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The Effect on Change of Spinal Neuron Excitability during Gait Training
of Hemiplegia Patients by the Functional Electrical Stimulation

Yang-Hoon Kang, PT, MPT; Se-Won Yoon, PT, PhD'; Sam-Ki Seo, PT, MPT% Keyong-Soon Park, PT,
MPT*; Yong-Eok Kim, MD; Tae-Youl Kim, PT, PhD*

Department of Physical Therapy, Dongshin University Mokpo Orental Hospital; "Department of physical Therapy,
Callege of Health and Natural Science, Jinju Intemational University; “Department of Physical Therapy, Hyoin
Sanatorium Hospital; *Department of Rehabilitation, Chungnam National University Hospital; “Department of Physical
Therapy, College of Health and Welfare, Dongshin University

Purpose: The purpose of this study were to analysis the effect on change of spinal neuron excitability
during gait training of hemiplegia patients by the functional electrical stimulation. Methods: Thirty six
hemiplegia patients participated in this study. Stimulation conditions of FES were pulse rate 35pps, pulse
width 250us, and on-time 0.3 second, treatment hour was 30 min. and treatment period was once a day
for five days a week through six weeks. For functional evaluations before and after treatment, Modified
Ashworth Scale (MAS), active range of motion (AROM), Hmax threshold, H/Mmax ratic were measured
and the following conclusions were obtained. Results: Functional evaluation showed significant changes in
experimental group as MAS(p<0.01), AROM(p<0.001), compared to control group. In spinal neuron
excitability evaluation, change of Hmax threshold was significantly reduced in both non weight bearing
(p<0.001) and bearing condition (p<0.05), H/Mmax ratio was significantly reduced in non weight bearing
(p<0.05) and bearing condition (p<0.05). Conclusion: In conclusion, application of FES to hemiplegia
patients in recovery stage during gait training improved mitigation of muscular spasticity, balance adjustment
and moving ability and it was interpreted that it was caused by mitigation of muscular spasticity by the
spinal neuron excitability. (J Kor Soc Phys Ther 2007;19(1);11-22)
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BEE 9 59 -

712 d3AE 593 TS FAAI7] A9
HEHe EYAEE 8249 AL flo] wis-
8 ’$_ AAE AAEY, HEFLE Q&) -3
A ETZ2EY oFHEFS vl 29 g3t
73 3 (spasticity) o]+ 317 (hypertonicity)©] #7322
£HUe BaHA AT $4YE ABAA Hol
(Sullivan & Hedman, 2004; Kluding¥} Billinger,
2005) Wely) (Patten 5, 2004),87}9) A 2 F
HzA Aol (Vearrier 5, 2005), B3] o}l (Teasell
%, 2003) Fo] e

HEFLE A% By FH Aze =YF
AN BFE Adse T2 99 F FUE o
g e AEAHFE T Byl steE
A2 352 AT A&y o)de JHE &
oi7le Afe =€t a2dE=E EIHAR FA
FZoJM HPFHL 7|53 EFH FHEE o F
Ag %S vIAA "h(lennon, 2001). B3
YL ANV S8 HEHe EIAREE
SR ZFH ) 73 (Weiss 5, 2000)9} X 8)3F&H (Liston
%, 2000; Pohl &, 2002) B3 & FFHX=EY
A 712 (Cozean 5, 1988; Bogataj &, 1995), 23 %
A A ¥4 J (EMG biofeedback) (Nilsson %5, 2001;
Werner 5, 2002), 3}A] A3 (Burnside 5, 1982;
Morris &, 1992) 52 & X329 HLd{s 3y
5ol Aot

%24 A 7)A}= (functional electrical stimulation)

