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Changes of Somatosensory Evoked Potentials in Bone Lengthening
— An Experimental Study on Rabbits’ Tibiae—

Duk Yong Lee, M.D., Tai Ryoon Han, M.D.,* In Ho Choi, M.D. and Choon Ki Lee, M.D.

Department of Orthopedic Surgery and Rehabilitation Medicine*, College of Medicine,
Seoul National University

Limb lengthening is now an accepted form of correcting limb length inequality. It is, however, as-
sociated not infrequently with a variety of complications including pheripheral nerve palsies. Such
nerve dysfunction is obviously dependent on the velocity and amount of bone lengtening.

In this experiment, the author attempted to determine the safe limits of the velocity and amount

of bone lengthening by measuring somatosensory evoked potential (SSEP).
The tibiae of 96 rabbits, weighing from 1.5 to 1.6kg, were osteotomized; in Group I, the tibiae
were lengthened 0.35mm per day once daily; in Group I, 0.7mm per day; in Group I, 1.05mm
per day; and in Group IV, 1.4mm per day. Several rabbits were subjected to the study weekly until,
six weeks postoperatively in Group 1, five weeks postoperatively in Grup I, four weeks pos-
toperatively in Group M, and three weeks postoperatively in Group V.

The following results were obtained:

1. Preliminarily, in order to verify the possible difference between the right and left tibiae, Pl la-
tency and amplitude were measured in 18 rabbits. Paired t-test revealed no statistically signif-
icant difference between the two (p>0.05). The amplitude manifested more individual varia-
tion than the Pl latency.

2. As lengthening progressed, the Pl latency gradually increased, whereas the amplitude de-
creased. The higher the percentage of lengthening to the original tibial length, the more
marked the changes in both the Pl latency and amplitude.

3. As lengthening progressed, significant changes were observed earlier in the amplitude than in
the Pl laterncy.

4. Significant changes in the amplitude were observed when lengthening reached 12.2% of the
original tibial length in Group I (0.35mm/day) and 10.5% in Group IV (1.4mm/day). Signifi-
cant changes in the Pl laterncy were observed when lengthening reached 17.8% of the original
length.

It is concluded that somatosensory evoked potential is an effective method of detecting early and
preventing neurological complications in bone lengthening. Somatosensory evoked potential is a clin-
ically feasible technique. It is expected that the finding of study may serve as a useful guideline for
detecting the safe limits of velocity and amount of bone lengthening.
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#A g 82 FAFES Codivilazt
HET A2 ¢ FITAYEE AL AR
olAWZ B AIFEC MEE 7| ¥ AIF
g MEstdct. ARL Ytz o HEE
Fd o AL TF FxHow HFITY WE
AFAAZ o g dojArh

ady ol WMEe B viedd EAE
molUel FEFL Furg 4 vk Abbot R
Saunders” Clolmang®& ¥z o2 &£@Ho
U @4 Wy 9 $EAR &5 2 A2
o] W3l A% o3 &8¥Fl, A &
Y& 425 298 & A djyed,
Alan® g o] ¥F L HFIE WEZ st ¥FH
9 oz oA, AF&F BEFEY 14
02 oF AN AT WAIE AFLE
Utk 2de 879 APeR o= @
wzeo uAZ AIT<(corticotomy)ol} 7HEF
A A £ (callus distraction, callotasis) 2, 38
3 1A oE o ¥ FL De Bastiani®] Or-
thofix dynamic axial fixator\} llizarov appar-
atus® Rt} HdgFoz T TAF BA
(distraction apparatus)& Al&3te] o W3}e
& 3 o}

ARG ARzAHe AGE Fol7] A%
o] Wagner®= Z¢ 93 37 ¢4 (iliotib-
jal band) 59 AA &2 dRZH9 ZF(tens-
ion)& Zdeo} gz At 2HY FANL
o8 o= 2%, ¥, @ N {EII
dalHE o= Ax Adez FYFo] o9
I 71Ae o' A QAstel dEe obF FEE
FHo] HojA 3y, 53] AAEG W
AN YAH Bie gou o g AA
A9 A7E A9 ¢t Kawamura®e 7§l A
AZARE ¥ AT AAe 289 8FA
9] (action potential) & ZA 3} W Zol7} 10
%ol ARAHW /3 ANA9 olFe] &
sttt llizarove 27} ZAAF JpSAAEE
Brl Ao yHFor Huh & FIAZE ¢
dedy 271#9 AITAFEF & 1999 #¥H
ZZ 4d 9 AA&AT 237de tiEZ AR
&% 2 1289 $HFF 639 AFERE
Busged TRAZER vaH FL H
&8 AAFGL FAF".

