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= Abstract=—

The Effects of Non-invasive Capacitively Coupled Electrical Field on
Fracture Healing

Han Koo Lee, M.D., Moon Sang Chung, M.D,, In Ho Choi, M.D., Gwan Hwan Chiang, M.D.
and Goo Hyun Baek, M.D.

Department of Orthopedic Surgery, Seoul National University Hospital, Seoul, Korea

To demonstrate the stimulation effect on fracture healing by capacitively coupled electrical field, the

rabbits’ fibulae were fractured and treated with a capacitively coupled electrical signal (10V peak to pe-

ak, 60 kiloherz, symmetrical quadriangular wave) that was applied non-invasively over the skin surface

overlying the approximate site of the fractured fibulae.

Each fibula was evaluated with gross, roentgenographic, histological and mechanical tests after 21

days of the electrical stimulation, and compared to control group statistically.

Maximum bending moment, Young’s modulus of elasticity and bending stiffness were calculated by

3 point bending test, and the ratios of the fractured to the intact fibulae of the electrically stimulated

rabbits were compared to the non-stimulated rabbits statistically.

The results revealed that the fractured fibulae exposed to capacitively coupled electrical field showed

the higher degree of fracture healing than the non-stimulated fibulae.

Key Words: Non-invasive capacitively coupled electrical field.
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Table 1. Grouping of experimental animals

Group No. of rabbits Contents
Experimental 30 Right fibular osteotomy +electrical stimulation
Control 30 Right fibular osteotomy

o

et

Fig. 2. Non-invasive capacitively coupled electri-
cal stimulator.

= o&d gol A= e},

vk &34 § A 2 (capacitively coupled elec-
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Fig..3..Photograph of right lower extremity
with electrical stimulator incorporated with cast.
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4gel 48E 1A e A o) 2w &
FAG AF A8 ALasch. HIUE A7
3cm, 5] 05mme] | gato 2 gl os, Al
2}=7]&= 10V peak to peak, 60 kiloherz, symme-
trical quadriangular wave signal-§& el =, 55
x20x9 32719 SYgAF WA 2AF7) 2 sojgla,
Heez 274 FHHE OVARAE o &5t
(Fig. 1. 2).
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o} 3 Hagde nAside (Fig 2T %
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Fig. 4. Roentgenographs of fractured fibulae
obtiained 21 days after fracture.

Fig. 5. Bending test with Instron.

Table 2. Formulae of 3 point bending test

D : Deflection
L : Distance H
between the Upholders

P : Ultimate Load B
Maximum P.L B A
Bending Moment (M) 4 4
Stree (S) %%VI_ %_4_%'1_
E D-P D.P
nergy 5 =5
Moment of Inertia(la) '1_8BJ:§" %}f
Young’s Modulus (E) §8—Il"TI ZIE)—II)"—I-
Bending Stiffness E-1 E-1
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Fig. 6. Graphs obtained from 3 point bending test. I :

stimulation group.

Table 3. Analysis of

Electrical stimulation group, II : Non-electrical

fracture healing

. Gross union . . . . . .
No. of Animals No. of(%) amimals Radiographic rating  Histological rating
Electrical 24 23 (95.8) 32+0.74 11.3+081
stimulation
No electrical 19 13(68.4) 1.6+1.68 9.3+231
stimulation
P<0.01 P<0.01

detd A4E ¥FAYNEV G2 E wobn-
stron (model 1127) 23 7] & A}—g—b’]-oﬂ 3REFTE
A AL(3 point bending test) & $%& s}5F $& »
E ¥ a3 A4 o Fof wlle okF 2T 4y
819} (Fig. 5).

Setx Az Arle 200mmE YA sHA shglo.
= FAF L AFotdd $123EE 2HAQF 10
kg. 9] 82FS =l load cell & o} &3led 2mm /
min2| £52 Fdo] Yold a7tz A4 FTIH
& 7hebodet.

o
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Fig. 7. Cross sections of callus. I : Electrical stimulation group. II : No electrical stimulation group.
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<0.025
<0.025
<0.1
>0.1
>0.1
<0.05

X 100(%)***
26.3+25.0
26414249
32126
43.44+36.7
21130
2331326

NoES

Normal

X l(xx%)‘"

ES
53.4+25.7
56.11+28.8

77+£71

561638
53.1+340

Normal
101.7+182.8

No ES**
(n=9)
0.67+0.70
3.33+3.49
0.851+0.79
0.58+0.41
10.81+17.98
83.17+128.03

Table 4. Summary of mechanical test

(n=14)

ES*
1.20+0.67
5.30+3.54
1.76 +1.81
1.09+0.87

21.03+25.25

125.83 £91.12

Normal
(n=23)
2.41+0.83
12.70 +3.34
2471 £6.84
1.90+1.02
442 20 4+ 263.00

311.57 £185.28

Content
Young’s modulus

(kg. f/mm?)
Bending stiffness

(kg. £ mm?)

