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The purposes of this study were to determine the effect of different degrees of
severity of diabetic neuropathy on balance function, and to evaluate dynamic balance and
functional performance in diabetes patients. Twenty—four subjects with diabetes mellitus
were divided into three groups according to results of sensory nerve conduction study.
All subjects were evaluated for dynamic balance which was measured using
computerized dynamic posturography, and functional performance which was measured
using the Berg balance scale. One-way analysis of variance was used to determine
whether there were any statistically differences of dynamic balance function and
functional performance among the three groups. The Spearman’s rank correlation was
used to determine statistical significance between dynamic balance and age. The results
were as follows: 1. Dynamic balance measured using computerized dynamic
posturography was significantly lower in the no response group than in the normal
amplitude group (p<0.05). 2. Functional performance tested by the Berg balance scale
was not statistically different among the three groups (p>0.05). 3. an inverse relationship
was found between dynamic balance measured using computerized dynamic posturo—
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graphy and age (r=-0.68, p<0.05). These results suggest that patients with severe
diabetic neuropathy have loss of dynamic balance function. Therefore, patients with
severe diabetic neuropathy need to have their balance evaluated and recieve appropriate

education.

Key Words: Diabetic neuropathy; Balance; Computerized dynamic posturography; Berg

halance scale.

1. A2

3 A7 2 (diabetic neuropathy)-&
e A Fo| i (Weinberg 2+
Pfeifer, 1986), 44 &olAe] Fole EE,
AR ES T/ F43 eclog &
7 A tHClarke %, 1980). 28y LA
Tdol w2d vs AAHFTY T AL
ob7] BASHA wA A Fhon, GA AE
W) Fructosed Z7HFinegold %, 1983), Al
24 el Myoinositol® A 3HWinegrad <t
Greene, 1976), Na-K ATPase @49 o}4
(Sima =, 1986) S o0& ™ Au}
Ay AAEFES 1 A P wat
ek A7 9 (mononeuritis), thaA AlF 4
(polyneuritis), A& 417 ¥ 5 (autonomic neur-
opathy), *914 27 ¥ 3 (proximal neuropa-
thy), 417 ¥ Z(cranial neuropathy), B4
A 2] Z(diabetic amyotrophy) 5¢ th%
FAE Hoh a2y JdEHSE MY wol

15
5 s ade Admd RANRHF

(% ol

(distal symmetrical sensory neuropathy)®]
g A AL AN AHEFTE FH3 A
Ha difel Ae FeAe dAHA FgA
A2 AFFE U, 53 AA#TG Y sH
zb, £7h, BE WAL Fo Vv E AstEHE
RoZ &#fA Yvh(Vinik F, 1992).

Fay BAAA AWl FHEYE
b, 22 FF Sol dg Fzhe] AsE
2 o ¥ FA dsiNe
3 A" FaAol 7
5, 1989; =79t =
22 Y75l J&E&

u] X & 34712 (proprioception)oll t§ A4
#AL Aok a3y Iy NAES
< HAZRE Y /DY HHEd 3

AahA M7 E2dA s A 12(Greene
, 1990), AFolEol ofelem ¥ w2 A

T Ade AN ZAE Ads G (fall)
%7t Z718l7] &l ol&o] w3y +
87159 #H7le £ 83 % (Cavanaugh %,
1992; Richardson &, 1996).

T BxoA AAEZ o|foiR, A

He A7 B¥ 2 HEE&x 58 Hrtet
71 flgted 2dE dAabe B5Foln. A7A
©3td Habe ARE A4 Wty wg
o wE MAAEEEY A EFHAAINE
o #A& T oHaxPE FAHs= ZeolH
(Noel, 1973), B4 A ¥ F der A
A Hrte FE oldd MG HA A
Abell ela o] Fojzth au ZHE HAE
t Jsty AdEATE 34 F Ag B,
ALHFLE Addte AFEY HAHARE H
b & gtk wEkd g 8xbe] a3

Zte] ol R e #¥7sE& #Htsty] A3l
MNeE EE84d AAET7 dadith oo
Eo)A GxwA AAEF 8xEdd Ui o
F7lwol AEH =, F2 AAMe B¢
AR Feo EEdH(sway)d WA &=7)
ZALE A THSimoneau &, 1994; Uccioli %,
1995).