AASe APH oz FAZAN 2B B

ool e HAZ MYLZ KL (somato
sensory evoked potential, SSEP) & 2743t}
AR fLAde A3 A9 dFe
2 Dawson'®o] & T2AAFL AFs T
A A (afferent) 0.2 FH oA wAT FLE
7128 v o 2N R BsF A
Ty HExazol Ad WAA H5Y E49
2ol wore] @ol olg§¥x U, RIS
&24bol A9 DesmedtF200& 43 (effer-
ent) 0.2 ZZAA FFTANE 7I2E F UL
o ANRD FLAHE o8 23 & Ao
3 sgoen, oj2M TxANAY XFPFIET
(entrapment syndrome)oltt EA4, ALY Tx
NAERe A K3k % th Mulder®™,
Kline®™, AssmusE?2& AMARZD FLAHA=
GxAH &49 Fx % TdFE BAHAYE F
glon E3 9o ge FAY ARE R
£ sl2H ol g, sol, AFFE TAA &
£3dx st 53 FF APoAMe T2
A7 €49 ZAL A needle electromyography
ot AFFo|n, $FAZY #AAAR A
©4% (conduction velocity) ZHALRTH AHEA
(reproducibility) 3 A& =7} ¥ol FFF W
olg A}

gty B AP JtES A FAM A
£% 2 0.35mm/1¢, 0.7mm/14, 1.05mm/14,
14mm/19 ¢} 47o2 Yyrn HoLE HAo=
dAse 22N &4¢ ANTL FLEd
2 BaA5Y. o] F2A FAFA T2AA
&8 dudg 5 Jve HAF HAdsx 4 A
=& s s

HPME ¥ WY
1. JA7xE

AgAaze Aeustagd FELYLA
A Boute 3 1.5-1.6kge] New Zealand#
W A 7} & (Oryctolagus cuniculus) & A}&3H41
om Age FEe A Gy d 4@/
% ABE2E YN EAz AHEY 1Y 4F
AR(S2F)E AR LY HrE FEE
& Atgstgoh e AMS 2P FUHA #
Atk Fx 118uiele 7tERZ 43 & AF
shov AF 717F AT Foi Asd &
719) #@o] Brted ZF7F Ao 96U
< APUFeE FHd.
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Table 1. Number of rabbits in each group

Duration of lengthening

Group Total
1wk 2wk 3wk 4wk 5wk 6 wk
1 6 6 5 5 5 5 32
I 7 5 6 5 5 28
I 5 6 5 5 21
' 5 5 5 15

Note : Group I :lengthening 0.35mm/day, Group I :lengthening 0.7mm/day, Group I :lengthening 1.

05mm/day, W :lengthening 1.4mm/day.

Fig. 1. Somatosensory evoked potential was
monitored with Cadweell 5200A electro-myogra-
phy.

2. 7YY

olE 96mla]e] JIEE USH 2L 4F0=
o] 48 APt
AIT:AY £55 0.36mm/1d & 53+ &
AIZAE £58 0.7mm/1Y 2 3+ &
AMF:AE £5& 1.05mm/1Y & & &
ANVNZ:AE $28 14dmm/1d 2 =g+ 2

Al TS AAE 15, 2F, 3F, 45, 5F, 6
F7F N8R 671 AFe UNed, Al
& 132E 537 AP 549 4ATFoE,
AL 1558 4330 A3 479 LT o
2, ANTE 1338 333 A83% 3709 &
o2 717} o] #EsY. & 9 JtE
o F& A1TY 1F, 253, 3F, 43, 55, 6F
7} 22 6, 6, 5,5, 5, 5utgolx, A TF9 15,
2%, 3%, 4%, 5%7} &4 7, 5, 6, 5, 5ulgE] o]
I, AWMFY 1+, 25, 3F, 4371 42} 5, 6,
5 5utgold, ANV T 13, 2F, 3F7} 2%} 5,
5, 5uta] o] 21 t}(Table 1).

Zt 4% 7}E+ sodium pentobarbital 30mg
(20mg/kg) & 71ES A A9 FAsto H
A wHE F Fo Hy| Arrig & &F

i

Fig. 2. Active electrode was inserted to the
crossing point between the lambdoid suture and
midline and reference electrode was inserted
about 3-4cm in front of the active electrods.

