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&, &F, B, 2THS} 22 SHidEe) ghs
wkol FRE-} =" BrEs MRE 24 MM
3 &9 Bift (BEER - viezoelectricity) 7} i sict
£ EEo| wa Al Llgys 1 s e a8 1s 1) 4
Bl By i e, B B, MR
KRS —Hhe) BRERME-S MBI Y% BFEEo)
REfT=le] gheih & @ an on e 50

19535 Yasuda™ = Aol BB RWHE m
o BRI FHKe) RERDE BRBES
B2 K393, Bassetto} Becker #? Sham-
os9} Lavine!” * Friedenberg®} Brighton?”? %%
FHB BHRE e o BREXTAAE B,
BEETAA = BRI doldrtes AE BRR
&3 ) ok 2 F olephl RRo] L£BABN
o FFHAGA o] LB BES A 2
RENL Risted HY BRzA @EspE
(extracellular substance) ] BAFS] #4t> proline

|E 3 thymidine Y o) @0, Nat Car e
ion?] flux}® MRRIMEES] Winoll =H& pHY| #pn,*
¥ cyclic nucleotides (cAMP,* cGMP**) 4 & ¢<|
fLrswoshosn 50 o) BRRE BAREAF MEfTS ok
=} EUARESIFAA= YR SR
& RAEA ) A snn 03000 )z e B
w%‘, 9, 14, 22, 30, 36, 38, 70) 34 ﬁﬁmgﬁﬁl, 28, 45, 69) %
o] HBEEE A K BN 2, R4
= ERKEES wilEEE" BEEEEAS Gl
™ BYIBRAT, SEREEYIS BEYSd BEKY B
R TERTTHERES Bt o=, 54 MivR
EBR oA = BEMET BB M M=)
3L s T ob2p) Bl R MEBEHS 9%
MY FEEo " 2 ARMEN (exogenous elect-
ric currents) & £#SHMK Mels WES) KT
= uf e},

3 BEEo) WS L &g el Wolff &) EH™
o] ksl B MRS WEE Aho &
gho] 8" 4 vhe KRS BRI A o] n
o} BIBH REMS REYA 2o24 FEH 2
W0l 3t BES dsld MRS o)
=Xl B3t TS £iho = KBS 5) phrFsHY
o}, SAEs 2 Affgd A AHe -k
LT AR MRRIE S EEsn, A H
3 AR KHEQ BEUEE Mol sld ZfT
e Ao FEelvh. MAERIES Mikaslels R

* : cAMP (cyclic 3] 5’ adenosine
monophosphate)

* % . cGMP (cyclic 3; 5 guanosine
monophosphate)
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mie Mo 24, oo BESE B AN
o5l MRIREC) RI=Al = vl = MR ] B
ERye 2 fms]o] ekm W gt 3w
RIEN 2 BE ) K3 MlaXE= BEgiste M
RBS) S el s MEEA onic fhuh
2 5 47, 89 oyclic nucleotidesS B2] M (fluctuat-
ion) ’u. 8, 17, 18, 19, 21, 49, 52, 55, 58, 84) prostaglandin gi
o) s v o 00 o) Pgesln sleh.

£-3 cyclic nucleotide molecule-&, —k el ( fir-
st messenger)ell » s Eiex MHABAR (mem-
brane enzymatic phosphorylation) & #ifaRfEc &
WA 7l v PEREE e, gk bilE
(second messenger) 2} Sutherland*® 2] #&71
AL Bk, MY EHEE HEES= RE
2 A %o EHRIR ERsT It

ololl ¥+ NREEH T ElF = BB
< RS ARERF BEHH REFH 024
BKE  IEHTEEE) deAE #ERI A
o, NG BN E BEN P ML -
cyclic nucleotides7} #tsl+ B2 E89H 3
TR BT BBHES HAklY 549 mMRE 44
719 sl ulolrh

I. W&MH R Hik

1. WEAEES M ¥ %

1) B—WE&

i e = BE 2kgll k5= EHY REE
el ERigl ol EEsHc)