Bending moment
(kg. f/mm)

Bending load
Stress

(kg. f)
(kg. f/mm?)

Ultimate
Maximum
Energy
(kg. f. mm)

1004 Electrical stim.

Ij No. electrical stim.

50%)

tissue

Fig. 8. Histological Analysis.

Y vlgE T ow ol § ulsto R of2 4 t3
oz BATAH R4& AHsodct.

ZAH FAA Rl g DAL FHYLY Yo}
A EEY AR R 1o4 1288 422 ey
o] ®] 3} e} (Fig. 7).

F At B4 AR2AG e A
AfzAe] AxlwAe] 1/4,2/4,3/4,4/4% H43)
o A2 1,2,3,48 08 A, dF23 e 9o
2 FxAo| gle S d¥2Ae FfAHd =
2} Z& wio® 567,880, FxAo &3}
W 2 w49 vl gol we} npaksba| 2 9,10,11, 128
2.2 Al4bstdck, 2 viguioh FA A9 FoF o4
AL 2749 EEE sl A2 S| EoR E3
o 1 HFgE L vEY 2AGY AEgoz 4}
3o o] F viglo g ArATF AT
£ AP kA 4L Fke FAIEH R4 AA
1+ 1

***The ratios of the fractured to the intact normal fibulae

My

**No electrical stimulation after fracture

FEF AU EBr, 2 Y AARFAY she
o2 Ayl 4Usigt ASE AdE 219 A3
F7hz) AER EAE EF 43vje) 24, B4R
F A7 AFE HUR Fol 24vie], FHF A2
T2 Ak GU AxFo] 19u}elo] g},

SAAel FAAF w4 A 24Y &
Foll ot dom, AxFE Aadgr Foll4 958
%, A71ASFE A st @& ol 2T A E684%
o] FREE dehle] AZATE A FollA
v & {F%8E 2ok (Table 3).

WAt b a4 EHAFY AERE FAE R
Algt Az AFEEEs AEN A A ATE AY
g TAAE 321074, A AFE Agsia g

*Electrical stimulation after fracture
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TAAE 1611688 Vet A7 2FE AP T
A o & FHAFEE el EATHL
2 #9% Aol 24tk (p<0.01) (Table 3).

A 434 FHARY AER F32 B4
% A3 A7) AFE AYs T HFs 2EHA
X 11.3+0810)%0 3, A 723§ A& ska] T
£ 93+2312 Jeht A7 234 Alygir Foll4
o e 428 24k, EAIEA 34 Ak £
e 429 ol ¥ Uehie] (p<0.01) A7) 2=o] #
A 2§ FAA0E AL 9035l ch (Table 3).

E A42A, dF23, F246] HHshe
4 24, A7AFE AN FolAe BERA
o -8 2w, A2ASE kA g T
ol e dF2A 0] wsten oL AAFTE A
i FolA FHAR FEo o YA AL
el c} (Fig. 8).

C d9gd Aae 4SS MY E Ml A0

¢ JhabA o F 9ulell A A1y ke,

3] o) FF3}F (ultimate bending loab)2 oju &
& TFAA FAEA7 e ol Had 4T YL
24 3 FY As FFE BAAS TERA S4E
el 224 £ dddlde obF 2L 7
32 9L A ulgFFolAE 2411083k f, A
X A7) 22 7 Foll A& 1.202067kg. f, 4

F Ao 2L 7HehA] %L FollA &= 0.67£0.70kg.

folglet, A4 vigel gt RS AR 2l FS ¥
¢ AANAFE Y Foll 4 534£257%, A~ 2
=& shelx) g FolAE 263+25.0%8 B
o2 2% abo|7F s} (t=25, p<0.025).

3 o) FF 59 (maximum bending moment)}& 7+
12.70+3.34kg. f. mm, 5.30+3.54kg. f. mm, 3.33 =
4.49kg. f mmo| g, A4 viFdl g ¥4 =4
R oulEFe AN FZEHe gL A AFE M
Foll 4. 56.1+£28.8%, M7 23§ 7Hehal L Foll
A 2641249%2 FAGH o2 o Ao)7t A
A} (t=2.5, p<0.025).