S FE HEF T AU BEAY &4 F
opel 9o AN S4YS =M JTH T
S 3 EA 7= AHE-$9(Rushton, 2003). 7153
A71AFE o] &3 Wty $xte] BYPF A o
3 AFE Stanic $(1978) t-ald 7%F A7)
2} 7] (multi-channel functional electrical stimulator)
g olgaid 4% 2 Weso HASAL FAA
Ao, Bogasj E(1989) DA A15H A7)
A371E olgddl Hig T 4 NY BAE
ez 353 2 A& A7 Rygsgo] HH
I AZHo] EA5 ° AoeE RIS

Hoju) Baje] RAFTA A J15H WoAS

H8o] {EAAYY FRA wigd vxe &7

w3 RYPZXAL Y3 Andrew 5(1988)L A3}
Bz71% 7154 A7AS7E /A Foln
A= 7153 A7)A=7)(hybrid functional electrical
Hg350k

1990 3ol EolMEA HriHl EAE diF S
2 BA75e 82 W Hg5Y P =Ho
2 e 715d AVAF Ase HENxr) T
JsRed, Bobul BAE gaez 33 3 v
2 AT 48T 2T A5 AR
& A8 2& TP 2% /%A WAAEE
o wayls SRH 8% 590 o A R
© 2 yelgdth(Bogataj 5, 1995). Fink F(2004)-&
g A3 wrehy oA J AFE o) 43l
AATAAATE AeT AH HA BH o5
4 sl fAepaEd Netd fAsA @
3t Ao By

SR ALY 2§71 AL BE7)H (peripheral
mechanism) 3} 3 7] (central mechanism) ¢ 8
FolA e, /AL 28 ¥ 7Y T,
= ol ¥ AY¥R3ZY AF, & BAY yA F
0|3 (Clanz &, 1996), 713 WHAEdE ¥
¢ 4AFNNY WD L 2P ATH corical
and segmental reorganization)©] t}(Rushton, 2003).

A2 A 7153 AVASS dHd9d
44 (cortical HEtA 3,
H-reflex®} cutaneomuscular reflex patternd] W3lZ
AL E AL g Budln ohRidding &, 2000).

BANE Boh) BASAA 15 AT
o Hge ny A HEIY A% GA T &
fow Fxo e AN EBHo et
£ ‘4174 9= (neural prosthesis)’ 7@ o2 AFE5 ]
Ao} (Waters 5, 1985; Cozean 5, 1988), =&

= "oy @& A 7153 FA P A 7
A ANASS AL ‘A 74 (cortical
plasticity)’®]] 93-& v|X&= A2 Hyustu ot
(Liepert %, 2000).

Sullivan®} Hedman(2004)&-

stimulation) &

connectivity)-&

ASHA A5
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3 FA WRATANATE FB S-ALSol
4555 BUAEENY 349 ¥oE 239
9 FFE Atz B3P G3dA 153
ANAFTE HEF, H4£E 2 (spinal cord injury) T
220747 Bue AW Bxe £523 59
g4e 2Hoz @ Ao ZrEm e
(Rushton, 2003), Yan $(2005)& J47] Hwjy]
g2 4548 dldez 3 QFARPAA VIR EE
gl YoF 7158 AZAFTZE vlsle 7]
54 AARIEAN = A9 oA, 752 B
A3, 71538 o549 H7IQd timed up and go
(TUG)testol| A Frol3tAl e Zes Easiyich

Hele B9 ol WETE BEE 45
Hoz $AYS W EAAN} AL AP A
T8 FHFHoE ZFHEE modified Ashworth
scale(Bohannon®} Smith, 1987; Sloan &, 1992), 7]
T3 £F5XHH olFTHE WiEe TUG test
(Podsiadlo %, 1991), B3858o HEQ] 10M
walking test(Dean %, 2001) To] AF8-Hi Jth
wope @AY 5BAE ABAeE BA)
A9 WA 39 PhE Gl e
H-reflex= la 414 & A=t HF A

@ dHE 5 +FAA %9— Ag=o] 718
t ZTHYE F3A4A Byoeg A% &+ 7
o MEE AFHoR FHIe YHOE /‘]-%

5o Morita F, 2001), HFAZ A9 FEA4 W3
o e 2 U A=E ¢ F I Pisano T,
2000). Hereflex AE9) HFrte &% AF49 AR
4 (motor neuron pool) @] FRE 9n|3li AE9)
Ae AAE 9 n gtk (Leonard, 1998). 7| 5% 7}
9} #esle] Hereflexe] FEA e TIERE
89 4 A JE AeE HuHT )
tH(Trimble®} Koceja, 2001).

