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This project will proceed in two years. In the first year,
this study was designed to investigate the effects of
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physiological workload and health risk among workers in
squatting/kneeling task. A total of 10 subjects were
recruited in this study. Experimental independent variables
include: work patterns, duration, and squatting / kneeling
posture. Experimental dependent variables include:
subjective fatigue scale in body parts, Electromyography
data (lower back, thighs, legs), leg circumference and
heart rate, to assess the physiological load and
musculoskeletal fatigue. The experimental results show that
the impacts of knee and leg fatigue is related to the
length of working time, and the types of job or working
postures do not affect directly the leg fatigue. Besides,
the changes of %MVC increased slowly after ten minutes,
possible reason is the working muscles reached maximal
loading during the period, and external loading is
overexertion which is beyond muscle capacity caused
discomfort. In the second year, this study will simulate
and assess the effects of the ergonomic interventions on
physiological workloads and musculoskeletal disorders of
workers during squatting/kneeling task on the laboratory.
The results showed that significant relief for
physiological load among squatting work after lower limb
movement, and leg circumference changed is significantly
correlated with Borg-RPE scale. Kneeling work is no
significant differences in the working patterns, but
working posture differs significantly for Borg-RPE scale.
There are significant differences in working patterns and
aided pad for the left leg circumference changed, and
working patterns and working posture are significant
differences for both sides of the thigh lateralis muscles.
This study suggested that workers should use both legs
kneeling and wearing aided pad to perform painting or tile
works to reduce the knee loading.

squatting/kneeling task, musculoskeletal disorders,
physiological workloads, psychophysical approach,
ergonomical intervention
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Abstract

In many agricultural, manufacturing, constructional and service industries,
workers are required to squat and kneel for extended periods of time. The
occupational musculoskeletal disorders may result from prolonged squatting and
kneeling, especially low back pain and low extremities discomforts. In consideration
of prolonged squatting and kneeling associated with serious problem on low back and
low extremities, few studies have investigated intensively on the causes of problem
and improved with field intervention. These studies proposed that the reasons the low
extremities may be affected is possibly due to prolonged squatting and kneeling, but
most of the ergonomic intervention was task specific and may not be applied on
general tasks. Hence, whether other ergonomic improvements can decrease workers’
musculoskeletal fatigue is needed to further consideration. This project will proceed
in two years. In the first year, evaluation the effects of work situation, working
method, and exerted force on physiological workloads and musculoskeletal disorders
of workers during squatting/kneeling task, and the use of psychophysics approach in
assessing a work-rest cycle during squatting/kneeling on the laboratory; the second
year, assessment the effects of the ergonomic interventions on physiological
workloads and musculoskeletal disorders of workers during squatting/kneeling task
on the laboratory and field. This study shall contain a theoretical and realistic
investigation, and the anticipated results of this study could be a workplace
squatting/kneeling task design reference for improvement of musculoskeletal fatigue
and injuries.

In the first year, this study was designed to investigate the effects of
physiological workload and health risk among workers in squatting/kneeling task. A
total of 10 subjects were recruited in this study. Experimental independent variables
include: work patterns, duration, and squatting / kneeling posture. Experimental
dependent variables include: subjective fatigue scale in body parts, Electromyography
data (lower back, thighs, legs), leg circumference and heart rate, to assess the
physiological load and musculoskeletal fatigue. The experimental results show that
the impacts of knee and leg fatigue is related to the length of working time, and the
types of job or working postures do not affect directly the leg fatigue. It also found
that %MV C increased significantly between five and ten minutes after the start time.



Besides, the changes of %MV C increased slowly after ten minutes, possible reason is
the working muscles reached maximal loading during the period, and external loading
IS overexertion which is beyond muscle capacity caused discomfort. On th other hand,
maximum acceptable time of squatting/kneeling determined on the basis of a trial
period overestimate the actual time in the psychophysical approach. The implication
of this relationship indicated the subject endurance time is unknown, and it is
necessary to take longer rest periods to recover their fatigue. Therefore, this study
suggest to establish a work-rest scheme to reduce muscle pain, and avoiding
occupational musculoskeletal disorders.

