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Summary

Research and development of evaluation methods of seated

posture change by using Acceleration Sensor

1. Purpose of Research

In the present research, the usefulness of an acceleration sensor as a tool to perform
quantitative evaluation on long-term seated posture was verified.

From the viewpoint of human engineering, it important to quantitatively measure
workplace posture, because the work burden of musculoskeletal pains is related to work
posture and movements. In long-term seated work, it is clear that forward-bending and
restrictive posture are common. With forward-bending and restrictive posture, there is
persistent lack of muscle activity that is the source of musculoskeletal pains such as sore
shoulders or hip pains.

Several techniques including direct observation, using video or still cameras, or directly
attaching angle sensors to the research subject were used to assess workplace posture. Within
those techniques, body pressure distribution measurement device and surface
electromyogram were used along with video cameras, to evaluate a continuous seated
position. Direct observation or recording of the subject in the workplace with a video camera
is straightforward; however, detecting minute changes in the seated posture over a long
period of time is impossible. Also, using motion capture devices or angle sensors are not
easy to apply to numerous subjects for the time to mount and set-up is necessary and it can
easily interfere with the subject’s work.

Therefore, this research, a method to quantitatively assess the seated position that would
be comparatively cheaper and at the same time not be a burden on the subject was atte mpted.
Recently, small and light-weight high-speed sensors have been developed that can measure
the angle of the seated posture

Also, While examining the issues of how seated work increases workers’ burdens, the

case of nurses who have had VDT (Visual Display Terminal) work recently added to their



duties at work was observed as an example. Also, an assistant tool was introduced with the
aim of easing the burdens of work.

Several studies have been done on using high-speed sensor to evaluate walking and
sleeping posture, but there are few studies on work that requires staying in the same position
for long periods of time. Due to that, my aim was to examine the usefulness of using an

acceleration sensor as a technique to examine sitting positions and workplace posture.

2. Summary

This research consists of seven chapters. Chapter One gives the background and aims,
along with placing it within the existing research. Furthermore, analyzing quantitatively the
work position in order to improve the suffering caused by long-term seated work is described.
In the Second Chapter, description of existing literature on the suffering caused by both the
seated position and work position along with the evaluative methods of examining seated
work. This research shows that rigid muscles problem associated with the posture of seated
work caused staying in the same position for extended lengths of time can be improved by
the use of an aid. A description of the significance of recent small scale, light weight,
high-speed sensor have been developed that can measure the angle of the tilt of the subject’s
posture, yet does not bother the subject as a method to measure the seated position. In
chapter 3, A case study of long-term seated work with the case of VDT work that has been
recently been added to the work of nurses in a medical institution is used as an example.
With the introduction of electronic medical records, the entering of records has increased,
and seated work has become more common, this has affected the seated posture. In Chapter 4,
the observations of the VDT workers using the aid in the workplace is recorded. Before the
aid was introduced, it was easy for the worker to bend forward was confirmed. After
introducing the aid, change the seated posture and how the burdens of seated work were
lessen with the use of the aid was observed. In Chapter 5, the results of my examination into
the effectiveness of using an acceleration sensor as an evaluative method and the usefulness
of the high-speed sensor in recording the title angle of the upper body especially the

characteristic forward-bending or rigid position of long-term seated work is described.



While it is difficult to capture fine changes in the seated posture through a researcher’s
observations or with a video camera, the high-speed sensor is useful as it allows for
quantitative and continuous recording. In Chapter 6, a description of a combined approach of
labor physiology and labor psychology that was taken in order to investigate the high-speed
sensor as an evaluative method of the seated position and workplace postures. Depending on
whether an aid was used or not, the tilt of the upper body, the amount of muscle movement,
and amount of bodily pain changed. The research shows that the use of an aid reduces the
appearance of forward-bending of the upper body, increases the use of the psoas muscles,
and reduces hip pain. Therefore, the research shows that the use of an aid the hips and
reduces the upper body and hip pain. Chapter 7 contains a summary of the above results and
discusses the result of the survey examination and tests. The research concludes that
quantitative research on long-term seated work postures through using an acceleration sensor
can be achieved. While it is difficult through either a researcher’s observations or recording
it on a video camera, the high-speed sensor can keenly measure changes in work postures.
Accurate measures on the affect of the presence or absence of an aid on the workplace
posture and that quantitative assessment were achieved. The research shows that using an
acceleration sensor makes it possible to accurately and quantitatively measure the tilt angle

