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Abstract

In many manufacturing and service industries, workers are required to stand and walk for
extended periods of time. The occupational musculoskeletal injuries and fatigue may result from
prolonged standing and walking, especially low back pain and low extremities discomfort and
fatigue. This project will proceed in two years. The first year, survey the musculoskeletal fatigue
associated with prolonged standing/walking work; the second year, measure their physiological
fatigue of low extremity in laboratory and propose solution with ergonomic intervention and
eval uate the effectiveness of improvements.

The tasks have been completed in this year are as followed. In questionnaire survey reveaed
that 86.2 % of subjects had prolonged standing/walking more than 4 hours, and 62.3 % of subjects
stood on the hard surface. As for the fatigue of whole body and lower extremity, 68.1 % and 70.5 %
of subjects had experienced tired and very tired, respectively, the prevalence of lower legs (82.2 %),
lower back (71.8 %), upper back (65.2 %) and feet (60.2 %) were found to be the most pronounced
and prevalent complaints. In laboratory test, the circumferences of lower limb were significantly
increased with standing durations, particularly after the first hour in three conditions. Lower
extremity blood flow seems restricted, which causes fatigue of subjects after first hour standing.
The results of muscular stiffness were not changed significantly with standing durations. The effects
of foot/flooring interfaces were significant. When standing on force-plate with barefoot, the
circumference of thigh was increased much more than those of other conditions. In field study,
using the mats could cause to reduce lower extremities discomfort. This study concluded that
standing duration should be less than one hour and provide comfortable shoes and soft mat to
prevent fatigue.

Keyword: Prolonged standing/walking, L ow extremities fatigue, Ergonomic intervention
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AR A SF-36 M BRI X X4 F SRR ILA L S48 @ o B P AT
£ k5T RS PHIERER  FREFMSILRAGHIFEAR  £E5EAFHE I HZ
FIERABLLB AT FYERFIE BT EREGMS IR AHIMFEAR - HEERILR

£ o
% 5 %3 %z SF-36 P A% £ (N=762)

7 B AR FHBOAREE) BAFHPHEGEEE)®
X200 84.2(18.3) 88.0(14.7)
B AR A &L R 74.0(37.0) 77.9(34.0)
5 B8R 67.8(17.5) 77.9(19.0)
— AR B KL 54.1(18.0) 64.0(18.7)
IR 52.2(16.9) 62.2(16.8)
& ) fiE 69.5(16.9) 79.1(16.8)
HE4s A ez 66.5(41.7) 74.7(36.8)
N¥::05 Y3 58.0(14.4) 66.8(15.5)
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2R+ X
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2R LR G ARZAEREHN BB EAR TREFZRESH 25 HAL T ¢
31 K EFF 3h /R B H IR T BOR 5 TR E

BHPMBAERFER  AARETREERTREY /A EARKRETEZ /4R
ML EER] o AT BRI T @ 0 A RIREM T XBATUAT 3 BARREZTR > 55 4 (D
KR E/ FBp ~ 2. $E/ s 3. KiR¥&Em /g ¥ - F K% 18 (Dependent variable) %
TR MR AL AR AR TS o SRR - KRG - RSB TR IR 54 E 55
R4

14



311 %R
AERELBVEIOL ARERAE  XAFGFHHZH170.9 20 B ECT.3AF » &b
726 2 35 R BT BALA T84 TR h® kR L -
312 Fs%th
LVEEER
B & 2 R(Gulick TapeMeasure) A & 3t R € 2 £ 5k 1 » E R RMA — R A3t THRE

RAE T 2RI SALAR B 69 B A1 0 LU D R A A SR A IR A T AR R E 0 B LATOT e

I

REBRD> N ZR AMBENE V2 REE > ERAREEFZTERES S TRFEXRS R
R RPIME -

(2) BLA3RA

AL A 7k /7 3+ (Myotonometer, Neurogenic TechnologiesInc.) » 48 2 FrT » B X £ 3h4E %56
ML B R EHE > LSRN EEEZ ST > LAKRAFRE AN ESE 1425mm
Bl oAt 2 AALA 0~2kg 2 /1 & > BaskHABHEILE - B 3w~ o T ZILALA S A
A2 B ¥ EMG A % 48 Ml (Leonard, et a., 2004) o =T #rif 3046 & @ AL A 8912 52 5 LAE F Avdm
EEEZWHENE > ERFHIARBEARL > ANEBERERAIAR—ALE - AR L ER
RAE AR 6 RALAZIKS > &8 % AAL(Erector spinae) ~ ik w9 57 AL (Quadriceps) ~ ik H AL