In the second year, this study will simulate and assess the effects of the
ergonomic interventions on physiological workloads and musculoskeletal disorders of
workers during squatting/kneeling task on the laboratory. The results showed that
significant relief for physiological load among squatting work after lower limb
movement, and leg circumference changed is significantly correlated with Borg-RPE
scale. Kneeling work is no significant differences in the working patterns, but
working posture differs significantly for Borg-RPE scale. There are significant
differences in working patterns and aided pad for the left leg circumference changed,
and working patterns and working posture are significant differences for both sides of
the thigh lateralis muscles. On the other hand, there are significant differences
between squatting and kneeling for heart rate measurement, but no significant
differences in three squatting/kneeling postures for leg circumference changed.
Working posture differs significantly in muscular loading, and reached to over 15%
MVC for 15 minutes experimental work, it could be easily caused to occupational
musculoskeletal injuries. There are also visible discomforts in lower extremities via
NMQ questionnaire during squatting/kneeling. This study suggested that workers
should use both legs kneeling and wearing aided pad to perform painting or tile works
to reduce the knee loading.

Keywords: squatting/kneeling task, musculoskeletal disorders, physiological workloads,
psychophysical approach, ergonomical intervention
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i 16¢cm

B 5 Fokit* 2 E%

21 FBit* 2 B A5

TP P
A5 V2TY400652
Badpl Mizuno # 2k
? M (32~38cm)

L (36~40cm)

HE ERE VT Y
4% 0 EVA ~ FOMA

CRESEN T = T
SIESEATE S R S

T AR R AZIRRE. S S

3.2.19 % 5
AABA LRI IS T ST R R
- L%
10&£'JﬂpﬁﬁélkﬁﬂlfJ%T'Mlﬁ%|f$15;%: @ i & B
S i kR R RBRIHE S s E 2 Y Borg-RPE £ £

LR AR E&w’kf@ﬁﬁ¥%ﬁ?1%§@ PUEE S H PR R
%W%‘ﬁ%;?T&ﬁ¥ﬁ$ﬁo
CEEER %

10 =% JF' B A e AT o AR fapEE (g B
Be) frmeEEL (RRF ~FMRAF) T oo suiEFE 15 raTR% TV A
ERleg S R FoERE A RERCE S - mFL 2 £ 8 Borg-RPE £
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CRLEE LD _F S SO 5 4
=~ B2 AR AcB 6 o -

ﬁ%‘iiw*f aéﬁﬁy,ak£ SRR kAR (PR @ 8
ARHREELHRE

uZ B E:F‘Ix:PJﬂ?%; S R R -

K= R R ER L Ry zebris EMG 20w pb B B AR HARRE BRI £

ﬁAmiﬁﬂﬁ““ﬁ%o
HET s BT RE mﬁ?ﬁkﬁ’lwxﬁ # ¥ Borg-RPE & % v

TR 1) TR HFIME
B - 5
A S b R B A=A
o NN _‘jl =5 I_)(_)]. g_Rl I: AT
(3 ) . o
;h ‘F!r W KJAI H“ ]_E_I l\"rlQ F?J /éf-
™\ ™\
oA Y |
ECH LB _
. ) TEE s
oA ¥ AR (15548 )
J J
™\ ™\
B T A RBER
% AT R R
€ 26w A BR B £ @MALE AL R
J J

Bl 6 Fainiz

VU A B2 R BIR R RE 2 3 1 o slciE > EMG Bdp T AR S
e P T om AW ﬁ‘i"’ﬁ B B 50 B ,;E.fn@:#? %ﬁﬁ" 11 Microsoft
Excel 2010 &7 iR A A8 ™ 2. 353 §37vg 3ty (RMS &)~ &+ p 2 gs 45 MVC
WA ER IS AR RPEICR 4 0 TRR R TR 2 R RS
d2RL3EE S §EE A (%MVC) -

A F et gkl SPSS 20.0 B 7 T AL 47 o S A 4T ¢ 5 X P —*‘E‘s%“‘
gy R AT MR EX R F A AT B AR 2 eE ) R AT
RAREE I ER 2B A ApMES S NP FLI RS TR E RN TR e
2 1P F]F o
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15 &R 23S

