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ol = FEAEE FANE IREHERS] EMBAX
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Fig. 1. Diagram of a Helmholtz coil pair with
uniform magnetic flux density between
the coils. Voltages induced in conduc-
tors placed at either position A or B
will be equal.
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=x Moz @RAI % PEMF/ &
BEAE 2L vHA Gkeon
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. 'Ekist R WER5%
) IkE BEES

A, BRIRWIZER PEMF #44:w

Bl Y PEMF #B4sgEs
(Eletro - Biology Inc., West Caldwell.
Jersey) ol A1 &IfE3} Stimetics 3000 (Fig.
2, B BeY BEHE
2] ElE = o]

EBI
New
2) o,
] on]l_ ()}‘L}f;o] n]
AL, EBiol o3 WL K%t
7] Al ES A i coil pad AL
A FHEEMS] BIELS search coil
probe (Fig. 4A) % FIM 3t  oscilloscope
(Gould digital oscilloscope, model 1604) F
ol A Figkstdew] HEEMS KT #Higol
#RsE e ok (Fig. 3).

N T

B. EHESHAN HEHA Y E EE

BERIEET e AWM E% 5, Helm-
holtz  coil*le]o] HEEM S  search coil
probeZ PIEst] IhEH) -3 BRE S =
ol AEMiIE ®ES] |ESZ  Perti
dish& %4<2tern, H-—thymidine % A B
A= g4 H—3 ERSH BB UA s

|
|

SAsked coily olef el 4
probe {fH, sl LS
2 BrEste] Fhol (A,

search coil
FHEEL AL

C. Search coil probe® #{EH

FDAoI A 22383 PEMF 29l sl /4
%l search coil probedt F—3F Higo =z #iE
ak7] ${sbed oz #FER #42gauged] T

2 AS R sSmmrt HEE 620 7ol @
FAFololl 470Q9) shunt resistord EEEIT

ol &

E WTE @ oscilloscoped) EfEslel %
EEVE A %3}"34 Fig. 4A, B).

Fig. 2. PEMF generator and a pair of coils
for clinical investigational use.
(Stimetics 3000, Electro-Biology)
(+)

v

l(—lOZu sec —a'

S / X

asec

120V
140a¥

Ak

28.8usec

Fig. 3. A. Oscilloscopic trace of the voltage induced by PEMF generator used in the experiment.
B. Diagram of the induced voltage measured at the center and in the middle of two coils.
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470-Q shunt resistor

air core

iets S e e ey

g e g g

\ l

to oscilloscope

orthodontic acrylic resin

52 turns of #42gauge
copper wire

——eein

R

RS WREMS RN

Fig. 4. A.Fabrication method of the search coil probe.
B. The electrodes of the search coil probe are connected to the oscilloscope to measure

the induced voltage.

2) HEpEER U DAL

AL B MR okl sk

fed 19849 AR BT BEETL EFEmo
= fdisle 1.5mle EBEEAEM(0.1%  col-
lagenase, 0.05% trypsin, 0.5mM EDTA) <]
£+ Reacti vial(Pierce, Rockford) A2
w2 F 3TCAA AAd w1050
BEE o HEEN A GBS B Wihe
BREH [ES fetal bovine serum
(Gibco)-& sk 200xgZ 547[ &k slod
WkEstdom (18), BEREE BEEEe o
Al NZF BEREM &7 % B Koz
104 (1128), 104 (IE), 2045 (IVED), 205 (V
)M EREE S 5Bt B MRS o
sl [BMoR 242 BEMRe) 45
= Holn VEfloz 742 HEME e

= Ao oA WEY £ Mlame
Hank’s balanced salt solution(Gibco)o.2 2
Bl #E#Estz 109 fetal bovine serumo] Fhn
© Minimum essential medium (Gibco) ol %
EA7 1% trypan blue® Yefasied Al 3t
B (viability test) € HifTs}i 60mme) #Hgkss
FA Aol platingso] AL 245H 5, 2am
X B 48RRIV} S THstEA] 7~8
HE SEEsI o)

E % 0.05% trypsin® 0.5mM EDTA=
B Ik%EId MES nkiEs
(hemocytometer) & 2 #ifagrs HiEsn B
RiEE BES 2 AR BOE MES 9
8 0.5~1.0x10°ells/35mm dish7} =& 4
Bt 3, 3H — thymidine i ARE S o &)
0.5~1.0X10%ell/dish wello] ==& 53t
% 24B:RiE<l MRS dish EEol MHEA A
WhRol RS T, sk REE 95%, BE



© 37°CE #ERpslaA 95%9 mES 5% &
Bt M gasialct.