£ (stress)-& el dol] cjgh FERA 234
A A4AL Vehl ol A4 2T 24712684
kg. f/mm} FAALFE A72FE kg T2 176
+181kg. f/mm® FAHnl 43 F+& 0.85+0.79kg. f
/mmtojglon] Aol iyt TS #FS] &
g W gL AsAFE 7Hg FollA 7.7£7.1% A
ARFE sbelal & FolA 3.2126%8 BAY
Aoz $23 o7t Usie} (t=18, P<O.1).

gt FAo] UAY o 7AxY F5H F oy
Ae T2 AH 9 ok Fgogs duArt
4.2 F2AL 7b4AA W3 (plastic deformation)

€ she Ao| Ach. A Ae AAEFTE
1.90+1.02kg. f. mm, 24 F A7 =FL 715 2
1.09+087kg. f. mm, 4 X A7 ==L 7F8kx] &
L. 72 058+0.41kg. f. mmo]gi o A Abu]gol
gt FEEAR I FY ez 0 AAEE
7Fgr Foll A 101.7+182.8%, A7 234 7}él=] @&
L Folld 4341367%8 Aoz fog A
ol 7} 91%ic} (=09, P>0.1).

Young &4 -8 (Young’s modulus of elasticity) -&
24 (stress) 3} strain &} 3} ¥ &8 U7 Ao 4 &
27 A g4 43S Jebe 4elgd At
48 Z7Mgvh. & 482 Az Young B4 £-2
A Ay ulg-Fo| 442.20+263.00kg. f/mm’, 433 A
A 2p2E 7Hek Foll 4 21.03125.25kg. . f/mm’ FA
ak A7)z A 2FE sheka] g Foll4 1081+
17.98kg. f/mm*o|gl.om , F4b u)Foll ofgt EAE]
ol ®l¥2 Young eby &9 ¢4 TS A7
A3g 7hat Foll4 56+£68%, AA=2FE H3lAl
%o FollA 21£30%2A4 ALY R R34
ol 7} glsdet.

F3Z 44X (bending stiffness)& 34, k4 43
€ Ve E Ao 2H F45 o T3 it
Agte]l Ak ¢ 4 s, o] AL FHAFER
Hale ol ol Phd Fad AE} Sk, £ 4
el Azl A v FFoll4 311.57+185.28ke. f.
mm?} E3F A7) 2FE g F-ol} A 125.83491.12
kg. f mm!, FAE Ao 2FE 7hslA @ ToA
83.17+128.03kg. f. mm*o] 3} om | A Abu]Zell o] 3F
EFAs g v FS TR v EL AT
£ 7} FollA) 53.1%34.0%, A7 AFE shakA) o
L Foll4 23.3+326%24 FAlEH LR F5 A
o] 7F 2l slet(t=2.1, P<0.025), (Table 4).

ol 48] A& AP Aste b} o] AW
4 dck. F AAATE Mg T3 A 2SS b
dhAl @& F 4kel4] Young &4 &2 Aol FA
o2 fogt Abo|E Rk, ol A2 w4 w3
A A7 2Fe] FAHA R HAHAA B PAHsE
a2 sl F2 T2H H3E 2Nt FHAH
F 2AAQ 02 F¢ Bop AR Pobe A
£ oul s Aolet.

a

AAEE o] 8% LHTE A2 E 194716 Mr.
Birch (1812), Mott (1820), Lente (1850), Garratt (1861)
2 o) oz A E5 .0} 1950 d el B4 2
Aol dF7F Aztssictn g 4 e
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195313 Yasuda® ™ & Zol| outg bstdl &
=, A4 (tension)-& 7Fatwl oFFol 5l oAl 7lpi-
ezoelectricity) & B 135}5] 1 7FE 2] o8 Fd 1uA
2 3F B A5 AAFTE stele] AME
o] FAsle AL FAIAUL.

196411 Bassett ¢} Becker*® &= Fol| 49 stress
generated voltage S aA§l9d 3L, 19661d Frieden-
berg ¢} Brighton'® & stress 7} $lej = F7bubel] =
.48 A q 2lo], F7F W JL\;}o]],(-]‘— okxﬁg] 2] 2bo|
velue], T4 FH A 240 R el A
S FAFL o] E bioelectricity 2} 3%},

A7lAFoR FHAE F2A44 5 Ucke A
Az2dT 4 dAdd g B4 Aoz S5
gl o=, Connolly'® o] 2]3}H o]g]dt A7) =}=
YA 717E FEAT = AL ohl: A%
Eofl 2gE F FEF FTHIARY 7172 Ik
Hog FAHRFo £asE 717k ZAep i it

olakx o g2 1971 Friedenberg 5'Y o] 10uA
2] direct current & o] 83ld AT Y4 W &
F&e A =2l 4FF HZ2| o F L5l . Pa
terson 5'" & A4 A EBAH 7 zpFom 857 %2
f¢88 23 3¢a, Brighton$" & B-#3% 178
ool 4 837% AF&-& veb s, Basset 3% &
1270)¢] A2 L4l 4 ¥ 442 pulsating ele-
ctromagnetic field & o| &38}o] 87 %2 4F{L B
a3kqich.

