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The Effect of Electrical Stimulation on Bone — An Experimental Study on Rabbits —
Duk Yong Lee, M.D., Moon Sang Chung, M.D., Sang Bin Oh, M.D. and Soo Yong Lee, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University, Seoul, Korea

In Suk Oh, M.D.
Department of Orthopedic Surgery, Inje Medical College, Paitk Hospital, Seoul, Korea

Experiences of 26 cases of electrical bone stimulation on normal adult rabbits was documented in this paper.
The cathodic electrode was introduced longitudinally into the medullary cavity of the proximal tibia and the
anodic electrode was introduced transversely in the distal femur of the same side. The contralateral tibia was used
as the control, of which the Teflon coated Kirschner wire was introduced longitudinally into the medullary cavity.
10uA of direct current was passed continuously through the fixed wires between the proximal tibia and distal
femur. At the second, fourth and sixth week, random bone scan with 99m-Tc was performed and the animals were
sacrificed. The specimen X-rays of the tibia and femur were taken and the specimens were prepared for the
microscopic study. The followings are obtained from this experimental study.
1. The rate of new bone formation is 69.2% in the stimulated group and 7.7% in the control group. There
were also fibrosis and cartilage formation as well as the new bone formation. The fibrosis and cartrilage for-

mation are observed only in the electrically stimulated side and their occurances are 69.2% and 11.1% respec-
tively. So The new bone formation and fibrosis are definitely increased in the bones of the cathodic electrical
stimulation than those of the control side.

2. The intramembraneous ossification is the predominent feature of this electrically stimulated new bone
formation.

3. Bone and soft tissue necrosis was the main microscopic feature in the anode side.

4. Since new bone, fibrous tissue and sometimes new cartilage were observed in this study, it seems that the
cathodic electrical stimulation is not specific for the new bone formation, but induce crude tissues such as
bone, cartilage, fibrous tissue or vessels. Furthermore, it can be postulated that the 10uA electrical stimula-
tion is only one of the best electrical environment for the formation of the crude tissues, especially for bone
and fibrous tissue.

Key Words : Electrical stimulation, bone.
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A A7 ATl FH Aol FEIGE AL 1812
J St. Thomas Hospital ¢] Mr. Birch7} Shocks of
Electric Fluid & o} 4-8le A ZZH &/ L N5 A4
FH AL AR o7 94HA AY 3w
R3] gic}.

19533 Yasuda‘Vell 2j3) F¢ A7 Hale] Mz
olF Zoul gt mAAAFTY A4 Hel Y A4 o
Fe ASHL oy FAsn AR AEdE =2
3R %3tqlch

¥ AN AS5AAIEE ol &3td uiN AR
Feo] Zo viXNe %L VU T ¥A B

28 Hloleh
dExiz ¥ Uy

o] AYdA 4= 7T AAR (Fig 1) AAe
sAAF2E7IZA Age] WA dAY AF
(10uA)7} 5228 wqd Aoz & A A 4
A Aotk EAE ANL2A VY AFHAE A}
4stden MA4Es AS (B Electrode) 224 &
By 5mmE Aestie Teflono s Adse] gji= St-
ainless Steel K- 348 AH4-3l4 .

2.5-3kg 9 A4 ¥4 s1EE AL4-3te 20% Ure-
than 8cc § Euteo] Fo3l 1 Ketamine 2cc & +&F
st Aol E =Ry Wl w2} Ketamine
& ¥7UiE sidch dA A4 ARIE €8 74

Fig. 1. 4o Ag" 717 1-7:9VA{F A4
A, 1-3}: o) AF 2487, 1—}: Teflon o] £ A
29 K- 74,

& Betadine 4902 453y #ud K- 44e o=
FAETAYS 2474 B3 IAIUNE A A
AE VP e K-z IgYe 3oz gl
3tef K-l B¥-8o] S5 U A} s
T3 AZe T FAE AYY FolH A B2R
ZAAdele &3, dEHIRAANE FFE AFNF ¢
AYE A AF2 AV E 2 H4zPos 2y
33 VAR AAAE vIAARFZ A Eol gz
2EE #3A ot (Fig 2). BN e gz2Fez 4
4334 stgld A AAL Astel GEIHA Fgo
o HEE 3R Fet. vAAFEAr S AFA
A OV)E AAYF Wi Foig AFY a8 3z
A AR 2 2@ @FEY AFE Al 5-6uA
224 AA o] AYelA AR AFE 5—10uA 9 9o
oleks # At

EF3F, 65 432 A% 9mTc & o4
@ k53 F-2) FTFA(EET : Bone Scan) § A3
g2 olu= 0.5cc e Ketamine & 4 FAlsto] 7}
E9 8% glo] AR sHFAANAY FFAE @
4517 sgich olel ALg-® 99m-Tc ¢ k& 2uCi gk