5, F8% % & guiRe d& FE3 AA
3 F AR FEHAE 2
ARG +EA99 ZHL Cadwelld] A}
Model 520089 ZAE7E Al-43+9H(Fig.
1. 239Uy e ¥ AP ¢ 29
AA $EE A8t & HAMY dee
22-26°CE& HA3Yen EBHad wR3FRS
(background noise) & WA 3t7] dtd F&%
£ H£3 J]E} QS A 72 A=
2 WFoz ® EEG AZL A&l 2
AYX e &% HAZF(active electrode) & A2+2
%} (lambdoind suture) ¥ A ZFMo] whiles Fof,
712 A= (reference electrode)g HT} ¢
3emA e} A9 e, HAAF (ground
electrode) & ZFut i S vh(Fig. 2). 4173 A
F& 84 BHYoA okd# 2 A Y Ate]
od A3 &3 3FE& AH&3td &3 (cathode)
€ ZHRE sl FRHF AR DAY
t}. =& square electric pulse2 A 2 x| 44
ZHe 0.1-0.2msecE 3tgom =9 Fr=
10-30mA R FAIZ K FFo] FOo2 Ho
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SSEP1

G= 20 H= S@@ L= 1.0
PW=182 S=18.00 RR= 2.82
AVE= 208/208 SC= 4

A= 6,75
T=21.63 ©.80 DELTA=21.63
1.63 o8

b.‘

P1
latency

A
[ \/ weie |

I

Fig. 3-A. SSEP was recored if two consecu-
tive potential waves were equal.

' AE2 3. A2 HxE 124 2.82%
o2 ZF 20089 A=& HF3H ). sensitivi-
ty(gain) & 20microvolt/division©. 2 3} high
freguency filteri= 500KHZl|, low frequency
filtere 1KHZo] 1174 3}<t}. monitore] sweep
speed= 10msec/divisiono.2 3t} #E 7|7t
& (latency) ¥ S IYAZo=z HIFHE PI7A
o} ANzZHe 238U, W (amplitude) > 7]
ZAdA PI7tA9 Zg& EFAsHow, 2L
242 23 olFd AA A¥IN 2 Bt F
A3y B HALW 7122 FHh(Fig. 3
-a, b).

FAE 4R A4TZ FLAAY 23
727 ZzZ&sd AZA7} minifixatorg& 7 F3to]
BE QTR $3 A 2ol PaetarHFie.
4). o] AAVFE Y9 1HE FELE
K-24 2747 Wol 4ds™, 4959 &3
ot Rgoz 29 K-ZAo AYHR o
Alolg AEd A "o UALE 360°C
354%™ 0.7mm7} =8 LAY

AZTEL Ad7Fe nAREY LIl

SSEP1

G= 20 H= S@0 L= 1.0
PU=188 S=10.90 RR= 2.82
AUE= 200-20@ SC= 4

T=24.96 22,04 DELTA= 2.91
24.90 a8
oF=

—» after lengthening

before lengthening

Fig. 3-B. After lengthening, P1 latency was
delayed and amplitude was decreased.

i g

.

Fig. 4. Setting of lengthening apparatus in
place.
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F-EAlol2 ERE AUYZd ¢ 15cmA 9
YURAME s 4L dd £ AL 0
AFgoz AFsgen HFL 2L ANE B
gt AFEHAY. ATE I9, 2%, YRE
Z}7] 6-Onylono.Z B st 4% 43¢
d3l7] ¢33t 3YU 7k kanamycin 50-100mg/
kg/d& 28 FA Qo

TE¥F 4T w# AA7IFE 180°(0.
35mm), 360° (0.7mm) 540° (1.05mm), 720° (1.
dmm)¥ oid 13 =R{c A FolA 13337
o8 AN #YE Gt WAIA #9944 &
4 2Ag AAZ}Y Y5t 50mmE e HAA
€ Wi Ho] A Fold Holgt HA 9=
A& Holo Wi ¥ &L T wWAIA
A4 AE9 Hole ZZ(long axis)ol] %3
31A] 42U (medial condyle) 2] 713 2918
qx ZAIH vFe] Wy EHF (lateral
malleolus) ¢] 7} 9% 71X E A3}

¥ 4FoA 2R9s NHE JlEE &%
138 o Fult} sodium pentobarbital ©}3 8}
o Ad7¢e AR A2 FAINFY A4
44 FEHd9E A oW IAZY W
9 ¥ d¥ e 2AF49Y-

b Bl

1 FATE2 FOY WOl ¥ HAZF
CH8t ulg

PAE ARY BUeAe AAN A
S0mmAE Hn Aol AITe 2930A
=3 %) AARAA 2Rs) B2 A
A dolg B gol FaAL

True length (mm) =

radiolographical length of tibia x50
radiolographical length of ruler

EAZEE NEH 2 A F9 Aol A
HE& H 39 Aol AA ot dolg T3}
fow, EF A Eold Yol AA Holg
H & & 739t A1 ZAM9 Sojd gL
13, 23, 3%, 4%, 5%, 639 ztz} 2.8%, 5.2
%, 7.3%, 9.3%, 11.0%, 12.2%0)9 9, A1
TAAME 1F8E 53742 22 5.2%, 10.0%,
14.1%, 17.8%, 21.0%, AN TINME 15385
4372 2 7.9%, 15.1%, 21.4%, 26.9%, A
VZdA e 1F8E 3374 22} 105%, 19.9
%, 28.1% o] 1 }(Table 2) (Fig. 5~8).