3t (Uccioli &, 1995), Al A HE
%

ol w2t 9 E59o
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(Giacomini %5, 1996). A1 43 ZZd uebA
E w8 A%e Wt £ ®E WEY F9
EEd ¥t AAdE 22 RumHIH
(Boucher &, 1995). iy HA7Z|do=H
HY #A4d"g e FA fstd dxHA
ARAYZ dAEN AL ez HE
2 Zulz P& 49 HAE S o] 7F
71%E 233 dFddAe gy HA
g B EEHC #FF AolE HolA
&% HSimoneau 5, 1994).

gudA AFEZY d¥75E Hrtsl
A8 Mg AFEAE oyl BFELY
(computerized dynamic posturography)& ©l
83} HAAHsway test)E A8
th o] AAHE EE5F glo] A A& T
ol= A A3 (static balance)& H7tsl7] ¢
% HRoZ EZ ¥ (dynamic balance)olt
71% 4 43 % ¥ (functional performance)<
Briete dele AgEe] Utk #87%F9
Hste Qe 2AsE GdE F2 U)FH

3=
-]

e Fdst T BRI BRe)
(Maki %, 199D, B84 4335 Bzel
#9758 Bsk7 AdAE 3YEPan

SAFYoU 75 q FdFHo FA oo
gt} (Richardson 5, 1996). Eg Iujol A=
A7 A D H AFAEY 5, 1993 HIE
=1987; &9 5, 1986)9 WF A A
(vibratory perception threshold) &% (&2
5, 1991) 5ol #3 d77F Aoy dxy
gzre] # @7 U AfE o]FoHA
2okt

gety o] ArNE Fxud AFYF
gAe) PANAY YHAEe we FY7)
5o atolg Folmy] st YR
M1 FHAEES AEsel $HEFY5H
%d FAsHYe #971%¢ Brend
4=

0. I3y

1. 4+ d94

o AFE dAUtEL dFAeG 437

NS AR 94 e gz
NAAEALE B ude Fuw BAS

S ez A gidAe A=A A
A, gud UEET 9 #8715 9
g A F e AZAY FEHA, A A
9 A¥e 71 A ¥ A, A, Bx
7179 Abgglel E¥F oz Aile F UE
A, AR, 3dF Aol HE F A& Ao

At

2.489 717+ 4 &4 ¥

7h AR AEAA

A A A LG S NicoletAre] Viking IV
ZAE 71718 AR, dleEE 26°
oA 28° Ale]lE& HAIEAen IHFLETL
28° oY W ZHALE HASEW. ZAAA
AxAAE 934 W (antidromic method)
o2  AANSHch A& A (superficial
peroneal nerve) AALE & wWole ¥E 9|7
o] Y& FujRd 71E2d5E F&sta, o g
2 3 9&g AFsta, ¥ EHAIA (sural
nerve) FAALE & W& ¥z It FHAL
olo] 71EAFL Ral, FEHE A o

%%9E AFHYT YAATE AFAT

715AF Abolol HAAAY. ASL FEA
7] @ 5} (square electric pulse)E& AM-&3IR 1

o1 R &EA7HS 1msec o8 AEE 10-30 mA

et

Y. HEENIE o8¢ VIS &4
4o g€ FFEA7]E= Smart Balance
Master System(Neurocom, USA)e2 &
2pe]  kAAE g% dHd, FEHAA
(forceplate), A Zul7 (visual surround), *|
Zhef Aol & Eolol AAMUL AHI TtE
g ZUE, a3 ojRAESY o A F
Z 838 ATsn AT & = Smart
Balance Master Program, Sensory
Organization Test(SOT) 59 AZE{ o
o AFEHZ T Ak &AL F
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< 2709 #o} pin jointE AZAEF Ui
Z71e 47 23emx46cem FEo)W, 4EZ
X7 47y 4z 208 AZE FE JF
Ao WEHo ok FAFA olF ¢
s ored W WEgs =T wotd 3
ZA oA HAAA el YR Flo) w
= 1012‘1 9le=  ZM(short: 76-140 cm,