EF 2F, 4F 283 6F6 Z10ve], 8vta] 2
23 8vtele] tEd AAAA ARTH A=Y AF
9 FTE M dEH TS AEsd AAEd e Ay
T F 23y YexggRos wEsld. ¥ey
23 AN{e FFAW AAE AAAE Ao gL
EFE Smme) 3= FEVIHE YO8 Akl
HE 94494& A8t a9 gezge FAo
AYE FE& Yoz AdNo AT e Pyes

S

Fig. 2. A4 A4rted K344 233 4524 7)
R AAANE AZG F £/HHYE MYl G

A4,
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3-7h ¥ 3F H2 WYY g 3I—tt, ¥ 65 42 %ﬁ%é#(ﬂ‘ﬂi‘)ﬂ
& €A (HE2T) B} 271H Qe & 90 +4 €¥UF(W2EZ) 2o ZrlEe gl

(=3

Y

Ze w2l Z H% Ydg 248 R
Fig. 3. 274 24

41, AT K- AEUY FHd FA4 J4¢ 2 4 Uk 1-7:1 6% 23, 1-}:e% 45, 1-
ce¥F 65,
4-2. =27 1 K—-7Adel Ad=dd £ Holn o 24 B 4 gk, 2-7: 2% 22, 90— ¢F 415,
2—tt:E¥ 65,
4-3. JF& 71 dEZ 495 K -A4do] ARIHJUL F9o] T243 L B 4 Qo
Fig. 4. v}A4d 47,
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HelzA A e AAE JA9E R GARE, 9F
AR, AFHy, AF9de] R g 23S
2 #3sych

AP A 72 (iR Intensity) & F47 9 2
£E (X 2K : Filling Degree) o e} 3 NFL=2

S ARZYYel UH 25%018t FEFxeld 1, 25—
50% 9 & x°1d 2, 50% 148 2Fxelw 39 3
=2 23k, 3o VAT REE T4 A4
ZA44¢) s Y3 (WA : Circumference) A2l 25
% °lgtell 9= 1, 25—-50%°1% 2, 50%°14s]
F& AN 39 Z=R AFEad.

5-1: 7% 19 AAE ¥4& vehd d2F(A2F). A48 LY & 93 HZ9 Y34 BLE 4 Wk
weA 38 344 A FF &AL BdY,

5-2: 7% 39 AT ¥A4E e AT A 2F). AF3 4ol ez A9 ¥w F4& XY 7 AU

5-3:72E 39 AAT ¥A4E B AYZH4F). AT YAYL AAE AAF Abelel HF3t Qate] ez H
o] €RFHE B TFAUA 4F Y& ¥3Y 4+ A

A 52 b ANER. | SN AR 0N - % :
5—4: &%) AMT YAE YT ANozy TFANNE ALE Yol U¥& B TR B HH% A
49 Aade ¥ 248 & 5 G FH2F AYD).
5-5: FF4W AF FHAFA4F AYEF) A2 330 F8 2% 4F & 2l
5—6: AYZAM 2T AAFT Y& Role 222 FAd ANHoz $3Q 4F 244 #3% 5 AU
Fig. 5. 242,
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Fig. 5-7 . A =79 AF: FF+749W 4ol 44 Fig. 6. =2 713 ds99%, dF AL 24
g9 E£d0] Qovt 29 We wolx Feoh = A Uz 7 AR WS B S olon 83 7 3
A B4 Lepolw TR AR HFe AlE BRES ¥ 4 vk 9F 24X 284 dehy
YeFNE BB ¥ $ o e Fol alth

Table 1. 4377 ¥4

23 47 6% A

. SE e P AYF SEX Ay 7 CEL NYF
pA
st 4(%)  whEa(%)  mHES%)  sHES%) stEle%) s (%)  wES(%)  shel (%)
0 8(80%) 2(20%) 8(100%) 2(25%) 8 4(50%)  2492.3%)  8(30.8%)
1 2(20%) 0 0 2(25%) 0 0 2 7.7%) 2 7.1%)
2 0 0 0 2(25%) 0 4(50%) 0 6(23.1%)
3 0 8(80%) 0 2(25%) 0 0 0 10(28. 4%)
A 10 10 8 8 8 8 2 2%
(shel4)
AEFRE 0.2 2.4 0 1.5 0 0.5 0.08 L7
A 20% 80% 0 75% 0 50% 7.7% 69.2%

A0 ANE Y4 FA Qe 10 B0 B% eI, F& FHFAY 5%l AAF WAl 9 W,
2: F57%W 25~50%, §& BUFH B5~50%74A A4F Y4l A& o, 3: FHPW 0% 014, T B
9 50% 14l d A4F A4l U o

MY MH oo AYFAA GRS $99 FE7} A B

HAT £ ¢ Hehd e EA BARNATE AT FE
EFAH 27 (Fig. 9) AN 9 BFE F75e] drhe Ag AR
YA 220 G TFAE 37, 65 AW ¢ 4+ g
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WAL AH (Fig. 4)

A2F, 4F 22T 654 38 7MY AIUD

= 273 (GEL : Osteosclerosis) £7& Lgx %
F& 1Y WEIHREE 243 (BHERE  Osteopo-
rosis) 274 Bgen WxFo ATty d g
£ BAY $7 992 DA A A" st A&
B (B4R : Filling Defect) 2 dolgle AL #IFY 5
e

wajxa A (Fig. 5)

