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= Abstract=
Clinical Experiences of Congenital Pseudarthroses and Non-Unions by

Direct Current Stimulation

Moon Sang Chung, M.D., Moon Sik Hahn, M.D., Duk Yong Lee, M.D., Sang Hoon Lee, M.D.
and Yong Hoon Kim, M.D.

Department of Orthopaedic Surgery, College of Medicine, Seoul National University

Congenital pseudarthroses and non-unions have been recognized as some of the most challenging
problems in orthopaedic surgery. with a standard surgical procedure, such as bone grafring, nailing,
plating or a combination of these, it was frequently failed to unit. After repeated surgical failures,
amputation has been the main course. With the advent of an electrical control of osteogenesis,
however, this dismal outlook is brightening.

The earliest report of the use of electrical energy to directly stimulate bone healing seems to be
in 19th century, but it was not reliable. In this century, the electrical properties of bone were first
described by Yasuda et al in 1953. After then, several investigators have shown that the application
of small amounts of the electrical current to bone stimulates osteogenesis at the site of the cathode.
Clinical trials using various froms in the treatment of delayed union, non-union, and congenital-ps-
eudarthrosis began early in the 1970's. Constant direct current, pulsed current, and electromagnetically
induced current have all been used clinically to heal bone defects with varying degrees of success.
But, to-this date it is unknown what is the mechanism of stimulating bone healing with electricity,
and which from of electricity is most efficient in stimulating osteogenesis.

We have experienced direct current stimulation to promote osteogenesis in 9 cases of non-union
and 4 cases of congenital pseydarthses of the tibia from august, 1978 to december, 1980. Of 9 non-
unions, 7 (77.8%) achieved solid bony union. We had obtained bony union in 4cases of non-union
only with the electrical stimulation. In 4 cases of congenital pseudarthses of the tibia, all cases ach-
ieved solid bony union with the electrical stimulation and bone -graft, but in 3 cases, refractures
were occurred. At this moment, our conclusions from this study are as follows.

1. Direct current stimulation is one of the reliable methods inducing ostengenesis.

2. Regular follows-up and determination of the stimulator integrity are essential steps in the elect-

rical stimulation.
3. Combined treatment with the electrical stimulation and bone graft have markedly improved the

success rate.
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4. In direct current stimulation of congenital pseudarthsis, the mechanically sound bony alignment,

massive bone graft and protection using long leg brace seem to be mandatory procedures.

Key Words: Direct Current Stimulation, Congenital Pseudarthroses, Non-Union
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Table 1.
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Case analysis

Sex/Age Diagnosis

Du(rati?n Previous Op. Combined Op

Duration of

Result Complication

yrs stim. (mos)
1 M/ 9 Cong. P., tibia 7  BG (Allo) BG (DO) 4 U -
2 M/ 7 Cong. P., tibia 3 — BG (DO 4 U refracture
3 M/35 Nonunion, femur 2 OR&I/F I/F 3 18] —
4 M/32 Nonunion, tibia 8/12  cast — 3 U -
5 F/ 2 €ong P, tibia 13/12 1, cast BG(SO) 4 U  refracture
2. plate & BG
3. IM &BG
6 M/8 Cong. P.. tibia 4 IM & BG 1. /F&BG 1. 14 5) refracture
2. I/F & BG 2 3 U -
7 M/33 Nonunion, femur 8/12 O/R & I/F PP 4 Uu —
8 M/44 Nonunion, tibia 1 1. cast — 3 U -
2. BG
9 M/55 Nonunion, m. mall. 8/12 cast - 3 1019} —
10 M/36 Nonunion, femur 1 1.OR&I/F PP&BG 3 U angulation
2. PP
11 F/46 Nonunion, tibia 3 1. BG - 3 U -
2. BG
12 M/33 Nonunion, femur  10/12 PP PP 12 U —_
13 M/27 Nonunion, tibia 11/12 1. O/R & I/F — 5 U -
2. PP
* Cong.P. : Congenital pseudarthrosis

BG : Bone graft, DO : Dual onlay, SO: Single onlay, PP : Pins & plaster, IM : IM nailing,

