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Development of Quantitative Diagnostic Technique for Low-Back
Pain Patients via Three Dimensional Dynamic Motion Analysis

7 73 ¥

ABSTRACT

Dynamic motion difference between normal subjects and low-back pain (LBP) patients
has been investigated in terms of kinematic variables such as range of motion, velocity
and acceleration of the back and hip. Ten healthy subjects and ten LBP patients were
recruited in this study. Electro-goniometer such as Lumbar Motion Monitor and Hip
Monitor have been used for quantitative measurement of the trunk motion during
repetitive flexion and extension for ten seconds. Results indicated that the velocity and
acceleration of the back and hip were important parameters to quantitatively identify
LBP patients. The consistency of cyclic trunk motion and the relationship between the
back and hip were measured in terms of Variance Ratio and Phase Angle in order to
accurately assess the motion characteristics of LBP patients. In particular, the hip
motion has been proven to be a very important factor in describing the kinematics of
damaged lower back. The functional evaluation technique suggested in this study will be
a tool to assist physicians for an accurate diagnosis and timely rehabilitation along with
current image diagnosis techniques,
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1. M & (Introduction)

252 HuAEelA 71 B3 Helgle 3
Yoz odelA glem ABE 3 2 ujgo

= A0E JHEe] Stk AAE Bigos et al
(1990) & 8 %9 4]lo] 8%F02 15l A
o} o7} Aol wntkn Rustgen
Andersson (1981)& th& AHo] vls] a5o| 4
A Qe AREEAA 7 AL HEE
Y3k LR AAHere vSMT §
160 WA 500 o A= =g AH 9 3 &
o] AT ¢lon (Frymoyer, 1990) ojofl o
o AAS 227 A4 8T s AAe)
o, 3= ASE WE ARIA F 2%d 98
A7} 2Aek= Hldo] 1993182] 4.9%1A 1994
dolle 2% 7o (ef%, 19%), 4
A AHA A @2 BT 124%7F 85
AR RAENE G (RAAIGREY,
1990). 3t 2802 F AP B 29T
o= 1992300 3569H, 1993300 3i6uHew
FAHYoH, old FY FAE A o|HT}
Fufjolate] f7t A2E Ao ddddt Al
78 2XE RY, u=e B9 sEE g
2EHy RI%E 7 wen tElRes
19.8%, & B971 123% % Jelg, Se] 3$
& B971 309%, T $$i7) 17.1%, ©j7] 42
Bt 155%, slElE TS 2FRA7 143%
ARk AR vERdTh (AR, 1997). ©
', v TSR ERE £ 9
=5, gl 599 v g ik, e
EUAQ Afae] gt o TR A}
7F IS gARElal gle AL B 4 Uk ¥
A B 2N AR HdAlRY] g
F7} AFshy, oz -2 vy Aklgzot
ARFYog viHol o we} nl=re] BS99 2

Loy rr ot e
e

o] 8%°] WAILT} F7H AoE dHE=R
ofol thgt ou|HE ApHe] ZFFdhke Ao] Fa3)
ok 3k ojgd %o A% AsHE 29
7] YEiMe, ke BB 8BEAS 29
73l A7) HF AAZHo|n A 1y
7b olFolxofela, olF A7 AT TAH
Whel thel gt Eo7) olFojzel F Aoz
AZ}E.