2. afiVtEe] HYYL RUTHA Fax|

4 4987129 Pl latencys} WZo HFa
At 5 2 FHZ9 ol G &
o] 18ut2]e] 7LE9] Pl latencys} VEL 23
34k $29 Pl latencys 21.42+1.96msec,
FH&2L 2150+2.06mseco|U T, $2o FEL
5.92+1.69uv, 2 & 5.78+1.72uvo| Ut} ©] 18
upele] JtEe] #, 2 2 X & paired t-test
2 34 "AFE ddey ozt g (p>
0.05). P1 latencye wWHolAl4 (coefficient of
variation) & $&0] 9.15, FZo] 9.58¢]1], A
Z o] W9 Age $30] 2855, 3&0] 29300
2 P1 latencyol] vld] AX9 AA 71EQ =
o]7} @A A3l }(Table 3-a, b).

3. FAFY0 TE HYAZ RAUMA| ws

P1 latency 9} 1 Z9] Fd#g 3 $23 A
A #F33e] zlolo] FAEo) g HEZS

Table 2. Final lengthening of tibiae

Group No. of Actual lengthening(mm)* (percentage of lengthening (% )**)
rabbits 1wk 2wk 3wk 4wk Swk 6 wk

I 32 25( 2.8) 4.8( 5.2) 7.0( 7.3) 9.2( 9.3) 11.2(11.0) 12.6(12.2)
I 28 4.7( 5.2) 9.3(10.0) 13.6(14.1) 17.6(17.8) 21.4(21.0)

I 21 7.1( 7.9)  14.1(151) 20.6(21.4) 26.7(26.9)

NV 15 9.4(10.5) 18.5(19.9) 27.1(28.1)

Note : Group I :lengthening 0.35mm/day, Group I :lengthening 0.7mm/day, Group I :lengthening 1.
05mm/day, IV :lengthening 1.4mm/day.

*Actual lengthening =elongated tibia—control tibia (mm)
elongated tibia-control tibia

**Percentage of lengthening = X100 (%)

control tibia
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Fig. 6. Radiographs showing sequential changes of tibial lengthening in Group 1.
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Fig. 8. Radiographs showing sequential changes of tibial lengthening in Group IV.

1Futth 73t 712k A5t o8& Wale] £ P1 latency of right limb-left limb
A He2l4d& ANOVA tests} Tukey's (H.S.D.) - x 100 (%)}
test2 AAHYT & Wrge P1 latency of left limb
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amplitude of left limb-right limb
x100(%)=
amplitude of left limb T3t

<7 18vt] 71E¢ Pllatencys] ¥ & 3k
£ 0.30+2.16%°) 3, AE OIAL 083+
6.91% o] 1t} (Table 4, 5).

A 1Tl el &F A7’ PI1 latencye] 3
AZ3te] Aojeo] WEEL 1, 2, 3, 4, 5, 659
A Z+zh 0.19+2.96%, 0.40+1.94%, 1.24+2.
00%, 1.34+1.54%, 1.62+1.25%, 1.77+2.54%
oA, FEFe FFETel Holeo HELEL
Z+zt -0.96+13.79%, 3.55+19.18%, 7.49+4.
82%, 10.50+7.25%, 12.75+9.11%, 15.51+10.
75% o] 2, o} (Table 4. 5).

AT Ze 2¥7tES Pl latencye] A3
o] zloje] B EL 1, 2, 3, 4, 55 47 L
08+1.85%, 1.74+2.42%, 2.20+1.90%, 542+
2.44%, 6.38+544%0°l0e™, FAZe Y
o] xlole] MR gL zt7] 6.42+15.24%, 14.

38+16.81%, 18.01+10.46, 26.691+17.18%,
32.57 +18.75% o] 1t} (Table 4, 5).

AMFe AP71E9 Pl latencye] 353
o} sole] WMELL 1, 2, 3, 450 Z7] 2.82
+2.26%, 3.99+4.52%, 7.70+4.52%. 9.76%5.
05%0lem, "Eo A& lole Wi
£& Z7] 14.62+6.22%, 24.08+10.95%, 35.
93+11.10%, 40.37 +14.40% ©] % t}(Table 4, 5).