-165 cm, large: 166-203 cm)ell
g 9]"3"% 23 FF A WHE I
& #HdsA He
v &< G AA

pe

X—]E]Q:f 010\31
A 7] & 7]l ]?—J\IOP‘# %5}0]% ZH, =&
7 A g
71&71e) Hldsle] Al e YH, v& 7F
i FFHAdo] Uiy AFE ALY
of Hl#ste] FHol= A", ¥& 7R
3 HASAwD Azt A % ?
A 71719 Bldsled g Hole AEle]
BE 671X FEog o)Fojx Jon zZ
Hrhe 2027 3WHA A AR 6714
Zhell g FAH & YA F(equilibrium
score)2til 3ol tiido] HE g YPe]
= HElE 100%, BetAste 23W A
0%2 Jerded, 6711 H7t 3%
«1 Ho e HTH Y A4 (composite equili-
brium score)& E A3 th

HYEA 7o dlgd AA-AEA AE=
(test-retest reliability)+= ICC=0.982 X il
HAs, T elFdZ(concurrent validity)s
r=0.48-0.728 X 1= HListon® Brouwer,
1996).

\ﬂl fl

B AEHHe) W) HE AA

T2 AHE ARGl eobd], AU &
7], olF87), ¥ & #FL AWV, F &
< EBolx M7], 2§ Yoz Wy, ug
dx E7& FHE7], FELRT], 360°
51@'}71, Lo L& IR ¥,
g 2 gol i e T Aol A
7, @F o2l2 MlV)Y 14¥FLeE oF

AR ut. 4 FE diste FHAE @
Aol FAFE welx 0olA 474319 H
FE Fo5tH, 28202 1584 208
A=A

W1 #FAT dist W dX Z(inte-
rnal consistency)™ r=0.96, &A1) A=
%= (intrarater reliability)¥ r=0.99, 33+
M & X (interrater reliability) ¥ r=0.99, 74

B}l E (construct validity)® r=0.80-0.94%

B a5 Berg %, 1992).
3.4% A4

AANAA=AA M & By Aoty
AF o] 9aiA "‘7‘*5]21001 HAAFAE
ArNE 22 Fud ANEL JFEY7)9
W FYPALE o] &3y 1?3*7]‘“-"— 7}
ot RE F3L FAAFPAEFZAE F
=, 29 ol 01-?-01"10“'4 T He 29

RB2AZE 747 FPEA7YG Wo g
o] &3} ﬁﬁéﬂ%% FAs A & 71
E @ Fole IAT ol FHALE
£ e, JgHAIA HE2E &
E AAE Fa39ch

Axel e&xe WAx g7
HYBE7IE o] &3
¢ ¥ FFHEHAE P ed
(order effect)E& Al #3}7]
A et B AR SAHENE A
H B 7§ o]&3teq Rz MAs Y. 4
A Al W FAxte) o8 E@Hom
FRHRoH, FHANEL 479 53 Wy
o dxg Fedn & xS 244
48 4 F+ JES s

>
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4. B4 3y
AT WAAEES Liveson® Ma(1992)¢} 4