A7 2T T el o8 rka st de
zhz AA sk wbde] lep, FANIA AFA7 =
F FHEoR A shgdte & 2 ¥8 g
= 20qu°] Aoy AFe] 2bFo|y 2Hde HF
Aol A shxlell A4 A FHsst wAE A
o .

A4 A FA 7l 23] AL Al Akl sk
Fol 8oz Rzl WA wade A AHS =
Zoll *‘]"5‘7]"‘-1{1' d Folx, ko2 E 4%
e ok g 2o B 7J'°3 2] @ Aol 22,
AAA &3S Fuoll drlAl sl A g AF
7t B2 bl o j 24 ubie] gele Aol

Basset 5% & Zujol] o] A s = AFglA
L FAIA A FA ) AT AS HFe] Iy

2 A3 FAMEE YA sk FH Aol o
FS ol Alcba 349laL, Brighton 3 & &3¢
AL F9e Ade] HdFsel =$8 F4 4po
2] 0.02mm* & ztAgcha 3}oic),

T2 XastAdagls] el gtd5e 7o)
glv %57 & 213k (inductive coupling electroma-
gnetic field) z}=F& 3=}e] 27 78, A=

o r]o [

rl

o A

o2 31:".
ﬂl
mx o r.’.t o

)s

Zol 484 2 388 astnz Folgoz Az
3h7) &, 2| FobEe] difslA 48 4
| 2F o4z "lﬂOF 3t dh=jol] AF&4] 2 FH-30F T
g =l ok,

Zeiv BAE AL ol &3 ArAFAdE
Ptk g A% e duos gaAdd s
of A A3 2 Fulfeoz Al
+ 20, £ LAl A% 2t 45
5 4ol 2 ol#i ol $lch.Brigh
e 09 SR A ATes
B3sla, 2299 4
ol 4 77.3%2] M‘g"&‘ 5'——1-01'934

Ak AgAl) A2 wAs $EAT AA
222 wld g FHE 4 9l 10V peak to peak,
60 kiloherz, symmetrical quadriangular wave sign-
alg veble 34T 44 HFo2 o BB
A FA- R0 A= AL RAssod o]l
V peak to peak, 57.3 kiloherz, sinusoidal wave si-
gnal & o] £& Brighton§'" 2] Axar 19} v %3}
aAolebm ¢ 4 dleb. Ted £ 49 ey
Aol 4 b ASE v 22T ARt
7}Ekz] ¢ F A}olell Young EFA &-2] zfol: &
AH oz 2ofrt gld oy T 5E TFA
GE7 F209 2ol & vehhol, B2Ae) wAw
st wche 52 F249 W82 BRARE 34
AZlchs A€ & F A

SuAY A4 259 HEa ’—#%7] A e
v} 91 © 1} Brighton $*% & sl okx] Tola) Fol 4 &
A A A 2T el B T2l 237
C-AMP 9| Z7}7F E3lsl& RS RAstx, $344
A 2R FES A8 o7 ’habah (desensiti-
zation) 2 2 F2] Z 47t AA|so] Hal TH Aol F
Y 4 oelel 25 o do.

2k g% gAY A g dEal ok
2} o] = g} signal shape, voltage, frequency 7} 7} =+
FL 25E el ot dhe BAE A2 EAS
A Fslelol & AU Aoz 4z,

g B

SHAY AAo] EHA R vlAe o 3&% A
3k71 fldte] Bl Wl el 2L o7 2147
10V peak to peak, 60 kiloherz, symmetrlcal qua-
driangular wave signal ] £2kA 3 =2 234 4)
AE Fobd, BA4A, 244 W AR B
AHEE AT 3k 2 AEE Ao,

Lo BHAREE FAE Barek Ak A
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71 PG Al & Foll A 3.2+0.74, A 7 24 4 38
hR] & Foll4 161168 8 el EAstd o2
F)8 Aol E wecHP<O0L),

2 2444 BHAFEE $A2 BAYL A5 A
7] = ~E,'-—°— ]sgzﬂ- Zoll 4 11.3+0.81, & 7] 2|24 4]
oAl 4 9312312 EA3Hd o g {29
B9} (P<0.01).

FA xR At AxA s} A4
£ 2o uF HAFTITHE

8 §F Foll 4] 56.1+28.89%, 7=}
ol 4 26.41+24.9%32 e}
93 (P<0.025), ZF=3 5.2

0%, 23.3+32.6%2 el EAEA o
zto] 7+ e} (P<0.05). 281} YoungEFX
3 %alt Aol 8 vheh Al ebgkeh (P>0.D)

4. °]‘oL9| ‘a";, A st %3*75_@‘ A 2pFe| F
2z \_ ]7\15}'t‘ /\E "ID‘C’]"T‘] :LE—ET‘:‘%
B-ii}'—‘?'—‘;}*"‘i' 238 F2AQ Wzt 7
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o
ol
2
A
&o i
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