ANT9 4397129 Pl latencyd] A&7
o] i ge 1,2 3% zt7] 4.17+5.20%, 9.
09+7.92%, 11.98+4.47%0|Q o, AZXo A
421t xtole] W B &L Zt7] 22.86+14.55%,
37.60+17.59%, 56.64 +18.75% o] 1 t}(Table 4.
5).

P1 latencye= Zttel doiA 712t Al o
g ZFrlsln eon, AZLe Aadu AU
EF ZE Aloldl A B Fe Aol HF 9
22 Zadz YAt £33 Alold A
B9 dFo] H|xF WELZE Fold FLE

Table 3-A. P1 latency of posterior tibial nerve SSEP in preop. rabbits

Side latency Min. (msec) Mean (msec) Max. (msec) S.D.* C.V.**
Right 17.88 21.42 24.12 1.96 9.15
Left 17.80 21.50 24.54 2.06 99.58

*:standard deviation, **:coefficient of variation=8.D./Mean x 100 (%)
Table 3-B. Amplitude of posterior tibial nerve SSEP in preop. rabbits

Side AMp. Min. (V) Mean (uV) Max. (uV) S.D.* C.V.**
Right 3.58 5.92 9.48 1.69 28.55
Lett 3.51 5.87 9.13 1.72 29.30

* standard deviation, **:coefficient of variation=S.D./Mean x 100 (%)
Table 4. Changes of percentage of P1 latency**
Duration of lengthening
Preop. Group
1wk 2wk 3wk 4wk 5wk 6 wk

1 0.19+2.96 0.40+1.94 1.24+2.00 1.34+1.54 1.62+1.25 1.77+2.54

0.30+ i 1.08+1.85 1.74+4.42 2.20+1.90 5.42+2.44* 6.3815.44*
2.16 il 2.82+2.26 3.99+4.52 7.710+4.52* 9,76 +5.05*
I\ 4.17+5.20 9.90+7.92* 11.98+447*

Note : Group I :lengthening 0.35mm/day, Group I :lengthening 0.7mm/day, Group I :lengthening 1.

05mm/day, NV :lengthening 1.4mm/day.
*significantly different from preop. (p<0.05)

P1 latency of right limb-left limb

*%

%100 (%)

P1 latency of left limb
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v @3l B #®8 53 FolAe) Pl latency
9} AFe] wE Wisiy}l A3

P1 latency’} A3 Folol Ulg WHE
&% ZTAFE A vy FAYH R o]
7} A= AP<0.05)2 AT 45, 5F, Al
M) 3%, 439 AN 2%, 33 ol
(Table 4).

AZo HY&3el Aol UG HEES T
e A vzt FA%H R Aoy} e
A(P<0.05)2 A ITY 65, AINTY 3F, 4
ZF, 553, AMTY 2F, 35, 459 ANV 1
Z, 2%, 3F o] t}H(Table 5).

TARZEE Eold ZHolo} FPHolg H &
o] w3 Pl latencye] W3le A LD ToA 4F
ol Z 17.8%°]d Eolduel, AMFA 3
F old F 214%0]% Eoldd, 181 ANV
Do 2Z0|A & 19.9% o] Loldd EA
3 297t AU FAREE ot Lo
o} AAdole uHlgol UG AE9 W= A
I ZdA 63 & 12.2%0°]4 Eoldd, AIT
oA 2 = 14.1%°]4 Eoid W, AMF

old Eoldw FAZ 99r YU F Pl
latencys A M9 3F9 17.8%0]4 Eold
A9 N9 239 19.9%0)4 Eold A¢$
g ¥ty o] olF Eolud 99 JUe W3t
& Hgov, AZL ANT 139 105%¢]
A Eold A4 AT 63 122%014 ¥
oyt 348 E§Ed o] ol Eojud 99
e WEE BRYH(Table 6).

4= 7tE9 RFFE 0.35mm/1Y & <F 0.39
%/14 58 AIzdMe 122% 4 § A
Zo] Wyl o, 14mm/1Y & 1.56%/1¢
53 ANVZAME 105% 549 F AZ9 o
87} ko Pl latencys A D9 17.8% ©]
A Ed B$E X3l 2 o) HFFo] AA
He H3E 290 & 932 A AA
2 fdAR9e W3l Pl latencyRo A
Zo] ¢ #eg H3E BYH(Table 6).