B ATe RYEA] 75 IHE7) ey &
AE Yo BYPFA T SHH wiFS 7T
1'—31 7‘4717\}1° z—‘l%s}-l—, %*&é AsEHIe

B X883 A A194 AlF 200749 29

A9 FEAO G 4D UG BAE F
sl ne 3 7154 A7RF Aol 2 AFY
gatsh 79 2 2AY)S HEo) A& ARE D
RN

B d3e iy @A A RYEFEE T S8
ol WEEJ2E AFIE IS HEHE 9
23 7153 H7AF Aol 2 BH g3tk @
¥ 9 Hyrls sEd vXe AHRE gtz
2006 79 198E 10¢€ 31974 344 9
EXo] AAF shHANA 4 AsFY HAt
v gz} 36%S FeE Zt7 189y vA A
NAZEH dEzFoez Yo APdAe o
A A) 814 TH(Table 1).

AAte AAE AR EH ot 715F &
A2 HEF W F, idelA 1874 Apol9)
H3o] 7153 Xz Aoy, Ze diA
A 3tA BT (PLS, AFO ¥)& *&3tA &1
H3jo] 7MEdtn AP FIFE vH ¥E F&
F43x gv FAE AT 438 A A=
AA A7 HA &L EF disf AHF F F
g 4o} AABAT
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Table 1. General characteristic of subjects

Hepy] @219 RYEF- A] 7153 A7AF BEol HFAT

A9e) FE4 W] nAE L%

Characteristic Control(n=18) FES(n=18)

Age* 60.11+10.53 57.11%7.32
Since for month* 9.39+6.00 11.72+5.73
Gender** Male (%) 13(72.2) 14(77.8)

Female (%) 5(27.8) 4(22.2)
Type of stroke™ ™ Ischemia(%) 13(72.2) 11(61.1)

Hemorrhage (%) 5(27.8) 7(38.9)
Paretic side*™* LT (%) 11(61.1) 4(22.2)

RT (%) 7(38.9) 14(77.8)

* mean + S.D., ** number (%)

HHeg A ALY dETL APLEAE,

2. s
dq2avH, WELF Fo EFE EJAE9
) dEEx BHYPEAL ANFHQen, 715F BAAITEE
B d3e oo Az Agigoen Hz7d 59 EIXsY 4 EPFHE A
Ne 24 F, 63 B9 X8 F A B2IF 715 FH AVIASE HEFAGT
Table 2. Study design
Control group FES group
Mat exercise (30min/day)
PT Ergometer (30min/day)
NDT (30min/day)
Gait training Non-FES FES(30min/day)
PT : Physical therapy, NDT : neurodevelopment treatment, FES : functional electrical stimulation
2) 71y HIIRSFES)2 HE ATE AR ZFAFLE BEF FY L end
ByFEH F A3 V5F A7ASV= FE A AuF Q_%‘(deep peroneal nerve)& A€ Ho g
T, FFAZL, ol g, TR on-time) FH o] A5 F AERF FFIRL, VFEAFS ¥E
7}&8F Microstim (Medel Gmbh, inc., German), = F A oF 10 em He ANSSH AFZSS
F29R) (foot switch), Y3-§& FEHHF(0.5%0.5 Atolell BiXAIA AuIEAAE L] A7 Aujg e
mes FAHG U ATWAL HY 3/ 3 F8D R 549 B850 44Tz A3uE