AAEAA AAANE 7Fo2 3l A Fo

2 UFdd. Ay

A=A da g5+

A7 wBAA A
A9 AEo] T AAo|

=2

3L
=
Z

A BE 10 WV ol FeE UL FSE AT
o7 ERIAUR, F AD FoAA st oY
°] 10 WV WiTto 2 UL A& AWEF A
NAFE FAAE AN GEdA &
£ A7Ae] g A48 FHsToR ER3
Atk EFE A T FIEYVZ AT
BEFIATY vl FRHEHAY 4%
o] ApolE dotmy] 8] AWF FAEA
(one-way analysis of variance)g AM&3FS
3, dFH g o2 Duncan A& o1&

st HERAE 243 JFFPA 9
Lojele] AHAE Golry] 9sle] 2o
d 9 A#7A 4 (Spearman’s rank correla-

tion)& T8t FAH FANES HAJAC

m. A3}

1. @7 dae) dnd 54

Aol Brhe AR UB(H16d, o
87)el guy BAGL gAEs) FF
ol 59.34l, Bt 7]= 163.4cm, HTE BF

T 645kg ol ATHE 1.

2. WRAAEAAA A8 Z 29 7

ANAAEHAL] Aol uwhabA
A% 2499 ddAE A M Foz
12273 vlEal
49 8549 2

STHE 2. 2 A%,
A9 ARAEAA A

i
I

Ay

£

Zo] A7I7F BEF 10V ol ATl 9

4

A7 FAA st oldel 104 g
Fol 73, st ol AR 2
whg#o] 89olln.
1 ENEY A3

7+ 79 o] AbojolE fE zol7h YA

EAEX )& SPSS/PC (Statistical Package  th(p>0.05)
for the Social Sciences/Personal Computer’)
E o] &30 3, FdFE o=005E A
¥ 1. 97 gdRe gy B4 (N=24)
duty B4 HHELEFHA LR
Lo} (Al) 59.3%11.9 35-75
71 (cm) 1634% 59 151-178
EF Alke) 645t 64 51-81
X 2. ANFAZHAL 9% 4 Fo B F (N=24)
25 gdFd4R=E gzl 4=() ol (A])
I 10 4V o] % 9 581+ 84"
A2AEL 104V mwt 7 587+159
FuteF 5o & 8 6111127
CE R £ 5
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3.7 ¥zt YIEANVIE 49 BEH

SEEEIE

7t 7kl HEHEAVIE FA3E PIHF
A go tisted g EAEAMS 3 dd,
B 33 o] A F7re] BIFHFFA G Alo]d
FAGHOR ¥ olE HATH(p<0.05).
tbEul w02 Duncan AAL AAF A
¥, Fukggto] HaHPAFIE Aol ¥
o] FoskA Wke(p<0.05), A3 TH
ARAET, 2AELT FubET AboldE #
9% zol 7t YA (p>0.05).
4. 2zt 29 v AFIAEHA FAAY

| 1

zb #3ke] W dPHEAA) SAHAE Y
ek BAbRAM e o] g5t BAS A, 4
9} o] z+ FE5l Folg zolst ATk
(p>0.05)

5. BHE A5 olete] #A
Age] Fd 4% Gy FAES U

1

o2 ZAHY HoFFATH tolgd
AE dotr7] 3t 2dojd &HHA
3 23 ABASFE r=-0682 Yojst &
74ehel] weEtd FEHHASTY gAEA
(p<0.05).

}?3]'

to L ox

o

to OLH Lo
st a3
{o ofn

oAy b

B2t} (Johnson® Waylonis, 1964).
I Hlo] HjAsE AA Y EAFA
G 59 AEES =Y F
o] F7I3tE R o|E i3 w#F7)
59 H7te FasttHCavanaugh %, 1992
Richardson &, 1996).