4.1.1%f Fd 2 MVC 4 47

2,2

FE R 0 3 F AR T E i f 1T E L mUMVC TP A S A B
FTE e+ wWMVC T30E > R FIrEPFERLF RLR§REFyep FHN4 5
PR NE A oA e TR > R T E R ARG < WMVC L5
(R P"&p“f;{%@ﬁ‘l"\"“o oMVC T iaE kg » ¥ a5 2.5 5 _ﬁ&%@%% A
I'Zq‘ié?'%ﬁiﬁ#?%gﬁ%’f%ﬂﬁlﬁﬁgé_ﬁ}f e BEE G 0 @ 4K A

-

PRV R R IRR DT A LS M B R RS R TR R B
BEE R I bR et ® ) Bt FL g R AR (TR

ke o AT RFTLESNLRWMVC THEEP A A RITE S
UWMVC T3aid > s FIFEPFE LT KL ERE P FFNA I RY R
fkoom lfz‘»;t”’lmwimj i TR g R X RWMVC T E R kR
W et mWMVC T kehF o Ty Fl G A Rend o p A T & L B
PR E R L VAR AFETETRE MDA § o TR R
Wbk R G ke o £ 2 Facs T E kR < BWMVC TiaE P A S
ARG < RWMVC T35E o FITERFEILG RLRE & E
BEFND A SRS PR R TN LA s d R R G R
- R &V Ly E A ik o T A f AR IR i'g?{'fmm:«%m TEEN
gk %MVC T 35E o r B R et (v A 3 eIt F R
Mg T - BIFELTR V- 25 > BE7Hr 0 2§ AR TEaup fivE
1] 5WMVC T 3@ P Ag 5 3 A BT ¥ WMVC T 3aE » £ 2 Fag i (v ¥
Z B R G (FE ] OMVC R BEH B IEP o JB T A hR T L ITEREE]
REABE R LR LR T R G e SR E B0 0T 0 d SN G B B EE TG

B A g 17> @ R Ae oo (TR B Rani g e g & WOl 8 E”?F-F
At g 38X &I FEPior g fg SE (T 45 Fplo| B it R AL
PEBE o T ARG R B B ARG R R Rer g g FAET o Y
T ¥ 0] WMVC T30 E P A 5 30 4 BT 0] "WUMVC T30 » @ fgf R &
AL PR AR R TG %ﬁma‘ﬂfr%iﬂv@h@pﬁwﬂ iEr 4 hgs
ERIMAEREBER A ) SR bt 2 LB H T R
PrLS cnd § 0 T RaPES Il L AT IR P P B A -8 o & 3 Moo
TR ] UMVC T ¥a i AT 4 ot A B EE g mUMVC T w0 i i iE
EPFILF RAR G R Ep FFE NS A IR DI o T A LA
ﬁﬂzzﬁ;%if il b G R - BRI SRR E R ko A g\m-
AT ER T e 2 gk X WMVC TI0E 0 o B g X T F
Foaop Ao ARG L - FIvEET A .
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% 2 H gz < w%MVC

K i S S Y Y IR

4 YMVC L 350 (28 1)

+ 4 25.43(4.32)%
= Yr 25.74(7.68)%
BEFFERBEHFREA) R

+ e 24.74(4.92)%
e 24.68(5.31)%
LAEITEERBEGEMES) xR

+ e 19.64(4.74)%
= 9r 19.37(5.49)%
2SN £ HCEE: )IEER

+ e 24.26(3.75)%
= Yr 24.64(3.9)%

2 3 ¥ s

] 22 %MVC

BFTLE g (B AES)

| 5% MVC%-T ¥ e (152 1)

4 23.69(2.33)%
=% 24.25(3.86)%
DA EFE (RS A) e

4 25.76(3.92)%
=% 26.53(4.84)%
AR TR E R RS ) R

T 4 15.76(4.33)%
=9 14.54(3.46)%
A BT EE (R E ) R

+ 4 18.9(3.98)%

19.15(4.06)%
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4.1.2 7~ Fd 2 ANOVA 4 45

%R Hn ﬁ%ﬁ A PER s 1 FA R - L s 2 9 HY 1 2 %MVC
PARFRE AT ATEY AL RAFRF Y 2 ma%WMVC £ EF
9, B (F=16.776,p<0.001) » @ = f&* I 1 (£4] f§ $3° % #H%MVC 4 &3
B ¥ 14 en B(F=13.035,p<0.001) » B 18 2 = f87 b enpl e & (e - e
B~ H R )HT S s a%MVC © B A E 1 ehPs 88(F=56.323,p<0.001) - ¥ -