B. PEMF ;@H T¢ Alkaline Phophatase
ol Hi%E

SEEEES @A - S HEE
I BEMHoZ U B E 02 M
PEMF & #BRA A A &G oh. B8] %
0.05% trypsin# 0.05mM EDTAZ EI o]
200X g2 557R Eiksted 42 #MREREel 0.5
mle FEEKkE Jst  ultrasonic dismem-
brator (Fisher) & FlH, 300 ®EEHEE
(sonication) 8ted —&f+ BEREME WEol, —
e EfRE E=o MHSIY . Alkaline
phosphatase®] &M HIE-S 15mM p—nitro-
phenly phosphates #HE=Z AL, 0.1%
Triton X—100/salinec] &=  glycine
NaOH buffer (pH 10.3)ll4 37°CE HeFFsle]
309 Fob A 1% HER 5E 4 R
% p-—nitrophenol®] BES HEERS #Hl
€3t 2 (Bausch & Lomb, Spectronic 21),
HHE 3 sEL FHESIA .

C. Blfikik =223 PEMF BEBHETY
Acid phosphatase?] #I5E

SRS @A de & Mol HERE
< FreEch sEEm e 2 sl EEREHEL
0.4U/ml BIFiklR 3220 AmmE EBEHEo
2 RHeste] 3 BERfol: 248FR St BIH
KR s22Zaks, o E gl aIFRIR
3253 PEMFE 7 24:R EHAIA 5%
3l o}h. $23F % alkaline phosphatase?] &
H EED F-g Fkros BRERS &
% sodium citrate buffer(pH 4.8)% F|E3}
of 3} FEoZ BRSNS MIEsHE o
HEBA N3 HEL FHESIAA.

D. PEMF @B T2 *H-—thymidine #A2
Bz

SR FEERS A doiAl Ml *H-

thymidine 5xCi/ml(Amersham) % ®&&3E

R 2 st 2RFM BrESI Yo KE

peo ulx|ut 154f PEMFE @8I, &
% % media® BFEIL ice—cold 5%/TCA
1mlZ 4°Coll A 1041 EEAIA & TCAE &
#=3tx 37°Coll4 0.5M NaOH 0.2mlE 3047
Momst &S —#+= Liquid scintillation
counter¥ FJfsdted *H—thymidine HA-S #l
E5Fd i (Beckman, LS 5000TA), —#+ &
HE g #HIA

E. PEMF BHTY b4 &m G5
B

S RS B doiAl MRl 30xCi
*H—proline-$ sty B 54 PEMF
£ 4BsR ol BRI Bl BB %
RS BRFESL 0.05% trypsin? 0.5mM
EDTAZE pEHso] 200xgZ 540fH &Evkdhed
oo el 0.5mie) ZEEAE stz
ultrasonic dismembrator(Fisher)% FIE, 30
MWH REREESIGC. olFA de HiE
Peterkofsky 09| Hifol whel FepAl &M
AHEL JEske] HE# Y SEE HE

3F3A

F. E9E E&

EeEiE BlIES *H—thymidine #A HE
BT EHHE TEHES bovine serum
albumin-gd i ez FHSed Lowry
(1951) 9] Hiko2 EEstadot.

IV. EBRIE

I. Alkaline phosphatase2| &40l CHEt PEMF

of ®

BE BT EETAA EEBREETESR
e Eifl#h Wielol PEMFE ¥EZo= 30
5T BAEA 7 % alkaline phosphatase?) &
M-S MESl] BEE i a%z HET
WE, =T jEfefol4] alkaline phosphatase
EMY 8k 9 9ich(Table 1, Fig. 5).
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Table 1. Effect of PEMF on alkaline phosphatase
activities of calvarial cell populations

Table 2. Effect of PTH (0.4U/ml) and PEMF with
PTH on acid phosphatase activities of
calvarial cell populations.

population control PTH

population control PEMF - PTH+PEMF
| 1.00 £0.05 1.16 £ 0.03 | 1.00%£0.02 1.00£0.02 0.9710.01
1] 1.00 £0.02 1.05 £0.04 I 1.00£0.02 1.04%£001 0.99+0.05
1 . 1.00%0.16 0.99 0,08 i 1.00£0.02 1.00£0.01 0.85%0.16
v 1.00 £0.01 0.93+0.12 v 1.002001 1.2240.07 1.15%0.03
Y, 1.00£0.03 0.99 £0.07 \Y 1.00£0.02 1.00£0.01 0.99%0.04

Values are Mean X S.E. and expressed as the ratio of
the alkaline phosphatase activities to corresponding
mean activities of control group.

—t
w

—
[

1 4

Ratio (expt/cont)

1.0 —seein U cenmeae
09 1 m Wi IV V
0.8} population

Fig. 5.  Histogram of the effect of PEMF on
alkaline phosphatase activities of cal-
varial cell populations.

2. Acid phosphatase®] iE{Eel =&k EIFIR
g s =23 PEMFe g4

0.4U/ml9] BFRIE =28 24RF[E BB
o2 FmE EEs BFRR =i
PEMFE 24B[8 @HAAIZ] 58 =57 HEHN
o] M3o] acid phosphatase HM:e] #Ehol
NP, BFRER Z2EE HmY BRHES
BlEki 223 4 PEMFE @&HAA
BB E AT EERs 04
(Table 2, Fig. 6).

Values are Mean £ S.E. and expressed as the ratio of
the acid phosphatase activities to corresponding mean

activities of control group.