I AFAHET AREANA AAMg E

o d L e
ot Mo S

Aol Frlsle oy THHLY HY
9l Ay uWEQ Row 4#HA UK Greene

S, 1990). nfrzhg wES Az Al
7, ARN1B22RY dYHE FREL2

Py

=

¥ 3.7 #7e) WAFFASR] @ DY BAEY (N=24)
B WA () PEEEEAR F
e 9 78.6+49 474
AREF 7 720x93
Frkg 8 646126
" p<0.05
E 4.7 2o M2 FYHERA SHAC o LI EAEA (N=24)
=7 A (3) BAEEEA F
e 9 56.3*14 1.73
A& 7 53.7%t4.1
ke 8 521%46
" p>0.05
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g1 7] A H(base of support)dl] e} FA
% Al(center of gravity)2] IXE ZAed
Za3% 9%-& 3ch(Nashner, 1993). 1 Fd
A AR 9de nAHE AW A )
< 9 F2 AL, ALGE #FHITA F
2% 94388 e Ao REY] HR
Aol AFHAUE of, F AXWHo| EXAT
Afol F&3A A& Ptk (Paulus 5, 1984).
AAHA AYEGE AL de FAE A
H71do] £4E Yol =& S A A
Aol FAFHE AT & duz A
(Nashner &, 1982).

Ty #FAdA ABA=EELEY ZFAaEr
= AbH o] R 3(Gregerson, 1967; Mulder &,
196D)E olHE JuwAd AAFEFE T
7] A% HHog MAFAEHAIL 4 o &
Hol gt Fuwyd AAEES D] 9
3 713 83 X2 Braddom 5(1977)2
HEART] FFAAE, HEFAAH FFHAY
ZEAE AUsAn, dY71eS Frket)
A HIZ9 dAFEAME HEAAIG A
FAA9 EFd9Y FEANHY JF AT
AE£E 58 ¥ Y HBoucher 5, 1995
Giacomini %, 1996; Uccioli %, 1995).

Gy #x9 Fz4 417 ¥(peripheral
neuropathy)°l #Alel EAAHE FUAIA
B £=5¥¢o] ZF7l¥vhE H i(Boucher &,
1995; Simoneau 5, 1994; Uccioli &, 1995)
Eq ¥4 FFAAAEY MAHEE TF
71 9EgE vdYdes B3 (Uccioli F,
1997)7F AR 28y G #qxAA
Bue MY EAAAE x4 AAER
oz w dHdA MYEE & Atk AR
(Uccioli &, 1997). o]} Zo] M7 eH A
AAE QA dawAd AFHEFTY WG
& 8 EFFHoE AEHIT AR ABA
EE&EHAIAHC] dAAAT WEA
e Fet(FilY 5, 1986). ol R A4
SHAZE #@ 4gE vXE R4S
Hrtgd + g7 BiEo g AZhHErc

gx¥y 4493 aEe AA2EFY

H

o] AstHw, AAE ZHEI:= A
(postural strategy)el]l YoM E Z=HHe
£33 A Zd(ankle strategy)olx] n@A
0] &3t AMZAhip strategy)E W3 EE=
o2 ®HauEAYHGiacomini ¥, 1996). &%
go] THAEE ol§T AHzHEE H3H
e AL d¥& A7 Y Bag )
Aol 2o Edtte AL 99 3l (Nashner,
1993), ol A& WA Aol awE FUt
H4e el dxdyd AFEHS x4
$ade] fgAde A vl 1587 o
o, G FE HPA wAstn 3}
FdE dodE Yo Ivn RuHJAY
(Cavanaugh %, 1992). 2828 g xyg 3
o #¥7EE B HEMeE FHTE
ol 7153 F&E FIY3t: A T
sol HrlEojof & Aojrt

3 AYFYH FHAPoE UE
Ak FHFE L AL AW EEH

F 5Y9E& Uiy, 533
} ejRzree z
2 Y U ¥y
£ &3] g 27
152 Aol mEx JFHFHHAYG F
HAAL 7153 FAFEHAAE EHREY
(Ragnarsdottir, 1996).