B EFEEE e S RWMVC O EFRE A AFEY o Es
*RL PR Y g %MVC 27 A F e 85(F=59.005,p<0.001) > B 5 =
B e B B (e~ gEaa B )] e %MVC @ G
0 4§ (F=75.295,p<0.001) o @ 1 (7] fi e I 44200 %%MVC R § B F 12
B

413 R RH T304 P2 fEHLH
(L)A5 B & 17 % 2 Rl T 352 S8 iy A 45

455Ky e FARTER T 0 Borg £ & A BRI R
RlF T oo pilc R 2B FIEES ¥ ERAEILRIF S Borg £ & 4 Bt R
s ’)I“&’?Hbﬂ;qnx/?'&ﬁlg1'F"”;'Jl«fn*/'J v P AiEARY Vo~ i
SHEA AR TR AR B o T AT Sl TR A A K
WA E penfichp kg o @ 2 x Ll E @Ak o v ud
JEpI I TR R o

4 PRI R 2 2 RE T I Py £

SHY(FERT) SRR S (s) |Borg & & A Kk
PRS- 2 74.2 79.1 8
SR LEN Sed 74.5 83.4 10.4
TSR R 73.8 78.7 7.9
S X SN d 73.8 83.6 9.9
A BT H gk 74 79 7.9
K S 74.2 83.4 8.8

&5 ok 67 @A Rl R L I E e e R R <
n'gﬁﬂgz@ﬁg’ﬁﬁ,\i @S BRRARE Y FAS EEF AT 2 - o bR AR
BoA A TEPEL RS TE A AT EY AR RL AT R
PAFERE cREHIRERA D BRI R EEFR X
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g%$ﬂ£Mﬁﬁu%uamﬁﬁﬁi&ﬁﬁoﬂﬁ%%,ﬁﬁﬁg@ﬁﬂbi
B0 mgn ek i R s R B 0 R 4 PR MR S T 18 3 iRl Y e
Bl - TRERAERER G LRI G BRI T R T R FlS
KPR 2 DRG] R @SrE s § RS EER IR R AR
XRIF S AN AL MMAIFE Yty o

25 Rk G 2 L plE T o Bl 4

<R (F B 13 ) ) AR (R B (S 3 4e)
N 0.61cm 0.24 cm
I B ot s 1.15cm 0.33 cm
b BT R R 0.65 cm 0.43 cm
I Sl 0.92 cm 0.43 cm
BT H R 0.42 cm 0.16 cm
W ITEH s 0.53 cm 0.38 cm

% 6 NMQ R % 2 Rl F 325 57 42 R ¥y %

X AE hE o) L7
A BT ¥ gl 3.2 2.2 2.8 2.8
@ T E e 4.2 2.6 3.8 3.2
A BT gk 3 3.2 2.8 2.1
T s 35 4.1 4 2.6
A BT gk 3.1 2.4 2.2 1.8
@Y H g 3.2 3.2 3.1 2.5

(24 K & A2 L plE T 523 Ly A AT
d 277 A g Re AL i 5sBorg £ £ @ % 0 iE3E P g Borg
BAA PRI R R T oo L L AR TR %Y 0 Borg £ &4
g;;*rs:‘g W s N FE LR T EE AR H A A T oA LR
A Borg@ AP g R - L od 280k OF M iFAr s IFE hi e i
%ﬁ-Lﬁwufmﬁﬂmméd;za—ﬁw%uﬂrMﬂ%&ﬁﬂwu@%%%W% £
FRIALPIFR B FOELLIR IR T T o Ry LR
“erxrrfﬂ)?}?ﬁ_fi B4 B B BEIR MR el B U2 19 A e AR R B TR
FE2eg L g A7 UEENMQRE EFmEAR L o &E”&ﬁﬁ%ﬂﬁ
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BB ] T o AT TR e Rt o T i ARl Ak