AP ZYAL(Table 1) 2 W= sle] AFFANA 69.
2%, 2L HEZTNAH 7.7%°lem 1 A=e AY
Tolld 1.7 AETolA 0.124 33 AYFaiA 9%
3 FL GANES FEE Jebdeh 713t abeby
€ HUE R FEs} Aol AGFE Faode AL B
& $eldth MEE 80%—75%—50% 2, e 2.4
1.5—0.52 #4aste A %E ¥dch

ol ANITAAL Aol AUE F4hd Beld
2t FgeldE Jebdd %Y FUAsicH(Fig 52,44
AEFPAE 35 AL R F 3 (EAEIL : Intramem-
branous Ossification) ¢]g = 2 #elAq AFFH(E
%4t : Endochondral Ossification) & #&¥ FURL
WFig. 5-3, 5y el AA AAZTAEY 11.1%°) A2 ¥
Bolalc}.

A4 24 A2F, 4 F 2=z 6704 AAF
BT o] #AHG o dxFdlAMe TEYE FU
th A4t NEEs ARFPNES} o] 69.2% °]
A} (Fig. 5-2, 3,4, 5, 6,).

GdFaAL APTIH 2 FAA F3 #EE FUA
o AgFAM 2 ile R ZAE7F7HE Ud4E @
3¢ £l (Fig. 5-6). 22y oz A F4H
dF23E AL s

G5 7 A=A Fdase 2ALAY A9
A dFaeldA AR PR AFTHA zelw AF
7t ZsA Jelhde 3¢ ol (Fig. 6).

a #

A7) Aol FHA(EHMK : Osteogenesis) o =&&
Zobe AFAlE 1812 Mr. Birch®® o] ¥ 194 7] Futel)
Garratt,'” Mott,?® 18] 3 Lente?® E¢) 23l ¢J 43
AYdr gEsE o ¥ FE4 A 2avhrh 19534
Yasuda $4Vo] 9] A 7| (EES : Piezoelectricity) 4
AR nuslxm Fd 7l FFA AU A (FEMEANAA
: Dynamic Energy) 7} #7182 (XM AN A
Electric Energy) & A %™ Zo st%& 7h3d &5,

AL Jhehd 3o A71H AAe] vetvtz 5%
e ZTYAo 2AHZ FFFAMNE TEFFTT Lo
gtz stgich ole ¥ AS FEAAUAE FHEA
a7 HA 2o AVANUANE AFLZAE FTYHE
22 A" ke AL FHsd Fe A2 o4
o AANAFE o4 FTAAFY d4A AYd R
olgd i AFEH FA AANAFE 14 FA
2§47t 2ol AaE I £ o] F o) 43td TH F
$3g AAYAREF ARF] BEstA = o)¥
olo] mE 4FAA YA AL I
3394050 QT3 Fo] 1209 o) Aol wEL uh Ak
12—16,18‘24.27,29.32,36.33).

28} o] vl A AN ATl FTYA Bty 1A
U 2 A 3 g A7 E BT 48 3
£ A7 FF1, Alge w8l B4
2o @& g Ho|mglel 2o uiy HAsm
A4 AEde 293 @ ez Audeh

B AAEol AT R ALsHez JdAY AF
o wjARZE AW A D FAAE F3d T4
A Fo2H 3 AT AZY FFAHAAM A
¢ HaE A Aol

A& e Futely F3Wde A4AozE A
AZe] g1 Folvt vAHFE BT F ANEFL Y
¥ Foldoe AL o nAR{F FYHLE w5
(%% : Induce) 3= A2 A=)

a2jz AREAA ] A=y 2 (RE : Intensity) of
Aol AgFelA ot 453 Fol jAANAS
o] APZT L& AAANATE AL FAFH FAl 1977
Jd Spadaro®”7} G X & ule} el Feol i} v A A A}
Fo] AN ZYA AFHolebE 95% 9 Xl TAHA
d AFE Y Fdv Al

a2 E Aol #38 AR AF3 22 W
e YA 222 o A7AFe] YR &
o]Hql whgurg vehiciz & Fiivhe HE oA
t}.

Y49 FH2e THZH5 89%, AT I
11% #3doz24 8 TP 442 HiZAU &
RAFE Ao,

A7 LR =EEAAL ehRspA 2T
13:15,1620,3435.40 @ Ay A AMEE 5—10uA o) B A H
71AFe] AAZTAALE o7 AR de AL o= W
9 s AARI FAAY LA 22AE F A7AQ
#AFAE A YA e BAL Aoz 8"
h.

=g B AYF A7AS5E 7 AF % 30% A
= AT #AHA ¥ v rledo2e A
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AR FRAL oI HAF] A7) AFH A Aol 9 4
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4 £
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e},

2) 2949 3 44 G FFold,
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7} Aot}

4) VM A7 AFA] ST FAHL FsHA et
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v 5oAa AFA ALz A,
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