(Hamstring) ~ A& AT AL(Tibialis anterior) ~ Bz AL(Gastrocnemius) 2tk B & WL(Soleus) °
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150 f ‘/ 2H 2007/5/3 F4F 031554
7| e
e o] TH 2007/5/3 F4F 02:20:44
1.00 / # /
0.75 /\ "/y
05D v‘f./
0.25 —_—
0 1 2 3 4 5 5 7 8 g 10 M1 mm
3 MLATKRAFERILR
3.1.3 F®¥ %

AT HA BRIy > F A ERRTHIE &30 A Kb 1EE RS

SR AL T -
131 AT EAATHUE

REBRXBEA 10 LB FRILAFTRALRAEIRER o TRFETERAT > Lk
TAEER  CORAAMFRAGER  MEAXIRTOLESS - HE - REHAMZ > AR
TR LA XA - BRETH > TR S ALE > AEERLE > BRE
BRI —FHRE  RFHEERF KA/ 20 E - TRoF TAHEBTXEHE A
EERiBfR FEMRGESE -

3132 AsEEERE

ASEAF EBBRAT 0 RBITIUAKRAREARE SR > MLAKRANAAERIE L ST AN - Kw

SAML - BREAL ~ BRATAL ~ BERZALELLE B &AL © L4RALIA Tk 7 41 B B ) B e84 % R S
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MERABZHFRAHEME > AFAETHRREER - FUE T EBIKE T 5415 AE K A
WRITER - BRI A 400 B R+ 404 - B TREEMRETSERREKREZ
TEr 0 23 B Q) KRG A~ (23 Fu - Q) AR E/ES I o HIRIKA FUE B R
(Anti-fatigue mat, 1. & F £ MM A R d)) » HBFATENRBETURDESR » wB 4 5

o EHBRA AT AR A 7R E (NikeAir Max 360) > ka8 5 A7oT

4 F 5 A b

SEmMAEHE

FIREATE » 2 RH 35 LB TAEsE AT BT R R KK 3 TR R
A BAE % BB R EATIE (TR MR A 81k 2o B 6 FF % o e Bk R K IRIEI B 4 1 Bg >
BN RAT S »EEAILATRS B K - FEPR A 10 2 BT — R R - BB
2P AER 4 4 500CAK 0 B H LR - S AIEHE DRI — L8 HET RN B LBRY

5 /J\ E:‘jk— o
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B 6 B KM AR E EEATE BRI
314 BHREREHH
AARTEEAZANRBEAT D2 E KHAS I BIWREALCRTHMLETH
BEE £ R R Turkey HSD % b R R/ Em 4 HNE E Sl 2 BE R E ML
P 5k A A RBGR A -9 2 4R 2 |8 0 F BRAT AT RIAF 69 S 1 156 345 PR 2 2 34
AR BERTIRA R o St o#r @ 0 Bk A SPSS12 % A o 0 KRB RJR/ 3 &\ 4
M~ BB ZEM AR A SR AT o B A 0050

BI5FmER:

3.151 A EkAH BILEH

BLP 3k 71 SASR A1 — 490 2 Ko B AL A Kg-mm o 57 BT A7 RIAT 6 5 9156 3L PT
Bl EZ AR BEEATKRARD AR E R EFRBEELE TR LT RERD
(R 6) > BB 7T T T HAIAKRNALES —NEFETRABET F o Hers L aF R SR K
HobFmps R Em L R TFHFIARD GRS mFZEHEEFRHEERE > TH
WU 3R 77 98k /0 b8 B B o 34 sr B F] £ R Kb 45 R K BB AL A 7k /7 (hamstrings and quadriceps
muscles)it 4% A B ¥ HE - RRSb@FEHIL B SMERFATIRN EARE - B 8 BTk

Wb AL KR IbdE BB 0 3 — NEFLL B BALIR 1 3 e 0 B =B R BRBASAAL o R s A 3t
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Bt B/ NIFLLB IR TE D F= R AABEMNS - FEHBEINLLE BIKNH
MF M /2 RBAEE o AR T RATALIR A 69 SALBEMIEE B LR /7 o b S0 B P 91 % /b i 45 M Rk
LR N AR BELE - BRERBE T IIBEZ IR RV LA » AIBR A BRERD -