of the upper body.
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M Bh B e Ly i3, 14.0£9.6°, THBIEH Y | 1%, 9.6£8.2°L 720 | THBIE&H Y |
DFBERAEN NS o TV, EAFmIE, THBIEA L) 2 2.6+2.9°, [#
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BhBEH V| 23274220870 B HTIAICHT, HEAEIZRKREREITR LN
Mol

#*5-1 EBREED 60 55 TO VMR AL (deg.)

FIE+RERE
mBEZL BN EHY
gitksmE [14.0 + 9.6 |9.6 +8.2 *xx
EEFmE | 2.6 +2.9 [2.] +2.2 *x

***p<0.001 n=10 ‘EH¥ELSD

AT, BFEIRR I IC K D2 BB 2T 5720 B3040 - %F 3005 T L D,
W EOFRIZL D% G M ELLATMOBERAEOEHEOEREER 52 ITL
To. i H Mo THBIEZR L) OSFEMEIL. A 30 4328 13.949.6°, % 30 437
142+9.6°TH o7z, T EH VY | OFHMIT, /i 30 532 9.6£8.3°, % 30 77
N 9.7£8.2° T o 7=,

A OB B 722 Lo SFBME T R 30 5028 1.942.3° 4% 3 30 43 1%.3.243.2°
TH¥IODOMBMABAENRE AEENBD L2 (p <0.001), T#HBIEH Y |
OFBE T, AT 30 2325 2.942.4°, % 30 3D 2.4+£1.9°T, % F 30 OGN
R AEN NS, AEEVPEO L (p <0.001),

MEEN S OFERAORMBEEZEZE L b, RERREICHE S 24K m~ D
RAEOEIT, BHEOANNEEDOFNRKE L, MEEE PN ERSFMIC X
D EEROERBEERZTND I ERNDNo T,

# 5-2 HIY- 3047 - &30 0 O MR A (deg.)

THELEERE
BI$30% #E309

- AHELL|13.9 +9.6 142 =+ 9.6

ESE Lemamy] 0.6 £83] 0.7 £ 8.2

@BELL| 1.9 +2.3| 3.2 + 3.2

EESW Lemmamyl 20 =24 2.4 + 1.9

n=10 SEYIE£SD
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5.5 B

ABFFECTIE, BRRMOMEMIEEZ IR 2EB Lzl li+ 5 -oic, Mk
v EHWERIMFEOAR A EZRF Lz, R HEE L TIX, RIEORITRZ S
& G OB A EEFHRL T, EREMGEOEWVIC L 2 EBLE/IIT OV TH
AEATo T,

FBR T TIE, REALIZ BT 2 REBEAL O E &AM Z1T 5 72 oic, M E & 9
ZHHERKEHANT, ERORIZRIRICK 2HEAAEEHIESHEOLILIZONT
HHBE 21T o7, TO/ME. SR REL( T, ATEHRE OB A LN KE
K753 E, HEBEGHEML, FROBERAKE L HEHEOLILL —KT 252
LR ST,

FEBRITIE, MEEEVIT, F—ANICEI WM EEo#B & &L EL MO
INEWRBEAL A GBI 2 T o, AERTIZ. | BEOFM AR LR oA E
ZOWTHHFT LI ENTE, RN RZRALMOREEWALNITHIENT
X7,

o, MEMIEEZICB TS, MBEOFEIC X2 EBE(ICONT % 1T
W FEBREHERNIC LD EROBRAEOE N &R R EBENEH S0 Lo
7=

ZOZENL, MBBEMLHARICHT, @EOANEED TN, BT ~OER
MENRKEL, AIHES Lo T0WAH I ERNbhole, ZORIIT, EHL, W
BAWE L, VDT fEERFIC LRR ANV RBZMOEEFT N LV &V I
FE—FLTnwdEeBxonNn2 D i, EAFWTOMEAAEDN 6°FRETH
Sl b MEREOEVWHNREBRZWMOFET TWVWD LR, Fa
LOWAE L, VDT EERREZBOONTNDEEWVWI) ZELRBEOKETH D
EEZBHBND Y,