U : United, UU : Ununited.
£ 6. Q0 ¥k 84l

A4 AT ARAF g2l Ad s B
4annyst @ abus Folded wkod THY
Asstgd s o ol = (Fig. 2).
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AY Fo] AFA AL F ¥H HAqv 3% +¢
2 Ad 2494 AASS A 6 hole FHge =
2AEH FAd] Bol4E AYY F A AFTE A
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€ 2olx glel A7 AFE FASG e AN At
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3 AstFo]l U U YA Y3 =2 2 FAE
A7 Fe] AHY BEE R 4o Adnjolol A 4l
Aol BolAE ul, Ay AT FARE Yasuda®®
€ ¥ 4 g4+ Yasuda*®®™i= 19539 5} E (rab-
bit)e] d = FelH 1uA2 357 vitallium needle A
F& Bt AFAQ AF AFE shd A F(new
bone)ol F A=+ AL B3 o] § piezoelectricity, F
713l 4 Q1 stress® A 7] A4 (electical potential)o]
dg st Ad ¢ Aelzta e F, 4EH
(compression) & W& A& A7A E4o] sHef
FY4gel dojvta 21349 (tension) ¥ 4 XdAE
A7 dAde] Hol TESFI Aot stg e o
+ Kiintscherd] .93l A 3= AP ¥
(callus without fracture), %, >]#] 2 (mechanical),
< (thremal), 284 (chemical) =}= (irritation)d] ¢
3l sHEo] 4 4 ke AE 4d¥dew FHY
Rolek.

2% 19649 Basett2} Beckerv® #d| A
generated voltage® F4tslol o|& semiconduction
mechanismel] 9% Aejelz ARsgd =, 1966 Fri-
edenbergst Brighton®.& stress§lol® Edl& A7)
ZA el gle] Favtdle T4 TR} FAAE &

stress-
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Aol EAsle uief, #e] Hw o R4 4%
JeEb & 2 & #Azte] o] & bioelectricitystz 34l
t}, 19713 Basett%®& A §-(direct current) 3k of
vk 3% A F(pulsating current)dl] &) 314 = ¥4
€ A% 4 dckn stgon o) ¥ U4l Mg
o wgslgel, 1971d¢] Friedenberg® §-& 10p2A9)
AR AT S 28 4T A8t A fd
A Zstgeh. 19728 Lavine® ™ 5.2 Hgoe Ax4
ARAFAA AF A& 43 MY {84
18] € 2 adtg e, 1975¢ Brighton!>'*%¢& semi-
invasive techniqueo & A { A& 483t A4
ARBE 5l Ry 24 F B nugn
oAl 1981 B/ 26991 ¥ o} wESI . Pater-
son®*¥2. 19804 invasive techniquec 2 AF =
+ AYdld Aag 444 4% A F 68, EF
3t Aol |y 840§ Bty

2. ®7| x1=5e vty ng

A7 AFozd FH4E A% 4 dde AR
Be AT J4 A4Y& 3 AgAdes dFHg0
6,8,18,18, 19,23, 25, 28, 33, 35,37) Spadaro (1977)!‘).‘\5_ al7‘ Z]-
Fo s 2ag NNy EEEE F¥9 AEY
vl w69 waolAnl HAq g4 nedn @
=. Connolly'®d] &j3ls ol2ig A7 T3¢ F¥A
A& ®B&F%E AL ki, 2 = (induction)d]
E4E 9 2o EFEAAY A dbH e
2 3 Af £859% 733 st shglH.

A7 A3 AP rAE A, +¢4 8t o
s4on g A¢2 4% 4 3de 4, €A,
U A& FU = god d2 udAE AYy
T Ak A, AA olfgo] wow Aedr F3Io
Avte 4, s Ae HEses ¥ IdE dE
4 ke A, S AE A TEe] FeofoloiA ¢
A g5l A5sivle A, 444, pulsating magne-
tic field¥ A% YA F4 2P ¢ Fo|4
€FE FAd AYY 4 slcke A, 4EA, FER
EHAgN AR 484 ¢ vk Aola A 2de A
2AFor AdE5& A SAYE Ak