Nembutal (35mg/kef8 ) - Bilspy H4iste] £
HRME KT %, &R (Ostron 100, G-C
Co.) 2 BUEEF trayel HISH (PALGAT, ESPE
Co) 2 3RS HIgHKGelel BMAWEE S HFs)
ootk HR bol4 WK ERE Zokd  BRER
(power pack) & BfEs}oct. BREE:= SEY b
M BB (1.5 Volt, Union Carbide Co.) & &
i Al #9 7 Volts] BEol =S 3t
Qo 189 field effect transistor (2SK 41 FE

T, Sony Co.)s} 1189 #EHZ(150KQ, K41ESL, -

Sony Co.)& FIfsled Bifi7} 10+2 microamperes
(A) 2 $HIRs A ERKEKE e (Fie
1). 8 Rege) A, LM £E @l BB
BRS BHE 0.3m2] MEREMRR (Rocky Mount-
ain Orthodontic Co.) 2.2 HfEstglos, Xtg Jf,
EOS wn = —BEe ks REdozsy

—hhfi——
m
—

T : Transistor
(2sK41 FET)
R :Resistor (150KQ)
RL :Tissue impedance
(0~250K Q) ,
B : Silver-oxide
battery (1.5V) x5

Fig. 1.  Wiring diagram of power pack.
wERe BERES BMEst =S BEs s
REH Rl = B (sham electrode) & 7
A 3l HEEEFo e 3ot BREES Alc
BRIER AAEIE (Cauk Co) 2 BifFsHch (Fig 2,
3).

2) K&

F—-EH A BT L3 A 60 R
ol @—3 84 RENE Moz, HBIESD M
FoRlER) =k gk HIS WRE, BEN B EHR
RIRIER) & RS gt S EREFoR 3o

BIENS closed coil spring(0.010”X0. 036", Ro~
cky Mountain Orthodontic Co.) & {#3}e] Re)
BLHECZ 80gme] o] B 3slgon,
EER-& &Bo MER nelz 9o REd Y
Bkl H= A\ PRGIHIRR S S R
MHIEsE B TH &4 MEs 21 28 ST BEKE
= 39} (Fig.4,5).

H—, KB 2T KREWS KB 7 REoA
BREBES BEAAH BROPRE w3t &, 18,
3H, 7H BB Eirsigon], A 39t
g4 RE}T HESR BE, BRES Digital
Multimeter (FLUKE 8010A)& {#fslod JiEslsd
o}

2. BEEI 9 cyclic nucleotidesifity

KREWS KBS B4 7] %, 54 ERE,
AREE GBL LRES Vsl RBERE B
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Fig. 2.  Occlusal view of power pack in place
in cat’s palate.

Fig. 3.  Labial view of the electrodes in place

near the cat’s canine.

EAHA ok BES EREAA, BB B &
WTE (FHIst, At %R Mg i, &
Ol A &R BREEHS Flska) Ao ® BR(bst
gdom, ole AN TE WAE REEER v
“HIE et

RS E&Y RESS AEa oS, KA 15
ml®] polypropylene® ol ¥, —5T 2| 40% ethanol
+5mM EDTAZ® 2ml2 @Himstn, —5C d-&4
P A ultrashear (VirTis Co., Model VirTis45)
2 HAE{sAr BEAS BE(bE utrashear 9
& AR (45, 000rpm) o) A # 10804 4@ Ehsh
gdom, 2ClA X10,000g2 205#] O st
EERS feinbrr o BEgd S

—5C 9] 4ml petroleum ether (Merck Co.)¢} 4ml
water-saturated ethyl acetate(Merck Co.) & &%
20 fRE S BRER oS, KBRRTE S AHE
#8322 (VirTis Co., Freezemobile 24) & &UHE#A]
A FEsle TERHAA —20C A REFSACH

Fig. 4. Occlusal view of cat’s palate treated
with force and electric currents in
the second study.

Fig. 5.  Labial view of the electrodes and coil
spring in the second study.

3. cAMP 3l cGMPS| TB4MF

BEHEERSY FRE cyclic nucleotides#3#7 A buf-
fer® B#EA7) b2, cAMP % ¢GMP radicimm-
unoassay kit(New England Nuclear Co.) & f# 3}
o £ cAMP % cGMPE E& 3 9o,
S 100mg (RER) ol @& X cAMP 2 ¢GMP#
< iEsseh

M. %® 5 5 &

1. WEREES! nEe

EHAT, %0 BE, BRES WEN L &R E
S msle| RfATTE Mo skAnt Bl HEE
L 102 pAr —ET K¥EZT HFsH3cH(Table
1,2).