EHO, THOLOMIETIE, BME COBERREIZLDIEELRB O ST ITONR
Pz I REHIBICRBT AEBOR L LT, EH LI, EAE 6 KL,
HIA S IXEKEALZ 6 DIC/) i T, VDT (EEZRB O 21TV, 1EEZB M m
ERLTWE, KEBRTOMENL, fEELXBORVFEMAL DTN ARTHD L
B Z AL, MEE A2 W &R O R EEAAE I X D REBE Ao E & FF A
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FHTHDZEBRBENT,

Fo. 1R OFEBRTOLEL 7 OB EOFEEER 3R ThH o722 L&
AR T OBEBMAEICENTH MBEOFEICLDERIT44°THLZ ENDM
ol TOXIBRNSWEBAEDOLE. BELLZFNTDHEE LT, @A
FICELD2EMRRHI A TRETARERLLE TCOFHB T, FEORICE W TRAN
bhoeBEZOLND, MEEE X, BMREoBro@lRMELREL, &
RIS DT DR EMAEE CORBENOFEMBHE R ELTH LN THZ N T
=7,

PRIRFRY 2 BB TIE, B G ~OEBMAEOHB L ET A NLE8IELED
HCHERLIEME., VDTERIC LD ZREBZTZT TR, T2 2 EDRIKR
TERICH ., FEROERAEICER AN, £, BEOANIEETIE. M
By B oo Rt~ AR ET T ~ OB A EN K& < BTMEHE ST 2 Him A R
Hille, £ LT, VDT fE¥XOFEHIT, MBI xR/ hEnZ &b, &EBREML
R DERABIDER /NS NSO LHER Sz, Lo, MM#EEE - HIT, 2~
3R DA A E OB LELA T O CREOMHAAEZEMCEX Tz b
M, REMIZBIT DEERB L ERICHET 22 ENARETHDIESE XD,

b Z &b, ke <, [ —EB8n k< FRERED 0L %51
FToHHEE LT, MEEE P ERHOWZRMFIEOFAER R I,

56 &9

AR TIE, 3EOMEE | V2 HFHICEE L, REMIEERTO RKRIZAET
LMEENS, EEORIZ TR - EAHFMOBERAEZRM L, 70, MEAM
ICB T AEXERBOEREFTMEZIT O 2DIC, #MBEOFMIC LD LIEORIEZ M.,
AT OB EDOZEAIC O TR 21T o 72, TORK, MEEE
F. R ORBEMEXZICBT 2HNREBELEZHBICH I TVWDLZ D,
RN OEEFMIIAHTH DL Z ERRBINT,
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H6E MEEE Y ERAVIREMICET DM EORE
— MR X S ERERBORBEEBICTOWVT —

6.1 HW
B S EIIBWT, MEEL LM FEOFRAMERNRENZ, £ 2T,
ARFIETIE, S OLICHMTFEORIAEZIT I 2D, WEMEEXTOBHIEHESY

KT EEEDLEEFMEITV., MR OFEIC L DEERSEOEE M
THZEAEHME LT,

WA, fEFEFR OB LT, MEMREFER>TWVD Y, ZObREERIC
L2 RN AENER L HEKRZ2EOBENMBEL 2o TnD D% ke iC
Arvbta—SEEEsERAL TV EBED 9 Flid, BRa Yo — 2R E L
L. TOMEERRTIE M2 KM L 4 BRI ] 25 25.1% . Te Byl 2L B & 20.6%
L. BEEEBOFEEERNEARERMOa s Pa— 2 2@ LTEBY ., KWEME
BLEREMLLLTWDIEBZZOND, ZOME, BENICHERNRIET 2K T
WAHEIFMTENIC LY, ERERE LTI, TEHOEL] THZY - Wil [BEORE
s »EFohTnD Y, TOHBEKROEFERICAERSND THZ D]
MES ) OTRHICIE, BEREOEEICHE L-F T OBRSCER O S OFER L
NETFONTND, EEFEELBERBENERZL I TND D),