85S¢ AfFoR Fwsh] HsiMe 94 F
2 X-ray Y CT scan, MRI®} 22 image® ©|
£ /YEC] HFY SRl B2AE dAd
ahcd ARSEL QIvk e 2%e] Qe E
Aaed Qs ojgd WHEL B R
A0 2 YE 12 WA 15% A=) 858
A F83lchs Aol R (Bigos et al,
1990). &g o=, 71¥9] imaging 7IHelA
@A ZEY e J15AHY We £480
I AYe) AxE WEsie e 4F
diXe thrd) gz o8 AEHAt 2 F
M= #2lF2te]l M9 (range of motion) (Keely
et al, 1986), #1219 &¥(Trano and Schultz,
1987), A78(Beimborn and Morrissey, 1981;
Jorgensen and Nicolaisen, 1987) 52 A@Ho
2 A5k Wye] AER, o WyEe
&34 55 A 7eAe] lelx EF
33 vwA AErt w2 e HHHI
£3] Marras et al. (1993)2 352ty &5 7}
£%9 22 kinematic WFEE A3k A4l
B aFFANY BAF Aol9 fAAE HE|3
A7 e gAMe 754E AS3IGT 53] 8%
gAte] 3je] FAhe [N Eke] s =
3ol QJ8lA o]F o x)=u} (Boston et al, 1993),
o] F joint®] EFEA 0] FA) o]FolF HaA
o] ZzH71= gk Mayer et al. (1994) 94|
TRAREEAS] 729, A¥F 39t 39o] A
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AR HEClew Ao F4F B FF= 2. oI (Methodology)
B F goke 9478 9Esgd 18es B
FAME ek Fwte HAA LAHE 2.1 A87H (Hypothesis)

kinematic W-¢}, #jdl ko] FAYS At A3 8F8A Atole] S} Fwt &Y
A A%Hes ST & 3= Ws (parameter) 9] Zol7h Ylrke Aol 71E AFTHIE AFHES]

£ /el olgidt Wgso] AT 8584 t}, ol& AATE7] Y5 Wes FHele g9/
AtolofjA ofd a0l BY F U=AE RANSIY ’5 E2A) sk 15/S1 joint$t Hip joint A}
53 £ dpdMe AFEd 34E HsiA o]9) kinematic 4} inter-joint coordination

&2le} IHk &3PS 3AUFTANN FA/E & 9 AEE Yeh) € 4 Sle ANEL parameter
e 718 AT} ] 2AYE S & AMEIYTE  Kinematic ¥4e 2 ¥%
T = 7)1FE Aj2o) et AM-EkHch (flexion), B(extension)F2t|He] &5} 7[&:

El. QA ANEHAR ¥ 282 ¥

258 o] ik FAl(kg) 71(cm) 259499
1 24 o 64.2 155 spinal fusion
2 36 ks 78 171 herniated disc
3 29 w R 183 Iliotibial band syndrome
4 40 o 84 161 quebecl
5 3 L1 8 162 quebec?
6 24 k) 1) 167 quebecl
7 22 o 60.8 166 quebec?
8 22 o 59 169 spondylosis
9 20 o 80 176 spondylolysis
10 24 k3 107 200 L5/S1 fusion
B/ HA} 215/6.5 n/a 79.1/147 171/12.2 n/a

A9 HolA) ARS-E quebec category9] Aee o 2k
quebec category : S1%EHE Hle] ¥R ¢k Aol A 7IELE oA, 5F9 pattenE H
43}7] A8 22
quebec 1 1 B89 Yo] Lt FRE $FH A% (back pain without radiation)
quebec 2 @ BFo| st FR-ET Aurteltx HAe 4+ (back pain, with radiation to the
proximal extremity).
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7F AHEEIAL, coordinationd: §43}7] sl
Z4zg &5 Aole #AE WeNE Phase
angle (Burgess-Limerick et al, 1993)-& -3-&%
o] AREHIITE