2. WERey WITHEITERES] =2

ool 4 HBRHOEITED) 2 BRIEEEI+
B BT BHEH] £+ %R 1Ad+= #
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Table 1. Changes of voltage and currents in the first study

Duration Animal | Weight Voltage (V) Currents (uA)
(Days) No. Kg) Initiation Termination Initiation Termination
1 2.70 7.52 7.00 9.7 10.1
- 2 2.45 7.48 3.11 9.7 10.8
1 3 3.25 7.64 3.25 10.2 10.1
4 3.45 7.73 3.77 9.8 10.6
5 2.25 6.30 4.33 103 106
3 6 3.10 7.32 2,58 9.1 11.5
7 2.15 7.62 2.77 10.8 1.7
8 2.80 7.77 1.67 10.1 11.8
7 9 2.00 6.34 1.19 10.2 11.8
10 2.25 6.28 1.25 9.8 11.6

Table 2, Changes of voltage and currents, and differences in the amount of tooth movement

between control (orthodontic force alone) and treated (orthodontic force-electricity
combination) groups in the second study

Duration | Animal| Weight Voltage (V) - Currents (1A) Eliif:;:‘lences1L
(Days) No. kg) Initiation |Termination | !Initiation Termination (MeantS.D.)
, :1 2.05 7.41 6.76 10.6 10.7 0.034

2 2.00 7.55 4.43 10.6 10.6 +0.071
13 2.00 7.45 7.31 10.5 10.6
;4 2.30 6.25 3.21 10.2 8.7 0.267 *
3 5 2.75 6.06 3.08 10.2 10.5 +0.088
16 2.50 7.61 2.78 10.6 11.5
, 17 2.20 7.32 ‘ 141 10.5 11.2 0.400 *
8 2,75 7.73 1.48 10.7 10.7 +0.109
19 3.10 7.43 1.52 10.3 9.2

+ The amount of tooth movement treated with force-electricity — The amount of tooth movement
treated with force alone

* P<0.05
Table 3,  Comparison of cAMP content in cat alveolar bone between control and electrically
treated samples for each time period (MeantS.E.)
Duration Control Electric currents
(Days) Cathode Anode
1 5.36%0.87 10.95%1,39 3.67%0.55
3 4.44%0.59 13.29%2.02 13.7844.26
7 3.9910,57 4.041+0.91 12.98%4.20

Unit: pg/100mg wet bone tissue
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B"Y + gdg.ov, 3Hd 0.26710. 088mm (P<OQ,
05), 7 Bell 0.40010. 109mm{P<0.05) &, o]
B3 WY mTBEEr wmmn=gle

(Table 2),

3. CAMP2| TR4MF

tissue) &, M—HWA HEHFL 184 536
+0.87, 3Hel 444%0.59, 7 Bell 3.99%0.57 &
i —ER RS #ERa o, ERMFAAE

Table 3ol|4 R ule} o] & IBEER =5 3H
of B, 7 Aol WAsE @RS JebR e (P

cAMP 2] & & (picogram(pg) /100mg wet bone 0.05), HEEaEfol MMmEe Ml &M os 52

Table 4. Comparison of cAMP content in cat alveolar bone between control (orthodontic force

alone) and treated (orthodontic force-electricity combination) samples for each time

period
(Mean%S.E.)
Duration Force Force + Electric currents
(Days) . . ;
Tension Compression Tension and Compression
cathode and anode
1 13.30+£2.99 5.78 £ 0.30 29.65 £ 4.78 13.08 £4.89
3 29.11 + 13,07 21.24 +13.77 12,95 £7.58 7.12£2.44
7 21.58 £5,01 19.23 £ 4.70 5.58+0.74 4.01+£1.86

Unit: pg/100mg wet bone tissue

Table 5. Comparison of cGMP content in cat alveolar bone between control and electrically

treated samples for each time period

(MeantS.E.)
Duration Electric currents
(Days) Control Cathode Anode
1 0.225 + 0.032 0.293 £ 0.055 0.325 £ 0.132
3 0.257 £ 0.062 0.350+0.116 0.273 £ 0.033
7 0.208 * 0.033 0.197 £ 0.047 0.175 £ 0.065