A RO RRFE BRI R B S -

%k 6 ¥R R R EAEHE T TN RAZIDES ER oM
RR Al A ER:=DE 34 Iy Fu F iz B
GEX LR TN 488.776(a) 23 21.251 4.155 .000
e 264.989 1 264.989 51.817 .000
B e 67.701 4 16.925 3.310 .013
R Mo 45 110.006 2 55.003 10.755 .000
RREE S B R 31.333 8 3.917 766 633
S 279.735 9 31.082 6.078 .000
£ 644.363 126 5.114
4 fo 1398.129 150
KB 14 B 48 3 1133.139 149
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Difference of LowBackMuscle Tension(kgmm)

| I I | I
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Duration

B 7 sh b R R EmEEHE T FIAKRDZIZE
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B 8 RR/Hm4F sk s Hk B AR A &

3152 FTHREE#1EH
THREEEARBIEBRE S ERALAR V22M4E  HERATAES N FETRE
RATEHE A K - BB O FLoE FMHE LA KREEETE LN RRE RS > mES
A B o 2R 2 B ANFRIFFE I o 0 NRREDUIRZARR] o AR uE O\ A AR AR
B RRER  RARY WL E By ¥ 4038 o & 4 %) A 0.624cm g1 0.623cm ;5 /N7 Fr o 138
% 403% o § 4 %) A 0.55cm 2 0.75cm o £ F g AR sE LA KR M E 0 B E PN T R
do i SR EA B 0 TR RARRR R R EA AR > K2 £ 4N Kok
BAE > mEZEEHEA B 0 RS RR BN TR RR o B B4 R Bk 38 R i
FR b v R AR B K B R B E R KRR E LML o AR sE AL KR M & LR 0 KR ]
EBREZNFESBAFMrE AR L - B O B L ir b BABE MR - PP KRR A
S 363 Mg e o B O TR E — AN > KRB R B FHEE - £ T B
TSR LR R m AR E R K BE AT AT DR E S o AR - FE
)P R A BT E o IR AR BA B3 A
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05— Footsurfacelnterface
_ O Barefoot
E B8 Sportshoes
:0 5— B Mat
@ 0.

c
@
@
'E 04—
-
o
=
O
= 0.3
=
=
I_I
/02
o
c
)
|
e 0.1
=
0.0 I

Duration

9 3k BE B SRR E AP AR b2 B

F 7 I FREE R R B AR IRE 2 B B B

RR AN FHhf | adaE | FHFF | FRE M
KB4 B R 9.854(a) 23 428 13.211 .000
8 22.792 1 22.792 702741 | .000
R E A B R 249 8 031 962 469
S 2.120 9 236 7.261 .000
B ] 7.088 4 1.772 54.636 .000
R Mo 397 2 199 6.128 .003
®E 4,086 126 032