2.2 AR} (Subjects)

HFE $ed Y] g, A 6MY TU% 8
55 Ag8 do) e 1099 AT 13 As
29 AFAE ARLE 3L 0¥ 2FEAS
oz Age] AAHAT HE1 2 A
22 92 5% ox 5% AMEGT, vele
55T12 A, AFL 674T132 kg AT
169676 cm 9 HAFAE ARETE 28 FH
o] A% ZTAA ] ojigo] glAlel] £ H
B A ooz Sia, AAAe ool
dAE galke ARe) wiAEdAY =g 559
ATt A 23S, AEld 83le] Ay uiE A
& gulsld, F83 FEHTE AR ZAKaL
559 o] 20014 g7HAY) BATE Yo X
3 AT 09 1074219 scale: 100] 71 Al
F EZ) 1 o= Waddel (1980)0] AL =]
FolA 3 o] P& #Ate] AtlE 4lElH 2%l
A7 A% a9ld) Ws |y 2ok feE
o] & AYeA AAAE T 6748 o} &
B3 28ty 99le] glo] ¥50] A&HE VLT
#2} (Chronic back pain patients) & A<=
1, volo} mhE F3 5 TEHY Aolg His}
317 Q8 7129 A7AnE EdE g 184
olM B0M7HA], ARk 18AMelA] 0A7EA]1e] A}
oS FFAAT Marras et al, 1994). 8F8A}
Zo] JAZAAESY 289 YU F 19 A
sloj gith.

2.3 A¥7)7 (Apparatus)
5)2)e) 3/ FAA S 3w AU

a8l 1, (a) 3j2is25E7] (Lumbar Motion
Monitor: LMM)

agl 1, (p) 2eHEEEHE7] (Hip Monitor)
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33 FAHEA o) a8 8Ate] AFE AVIY g B 27 15

2337 et 230l F¥th Biodynamics
Labold 7t #esd £47]  (Lumbar
Motion Monitor: LMM)$} & A& 3l A=
o] 7idtd W52 £747|(Hip Monitor)E AHE:
3% AdY 7lTE AEE 2 19 19
veholey LMM2  Z4zte] 2% (Lumbar
vertibrae)7} BN =9 &, & AA %
9 Id 4%E Y & A= =
#Al 71719 Fol= FF (Thoracic vertibrae)?]
7 RAAA 98 et F5o T AR
807 WA gorng FFHOZE {F9
Axe & EQ8A gk o] Ve 8FY &
Hke] 33 F4HE SAE F AE 71TFEA FHE
s} S5te] 2-21])e)] W potentiometer?] 5t
Aol Axg Wik 42§ ol8sldl, oY
g Data® Kinematic W42 #Esl7] A A4
ZZaPo] AEEHcE o] LMMY Alfz=
Marras et al. (1992)9 #J3] ZAFHJAL Hip
Monitor®] %%, 3743 Axeke] A¥sAL
A A3} R gl 99%9] AUEE ReiFQlnk
4%, 4% JMEEst 2 Kinematic W48
Butterworth filter® AMS-3td AL, 3 Hz
U 4Hz9) Cut-off Frequency® AHEE of
Signal/noise Ratio?} 718 &2 A= etk
T3 Filtering A ¥RAT % U Phase Shift
g dslr] 8t Forward Filter$t Reverse
FilterS 2% AH3lgth 120Hz® Sampling
Rate® AH&3IYTh

2.4 A3AH (Experimental Design)

£ 439 sPieEse s a58AE
Roait 2709 MAPrhgTel AHHAL F&
Wags F3/8 EzA 24Y5E  Kinematic
ez 3 4% dE 445E dY P
I e T g4y TN ArkEre] M

Aot ol F FFArEL FYU/E a9 cycle
N Hughse HEE HY sy AF
Lumbar Motion Monitor$] $]234}€- Lumbosacral
Junction (L5/S1)el <43A A&, Hip
Monitor®] 7§ &#dZ4ol Greater Trochanter
9] FYro grold Quk A7e] REH A
HE A9AL Ze] 91X (iac Crest)E &2
2 ¥QIEe] L31AE FH8 ohA L5/S1IE #
A3k g AMgElgen, 43 velE
Flexion/Extension Al7]HA] Center of Rotation
£ &0z sl AAsTE FAA 2
o% tiheol AT o)Fo] E7hMat, 944
AFE 7P7IEe HFeh S aea Fvst &
7} olRA= A=E E4%A HER FA9 &
2o W& FHQ Reference AxisE 7HAaL §)
tix 3l =3 Phase AngleS o83 #zet
ko] coordinationd A8 Hetd FHest
I &2AYe] Aolg vehlle #)-F phase
zpolel Hoigkat Bargtel AHEAYG (A 12 F
Z). Phase Angle2 7)&9] Q7oA 5470
o3 Fae e AT 9 ARRHog
(Scholz, 1993). =g F713o& RIEHE F§/
Y Sl e}t Eute] &% i
o] ATA (consistency)& £4317] H3) Hershler
and Milner (1978)9] 213} AREEAE Variance
Ratio (VR)E AHS3IGiTh B AFolM ARRH
Phase Angle®l Aol 8 20 715091,
Variance Ratio ¢ Ael= 4] 3¢ Jepich