Unit: pg/100mg wet bone tissue

Table 8. Comparison of ¢cGMP content in cat alveolar bone between control (orthodontic
force alone) and treated (orthodontic force-electricity combination) samples for each

time period

(MeantS.E.)
Force Force + Electric currents
Duration K ) .
Tension Compression Tension and Compression
(Days) cathode and anode

1 0.540 £ 0.330 0.417 £ 0.128 0.487 +0.103. 0.487 £ 0.149
3 0.337£0.162 0.650 % 0.400 0.297 £0.112 0.407 £ 0.081
7 0.223 £ 0.024 0.247 £ 0.078 0.190 £ 0.070 0.313 £ 0.259
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Fig. 6. Differences in cAMP content between
control and electrically treated bone

samples.
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Fig. 7.  Differences in cAMP content between
bone samples treated with force and

force-electric combination.

K% Hekestsich(Fig. 6).

=Bl | = Table 404 ¥ ube} zo] %
WS . ECH 2% 3H6 8N, 7THA MY
ok, EREEL Bifo] KA whel Hrlw
22 WAsE EAE vebdoh(Fig.7).

E -, KR L5 EOW(RE Te 3|
) o) & ol HOM(BH T2 BEEE) R $o
AL Heraksl o (Fig.6,7).

0.71
2 0.6+
]
=
g
S 0.51
8
?
2
o 041 '
£
o
=4
g 0.31
g Control
o 0.2 .Cathode
e Anode
0.14
] Il L
0 1 3 7

Days
Fig. 8. Differences in cGMP content between

control and electrically treated bone

samples,

0.7+

0.6 1
]
z
“ 0.5
@
c
I}
-1
H 0.4-1 Compression
s ' and anode
£
g 0-31 Compression
g Tension
(g 0.21
2 Tension and cathode

0.14

o 'l 'S 1
1 3 7
Days

Fig. 9. Differences.in cGMP content between
bone = samples treated with force

and force-electric combination.

4. cGMP2| R

cGMP8l &8 (pg/l100mg wet bone tissue) &,
E—-FHANA HHEBEELS  1HA 0.225 + 0.032
3 Hol 0.257£0.062, 7 Bell 0.20810.0332.2
B —E K #F o, ERE JdA:
Table 5ol 4 2= ulo} zbo] BN ALE 3 Hol
wom, 7 Hel B, BEEE Mo @l =
o} FFe 2 FAs s RS Jelyos], B3
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Table 7. T test for the investigation of the source of significance among measurements with the

length of treatment

Variables

c | Cathod q . . Tension Compression
roup Day Control Cathode Anode Tension Compression and cathode and anode
% 1and 3 days| N.S. N.S. * NS N.S. N.S. N.S.
5 3 and 7 days| N.S. * N.S. N.S. N.S. N.S. N.S.
§ |1and3days| NS. NS. N.S. NS, N.S. N.S. N.S.
Q@ |3and7days| NS. NS.  NS. NS. N.S. N.S. N.S.
N.S. : Non significant
*P< 0.05
Table 8. T test for the investigation of the source of significance among measurements
Group cAMP cGMP
Variabl '
anavte Day 1 3 7 1 3 7
" Control — Cathode * * * N.S. N.S. N.S.
Control — Anode N.S. * * N.S. N.S. N.S.
Control — Tension * * * N.S N.S. N.S.
Control — Compression N.S. N.S. * * N.S. N.S.
Control —T€nsion
and cathode * N.S. N.S. * N.S. N.S.
Compression
Control — P
n and anode * N.S. N.S. * N.S. N.S.
Cathode — Anode * N.S. N.S. N.S. N.S. N.S.
Tension — Compression * N.S. N.S. N.S. N.S. N.S.
Tension — Compression .
and cathode and anode N.S. N.S. N.S. N.S. N.S.

N.S. : Non significant

*P< 0.05

7THAA B BB L5 HEHY BRo vo
€ ety ch(Fig. 8).