#7719 WSERL FAAA 2oz AP
22 WAYe AR, AES $(199%)°]

& Ao
AFzHe2 e FHARF o] (biphasic
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rectangular wave)E Al23}H o0, WEHI X (pulse
rate) = 35 pps, ZZF(pulse width)-> 250 v, &3
A} ZHon-time) & 0.3 secZ HA 3l BHF X7}
Gl Wold W whz AAAATe| olFo] A &
=S B

3) 1547t

715871l S 718H7] s Ao &A
AT WEes ¢4 Rite AT FHY2LE ofF
of A A7 BHZH 3FNA HrpdHd disAw
o237 g dF WSS AP ANz

3 F AR

(1) Modified Ashworth scale (MAS)2] &3

A 2 A3 H7E 98] MAS(Bohannon &
Smith, 19878 AgsRt BUE F3HoE
SHARE W A} =e A J=E HF
7Vete FEHA WY 2 (Sloan F, 1992), 0
HelM 5HAA 64 HER sEsgon 35 e
255 BFAE AU

(2 Z3d" AM™IISHEHSA (AROM)9 £3

zade  BAAEUAE 97 99
MP100 system(BIOPAC Systems, Inc., USA)2] o3&
7 A7) =7 (electrogoniometer) & AlL-3}FTH
23 29E AAAEAS 457} S8 Y
23 290 AAIES @ oS F B ANE
FAH | ZE o] &3t FHFo| WAAI|Z O HE
Folelolzg nAdA F A AAY LS
w3l ok Cut off frequency= 3 Hz, sample
ratee 400 HzE A3t FH3[AS A7 5
402 2BEe FIAES sta 2RI,
2tz 9] W3t Acqknowledge 3.72 AT E gjojo) A
F3 3t

Uele H- waved] Hoj JEZ i A9
A27F 5 2] Hmax threshold®} H-wave @ M-wave
9] FHd FEFH)l HMmax ratioE g ZAE

HE X883 A] A998 A1 2007d 2€

7] (Sierra, Cadwell, USA)E o]-£3ld A)FH3 ¢}
v A F 53 Fejoll A SH AT

=3¢ Y3 dA 0% FEZLE FHRE AR
o %1 g7t Y= AZY F A3 L H
gt 7|EAFoE FFAFL £94F FE
T3 S8E dHe HF SHFE =
2E FEI}e FAAH, JIEAFE oY
HARFTLE F5HFAA 3 an 99 95 v ED
Aol 43L& AHAFMedicotest A/S, Neuro line
Disposable neurology elecrodes 700 10-K, Denmark)
& olgstd RARAUTG ASEACE fler
settingS- 10 Hz~10,000 Hz, sweep speed= 15
msec/division, gain® 10 mV/division® 3}HT}h A7)
AFe FABUAY AT e FEAN oI
A2 S =S A 8 A3 (submaximal
stimulation) $£F02 3o 2% Ao Z 33}
Aok vl AFHE3 FHAAY AL d=H F
T AAdAN FEE 7 2 A F LE L
THRE Fof stEZo] A3 oAHEE 3
o9 £4HE A== FYHo HASA do

53 #AL HA Hereflexd 28E 2
il YA ABEE AAE ZA-SHEA Hmaxo}t
MmaxE T8 F /o] &5 g Hd
AZH &2 HMmaxHlE 4H&33A T Hnax &9
Al A=Z7EE  Hmax threshold2 71& 3}
Az FHAY FL vBlE A2 AF
S AAsS A FEjolA v AFHEIS 5T
W o0 2 Hmax threshold®} H/Mmax ratios &3

