole at pH=4.0 electrolyte. No naked—eye—seen changes were present
in the KCI solution!".

Lee ZG used the same method, and only used normal solution as electrolyte, the same
results were obtained. In his experiment, at the different regular times, the value of the elec-
tric current passing through the electrolytic cell and the amount of Ca, P in the electrolyte of
the anode room were detected.

In cathode room, no hole was formed (Fig.2). There was a positive correlation between the
electrical potential and the amount of ions. Correlation coefficients were 0.842 and 0.767 re-
spectively. It indicated that experiments of ECACM accorded basically with Faraday’s Law of
. electrochemistry!",

All the above experimental results, at least, told us that demineralization by the acid

perhaps was not the only mechanism in the formation of caries. The bio—electricity and the
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