n ©] A sample®] o1 i= 194 n 74A|,
Phase Angle zlo)e] Ho = —}; 12:1 (3] e

zole] Hhgk = Max([(8]2] phase angle)i
-phase angle)i - (SWt phase angle)i] (D
Phase Angl (2% phase angle)i] (2)
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i=1

(X, = X021 k(n=1)

zM=

M:.

(X — XV (kn —1) 3)

=1

~

k=128 (8 cycle 9] data 5 AA37] 94
AYE ),
n=number of cycle

velocity
|

“position

N e

i

38 2. 32| YA} £Tof ol %
plane 42| phase anglee! o

Mo|=l phase

® 2 4A#o AMEH

2 @A AEE S¥dss) TEHSE B
2 Aejshd o2y 2o

329 ZHeE A A3 Lumbar Motion
Monitor®] 9J3) ZA¥ FHlHYz=(degree)E
AZe] e n)Ede ARIET, dETE 2
2} vl 4L GRS Akl Sk
Z&% 2714 9A] Hip Monitorelld £A4¥

Tl H A5 (degree)E 2zt 14}, 23} mjiale]
74]”3}95\‘4.

2.5 A¥4 (Procedure)

wAgze A, AFFY AAARE FAs)
3, "2 FH¥ LMM # Hip Monitor7} 332
o HAYPAE v A Al LMMe] HFE
w2 AE HU=A, Hip Monitor7} i) sl
HePsA A HASAE A A A9,
Ago] ARE7) Aol 32 55 Y=F FAE
3 FF0] 2014 8 (0oA 1074A] Mol M)
holl &3] QAeAE N, HAFRNA B
g &332 1027 952 23O Ao g=&

SEuPet Faus

=
SEIA

32 2= (ROM)

3y 4Es

2 ias

=5 2% (ROM)

U AEE

= s

3] iz d#% (VR)

3e] A&ee] des (VR)

8g] Z71&se] d#% (VR)

F 2159 43% (VR)

“2“%'} &Ere] s (VR)
T 7R i (VR

&lfﬂ 3]2]-Z%5} phase angle Z}C’l

Wt 8]2]-SH phase angle }o]
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3aM BAEAC 9% 2Tl A Anyy Adel 83 7 17

780, ol &5 HAPA £olo] HA
HEZ (self-selected speed) 35 713 wal
A&FZ02 & AAGH} HAdA7} 7709
T gEBiARE 28] A Y WA
g dFE QB 438 =Fel Fol b
Fe do] f=E2 ) ARE A5 A A
AAQ Az7l Y AENE AFH JHe
Balal Felala, Ao olde] §1g A% AE
g A

2.6 k=AY (Data Processing)

Hdge] 53/¥9 $3I4 $%€€ Kinematic
datax= % A Mg A3 3F3d Je=
HEEY ARE T/ A&FE WY cyce
Z FEEIth o} &8 velocity profile]
‘zero-crossing point’7} AHEEAL A7 cycled
Al 18 3o Vet

1 Z0ro crossing points }

€ o - e eee oo pne cycle h——/ ——
end  jumbar lordosis

start

1% 3. Velocity profile®l zero-crossing point&
AR BE/H Exte] AEE(start) 2t B
Hlend). 7k M positiong! profile.