7153 AZIAFo] & A2 g3t 7y 2
8715 3Ed uAs Ao i golrux 2
AgZe A48 d-F @slte o &+ 7 A
FHTFE HAF AFAFPgLE o, FEAN
(ANCOVA)E AAIBIHY. BRE BAEgH e
< AZ37] 93 fd5F o= 0052 IO
RE EAE 9x$=§ SPSS 115 =Z2IYPL
o] &3t 43t

e

lo mr K
ox 4 fr J
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ZEE & 52 : Hvpy] @AY BYHFH A VT

. & =

L 7IS¥te] W3

1) MASe] W#

1 2 439 FTE Jelle MASY W3
£ dixre) 48 A 21750387 AF F 194x054

A BT ggol e

1349 24 Wl e AR

Ay Ao ng) ZaFE BHon, 438 A 7
=7 A7AZFE 2500517 AF F 1.50+051
2 AP A nE FAIAT =23 J15H A7)

AFZAA o 2 Za7h AT
ARE e Aol Yotns] st

TR

35 ¢
51 |

Ag F An 7 B /FY% Holg HIH
(p<0.01) (Figure 1).
l 0O Pre
B Post

Control

TIME

FES

Figure 1. Comparison of MAS before and after experiment (p<0.01).

2) AROM2| i g

S8 BHNMEHEAE SHY AROMY ®
e EREY 438 A 1339x2.663 AYH F
15.03+2.922 A8 Mo vl =7} stged, 4
Y A 7%FH AVAST 13223245 HE F

o

15.68+4.032 AY Hd| ws =3k =§
153 AZAFTTAM H & F717F A

AYPF 749 Aolg goth7] 3t FEAE
Ag F Ay F T FAF Aol HEo
(p<0.001) (Figure 2).

25 r |'—'

20t

15

ROM(%)

10

OPre
M Post

Control

TIME

FES

Figure 2. Comparison of AROM before and after experiment (p<0.001).
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oM

A Heio w3

]
ol

2. Hgu

1) H] =535t A] Hmax threshold2] 3

HEANBLY FEAS vehll= HmaxAl o) &
SYAE v AFFE A FFFE 23 dE2TY
A3 A FoA WHsE HolA dRen, 7T

EFES A 583] 2 A198 A1 20073 24

A AJAZFEo] AF A 23.50+9.75¢] HE] A
d F 25.89+9.172 Z7}slH T

YT 2 Folg ohur) 9Astel IEuE
Hg @ A% 7 ol #9F HolE HAY
(p<0.01) (Figure 3).

Hmax
[o*]
o

O Pre
M Post

Control

FES

TIME

Figure 3. Comparison of Hmax threshold during non-weight bearing before and after experiment (p<0.01).

2) MESSt Ml Hmax threshold2] is}

el de FE4S Yol Hmaxr 9] 7}
SHAE AT Al SAY 247 dxdy 4
A 256948801 AE F 2461+9402 {9%
e HolA @sked, sl AZASTY

B oo J

AF A 23.17x49037 HAF F 2544+4.712 V%
A A7|AFTo] AF dd BlE FUbst A

497 ) AolE oluy) st FRUE
dg @ A% Z Bl 49 Aol uAY
(p<0.05) (Figure 4).

30 -
25
20
15 +
10 +

Hmax(W)

| OPre
W Post

Control

TIME

FES

Figure 4. Comparison of Hmax threshold during weight bearing before and after experiment (p<0.05).
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BEE 9 59 ArtHl Ao RYPFY A 715 AVAF WEo] AR L FEA W HXe A%

3) H] MS55t Al HMmax ratio®] 3 F 0300152 7|53 A7AFFEo] Ad Ao
HELAZd E5HYY IFo02 HFNHFLY Hls) & vt gk
ZEAS Jehlle HMmaxdl S H] AFE3 A APT 9] Aol Folry] At FRAE

243 23 Y22 49 A 032:015% AP Mg F FF T gl F9F Aol RAY
F 03120152 #o% WHe Holx ggtom,  (p<0.05)(Figure 5).
153 A7IASFE A8 A 03720197 AP

0.6
05 r |

0.4 r
[ Pre

03 -
M Post

H/Mmax(%)

02 |
0.1}

Control FES
TIME

Figure 5. Comparison of H/Mmax ratio during non-weight bearing before and after experiment (p<0.05).