PE R PP

6

e - &M T

PR SR A R E

mﬁWigﬁiM%%&ﬁ&ﬁzjg’&{ﬂkamiﬁg
T RREger sy ER

FAravd R AR R 2 o @ e - LHRGTRIRR Ao G TR A 6 R Y

Brerad TE o

7 4P A2 R RE T I iy £

s (5 Bh) (R )  Borg £ & 4 dkc
A BT g 745 79.7 8
T e 74.3 83.6 9.8
BT R R 74 78.1 7.6
@R R 74.2 83.9 9.7
IS LT 73.8 79 8
TR gk 73.1 83.6 9.1

% 8 4k Az 2 2R

% = o s £

< AL ] ( fgi‘g-é‘:) ,J‘EQP‘L fbig-é‘:)
A BT 0.7cm 0.21cm
i A= 2 7 1.45 cm 0.57 cm
b BT R R 0.58 cm 0.45cm
BT g 0.67 cm 0.49 cm
A BT H R 0.31cm 0.43 cm
W@ ITE H g 0.53cm 0.33cm
% 9 NMQ I % 2 X il T 3075 7 42 & cdy
;<3 "t E [ HriR

b BT R e 3.1 3.4 2.9 2.9

@ TR 4.4 3.8 3.1

I 3.3 3.4 26 2.2

W s 4.2 4.4 4.3 2.5

B H s 2.5 2.9 2.3

T H e 3.4 3.3 3.2 2.4
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414 % iE'I-%," T 354 32 g2 ANOVA & 45

REELPH T BFHREFR{EEIRE A RRIEFRE &7 &iF
9 5 45 0 RLAFF < R ¥R 8B (F=15.97,p<0.001) - &7
=N - o=p): § N U uﬁ Frrapt - H g )R A Rl A5 B R
2(F=13.059,p<0.001) » @ # Frehx (A G40 < R G B FH NP L o &
FRFHY I EFRE A7 AFEY § g r RLAPER Yok
B 4 3 88(F=9. 926, p<0.001) @ 1 {73 ik 97 o 44300 pedicil 3 &;T-?"]ijrﬁ
PECRTHBEIR DT FEH RS X EFEOEL V- 2w o #FY
il fed it 4 4 BORG £ 2 2 ¥R 5 **‘5 Zom wITEY F & A I’I*.?LB*F’“
¥ BORG £ # 7 8 ¥ 1R (F=195.891,p<0.001) » :£3 = &7 I gk
EH (e - ey - B g ) ¥t BORG £ 4 {J@§wma§
(F=7.475,p<0.001) - @ 1 £4) {5 en % F= B 44> BORG £ % i1 F B F L eng 8 o

415 MR ff 2 YMVC iR pFRFF 2 1 A 47

d iy s 1 E R A RUWMVC > B R A T E R SRS R D
%MVC #icdp38 2 25%~38% = + > 1t A A BT E 0 % {247 E I A%MVC %
B 19%~25%2 & 0 7 uﬁ;m B RIPERnE 15 Aap 0 X RIF e
%MVC % it b % o B 7 cdicdp £ 10 25X ipl & 15 A 4 p * e %MVC g
o N EF R BT 3 A BBIE R A A S R #1800 FPEAT R A 0
%MVC 577 2t > @ 180 §) 3 540 #ypFs i« 2 % » 30 E 0 4 51360 447
f# 7%MVC ﬂdfgf% Mk oo & BT P KET 180 F) 3 540 §) 14 eh % %MVC 4p
LentgR Bt o @ w7804 2 900 ) 1 i bribredg st T fmia%n U ShE SaRE S

% 540 4y 1 720 fy R 5 R fF ch%NMVC > o B 7 ¥ g ipa g oo

14

12

]IlIIIII

180%» 360%) 540%» 600f) 660f 720f 780%5 840f) 900F»

[ N S T ~ T =) B ¢ o]

] 7 5 e pE s eIk 2 4 e fE%MVC
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416 w3k R B 12 R Bedp L B A YT

SRERIF DAL SRR BPCILES o d 0 R 4K
3}7%; fiﬁLPT—lpxi F-25 RN LR R A Pl Lo (F2 RLEFR
LB MEE RITFE X HIE p AL TERB Y 0 ATRI D] %MVC o2 2k
AT RO FIRRLEDS EXRIE E‘»Jﬁﬁ"\%*‘&”ﬁﬁﬁiﬁa@ﬂ‘@m%& =g
FPod XRIFPETCEREE o R % iRy & ERIL D HEIR 0 X R
TEPHES A | g oA PR B A~ 5 2 BT R R et 5o SRR RIPR R R A Ao
PR ayidm %Y oF B d %5?‘]—‘%{@ 73 £ Rk R B A K}*/ﬁﬁ_}i *
FARHRBE AR LA SRR R P LS 0 RXRH DA RTFY LR A
CR F I PRER TR FIET I E T EES SR A rbﬁ»mﬂ*?”i
Tt g R ag&»ﬁx TIE A S ch R