P & 4 v AL AA, diie WAL
ated A frslng daaor -84 e f%te A,
A, ATE AU zs ol® AASA AT Aol
gastche 3, AlA, oba WA+ Yo ol
9 A7 sbaA qbge] o§ % 4HE (electrochemical
by-products) &0 428 F e +4&Y 7t54. W

RBEEAHERE F16E B3R

#, o}zl 87| A (mechanism of action)e] ¥H# = =
e Aolek

olel§t A7 234 Hage pin 2, FFahl 4
g AT g FE, AFY AL, §39 L 50 v
asigley W T wdcd FAL 4+ g
A xol® Brighton'¢ 43418 ¥4<4e] Ugld o%
28l A vk EF5de] Atdte AE JAsPgoy
ol Uit E4AY Aol vt g Aol

A7l Aol 4sg Moz AU A EL
A, FEEL ARl M g dalolgled, B4,
+39 A7 2 4L A% AA, a1 2 FY
2P g iy gl AAT AL, dis, Wl A2
5323091 35, oA, steroids® FUHAAY
FAqe] el 4R AF, oA4dAE YA€
ASEE € 4 dod sk E AMAT FLdA:
2 4 2l FeAgoes ue g2 4TEY
ol + A& Aeor nQlH

3. @3 vim(Table 2)
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Masserman (1974)%& Mayo clinic|4 =zA A
2o Aedgdd 5248 A4 ARUEE AE
B E vk BF 17489 444 ol FF 35809
I e ABE UUd 36:0F 1544 ERYS
o] %ol 42%4 4 FE¢ nzalgrl.  Brighton't'e
5 Sellol A At ol F oA BRYE ol Fo
g 4FEE vasgod olge #ol4eEE A
ez 43 A A AYE ool Paterson®
2 B4 g FA0] AP 694 F Sl 4 4 Faly
T 2% e AFAe] velvd 226 AN 4 Astg
o 43¢ e e BF A dlx] wETE 83
(protection) 8191 ¢l v}, Basett® & electrical magnetic
field¥ 2143l A1 Bq 34sl ¥ =o} LFEA v}, o
2 179 G0%) A e g FgE clffiod. T
Q1B)NA = FHEL Hgdovt LR A5E
A, 108 293V A & Asfsigel, Sg THEE
Bel 176 % 13slel A& ol g€ Aol A4 oo
B, Axgd Folded TAd AYsted A4
FheEolFoed nrk 2 4TER L ov 39
o4 ANEAe] At o] & WAsE Aol A Fs
e sl
Ll BREY

AzAEE e BLTES} AY vy FIAE G4
4 e &3, 349 Adad A 24F 4 Fio
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Table 2. Comparative analysis of electrical stimulation
Nonunion Congenital Total
Model . pseudarthrosis
No. of Union No. of Union No. of Union
cases rate(%) cases rate(%) cases rate(%)
Brighton  Semi-invasive 189 78.8 5 20.0 194 77.3
D.C.S. (1981) 1977)
Bagett Non-invasive 13 79.9 12 75.0 25 76.0
1977 E.M.F.
Paterson Invasive 84 85.7 7 85.7 91 85.7
(1980) D.C.S.
Authors Semi-invasive 9 77.8 5 100.0 14 85.7
(1981) D.CS.

Folgatdte & 4 gt

Boyd (1961)& 842#0 9] Aol Hst F{YPolA
Fold 42 AR3d 13 +4dA 88%, HF 94%4
ATESE v3dtd e} F& Al Kol ey, o
TY FF IR AL A Yol AAES 14.3449
Brightons] 2,79 mthe B& Ao, A%y 44
71Zke] P sAHYR AAES 4.304 2v zged
Bol g e Hol gt oA AR A $E66%
9 ATER AEY Ad AFude dsres,
Qe AE 2 AFF M- o)A lelelok s
Aol okgelgr}.