4) AE55t Ml HMmax ratio®] #34 0.142 71538 A7AFTAM o & #Fa7h U
HEAAY dEAYge] AE o g FLAAL) o}
'_E,_,ug Y E HMmaxBl & FS22s 4] = HAFT 9 AolE PotE 7] 3t FEAR

23 Wz 49 A 0350277 4A¥  Hg @ 2R F Aol 49 Aolg 2y
i 033:0212 & WSHE MM, 715H A (<009 (Figuee 6).
NAST A9 A 037x0.19% 49 F 030+

r U

0.7
0.6 T
0.5
04 + OPre
03 | M Post
02 |
01 | 4

H/Mmax(%)

Control FES
TIME

Figure 6. Comparison of HMmax ratio during weight bearing before and after experiment (p<0.05).
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v. 11 &

frjel B2y 7)58E
59 AREA 52 uAE
Aol 0@ geRRE

= 4y F A 44
AAY, HEF &
F2 dd ¥ 344 oY
N FFHoZ o)|FolR 7] W HEF A
g e s 3 gL MAgdre 7] $AE o
o2 3ttt Yan 5(2005) Hup® F2E of
Aoz Wy 2 33 71%H AUIAFY FHLd
% JEIEE dFsHer, 842005
w27 HEF FAE LR FHE )
229 71548 AIAFE AE&S F 28AI
a2y i3 IFAFE AAEEY. 2
Ay HEF DA F AREH FHEVE AU 7
57 3B Eojd BAENA HEH 7TH
A7 A=) fdo] thF d7e Bol o]FoAA
gron, £ 7THE FHLE & 4F
FZ o]FUT. WA B dF3e Y o &
Hole] AE WFLE BPFAR HYH
1’53 A7AFe] 2 A &3, a5
Bygsy 58 F 713 B4 vxe EHE
Golr 7] Y3t 71sHrre @A A7 TH
HHE AAEAH-

£%F AN BAHL E3A77] 9 AR
wy Z AVAFTLE FEXEV FEFH P
H)3la] RzHgo] HI ARg-o] THHEEI] Wi
HA QoA g AEsH3 ow, AVAF
9] HgWole F5Z AFWE, ZFSE AF
uy, A AFH Fol Ytk B dFdAMe
He ZF {470 £3E wiFEIE FE3Hd
2229 & 848 FHda AFIH2e
757—‘4 JAE Fx7] A HHo=® 7:12}—3 A

148 AL AT HE %
71—‘3—4 A7|ASH 79N E o] &F /‘J’zl
g3l & FIAZE MASE £33 é# r
9% #AAVF ' RALF BHIFHH (£G4,
2001), Alfieri(1982)= 733 E Wrpy] #FAE did
o2 AT AYZY HA/AFTE AL A
oA thad Bxle] 85%7F HFo]l TAE RAOE
Heldth B dFoME A & 33 AEE

J

A= &

o X orr A o

N

o3

_,>i

o_]“

L o

e g3 R A9 AlE 2003 24

el MASY Wsle dzen 7153 A7A
FT EF AF Ad nis) 7& st o, 7153
ANAFTEANA o Bol AT Rez yey
Z AAY 2 BPFAL WA AAF)
ARAHQ RAoZ JEyo 2A|E(2003)2 %3
o] Qe &4 HA7AFE HE&steq FFaEY
A9t TERAEYHY F7HE Aol ¥ F don,
53 FE@RAEYe X570 v F49%
F7te 2R RIsdt 2 AFANE =
B TFRHETTHAY Wsrt vxTdH 7]
53 A7IAFTE BT AF Ad Hld 7t
sgen, 53 7158 AIRFZAA FosA
S 7htAo-