N 2% & 151%01%, ANZA 15 & 10.5%
=

o #

Table 5. Changes of percentage of ampitude**

Duration of lengthening

Preop. Group

1wk 2wk 3wk 4wk 5wk 6wk
I -0.96+13.75 3.55+19.18 7.49+ 4.82 1050+7.25 12.75+ 9.11 15.51+10.75*
-85+ I 6.42+15.24 14.38+16.81 18.01+10.46* 26.69+17.18* 32.57+18.75*
6.91 M 1462+ 6.22 24.08+10.95* 35.93+11.10* 40.37+14.40*

V 22.86+14.55* 37.60+17.59* 56.64 +18.75*

Note : Group I :lengthening 0.35mm/day, Group I :lengthening 0.7mm/day, Group I :lengthening 1.

05mm/day, IV :lengthening 1.4mm/day.
*significantly different from preop. (p<0.05)

amplitude of left limb-right limb

e _

%100 (%)

amplitude of left limb

Table 6. Percentage of lengthening when significant changes in P1 latency and amplitude occurred

Percentage of lengthening

Duration
Group 1wk 2wk 3wk 4wk 5wk 6wk
I 2.8 5.2 7.3 9.3 11.0 12.2*
I 5.2 10.0 14.1* 17.8** 21.0*
m 7.9 15.1* 21.4** 26.9**
1\ 10.5* 19.9%* 28.1**

*significantly different from preop. in P1 latency (P<0.05)
*significantly different from preop. in amplitued (P<0.05)
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AT ANEE ZTAZEL oA AY
Slal QM BHAoZ APde &40 §
A SARF WYo2E F2 ARV &
ool Al MHA 7%, #vjy A, % EF
A4 AR, &8 3, 98 &4%F A85A}
At Eyring®& A4 o 10%04= =
A & e FAEFo Yt A, ol
734 WEE lemoluje] Fpojeo)n uwhelr 4
€ R332 d3NEE 3 A8E 83}A @
. AR Fo] 2cmo] & shoe liftF e BE
H AREE AYSIY 2 o]yl HW 3 1
Aol WA A, F53 gL A23
A (KM, long limb)ell 4 E¢ %% (bone shor-
tening) & ZolelA AL JAI}= SEH
8<% (epiphysiodesis) ©] 1} epiphyseal stapling
o] o, ©Z3X (%M, short limb)oir =
Z 4 %% (bone lengthening) ] %t

FAdAEL CodivillaZz} 8 Z AFs ¥ £
ZAAQoE AL A EF o] Putti® 9} Abotts
= AL T 4% JAHoln A&HAHY A
A&E 1939t 2 F McCarroll®®, Ander-
son'?, Bost and Larsen'®, Allan®, Manning*’%
o 93t F& dF4H Rurst JJAh 2HG
Sofield’F & o]ZAF& 7Iedy EAFH
A g F dgE ALY AJTRE F33)
o o] AL 1950 the} 1960 dHE A w3}
o ojAyde F2 IR IFdFe
2 A 2%& A8I|ATD. 2890 54
9] Wagner*®7} A3 TAA 71+ (distrac-
tion apparatus) & | 8% UEHE AFEE B
o e ¥ g B &9 dFE By
T ol ¥ FAZEL A F A REY A8
Zgg won AFASA HAdh

ole] 2] 2] De Bastiani (1987)"'+= ¥AF 4
&% (corticotomy)® 10-14¢ F FU {7}
AGAHE ol FAFE AA3 Adste 7t
I A1 % (callus distraction, callotasis, callotasi)
2 HA $Fol FHu AFHE FAZE AU
1 ¥ 159 th De Bastianis] S &) g
old MEe HAlolY llizaroved& HYF
Ho g, llizarove 19519 BE AYAITH
(percutaneous osteotomy)g& Z7}+¢(metaphy-
sis)® Z7t (diaphysis)Afolol A A3 &t cor-
ticotomy 8} =7vdoll A A3 3= compatotomy
g #3sto, 27} MR} 94FY AR JF
(circular external fixator)2 1A F &F 7
AR BE 0.25mm#y 3 Fo 48] AH XA 3

r

fo X o

N

}E4194% (callus distraction) & Al F
W E& =99 ¥F7L xddo] glo] FTAH
£ 2¢ & AU 29 JFE vt A
AE 83 FeAFRH AFHE nloR
Z A B4 cyclic axial micromotion (dynamiza-
tion)& 3 &3 FTo FAH L PP L X
A7 Sith 29 ol F g HEFe=
d AR oz PrAQ Aoz H Ak
M A gHAA B Rolp.

a9 s WHeEEe FUR AdE
(physeal distraction, distractional epiphyseoly-)
sis)o] e © olv T Ihdd HE A
A&t o] WL FdHd AAH S J8
AL Ade WHoEA o] HA] 19653 Ilizarov
9} ZazjyalovZ} A &3t HZ A ubA A o A
Sledge*®, Monticelli®} Spinelli*, De Bastiani'®!*
5ol 98 Alzsa gt