BB A= Table 6] 4] 2= upg}l zro] ¥
RS LM (S ) - o] BT et K
Yatg o, EmOM(BEM) < 3 ) wm, 78
ol WA BE-S Jebdeh RHBlA = i, %
O 25 B5ie) RBT A we} B sl HES
el o} (Fig. 9).

BT ue BEEIECE SERINS @iy

cAMP¢l cGMP&ES Mo HR=H: H{%
+ Jeblitl,. & cAMPel cGMP & B K
ol GRLHANAE =3 @EmOMAAE  w
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9t} (Fig.6,7,8,9).

5. R

% MIEHERS St FREMES Bely) $13kod
“UHBES Ttk cAMPR A oA B
#e) 1H3 3 HAe), e 3H3 7HA
olol] EEREIRLAN =B BEXE(P<0.05) 7 Usict
(Table 7). =& &&°| MEMMS FESES BE
HE uh cAMP &8 o= BEAA HE
2T BEY + JPo(P<0.05), cGMP &5
2 1HBT Bistne BEE it (Ta-
ble 8).



V. MiE % =%

JWIERHS Tl oA RENET BRI BR
#e HEE AP WA BALE 4
debd o kA de g€ Aolch. Roberts%®
0.0 il o] dtFal ¥ 100umBEAR Rk
T ok WG ok el =BEE Bk HE
o] ksl o] &S HWTBEEEE BB &
2ol 9 3. 0mmE BHT + & FEEoloh 13
e A Ddluk fKiEsk e BURIER-S o)zt
L Ay B Hd Kt HEGES
bl Bojr}, oo o8 BESL AR A #i
LBy mEB-e Uelet oz slod B A0 L
#ol] parathyroid hormone® ® prostaglandin E**
74, .1)%3‘ &m’ %ﬁ“a.’, ..: gim ﬁjal" 21, 82) %
3} Z-o FEBIAY FELE WHEl: HS B
gom, oloz2 HEI FEL BEHe =EXR
9l =7 (magnitude), R (duration), F[ (direct-
ion) & BtEE 2 = Y3, L fEAel £5yol
oy WFHB# ¥ BYEEHR BRY 4+ Uk
| sHE BN Aoleledl R —Fstxn gl
£} o] 3t BRhdlA £ o BRM AR HH
= RS Aidez 713 FEY FHo| 94
AL Aelek

19414 Martin®™ o] K3l ¥ Fo} Eo] SBML
E wrod HBEMHE (pyroelectric effect) S }e}
Wi EHE dod BEEIE (piezoelectric eff-
ect) & Vel Pch: BESG d Dk AEE
&Rl A 2] Boss, MEBREA K mie] MK,
W, BEREY A9 e 4AHY HRS 4SBT
0 B4 Wb e s BIREe) HfT= vl o
o}t el ol HiEY —B o s BHIERAA BN
off kated WAL RS+ WiE-S MeAstad= BF
FEo] HfTH ul, MEBEHE (piezoelectric mechan-

ism) 2% 60 M4 A (semiconduction mechanism) .

%9 B (pyroelectric mechanism)*® BN
[ #%#8 (streaming potential mechanism)™ **** #®
BB (dielectric polarization mechanism) '* * ¢V
Fo| Bifol #rR=glck

&sd 1950 AN A 196044870l A4 Fukada
2l Yasuda?® Bassett 2} Becker® Shamos¢} Lav-
ine®” Friedenbergg} Brighton®”dl], k3l £ &
Hiv o2 Bkl 2R Bifi (exogenous electric
current) & Msle] B S RiEA 7 dE HRE

o] FE =Yt B R IMES £
o ¥ NEKE BHE st Hik-L BK (elect~
rode) 8| MR FBAEF we), 1) BAHE (in-
vasive technique), 2) 2£3HAF¥: (semiinvasive te-
chnique), 3) FE#&AF 8 (noninvasive technique) 2
2 BT+ dod, HBE: B #AHqA
g}, 1) EENERPEJTLE (constant direct curre-
nt® & 36 9] pulsating asymmetrical direct curre-
ntE ske Htk), 2)8 5% (nonelectrochemical
capacitively coupled electrostatic and electro-
dynamic fields)* **-& Flifiisl+= Hik, 3) BRES
(pulsing electromagnetic fields)*?-2 FIF3sl= Atk
o= EST + dUrk ‘

oo} kb WS =5 @B  WAd:
FHiksl el BASLE REAFEL BEEHFI
HRs o= &/ o, BRHS FAd=

 HEL Agrs] & BR(500~1,000V/em) /b L

ez fEmts maste o, BRESS F
sl Hi-L B EFAERele REL 32
g BE L B e o dl= RISl
o}, weld B JEEAZKCE FEIRE R (cons-
tant direct current) - B2 Ml FHikol
B Efdiol Ry WAY Ao Bes