T, BN EBOGEAIE, BHEOABRY RS ORBELE, BBREVLTDH R
ENRELWEB L LTETLNS, LL, BBE~OEMROMEITEL <, F¥
FIXETEESRIC RV T WV EShbRTng DO - ELWMEERSBETH -
Tb, RFMOR—ZT, WUMMICERMOBELZE5 25, 207, BiE
EREMT D12, BHEMABE~ONBREORELZEXD I LENLETHY, K%
CEDIELSELIIENBEETCHL SR TND P, 22T BHEEARIC
RRHIME S, MEMN TORBENZRDTHIANLETHDLEE 2L, AXE
BRClX, KEDO= I A AR —1LThb2DY 7 A=y 7 (SOFTGYMNIC) IZ
EHL, iR L LTUSHTAZEOREEEZRIET A EE LT,

ZLT, M#EEE Y ZHWEZRBEMOMIEEZIT O 2DIZ, YT FYV A=Yy
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JDE[EEZHEL, BblhitFFhoMicrsyra rRoVIERT L2 &1
LOEBENEWONICT DL L, EREMHFLE LT, B@HEOANEELH
BBEMERIZE D2 ANEEZITOE T (K 6-1), RIEAOLRAEE FHIFEENIZOWT
FFEIL T, REMICOT 2 REMIEECOMB EOFEIC L 2FEELS O AHEE
BAZ DWW TR %,

| |

(A N N=S/ [ 5 5 ik]
EHA£ : 20~26cm
HEHX :70¢g

FEH o BipEiilbe=—n
6-1 M L7=mih & &M HiE

6.2 EERIGIL
6.2.1 BeBRE

PBRAE T, RE LB L 104 (BYEsS A, KMESA), FHFERIT, 22.722.0 5% T
H o,

FRICEL T, BREFBIZAMEOEE LA Z XEL NHTHB L, ERIC
PSR IR T = N

6.2.2 FEBRFIAE
EBRTIZ, MEEE oV EHEXHORTEMEZEESE LI-WBREIC, NV a3
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R DREXEDOANFEREZITOE, M)A OF I XD R EALERE O LB LA
EEBIEAZEH L, £, ¥ T EFBMLL] 2iT7o7, THEFEDOA
E¥E) (LT, THiBhE7z2 L) L) & MW R#ERICL 2 ANEE) (LT,
B EH v | L3d) o254 T, & 1KFMTOEML 7,
AREBRTHEALEZT A7 OFE1E 700 mm, fif 7O @ S &, #BRE D RE LT -
ro B FIZ. NHETOI27F =27 ZAYR—RFZAZ X — RB]EZHHL-,
VDT # &5 1X. NEC /X— Y F /a2 —% PC-VX9007F, 7 4 A7 L A X, 174
YFOIERMT 4 A7 LA (LCD) ZfH LT,
BREICHWEXEIZ, AR AROAE [—Ro®] »oHEL TRR LI,
MS-Word ZfiH L T, X = L2 Em A M s L, Ao Iz iR E S FE TH
LMEEANDNESEE, F—FR— FNOMEIIHEREDHE Lz, NV a @i e
OB, BBTrh 40em 12725 £ 9 IR LT,

FEBIT. IR 1&MEL. 1RUEOMBEZH T T, 25KM01T-o7, EFZRE
ZELC, B ER L] > THBEHY) OJECRHIET 8L, THEHY | -
(Wi B2 L) OIECTHET 2RI IT TEREIT - T,