Zd4% Fo = Wagner™, Hood S0
3td FEo] 35%A 92%71A = B 4
QFe9 74, Schanz\}Alel sid, #4, S4+4,
AAFE, AFEY & RIdH Armour
F'We #3d (malalignment) ¥ ¥ A4A¥ 7
Hol 7 Edddm B3 FHow, De
Bastianig'”& 1004 9] A}A] A#Z AR o)A
14%9 ¥ax e §HFE Bustgch liz-
arove 237# 2] iy FAFENA 123 (5.6
%), 2173 HAITAFENA 198(8.7%) 9
L Ao AWEL nusged dES 9%
=9 #HHF 124 F 6909 AFAFE 1949
ot 4#)7F TxA7 w2 §8F A 3
Bon 7lg #@ AQlRe %4, #de =3I
T% Tol AUt FHH,

€4 9 77 AXdE g os F39
HH7E HolAx B8 A IFAAEL A& F
Agel uet ARzHY ez AF FHF
o] Fd EAFoE RZHL Uk =¥ HA
e TARY B2 diie] xoluly] FHFo
2 289 vyt Sytd A S$Rey, 299
AN FE ARG 718, BFol 4, AW &
2 Q% FA BF ¥ oplg HaiaF
(dwarfism)H M= A= o He Z83
ARL vud A4 olojr FAAY wE &
W3l tlgol velA Hrh.

YH o] Putti®} AbottPe HEZ&F 9 1F
7NTE FAHoE FARZE e MHEE &
3 ul 9lid Wagner', Stephens®yE HIF &
Al ZAF XA ARIH, 3 (septum), F
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A (iliotibial band)E FAYS JEZ23Z
AAE APt AR 0% (tension) o
2 o BHY AL ool At PO
1} Malhis5*& HXAHQA AR FHFAHY
BIXNEEZ olHF ¥ ZF HAsL gl
o ad.

Perote A4Z7d fLAAE AHS3E ¢
ZF Ay &40 AL d3E¢ + ddx B
1% vk e, 2 o= Nash®®, Mason®, La-
MontE®e 93t AZF ZqtFo] F&A 3
5o &4& d2de ez ddE AsEHY
At

D29 715 AAE 5474 A= &
% ZA} (motor nerve conduction velocity) %}
A4 H Ax &£ ZHAA} (sensory nerve con-
duction velocity), 282 AYZZLZ SEHY
9 AFAHA HAF HHS, 2859 §5IH
(action potential)& 3 Bv 7tH A Y
o] At AAAE &£ HAls X A3 H
Ao X 1 HE AAELE FIHY F de
Agstn THEF HApolu} o}, 3 ZHE o}
#7, AEEEFI UM E PR HAd=
AT Agxrt oA A A,

FARAE A9 AN Ax &= HAle
o] X739 AU WFHAZ (medial plantar
nerve) 2] autonomous zonel H1Xx]9] £X 1
U, £ 417 (lateral planter nerve) 2] auton-
omous zone$l A5F R FHH RN FH M,
TENAE AR £ Al 43 oz A9
A2 (abductor hallucis) ol Al 24 3o}, 28
JIESS HAEFEAAY U, &, FHUA9
autonomous zoneo| #AsA] ¥ WIS A
3l £x9] BE (division)o] #HA3A ¢o}
237 Ax £x FAle FHo] T3
E3 Bradom$We ZA447E Ax &£ £F
Al 712 A= (reference electrode) & FEHF
(active electrode) 2 B H4 3% 4emve 4
oA ol = o]iteld] FAAF (ground elec-
troed)o] Qlojol @oix Fed, 7tEFS HY
589 FRe UF Fol FHo| T &
T AAAE AAE needle electrode 2 &3
o] 7}%3 HorningS®& o]AL surface
electrode 2.t} A @A (reproducibility) ¥ A%
=7t go] Hojxn e AZ9 fE FHV
# 9] surface electrode& A}-g-3joF Frlx 3t
o 2A3AY £ e 2859 2deze vd
A7 e Aujg wolof v Hyd] o =

&9 yeolst HAF electrodes] diameterH th
Holol #om Hou slES] FRIZFL YR
ol Z2Fo] sttt Mulder5®& 4173 A
T &% FAAe &% Ue AF9 #FHH
& ¥&sed 433 g2 A For5 ¥
83 HASEHA g AR FES],
AZL, 71705 dd sy 7AdFnL HAA
9] 71&3 Hol B A4FE v 53] &
ol 3| xH gl AT Y& A7 dE 4
£ & FEFo = ol AFZL FLA
A2 ZA o dta &