) REEE=AN Bit Biie HES 5+ 4
+ BREEBEE ZET ddo cbdat 2 RS
E&Y 4+ dok 1) EHMEE —EEY B
BAMo s HEY 4 Jdv ERKERE RS
ok 3}, 2) 1VoltLl k9| BET A = BEER
A BESM B%ol B4Y BEs) jlomz W
3 BB o] & Mok 3ln, 3) 4T AR o
s)o) gl (tissue impedance) o] B HHET + 3
o, 4) BifE #AET B B Rl
of 34, 5) BB F@AKKolojof 3=, 6) KE
o] B3)& WHERE  Mhsldok dH, 7) BB
1 SEfEMH & WHE BBl KBS HfE
3ledo} Fhch, M

& ERAAE Lkt 28 ol S FEF,
Eif B (1512¢A)E A e 2 #HAY Dav-
idovitch®%' o] EE RS sl BREBES RF
&Hoct. ERHERE BRI FAikd S5 &
BiEEe] v o] & (DavidovitchE® o fkabd 0
~200Kohms¢] sl ol 2ol A= +2%, 0~
300Kohmsell A+ +10%, AEElA+= 0~250 K
ohmsZ FHEsct)d BEE U= G55 field

_ effect transistor (FET)9} 150Kohms®]. g%
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£ ERRGE BEEE BiES BHER &R,
15AL Eol A RS WIES BRsgorns
FRBAA £ 10124A% s90. %EY Yo
fhstal St KBEME ) o IRl BEH
(silver oxide) Bt E #F M5 2 transistor?) HE 1
e F4o, BB clasps &SIy H2, )
EI8S) undercut Lol A HHE 98¢ &= gr=
#2524 Davidovitch%4) % EH v} %35 KIER
DA Zck BES MR 5~20uA0) BB &
% M¥ii ###% (Brightons} Friedenberg" Ma-
rino®} Becker'"o} fkal= Ek BWHES wde B
& B2 3~50A, M FEME BE-S 5~20uA, #
BB nanoampere leveld]| 4 &Ko o] 2o =1
o3 b & ERLE ookl HETE BER
HE- BHER SR, 7O Y RED B
MRS T & ddod o L= EEY B
Foll w2t BERSAYL 3@ TslE BHHEE veby
cf. 4o2 7THUHUE EBF/ #52 4 Jd= B
B B R BEE dr B 5EhY
HH = %8 ) ICPIBsL Kale #Ee JaFE
oS WA o2 vl BIZY ERERES o
+ F g A= BHRO.

Hift B E W ed HEHR dofvdes A
& Brighton 5} Friedenberg'® & R0 R o} BES
F9 F74A) B ket Aolela sk et #
PR, 1Vt T BETFAA BEBRALe) B
HHEES)L =22 BATESY BEIE KT
ol Fo] Wilsl7) FL BRiFe) Bz, =3
KB (OH-) 7} k=l Rt kel Rige) X
#E(pH 7.7£0.5) 0] =y RIS A& doj el
Bimolct. HEDRY, BROFE M &K
Tiilao] BEEHIC R (Mt cyclic nucleotide
system$ EHL A7) 0 8 BT BB RKE (spe-
cific physiological response)-2- FHatvl: Higol
th, olebre HMEZIRE Nortonzt Rodan®® Da-
vidovitch%™ ™ 2| Eigoll ksl A = #ERS wpde)

19574 Sutherland%*¥ o] fksle] ZEH =l cA-
MP = M8 % HimEs wastd A9
2 E BhifigRol 2ot szl dv ASR, A8
7b2) hormone®| fFA-& Sflist= MfaN &k
# (intracellular second messenger) & &aJ 3 ¢
t}, —k i E (first messenger)Z £ 3} hormo-
neo} MygNE BERSI-H7 BEOMIAE (target cell) 40
M o] B-adrenergic receptorel] fER$}H . cAMP
AIREE# (adenylate cyclase) &  EiEL AL