6.2.3 {HlEHH

1) I 3

R E 2 o3 E (%, TR-BIT (Radio type Bio-Information Tracer) : ¥k &7 —
Ve T A oA —] ZHWE, KEZ, #it 40 mm, £ 36 mm, JEX 8§ mm, 13.2g &,
WL B ETH D, TOD, BEEKNMZILEAERVWED, HEICIDHBEE O
BN ERTITO ANEEICOREL 2V,

EEOIT, WEMEETOLRBEZAOEEFMICIK T 2 MEE - OF A%
IZOWTRFZITV. 2O FEE®E L,

R TIE, XY arDOANNEERICELD EEOERBEZEBHT L &%
ARG L L, IdHE Y o 2 8BRE oW (54 M) o7 — 7 THEE - &5 LT,
THREOEHICMEEE L VP 2EET L b, BHOBMNNERE ZLIC
Ripd, ToOMEEELZZE L., 22 THEHFEBELE KBTS —EHR LIS D MEME
BOMEpmEREMHEE LT, AEYr L LA, REHEORHFEL LT, £ER
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DAEHEBAAA 1 310D 10 B O T iC O Fif FEAL LB o i IR T oM 2 B L7z,
R BB R OM R L L TWNDD 1 B EWEHEO S ToRBLE(
Wb DL EEL, MLk m., EATMOBERAENS . 1 BHHEY
OV EFEE Le, REB L VAT ~OBRIEZT 72 (+), BT ~0B/ %~
A F 2 (=) &ERFLLE, EAFRTIE, HEFH 0°LVAE~MEE B H D561
FIA (F), E~NMAERDHHE AT ~A T A (=) iR LE (K6-2),

e

6-2 HiItR 07 W OB AR oG 05 18 O R B

2) F i fhE X
REMEBEMRIZEY, EETOHEBER Z#K L Ttk Lo, MESMIT, 246 0M
e BFS . EEA . R AT, BB L L, REFEXOWTIT. LH®

HARk7 7 (TEAC BA1008) #ffHH L, 74—V Kb a—F 4> 27 2=y k (TEAC

It

o

ES8) IZRtdk L7z, WIET — &%, A/DZE# L., 1000Hz TH 7Y 7 %47 o7z,
RRRIRE R 7 — U = B X2 BRI 247 o 72, 7 — U = i 4 o I [#] i %
256 mi. K9 0.25 MR E Lic, K& o IR ICIX, OB (ECG) @ QRS I
DIRIET HMERN L LD, LEK /A XDOREFIEEL LT, 30Hz & kiEi#E
TANZZRD T AN ) TR EODENTTIENM TN TND ZLEEEIT, &
WA 30HZ LLF OB G EFEH L. 2SO 5E 0 0.25 B 50 ¥ JH M.
il & sk o 7= 0,
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3) WIHEALL B

ERIC X 2 BN THERE TR OB LERET L7012 THEITEHAML S~
RV, 17 OF KB DORARLITELDL SOBREZ [0: R<E LW T1: T
ML D], [2: 20 E U] 3 :@<E D] @4 BEBEEERIZE AT, &
HEOREEZFER & Lic, 2B, 17 OFIKRMALZLL T D 4 DIZHEL - LT,
W, AE. K% 8- B, AEk. £k, FFE. £EFE. A -8, &£
Jof - w2 [ ), B, Hie [BEE]. A - RIR, 285 - RIR, 4
B TR, R - TR, AR -fARE. AR -ARkRer [TK] &Lk,
EEICEIEFTRNOBRENENER XD Z L 2B E LT, {EEB AT,
MEZEBRLE 30 k). MEEKTHR] OFF 3 B, TEHFEHAL ] & FEhE L7z,
AR T, TEEK TR 226 EERGHT] TOREROZEZEIY | JE 57 ORI
M7 b L LT, RREOFHME AL L L,

4) 1EE&E

MBS EDOANSMEFEL 30 pEEML T, 5 pBIKRBZIRY . Z0®% AIEEE
30 AT o 7c, ANMEEICBIT D AN FHeFEE L LML, FEBRLK
ERIBFICATIZITW, AN X FHEIo v MLz, 30 02X 0 & LT, i
3001 T#F 3045 ) OXF ek L, TR 3001 & TR 30201 OEF X
Breetixads L,