4. & 7i™ol gt 7IA

A7 2AFe] FYAE FAYHE AL AP o=
AFHgd o ok 2 24 AAd dAAE YejAe
2 ¢¥3A ¥t g

Brighton'vel] ¢}8}ml &Fo] 44§ £ %23lo (oxy-
gen consumption) 2H,0+0,;+4e"—4OH e} 414
+ vEbl F4 249 44 BUE dol=a 4x
(PHDE FAA71A4 Ho] 3444 22¢n dqc
el EAZAE AA, T4 AW (growth plate)s)
#adE oY (bone-cartilage junction)s} FHA 4
42 ARANY A Foo] e At 1 g,
448 (in viro) 4ol A 44 fAHo] Y Xo4
Y gel G4t E A, A 44QGHY ¥
3 AEF AEEL T2 T4 EA o 22 (anaerobic
metabolic pathway) ¥ Z+ A 54 ¥4, 28,
ol AEL =F ¥Y4d delA e 4 A&
THE d4F UNS 2 sl §o] FAsE Aol
2 g4 Al AN ER RojaAlE Aoz, QA
? 2% sM 2 4AsHe A, ¢ 2 Basent®:
ol Ml 44 Potel ¥ & d (compression
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force)ol Q& st ol WANT Aa Hato| Wg
W Qo] YR shed Yo s Wi B
o},
AAE AR2E FAA FudA A AL+
Qe v ZF AAA duiAA FLAE A6 @
Aolth, AL AF A A AHE 2AY 4+
deote M2 FRhd ANY duzs Ao
4 A A7 dolyt: Ao e Fe Ao
2 548 4 9.

Fx. +El. energy——Fx healing

Brightons] 714& ol¢} e &d¢ HemA 25
A oA ohd Aba Foist pHY dgad ¥4 A
#7F Lok selw

S M EE AN dye T8 A4 L4
Eolet: &ulolnh, &, AZA JquAE s &
24 A4gete Ao Be3 Ae 4oz mAN
4 sle},

——

Fx. _, healing+El energy

El. energy

ojef o FAA R FE vehdle ArA dyaA
£ U4F8 4 %9 bioelectrical potentiale] v}, o}
A 88 dEAE T8 A4S E Had E 4+ A
o & 43t 2oAe A€ H dA4e2 v

CaS0* + 2H*O——CaS0*. 2H*O + heate} }.
oluf, o] wtgo] o (heat)® 7131w nrc} wmE g g
o] $5o2 Ao &4 w3+ rapid-settingel 7+
A SE Aol AAEY FHEE Fa9 ¥4

o] uv} el4e] sle Aoz AAHar, & A
71 A AAE A4 E 2AAAE g€ Aoln ¥
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AfE 4G B (milliew)o) 2ASE g3l ¥
24 dva 4259 olegt AR $AFY st
electricityele}zZ AAAch. ojeigt VA aqle] ¥
T A AERE 44 £ electricity, €%, %,
A=E(EH)F 48740t g€ el F a41%4 2
o4 #4449 AME A= A& Atk o] Fd
electricity Yasuda, Friedenberg®¢] 8% 395
dtta # 4 3lv}. Friedenberg'& 719 7 Wl 4
AP A3 ARFo] 5pA0EY de Fo] Y4
A dow 5~20nAd @ HF FAY F¥Ae) Yo
vi 30pA0| 44 @ & 34l (osteonecrosis) 7t Ao
ela gtgdeh, ol A& A AEol AE Ml wfY
ohel electricityet & @74 5~202AY & A3 AHA
g Aol HAE Al

a2 &

2 A ga st Yy ol E 1979
W84 ¥ 19809 12974 FY B4, &A94,
MF A4 4y d2 ¥ dol =5 96l HHYH 4
A8 44 7€ 7t F§ semi-invasive technique
22 AF A& AYsto lHdH FHAE o) Fof
85%9 4383 ¥dl &3l FL FEL ¥ 4 9
sl et

1. 3% A7 AS(direct current stimulation)-&
#% 4 (osteogenesis) & FE3& U4 gt Wyelet
¥+ A

2, 37149 4 = 27
Aol F4a.3lc,

3. A AT Bl wd Aol AYdtd Ao A
EF#HEE ol E 4 slsiv

4. A4 RAFAAE Rl e¥ Zol N3
o ERUE dEvE gl gloy AFAE ¢
A&7 fidtd e dgyee Fayg # 44 (alignme-
o) & g+ A3t by #ol4lo] Pade, g
At BE2TE A4l 323 2% (protection) gt
+ Al FAadd,

A3ge 2Fee
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