AR A e dx N3 F 24 A3
ojvt EF4A, B3 FHAel & 1A FANA
€ vl AL=u 49| dorsal columng ot
7}ck7t k& ¥ (nucleus gracilis) % 248 (nu-
cleus cuneatus) o] A] 9H (synapsis) & il ¥l
Hel YR (medial lemnlscus) & uwla}ztct Al
“(thalamus)oll X AHEF 77 99 pos
terior central gyruse]l =23 AL FH A
7188 RAolg?.

o] FZAHAE @7, 71, F79 HBI=
vH = Tsumoto= FAZ A4 & &AF3ho
e d499% 371 FEvle 84 EExEY @
7l FAE7 e d4AE, wHT vay G
o] omg AN AAHL FAFA fEdE
3Rt B AYdAME @] #FAE7|Qd Pl la-
tency® FF3Aom oo dg VEx F3
%A th. Lastimosa 5™ & A7 fadde A
Z2 MAAT Al dFFH o2 o] &387]7) o
Hoa st B 4Pl = Pl latencys] W
o] A4 (coefficient of variation) 7} 100]&}¢1 %t
Mo AEe WHolAFE A 71EQ Holr}
Astdd. wgA N &9 58 243
7] 918 A< Pl latency’} Bod {839 A&
e 2 g

York392 AA4R4 LA 28FHA)
€ oUW 99gle= WzlE Bt o Eisen™
2 3EFAHAE J|FoE YT =3 Salz-
mann®-& P1 latency= 4%, J1EZ& 50%< ¥
371 o™ dort g s olgA W
ste] 9o o8 Ry we 2o g
A & AYAA = & 7FEE Ade He
ul g olzle-m Hey] JIEY IHEF 4739
2L FEEge FFAY AP oFF
Hug w7l glo] 71EE AE & o 72
Ao wg wW3le] HAAH L two way
ANOVA tests} Tukey's(H.S.D.) testE A}-83}
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o AR s9 .

£ d¥dMe =2 5dF9A Pl latency
% WX 25 dsiyl dalgen AEFL 105-
122% A% EolYd, 283 Pl latency= 17.8
%ol EoUA 99 HEE By}

4R 7] Kawamura® 7} 10% o] A3}
W 28] A3ty wWilel tEo] §FAH
W7l o8 AL #Fs HHor NA9
715 E F5F 8 ed ol AA 3F
AHR 7% ¥IE AT 2 AY 2d79 o
Az 2gddn & & A

H A A= llizarovy} De Bastiani®] 7}
T Ad<9 7Mdel wal §Fo) lmmE 43
d o] ddste Wel da AlgHz ¢l
= o224 2o L fHFos ny Be
SAFZE 41 Uk B YL 1Y 13 A4
< & UFEE 19 L Yo g AREA
o] ¥slE WYY oA 2SS 47 2
st Hgdr.

4 £

3l BFe) X8R WHAOLE AYHe F
A& g Fo s EAJ S 224 &
Aol e NF £ 2 Hxo g A4z
T FLHHE BFs 227G &4 A
F e AF AAI=E FHFuA g
t}. olo] A=A} F A 1.5kg-1.6kge] 96w}z &
Z1E A€ WY 13 0.35mm/9¥, 0.7mm/Y,
1.05mm/¥, 1.4mm/d Edle 4T o
A9 E 3t AYET FL2HYe Hg #F
3o o3 2 HES At

1L £2 9 39 ol &7] 939 &4
18u}g] o} 7}E 9] Pl latencys} VZ L ZH3}
o #, +&% ZHAE paired t-test2 A
& oy Aolrt A (p<0.05). EZF
ZZo] Pl latencyo] ®3l HHA 77 71E9
2ol 71 A&t ot

2. P1 latency+ Zr 3o Qdojx 717t A 7o
el 2718 3 glen AEFLe adw gl
Aot £F FEe Aol L Holg o
Z%E vasd 2o @ 58 FoA Pl la-
tency$} FFo] RFojA W37 AH3H T

3. Add wEg FAFANRE AEL 24
A9 ool W3le I Zo] P1 latencyR T}
w4 gt

4. 71E9 A= 0.35mm/1Y, = ¢ 0.39%

/14 o} &8 2% 122% o4 EXRg
AE W3yt gon, 14mm/1Y, & 1.56%/
1d 5d97% 105% °% =& o ¥t
gt} Pl latency= 17.8% ol % =% & o W3}
& B4

o] 43 2L AYEAAE Hol FAZEA A
A4 fEdde 22449 #¥5E =7
o w3t APE F e AHHA el
g 2 Ae F Aok o WES dBFH L=
H A golsin, EF ol T 2P T
de A &£ Y Y= E d3sted &
& 2ol € F dodg .
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