8, 429 cycleld] F&¥ datax= R
79 data point (97]Me 128 ¥92 AE
L)E interpolation I extrapolations F3A

I 3. Kinematic 8 (2%, 244, 247k5T), 4T (consistency), si2iet 2|  coordination?

12EH 2

& & W F 3 4 9 8 5 8 A
¥ EEHA ¥ EF93t
38 2% (degree) 3456 127 20,10 947
&)g] 445 (deg/sec) 98.40 431 55.63 23.08
B8] ZI&%(deg/sec) 647.08 199.88 282.12 176.15
28 4% (degree) 4741 23.10 46,61 20.92
Zuk 2T (deg./sec) 14835 35.69 96.98 56.13
0 271 (deg/sec”) 741.96 31878 42583 243.95
5] 4= AT (VR)* 0.029 00118 0.0251 0.0134
87 4459 99 (VR) 0.0270 0.0184 0.0293 0.0147
8] 715y 99 (VR) 0.0686 0.0622 0.1558 0.1130
ik 59 IPE (VR) 0.0286 0.0295 0.0441 0.0667
I 459 YRR (VR) 0.0158 00116 0.0750 0.1734
U 7T e] dEk (VR) 0.0267 0.0176 0.1425 0.2076
Ao} #e)-3u phase angle x}o] 99.38 1161 65.37 22.34
Bt #e)-3 phase angle 2}0) 0.89 0.34 0.82




18 2

¥ AHAMLEE

normalize Ho] ok o] HAL FajM 239
2} cycleZte] G@AS Ak o 4 (D)o 2%t
EAH Zhe € ¢ A Bk

3. g2 (Results)

3.1 ¥4 #4749

TH/HETAANY 4= &% VEEEY Ve
BAZATL E J9/H TG g¥x 18n
&gle} kel 2399l coordinationd HBsF
T phase angle®] o)z} Al gAEE 2
ofE Atk

5lg ZIe A It
S 4olof of

degrae, degisec, degisec*2

1000

500 1-- -

degree, degisec, degisec™2

AlZb (&Y
|-’-r5 —25 -~7I-45l

* VR (variance ratio) : 022 F2¥U4E 4@
E =5 19 /e ol %5

o] Bollq et 4%, g&%, rigke A
o] o8 Bo] 1¥oR FHW v} 2}

A9 JoA ReFE uel Zo] AU
L5849 F2e Aole AAAR FF Hd
XAzAF 2 Aot FRE A& B F QU o
de HIgd BEHA Aot At He A
7b gjad g ARsie 2y Sell AU
53] 5 EIAoldN &xd viExdAe A
o7l Bde A & F Ak

3 2Ar A5 e
gxkelol (qusbec?)

S 150
@

£ 100
(=]

2 50
§ of
o

B -50
1]

B 100
Qo
2150
=
2200

MZH (&)
|—2.’E —&T _J'I'*El

BT 2T AL
Etxtel ol (quebec 2)

degree, degfsec, degisec”?

Al (&)

|..zr5 —3{E _JIEE [

O 4, Yalolnt QESKIS| T ZAT ZIETe| AjZlo| wHE waEte| of
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32k RN o ag @A) AR AUy Jpde) #F IF

19

TR-R-R-E-E-R-N-
td

&F| ]