6.2.4 HLRMLEEJTIE

KB AEKEZBL TCOEBEMICOVWT, —TEBEOSHESITICLY . MHEOD
FEIZEDEBIZOVWTHEBRLL, 72, BFRINICHIT2ERALIEMHiEE&ED
ZALZH O T 272DI10, ZnBl@EO ST 21T o7, THE AL L &~ 1%,
JUNTZ ARy IBREICKY, M EOFEIZOWTIR L, FERIE. THT
305 T#£¥ 300 BT, ol EDO WO 21T -7, HaHLR (fFEAT
¥ 7 k) I%. SPSSI18 for windows Z ] L, AEKUEZ 5% K & L7,
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6.3 R
6.3.1 LRDOFTER T EERTH~DLEBEIZONT
B B L) THiBhEH YV | OFEBRFMEZENEND ., Atk W & LG ~D
R O E B EAR R A (LR, FHEE =T) OfREK 6-1 IR LE, &
KD 60 43 [E T ORI F I TIX B EZ2 L i 14.029.6° THBI E & D 1% 9.6+8.2°
Thole, EALMTIE, THBIEH V) THBEZR L) 1T, -1.2+3.7°, THih B &
D)X 0.7£3.4°L 20 [ HitR - EAF M E BIZ THBEH Y | o7 B3R B 23N
<, M RofFE L 2HEMAEICARERENRD LR (p <0.001), EHBRO
BT & X 6-3 127,

®6-1 FEEEED 60 /3 [E TOFEBUR A E

$i’31”€i#%’eii’€-1ﬁ§
BB HEEHY
Ay (14.0 196 9.6 +8.2 xx
Earm (1.2 3.7 (0.7 £3.4 *x

* %k ok

p<0.001 n =10 ¥ ¥{E+SD

QLN APNVIE(EE [#iB) B IC &2 A 1E¥]
6-3 EEROERT
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WIS, BB LD, AR L] THEDH Y] OoFZBREMETHETHh O, i
whmELELA B ~OBERAEOVEHMEOREREFR 6-2 1IZ/8 LTz, Ak 7\ TIX
Mg B e L) Tl v Bo G aERs/ sl THhAEH Y ] T,
ULV DG NERMEN /NS AEREPBEO b, £A TG TR
BRHETOHEFERZTRO NPT,

# 6-2 BLBIOFHIHE - LA JTE OEEE R A E

THELEERE
BEIELL BHEHY

N = [12.4 +12.6 | 12.8 + 9.5

WESE e 1157 + 44 65 + 50

= | 06 + 3.2 01 + 28

EEAR o 117 + 40] 15 + 3.7

n =10 -~F¥JE+SD

M B O EIC L 2REHRIEICHE ) BBEE(OHEBZHLNICT 2DIT, 5%
HCOFBFMERLEAETAOEMAEOEHELZHEHL, TO/BEELE 6-3, 6-4
IR L7, BRIt TR, S BT X COXSTIHBER L] X0 HhEH v
DT VERAER/NS L leoTEBY | 55 TORIE G M TOBRAELS THiB)E
L) & THiBE®Y ) THEREMHE D N (p <0.001),

EAGE T, THhRZR L) BNt~ FT2 (=) OfEERL, E~EHA LT

LHEMICHY, THBIEH V) TIX, BT 72X (+) OfEEZRL, H~EEL
TWHMHPm TIEH o720, THBEZRL] Ik, EalZiWELls TN, 5

NEBETOELAGM TOMBMAEL, THMBAERL] & THBEHY ) THERAEN
BBz (p <0.001),
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* 6-3 5474 O FIE J5 18 DR A E O AL (deg.)