Yo 36.733 150

K IE A4 W K 13.941 149

~~~~~~ 4t 31 Difference_Shank circumference

B10 e~ FEEHE A KR T L > R E BB E 570 78036 42 8] 7 Ak b L R P ok
LT E o pb—E R KERE EGACH A RE) o 4 & 87T LA 3R, vk 30 B fa] $1 % R 3 & 45 1
HH R NRRE B b mbain R ESE > — 1 MTurkey HSD % S Lt 843 A EH)

HEN KRR E G R A EEDE R R R TRARAREREA
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FHENRATERY > ETREALAEZERIGCE T AR THFE— S AURILBEH

RALRS o

0 §— Footsurfacelinterface
o O Barefaat
E EH Sportshoes
e [ Mat
Q
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L 06
2
£
-
Q
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Q
2 0.4
c
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=
ml
@
=
@
=
(]
00 T :
0 2 hr
Duration

B 10 »E resfid B R/ MmN R E E S ex 2%

F 8 b LB ] SRR 3 A E B KRR SRR B B e A 2 R B B B A

IR BN FFF | adE | FHFI F & L
AL IEAZ By AR K, 28.125(a) 23 1.223 15.415 .000
R IE 81.181 1 81.181 1023.371 .000
B 3.002 9 334 4.205 .000
B ol 23.948 4 5.987 75.474 .000
VA SRR 717 2 .358 4517 .013
BRI d Y B R 458 8 .057 721 .673
®RE 9.995 126 .079

4 119.301 150
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&9 RR/MmAF e KRS NR B B wil 2 % F b

JJE] Mo 5 P AL ST FHBER | REFR | BEK 95% 128 & ]
0 V) (1-J) TR o

7 B RS .1430(*) | .05633 .033 .0094 .2766
EHE -.0070 | .05633 .992 -.1406 .1266

B 7 B -.1430(*) | .05633 .033 -.2766 -.0094
EHE -.1500(*) | .05633 024 -.2836 -.0164

o 7 B .0070 | .05633 .992 -.1266 .1406

ELU% -3 .1500(*) | .05633 .024 .0164 .2836

32 ¥R GBI RHNREHEEAR TRRFZRESH
BHEREAGFEBBRERET SN BRETUBRERETRESEL > Bk
AARE—FIFEEER GBI ERENRBEEANE TREFZ AKX £ TR H
@ AR SRS EAN B AR A M RAT IR BT B L AR S ABIR T AT R A
DTS2 RIH - TR FBAERE N HIRA -
321 %A%
AEHREHF VR ERGHREZEEZ AL T X R 2B R 3 £ 4% A e iar -
R EALPR TR I AR B AL - RAIE P 5 % 1642 5 0 BEST8 N 0 F#h 241

3% > BMI % 213 % f& b ~ T By @ A9 AL B B8 5 0k S0 i B R R o

322 T2 B

BRATGAHRAZETIR  FARGHEARERNER  BARERHIAH L
HESZH BE-FE IHETREUARIFEFRMEALATH > LF @bl TRAZANT S 2
BEBRSRREI G 0 B3 AR A AT 0 [ R TR AT AR — RALA R A Fe K
R B M ARG ) TAE 2R BRAE - RILAK B EEIL 0 TE 4R AR
RIZER -~ PNROILAKA RBESIALER S B30 AXRHERETHROME > HERL
MTER e F—3 o E o2k kRIEHMED LEZYR  2ETRERETY 456
BF 0 BLPY TR ) o [ 60 B 2 3R B IR = R P AT AT
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323 mRER
3231 LK 5%k A1 #ILBERH

# 10 Bk 11 2Bl b 3T A0 ~ & 007 B Al AT RIAT 8 S 4 A B T AR 1% P R 2 iR X AR
W B ERIR AW BEETRIRARD o Bk 10 A Bk 1L ST LA 0 AE A S ERGT ~ 1R
HAREE L B BALFR I 3 Ao tg ARk K > B DA A 3 #RkaT 0~4 /By A/ ARLE B B A
& A (14.338 kg-mm) » {2 & & K R b B w9 SEAL ~ A A RBAZ v SEAL ~ A5 B BEBF AL ~ A5 )N BB AG AT
AL+ Bp 230 5k A1 BA BRI D S LR REYIEHS -

F& 10 4% A AT R T BRALBEF 3 IR 1 AL
WL A 2%

2 i (kg-mm) A it (kg-mm)

psf(hr) | BEBFAL | LR B &L | IRATAL | BRI SEAL | BERGAL | L B &L | BATHL | AR W AL

O hr-2hr | 2.007 3571 3.338 -7.497 -3.236 10.493 -2.471 -0.484

O hr-4hr | 5.674 1474 451 -7.698 -0.674 14.338 -0.147 0.251

& 114 A AR R T BONEE P3G 3R 1 AR