[J PTH
1.4} PTH + PEMF
~ 13
g
§1.2-
o1t
= Im
g 1.0p——gx bae
«
e 0.9} :
0.8} I 1 --m v v
0.7} population

Fig. 6. Histogram of the effect- of PTH (0.4
U/ml) and PEMF with PTH on acid
phosphatase activities of calvarial cell
populations.

3. EehA Aol Sk PEMF9 224

30xCi2] *H—prolines #imet # 48 &
of PEMF& 34 @AA7I2 Fepidlel &8
LS REY HE, PEMFE BHA7A &
2 HHEB et 2Rl bl &R I8
IMERS Bolow, VEA 2.32+0.1608
HEI B/E 29 (Table 3, Fig. 7).
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Table 3. Effect of PEMF on percent synthesis of
collagen of calvarial cell populations

population control PEMF
t 1.00£0.26 1.14 £0.32
H 1.00 £0.27 1.03x0.18
11 1.00+0.17 1.22+0.30
I\ 1.00 £0.09 1.21 £0.08
\ 1.00£0.06 2.32*0.16*

PEMF% BAAZAS 58, LMk
'H—thymidine® #Ac| #Emsle Mol U
olow], IVEER VEol4 AET EmE: 24
t}(Table 4, Fig. 8).

Table 4. Effect of PEMF on >H-thymidine incor-
poration of calvarial cell populations.

Values are Mean * S.E. and expressed as the ratio of
the percent synthesis of collagen to corresponding
mean percent synthesis of collagen of control group.

*p<0.05

24%
2.3
2.2¢

L6f
1.5t

My

1.4t
1.3}
12¢
L1}

... I N 7.
I 1o I Iv v

1.0}

0.9

Ratio (expt/cont)

0.8f population

Fig. 7. Histogram of the effect of PEMF on
percent synthesis of collagen of calvarial
cell populations.

4. *H—thymidine2] #Acl =& PEMF2

e

5xCi/mi9] *H~—thymidines st 2FF
RIS ol srEsm A o] HAMHR vhA 155

population control PEMF
! 1.00+0.10 1.05%0.06
1 1.00%0.16 1.24£0.10-
i 1.00 £0.24 1.056+0.14
Y 1.00%0.16 1.77 £0.10*
\Y 1.00 £0.10 1.7810.31*

Values are Mean * S.E. and expressed as the ratio of
the 3H-‘chymidine incorporation to corresponding mean
3H-thymidine incorporation of control group.

*» p<0.05

1.9t
1.8}
1.7¢
1.67
1.5¢

1.4t

1.3F
1.2}

.1}
opA....
ol I I m IV Vv

Ratio (expt/cont)

0.8 + population

Fig. 8. Histogram of the effect of PEMF on
3 H-thymidine incorporation of calvarial
cell populations.
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Fig. 9. Diagram of the voltage induced by the
PEMFs used in initial bone healing
studies from 1973 to 1974. These were
asymmetric, quasi -iriangular waveforms.

- 508 -



~380
r-nn.e—-l
SINGLE PULSE 72 Nz ‘
~18mV

pulse duration 13.8msec _L

t’ -3-7Tunsc

-t l—-20-50asec

zoo.--c-‘-—-

=1

L~42-7wﬁsc*l

~66 msec

REPETITIVE PULSE BURST ’1_;1[\

pulse duration G6B8msec

pulse train duration Sasec ~180mY ;.

[ .

%

Fig. 10. Diagram of the two basic PEMF patterns approved by the FDA for clinical application.
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— ABSTRACT —

THE EFFECT OF PULSED ELECTROMAGNETIC FIELD ON
THE CULTURED CALVARIAL CELLS OF RAT

Byung Taek Choi, D.D.S., M S.D. Won Sik Yang, D.D.S.,M.S.D., Ph.D.

Dept. of Orthodontics, College of Dentistry, Seoul National University

Electrical stimulation among several factors that influence bone remodeling has been stﬁdied
by many investigators with great enthusiasm in orthodontic field. The action mechanisms of
Pulsed Electromagnetic Field (PEMF) are different from those of the conventional electrode
application method in that PEMF induces endogenous current in the living tissues. PEMF is
known to have the healing effect in nonunion of bone and osteoporosis. It is widely used in
orthopaedic scopes and the possibility of using the method in clinical orthodontics is also con-
ceivable. But the exact mechanisms by which the PEMF exerts its effects are not clearly under-
stood. Therefore, the author wanted to see the effect of PEMF on five groups of rat calvarial
cells obtained by sequential enzyme digestion method, and observed the changes in enzyme
activation, collagen synthesis and 3H—thymidine incorporation.

The results were as follows:

1. Under the effect of PEMF, there were no changes in the alkaline phosphatase activity in five
groups of cell populations.

2. Both the PEMF group and the PTH with PEMF group showed no changes in acid phosphatase
activities and there were no differences between two experimental groups.

3. Under the effect of PEMF, there was significant increase of collagen synthesis in the group V
cell population.

4. Under the effect of PEMF, there were significant increases of 3H-thymid:'me incorporation
in the group IV and V cell populations.

Key Words: Pulsed electromagnetic field, Electrical stimulation, Enzyme activity, Matrix forma-

tion, Replication.
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