AAA7IBYEE Hrlg HFEFTAELY F
A WH3E YolRuA Heeflex® A3}
Hmax £97}59 Hmax threshold® H-wave$}t

M-waved] HWAZE H]-&<2 HMmax ratioE ¥ A
Zws A AZve A2 TR 2R
o HELFAELY FEA FHL gFEE v
AFHs HAL&  ALE-3t=v (Braddom, 1974),
Knikoug}- Rymer(2003)-2 H-reflex®] &#Ajo] vz

£ ARG A A AN FEA ] F7HH 7 AE
°ﬂ AtA o] wpet FRAdo] ettt &t wet
A B dTdAe ui2 7 Mg G224
7154 olsd HPL 3 AFE& F3T AH

Jm

off it ol

g

of

s AFEFABA BE8 BT 9T
g 0E Aoz A4S AFE ¥5 4U
A ANANE SASATE ¥ 3ol o8 24

He #A0AToY FAZ ABEH 849 £4
< AFHo 2 Hrstr] Y3 Hmaxd H/Mmax
ratio o] o] &¥}h(Huang 5, 2005). Leonard %
(1998)2 H&EFo2 A% ZAA Hvie] X F
de2 HreflexE ©]&3td HAFEFAE 42
I EAQS Hr3Yg e, Morita $(2001)& &34
9 wWEEFF A Hu $93 FFHEHA o
H-reflex?] W3E FAs9o =3 HEF 84
2 giaez AA4A < (Roujeau F, 2003), I (Fink
=,2004), A7) A2 (Hardy =, 2002), S AALE
(Avela 5, 1999), ¢FE (Maupas, 5, 2004) 5
o) Wzld) v Z3E Fristed ol &1

Sol &2
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Ak 2 A7 AoelA ] AFHE A% A
23 A B¥ J54 AAAI2AM Bzl
H)3t Hmax thresholde %713l H/Mmax ratio
£ paste] AFu7AY FEAo) AAHE W

35 Red], Trimbled} Koceja(2001)= H-wave
o FeA Fae 2 UL JINA FYE
s8¢ BANYE ez nIRD. wo
B 97 A5HAA 2 AFES Yoo} 5
sadesUNe 2 T2 59 e
4507299 SR Pad 0B 9P| 2 3
oz 4zan.

oJaklA 715 Hule Bold HEF ¥
oz FE AIRAY V5 AT
BT AEF0AY FuAol Gad

to fu

Fd AMJle &7t e ALz vyt

v.d &8

2 d7E 754 3279 "oy @4 364
S ddez HYPFE T FHE WSS
Z

A92 AFwdez HEF %A drixZol
Ay 23y A22329 3H 93, 7Y

By 75 3B v X A4S oty Y3l of
2T 7153 A7IAFTELE Yol 6F 3 X
28 dA3AeH, A8 A -F 7154 Hris
AN F3S T3t £43} A

7158 HItA 715 ARSIl WERT
Higted AZEXTY UREE Ly
TE e VAT B A A
TRxH olgFdE s FFHA
47142188 HrlelA HeEAZEde FEA
xﬂ%£ Fa1gk FElv FapetA] e AdejdlA
25 fostA 7‘5\. }aiﬁ}

RN -

N

¢

HupH] @zte] HYPFP A 715 AT BEo] AR H

24 ®st vixle 23

4 i 9% Aoz Azt

2%s, 248, Fa4 5. Wop wadol g 7]
4 AANJEES) AREY - 3349 57
BX7)E o] &3 B 1996;23:217-22.

51 AT HEF VA W)

EFZY 2 H=A vAe &% @5

Sensdnd Aigaes, 20

94, 7158 WAAAFe) HEF B T2
2 B9 BAE 9. GroEw A
goigtd At =&, 2001

242 48T W) A 9Y WA= A
28% FAdsta s o &3, 2003
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