AL ) B¥
2 B (Kkg-mm) # B (kg-mm)
erpI(hr)| BEBSAL | EE B &L | A ATAL | AR v sENL | BEBAL | EE B &L | BSATAL | IR SAAL

Ohr-2hr| 0.443 4.391 3.253 -8.541 -4.356 12.275 -4.133 0.877
O hr-4hr| 0.874 4.225 2.799 -9.063 -5.191 11.634 -3.985 0.061

3232 TR B E %1
FREA LR E A LHEAT ~ L 2 AR A LI 4 R A TR E AR T A

Sk o R AR LI 2N EHE R EHE 4R X P B EBEAT P 0 B 2

BT A S ACeyE S o 48 A AT oy B B 44U 7T 9 BR R AME A sb 812 6 B E 81k 0 do ok 12

B 13 Frow o AR A AT ~ 1289 02 B AL E R tL 24 NI B R AR K ©
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% 12 15 A # AT 2 T BB B e

RT3 B B AR A AL & (R k3 3)
PN & )N i N A AR
Fik B L (cm) BEBFAL(CM) | AW EEAL (Cm) A& = 3R AL (Ccm)
2-0 /N BF 0.478 0.436 1.021 1.057
4-0 /N BF 0.764 0.779 1.7 1.614
% 1318 R bt 2 T A B B SLB
RT3 B AR E L2 (B v )
PN ] y-laN:i:3 BN KAk
Fik B AL (cm) Fk 7 L(cm) A% v 58 L(cm) A% v 58 L(cm)
2-0 /\BF 0.171 0.229 0.607 0.629
4-0 /% 0.393 0.329 0.75 0.807

33 HwmALA

BB AT XEREN R B E A B S et

Wy 36 3LF Btk vb SRR K @ AR E R

TR b o T2 ARBENDE

» AR SHE ) AR B R AL SURRAE L o

/1\

FE 3 hud B8 % - Cham & Redfern #5238, v9 /)N B ok 31 B B 4% »

v B P KR Hb i ML BURE B M B B K Y B AR Y

o ARHF I EE RSB S R R RS @S RE R k0 BE AT RATA DR EE %1t

T3 R A

L T 2L

FEG B I F — AR 0 N RRE K

o pb— & R ¥ Bk

o

b SLHNAR & o) R ) R

B3 hug LB o A2 —

FEEHP2 R AL > NRRE EAAERN w0 P sk S E o R E
E¥mi % G4 o AR R
INBRIR FESRA B R

heg o ERITTAER A RIRA G E S H B RAM W BARA M ho L E #7748 & — & R$] R
mREE  FRTROREAMSES —LREEL  NREEE v -
ARG ERN T @B AR B AALGILA TR A KN LR B SILBILATRS - B A
Bt A = ABAUEF(BERT AL ~ REATAL ~ BRI SAAL) 2B ALA Tk 71 %D A R R Re9F R » 122
Z RS AR — BB (AR SBAL) 2K A G NHEI c RTARBRE R > A IR T K
AHATHRRARBOERELS  MARNRREZER > R A TR ERO 0 EHE L
NEADR0 I REY

BaRMER SR THREMQETE D S MMAKRANELREZZ )N MLE &
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AL T B 89 K% R BEBF AL ~ BS AT AL LA B AR va SEALAN & L7t T Bk B3R o Av BT A % 8l
H A E AL > BB R Rk 3L — BaF R 1R de AR A B AR AT A AT LA B ]
B~ BFR 0 PR R A HIEL B LAY AL TR 1 LE A BTEL B S ALBYAL A SR D BB RAF K - ™
WERTAL ~ AERTAILA AR W SAALEY LI SR 17 R FIE 693 % - B — @ > £ A b0y s g3 T AR
BHFEEAR  BF o b iSRRG BER F > SAE G A F2aT8) 0-2 /N BFALA TR
N1 K ARG e BB 2 N2 AR 0 ALRIR A A G by E T AR BT 2 4% 69 0~2 ) B sk AR
GF R o 0 2B 2 NI TR ) ALY 48 0 b I Ko g MBI AR R T L
R T RALAES ARG ERE A RH LT X3 B B0 RIH1E A e RZ R R
R 6y R H AR RE d A5 b B2 > FEF R B T AL R 5 L BA B AT L BUIK > ROA /3R
THXRAERFERRAR - MAEREIN L BRAR G REEENEEAERENVE
EAE RO E T LA AT T BOR 5 e R AR -

AARERFRAMIFEBEEZETREE  HA RS — 05 BESICRBESE ¥
FRA BB F N EREEMEIFRR LR S - BAESH R T RA
RAMTERABBE > R NILBER 4 Z IR 5 0 ATIA B Bk 3L AR R B E R ) © 7 oh o
PR TR A1 T A3, M KB TR ) RS RIME L B R ABE R E - AR R @AY
TRBERE - 3R EE R E AL AR MbAR B B B ik K 0 RGBT RN - FER
BN B B BE A 5 =N BRAR RN TR BT G B B o 3 oh o o RO KRR 0BR[] B v 4845 0 T BB
B ARHR b A T L3 A E RN e
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