£5
®
£
13

gl

=
=

7R
(dleg./=ac?)
120

- B38888

el i

0% 5 "alelnt 2F AL Ajol9] sa|ot Bule AT 24k Z7IET A0

¥ 4, ANOVA 3t

F 4 ¥# # Source | DF F Pr>F
#g] 2% (degree) Ll 1 119 0.28%
32 Z&% (deg./sec) BAF 1 10.69 0.0043%xx
32l Z7h%(deg/sec) 2T 1 1877 00004+
4t 7% (degree) BT 1 0.01 09355
T 24T (deg./sec) R 1 59 0.0252+x*
4t 27 (deg/sec”) 2T 1 6.20 0.0228+x
&g Zdxe] Y4AL (VR)* 23T 1 0.64 0.4324
32 Z4we] Y48% (VR) 2T 1 0.09 0.7635
&g ZVi5%s] 9#x (VR) 23T 1 456 0.0466+*
TV 459] YRS (VR) BRF 1 0.45 05114
9 &) 9% (VR) 23T 1 116 0.2952
0 7850 d@w (VR) AT 1 3.09 0.0960%
FHu 32]-3%F phase angle #}o] 2T 1 1824 00005
B #g]-ZF phase angle #}o] 23T 1 0.22 0.6445

wrr p<OOLONA] F2], #x p<O.05oA] 2], * p<O.1olX F9)

wg olela s BAole) Wz Aol
7t BAFESE FEA7t ANOVAE %34 3

FHAL 2 Zike B 4o Q3

9] oA vhehd whel o] ek e

e ZA7ETe A9 A AN f9
g zlo)E Byt & dHx BEAAE 3
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¥ KEAHTEE

E 5 ULT, AVETE AISE T g
(model=slal 24, 3¢t A& 52| AU7EST, Bt Z4UHEG)

Resubstitution 2] 7-$(%)

Cross-validationg & 73-%)

A4

LFEA

A4 az84

CRCE 80

80

258

70

Error estimate=0.1500

Error estimate=0.2500

g} Zuke] ZlEe] o] £ BT Aol
A dzA vehle Aol #eat ¢4, -2
¥ke) phase angle® 2HE A AARle] L3
2| phase 9 Apol7} & RoE etk o) A
2pete] gxlo] vlsh AAHQ] 529 #¥E 94A
oA sEgh ke e 4nd 7R
Aolg 488 4 ST AL YrjITz £+ 9
123

Z7lHog B AgdA f9 sictn wHd
4459 ZUIEEE o)g3le Fad Al 3
YA} o= Fdol &3 U=AE TR E
F E7tE dolry) $lgtd A a5@8A
Bawea 239 Kinematic ¥5E5E 4%
2 AAsln olyg W4 FES Ao
st FARY (BRiPS TR £ UT
HEA (Discriminant analysis)& AME-8ITH
B MgdME 4 ves F8A4E Wrtal
98 24 Roie A4 Kinematic ¥4¢) 1%
gg aAsled 23¢ 2HEUCE 2HEE Wy
ARl 9o stepwise Wel &3t Faxd o3
A48 Bre Bids gvigle 998 v
Aol J1gEe A4Ee A/MEEE WrR
ARG BEENY AS A5, WIERE
Egus T X BT ofHF FEol F
Aog EH3kes AHEEE 99 ANOVA 9N
o EYPdigel onjshe g ARgHolop dith

et R dlo

¢

ol H4& Filo Ad A&x PiEEs
e WgEo] AYS AdRleE £& #@XE
2 1RE £ 9= AFE AR F AL 2
Aake & 50 aekso] glck

Z &% JKECE 0|83 discriminant model
& A8 A ARl Aler 7R E F
A= BEo| 80%, BAF AR 1 2 5 3l
€ 2go) W%eln ¥ & vk 2y A
Aol w1 Datad] Wgo] v Z-& modelE
WG F RRwE 7EE ¢ Us Ag=rt ¥
olAE A%t WA HER e A
Jelz F&3 Datad /AL FZL 2dd) 9
g B8 AAsa (Cross-validation), 22 2
I 742} 80%, T0%E AREAZE & & It
Cross-validation®] ZIHE: ¥1 & W, &%
JKEEel 2e WS ANE A $E A
g £ 9= FHo| 5% (error estimate=0.25) A
=2ka A% & A

4. 9| (Discussion)