Edre dx¥A AAES dxey
24N 7 HEAE & T AHolE
olr 7] fstd FHFEAIE & FF
733 M2 FHHEE ol&F 75H 3
58e st 1 Ay AFYSo] A
Furge FAATo HE fodA e j
THIAAFE BA (<005 ATl A3}
Hoj it ol#d Age AHFEE WUl
g 2o ATEH 4Ade Aotk E3
Aol FAg A £ YoldE #F93F
zol 7k G, oL FuwA AFYS
g9 FH750] deld Z@glel 4AF
HE5Y IdWAFECA ek FosA Fadrk
Rg oug. 28y 2E A7 izt
of tg FAAFZTH Yooty AHA

32 X o o g

Xl o 22 A

£
ot
flo
>
of [ Xt

e o
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FAAME 4BAF7 r=-0682 dol7t &
7bge) weks] HaEEPEA =7 gaEAg
(p<0.05). °]ZRe FxyA /‘173‘“""-4 e
7t voldl wetx Frhst (s 5, 1986),
w3t metN #F7)El Xiﬁ}ﬂﬂ W7o
2 A g Chandler®t Duncan, 1992).
FRTEEAME 7 0N F9IT 2olE
Bl whdel, B AT 7%y %Y H
Ztoi e 2zt el {9 xelzh gl
A7lole F 7HA o/t Ae F Atk AA
= Bt AME3t WMo #EH R dolxr}
vy wotA 4 #3te 7153 FPTEHe
F7hg e AgEs e dqbﬂqq
AAE & Aol FAd BRE F9 625%
7} Adde,E 2y 2 1-‘1 ‘%hh““ A
BT #AEY V|53
& T AE © dol=vt
43 A7t dasitn Addd. EAE 3
A8 E BAES FHTYTHo
of vl fostA AasHe YAG, 2
AE7F 829 7158 FP5Ho) 4T
na AxEE ollgte et o ¥ A
A e Wy BAlel et Aol o]
B AART BAEC FAFHD
3tA ¥rta F33 Cavanaugh $(1992)
A7st WzEE Aoz, AT g
3 oolfre tidzte MAHAe] Fold
Ae2 AztdErt Cavanaugh 5(1992)
olFol AN HHEHE A& &Y Gu
BAES WFoE AFgH AT E IJ9n
AdrAME AFAEHAE JFF Bx
FAEE MAHFTY JBFE we A
SHEEE Hsr] 9

A e T Ae

oX

B ox of
Hd

rr

(o]

L,

30 C o lodo Mot it o b

o 2

f

2 g M
[
fo

2 o

oo O Ml oF rfr oF rlo

bats
ox tlo
Ptk

X A%YF 8459 7FY5e A
ﬂwaﬂ Ago S48 daAE
e YIAETE o8 J%H &
4 Ao wway A7Eze A9
5o oE 43 dan 2RE 58 9
}gaﬂqv@a@q

HUoofr oy xo pr

o;—;.FE.]-ﬂ
JEH‘I%O&

V. A&

3
Zof
o 3

B

4 AAYF BAe 77t
g 237159 Holg @
BAYIS Mo #Y8E
7153 7158 5L
DERE:FE

oo i
ok 2
o rfr
. B of

o o B

7
A8

Faae

e 2 >

g
ki
Eiy

ot R o

3
A #F75E

ne

2439 =¥ BFAESS Yyoes g7
BAAERAE A8 YRAgx o I
AT 2AEF, FRETY A FoE BE
g 18z BRE A3 dARAEN
BHEEA7IE )&% FHFYE/IFH v
TEH=E OI%@ 7158 8%5& sy
¢ FHUISE HUtsleg 7 Fge 7y
7% Aol7t d=A viEw BA s

A3 923 2o,

1. FPEAIE o889 29 FHTY
715e A AAEFol AT Fub
TN AEHFl g AATRY
freolst Al 2 oh(p<0.05).

2.9 THHEE ol&3d ZAHE %
A FYP5E L 4 Fhol F9¢ Holst
A A HP>0.05).

3 HYEMINE o8l 2HE THFY
71% 3 o] Atele] @AM E o)t
F7He] et BEFHER 57 2R
tH(r=-0.68, p<0.05).

Ao AAE B, Fx FAoNA Yol
A7 GHAEe] AR Fol AdsFE T4
@750 AESE & & Jvh gaA g
A AAYFTe) HE FAEAAE 2B
o #Yrsel d Hriel o And g
g AKo] Yo Aol goge] AF
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