N SEh
RRED T emELL | ABEHY

5 1.9 =+ 8.8 7.6 + 6.0
10 13.9 =+ 9.2 9.3 + 6.7
15 143 += 961103 =+ 8.8
20 143 =+ 10.3110.7 = 9.5
25 146 =+ 981103 =+ 8.5
30 14.6 =+ 9.8 9.3 £+ 9.2
35 14.0 == 9.6 96 = 8.5
40 14.0 =+ 10.2110.4 = 8.5
45 13.5 =+ 10.1110.5 =+ 8.2
50 13.5 =+ 10.0 9.2 £+ 8.0
55 15,5 =+ 8.9 91 = 7.8
60 14.6 =+ 8.1 91 £+ 8.0

n =10 ‘E¥ELSD
#£6-4 S5HmOLELAFTMOMERAEDOE (deg.)

" EEAT

RRRD EmELL | BHEHY
5 -1.0 = 2.3 0.8 = 5.3
10 -0.8 = 2.1 1.0 = 4.0
15 -0.9 = 2.3 1.2 == 3.1
20 -1.0 = 2.8 0.5 = 3.2
25 -1.1 = 3.1 0.8 = 3.1
30 -2.0 = 3.7 004 = 3.3
35 -1.1 = 4.3 1.0 = 3.5
40 -1.1 = 4.1 0.7 == 3.2
45 -1.4 =+ 3.9 0.7 = 3.0
50 -0.8 = 5.5 004 == 2.8
55 -1.3 = 4.4 004 = 2.9
60 -1.9 =+ 3.7 0.3 = 2.8

n =10 -“FE¥J{E£SD

6.3.2 FHIEEEICHOWNT

TERA IR J7 O R E T & 2 8 B BT 24T o 7025 0 RR AR08 (2 FE D MK A e
~OBITIZA N o, KEAKR~OBITHR ST, JKH~DOBHEE RN
RoNgholcZl bbb, MBEOFEIZLLHIEBOFMILELE LT, Faofs
BH L,
MBEOHBICL2MIEBHEZ LT D7D, EFIHMML S CHERE
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WRERLN TEE] & THEEM] CHEBL, £, EXLEBLLICEERTD L
FZALNLEADOMEER LA L B OMRZ R Uiz, BRI D 555 &0
HBEZWSNICT D200, BRAELFRIC 5 2B TOABHEHREL L THS

flExEHH L7z (F6-5),

FKEHEXTIE, BEFOHBRLRE LT, REKRBIZL 2B MEOBERIMON
T2 200D ORERR T, A OB O KOEm AR B, 5 5E
TOLHEOEF L, THihE2L] & THihEHY ) THERERREDO LR (p <
0.001), DM G RFICHMORIE & & bICHAEICHEREmA RO, T
H7aL) THiBh B H v | THERERHE D L (p <0.05),