SFEWEL Y ANRAE BEFAY F
Z& A7) A8 GAHClE FeHFHolE
220749 NzE wol Az T e
ThEths o] Wuldog AwlAch e o)
He Q2L T3 HHe AU Fd) Y3jA
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32H FEEAC AP 858Ae] FFH AV Sdel] B A7 2]

ZAE o7t diiRolng g dFMe o]
& AFHoz ¥E) A% AxE dPsark
A AFH) T 5L A8 N2 i
LMM~} Hip Monitor$} 2 Electro-Goniometer
7t AHEERAL, ol FAFeE s A8l
2L seElEe] AEEAT. o8 B8 &3
o] AI7bH3l W Z%e] WEE £4T FUAN
3, 1A} 231 vl HAE Bl &xe KR
o ¥z A7 gAs) =k w3 s
g kel SR 4, &, g
o838}, #2]9} Fut Alo]9] Phase angle®] 3}
o], 5& cycled ¥YAEE ZAdH= Varance
Ratio’h = FA84A Hx, ZAHoge 3
gp Zure] F2E Ut 53 mEEE B3

eIzl ZH G o NTT
el of

7 80
5, 60
4]

Z 40
H

~r 20
3l O
20

0 10 30 30 40 50 B0
HEIUE (gegree)

SlelZ = of ZUFZIE of AR
UA3 && #xte o

—~ 80
@
580 -
B 40 }--
1o .-
Rr 20 +

ol 04
Hm_20

i} 5 10 15 20 25 30
T (degree)

O 6 "alelnt 2 #HKle| 3f2/2Tet
SHHT el AREA L o

A AR 5 AU

Azl A viehd wie} Zo] FAIn o) 3}
ol A WA E3) AMg3H= AmglA
Hile £59 7KEdM F9% g 4ag
g Ak ol dege] Fa) gF e 7Y
o] AA{F SN FH 5 Aoz wHY
T e 7FeAe BReFgival & a9l ol
& 74 &3 717t HeEiAn RHsEE,
474R19] Databaseo] 23013 W ¥4 4
43 2 $UE Aoz AZEn =3, s &
At Iwke] FHYS Relele] sk Aol
W3] AAERY #AYe A% Adg A
2% FHAEE 22 7 Avke A= HHA:
& A7olX AREE Phase angled] Ao] oz
Fdze} Ivdeee] #AN (1Y 6)5 F7t
o] sEplEs} Jhsditial Az, ole A4
A7 AFEAE FEsken MR w F
23 AR AME 7 & Aol st

YoM e vlE BW VKT A8
A RFEASY Al EFEAE RE L
stk ol s, Bt A FH4E B
FAG BES A7) fs AR dgEe
2 uio] 7p)Rrhs AAAQ dEe] 8 44
stk By Aol elgdicn sdgc Ed
HFEL 2WE (198)Y 2ATE AHE 97
AME FFAZT} i W 84 PMT 25
AR SEe] Aoyt Y= A4l W,
BeAts 93 #@AEe] FAWEHE ubA
HeAe] QRS 47 HeiMe F71 447
Fgsojof & A0 F Al ¥k

Phase angle®] Xlole dejsh 39 3399
23} (coordination) %8 WHa7] sl ALE
5tk Phase angle AA7} 2] Zhw9) 4%
sle] ARHAE ez vEh F3 gleEgd
Phase angle®] Aol Foijd AlztellAe) [(FE)
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3

-3 NEE AR T8

of o] Zmso} Aol FRAA) - (INAA
4est 445 AARA)lsE 1 duig RET
F Ak o] siEplEe FAXHCE YR &
A7k zlolg F e Sl W, 29E @
A e €949 F3e Aolz BHIY] oY
thed] @4do] ok z3Eg g Fulse)
A ARalr] s & 28 604 AT
e EdZ AR dEE sk
o) uighesiria Y2tk

5. #E (Conclusion)

2 @%‘t 7%y HUFERE FH0E E4H

A 55 o =wte 22Uy FoAS AY
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