24 adenosine triphosphate (ATP) 2 B & ¢AMP
7t GEREc} olspte] AR cAMP:  HHRNIEM
Ho2 X M= Mg o2 BE
ABERY RIE, 5 IR, MROEEEE, ofvlx
Ab G, WEISE), TR, Mlast, BRY
EE, EEBEAMR, RiE, %%, prostaglandin 9
1M, MARERES, BEAESS B st A
2& %ﬂz‘l 2)!‘:]_‘“, 41, 43)

33 19634  Ashman®-& cAMPo] ©¢jo] X
Ko g ffEst= #e cyclic nucleotided!
cGMP & 3Rkt cAMPY X~ X, £
Y o2 fFFESIE AoT 4wl cGMP & 44
B BEL obx MEAso gAnl, cGMP o4
TRPESA ERske Aoz #Esla ok
oxytocin, insulin, serotonin, histamine ZH-& ¥
byl BIROMIAT HIBERES] cholinergic receptor
o] YEA3t cGMP-&HEEE K (guanylate c-lase) S
151k 4] 2. © 24 guanosine triphosphate (GTP)
2 25 GMP7} ARRch™ ™ ojobzrel A®R
<GMP = #ifa-} B BN IES RHA sk,
Goldberg%: "3} Moens%* o] k31 HHRIPN cGMP
o) Bol =" cAMPS Bo| B4 5™, cAMP
ol cGMP = Az MR fFAS st KK eE
€ A= 2 cAMP9} cGMPY] o] HE3)
BHE Addz sl

o] 9}7+-L& cyclic nucleotides= BT BEAK S &R ] 4]
BE KR 2 E FIRg 2 9o, 53 HE
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THE EFFECT OF EXOGENOUS ELECTRIC CURRENTS ON
CYCLIC NUCLEOTIDES IN FELINE ALVEOLAR BONE
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There are evidences that exogenous electric currents are capable of enhancing bone formation

and resorption, and that \the conversion of the bioelectric response to biochemical activity provides

the directional component of orthodontic tooth movement. In addition, evidence has implicated
cyclic nucleotides in alveolar bone cellular activation mechanism during orthodontic tooth move-
ment.

In view of these evidences, this study was performed to investigate the effects of exogenous
electric currents on cyclic nuclotide levels in feline alveolar bone and the possible clinical appli-
cation of electric currents as an additional orthodontic tool.

In the first study, three groups of three adult cats were subjected to application of a constant
direct current of 1012 microamperes to gingival tissue near maxillary canine noninvasively for 1,3,
and 7 dayé respectively.- In the second sfudy, three groups of three adult cats each were treated
by an electric-orthodontic procedure for 1,3, and 7 days respectively, The left maxillary {control)
canine received an orthodontic force of 80gm alone at time of initiation, while the right maxillary
(experimental) canine received combined force-electric stimulation (80gm of force and 1012
microamperes of a constant D.C. currents).

Alveolar bone samples were obtained from the mesial (tension and/or cathode) and the
distal (compression and/or anode) sites surrounding maxillary canines as well as from contralateral
copitrol sites. The samples were extracted, boiled, homogenized, and the supernatants were
assayed for cyclic nucleotides (cAMP, ¢cGMP) by a radioimmunoassay method. And also the
amount of tooth movement was measured in the second study. On the basis of this study, the
following conclusions can be drawn: '

1. The fluctuation pattern of cyclic nucleotide levels in alveolar bone treated by exogenous
electric currents was similar to that treated by orthodontic force.

2. The cAMP levels in alveolar bone of electrically treated teeth significantly elevated above
the control values. And of electrically treated teeth, the values of the anode sites were higher
than those of the cathode sites.

3. The cGMP levels in alveolar bone of electrically treated teeth elevated above the control
values at the initiation phase of treatment, but dropped below the control values at time of
termination. And of electrically treated teeth, the values of the cathode sites were higher
than those of the anode sites.

4. The rate of tooth movement in teeth treated by force-electric combination increased with
the length of treatment as compared to that treated by mechanical force alone.
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