FEMI R L2 MIEB RO LT, MBhEoREIZLS72 0 il EAEN
KE WA AR ST,

* 6-5 HWEFH ¥, B O 5 53O EO g

pal

) H (BiEf LA T A {BiEH LA
B mBEALL wWEEHY &5 mBEALL wWEEHY
5179.5 =+ 60.0 [137.5 += 76.5 5182.1 *=56.7 |48.7 = 29.6
10|70.2 =+ 57.5 |147.3 + 92.5 10/84.5 *+=63.4 (49.3 =+ 23.9
15(86.4 =+ 68.1 |143.8 =+ 85.7 15(82.8 *=75.9 (42.2 = 21.0
20(90.9 =+ 70.6 (145.7 =+ 90.2 20(69.4 +£74.0 |43.7 = 21.8
25|69.0 =+ 60.7 [145.0 += 97.5 25|/71.6 *£=73.3 |50.8 =+ 30.7
30/83.7 =+ 58.5 [139.0 =+ 88.0 30/70.5 +£70.8 |46.3 =+ 25.2
35|70.5 =+ 70.9 [134.4 = 94 4 35/63.1 £59.7 |50.2 =+ 35.0
40|78.1 =+ 77.5 |148.7 =+ 103.6 40(63.8 =*=57.9 [(44.0 =*= 27.1
45|80.8 =+ 77.8 |149.3 =+ 101.9 45/64.6 =+=57.1 [41.0 = 21.8
50/88.1 =+ 86.5 [156.4 =+ 104.9 50/63.1 +£58.4 |47.7 =+ 25.5
55(91.6 = 82.4 [165.0 =+ 116.4 55|/65.1 £56.9 |52.3 + 32.4
60[(98.5 =+ 77.4 [159.4 =+ 108.9 60/62.4 +56.9 |52.4 + 37.2
B H EmH BRI £ B
B HWENELZL WEEHY B WENEZL WENEHY
5192.8 =+ 53.2 (94.2 = 65.0 5191.3 *+=48.6 [74.0 =+ 66.4
10|194.2 =+ 58.2 |94.8 = 717.5 10/99.8 *+66.7 (80.7 =+ 89.5
15(94.6 =+ 61.9 |99.4 =+ 89.0 15/107.5 +=78.6 [86.3 =+ 103.6
20199.3 =+ 72.0 (99.5 =+ 89.3 20(94.7 +67.2 |88.6 =+ 107.4
25|95.5 =+ 68.1 [96.6 =+ 87.9 25|110.3 +100.9 |83.9 =+ 98.2
30|87.9 =+ 57.4 (104.9 =+ 86.4 30/194.5 +£70.1 |83.6 =+ 91.8
35|85.8 =+ 54.7 [128.3 =+ 97.1 35|84.4 +47.8 |75.8 =+ 68.7
40|89.0 =+ 56.6 [138.7 = 97.9 40197.4 *=178.1 [92.7 =+ 109.7
45|88.9 =+ 61.7 |136.0 =+ 97.1 45|101.4 +=90.4 (83.3 =+ 80.6
50/98.9 =+ 84.9 [135.5 =+ 98.7 50{97.6 +=84.2 |96.4 = 106.2
55|93.4 =+ 79.4 [129.5 += 91.9 55/93.3 £80.7 |93.2 =+ 109.9
60/88.1 =+ 75.1 [137.7 =+ 102.5 60/91.8 +£63.6 |90.4 =+ 111.2

n=10 YV¥fE+SD (mV -s)
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6.3.3 JEITHAL L & X

WA OFWIZEDEHORBEDOENEHALNICT DdIC, TEEBMAR &
MEEM TR OFROELFEB L, DEFBAL SR T, 17HMEZ 4512
FR - L, BEBREOVHME LR Lz, FEERIC K DT OREE D
AN 6-4 |2~ L7z,

[ -B] Cix. THiB A L] 28 0.920.7 AL, THIBIEH 0 | 28 0.420.8 s &, T4
By E&H Y o, EERT & EEKTH] OFEROEN/NIWEPIZH > T,
[ EiE] <k, THiBhEZ2 Ly 23 0.9£0.5 si, THIBIEH D | 2% 0.8+0.5 /A TH - 7=,
[ ER] i, THiBEZ2 L) 28 0.920.7 A2, THiBIE & Y | 2% 0.3+0.5 4, & T4
BREHV ) N TEER & EEKRTHR] OFR0ENNSLS, MBEDOFET

BERENRO G (p<0.05), [FHE] Tix, THiBIEZR L] 25 0.4+£0.5 &, THi
By EH Y | 20420588, ZEALEEVRRONRD ST,

k
2.0 mEBELL
~ B R EHY

15

L]

0.5 -~

£ HEB- FEED T
IR 55 B

m
il

X 6-4 TYEZERT) & TEEMK TH) TORBMIAOLLE

n =10 *p<0.05

6.3.4 1F¥&
B H7p L) CTOEEEIT 2294+561.3 =, [MiBhEH D ] TiX 2310+740.3 F
T, B oFETHERETRDODON -T2, £7-. Bl 30 5T, T4

4



B L) TIiE 1119+376.9 7, THiBh E.H v | 1% 1087+£257.2 F. #% ¥ 30 4y Tix 4l
BB Ze Uy 1 11744371 7, THIBE H YV | Tl 1223+4312.1 T, By 30 4. %
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