% 10 ;%;Tfr»i:ﬁ'lﬁ T 4 1 (TR IR P RE > @ B9 s PR
B T8 5 1 et Av\#%ij”,iﬁﬂt#gk" fom 3o BRI e fo R A A ETE
F e plF T osgy (R A T Sk 5 R4 0.61 cm)AUR v F B B LA )
W E e R~ A B R ch ,Pljiliﬂgz#g(}'q e gy G A 4 0.24 cm)ie
LL ,él"{igév_ 7A@ e “’"’B .Ll’li,\,FELFF'&’L 54\4, 174\5_'_ , LL{&!j\A\
B ERR TR AT RE R 34T 5448 G5 o2 omp 0 kania?
MVC%Fr it & & B i ¥ ;‘?JJF‘,“’:‘L;‘K L 320MVC Ap it 0L H ;)\%‘ﬂ’/‘* 5 %ot
Fa T E e RARFF T UREF O RAFE T TEnf St T T
R = Ak S f}i%q-*uﬁdﬁm AR & aivEd 5 ks ‘—?\i-*u%“ °

P iR R R TR T R R mEE?F"*T ERARE AR o el § T
A AL TR L mBA TR HHBERLI LR F - B kA
ML FE R R AL AR &ﬁfﬁfﬁml?fw‘:f@ ERE-BREFERRL R
B B A BRI H R EPEFERFE @ B ATy % T AR A
LM FE BT gﬁrﬁ.uﬂfﬁ& 410 ~ 483 15 248> % s &1 7 BF @
W LR RS R AP HRRG r AP TAR SR ded TR
FRMORI Lt R DAL F F 2 A EP *ﬁfﬁf“@
f/%ﬁfﬁé\ PE R AR ETNITEY RAGTERF DR oh p LT R

AFI - R RS S g R ARG T o

“.1

%10 £plF 12 Brep (b g 5 ) Hc

i’*’iE‘J—‘ﬁl - = ¥ - = 5= =
IRETHURRIZEREE 10 54y 10 & 48 10 4 4
TR R ER 10 A~ 48 11 44 11 448
< (R 79 = 76 = 82~
B (X R E) 82 = 83~ 85
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Borg € # » #& 7 7 7
+ = %MVC 9.26 9.44 9.51
Z 4 m%MVC 9.31 9.26 9.31
+ ] = %MVC 6.66 7.65 6.31
=] =%MVC 5.2 6.38 6.33
< B2 [ 0.25cm 0.3cm 0.3cm
| R R 0.5cm 0.5cm 0.3cm

(\x,

A HHERTEA AR LS pr > ¥4 1B f Fa2 g f jmz B8 F
2 ' FAIREA LA ITEZ 4 b
AR E P B SE 15 A sk X (TR R T;}»%_%’(g_ﬁ S
¥ fAE e d R R F A BETK

Rt s LRI N A FF 3K
TE 2 FR4od 11 #9757 o

?
%

#.a;

=1
> B
K3
bl
ke
hin
:33:
.h
h}
ﬁ‘;
=
T2
V A
=
)\_
i}
%4;

B ITE =l
Task1 Y A
Task2 Y 2
Task3 =T 15 » 48
Task4 AT E 15 » 48

Ty fsf-r%:rm’uiw»w BCTTEL ) T"*”sﬁl%f“

-f %™ )~ Borg-RPE £ # en T o {rih # £ > 4ok 12 ¢

Ap T osiE S (Taskl& Task3) enfiim? » ¥ W LA A iTE 2
LT "t';r’fig S ARV A AR MITE TR

Ao %Lé_'u FRMMAEPELE ¥ 2 Borg £ &Y ZRIHF

2 %54 wF 5 (14.70) v & 3 /'F-T—(].Z 30):B & F - & o KT XA
(Task2 ~ Taskd) 2 45 i B A 457 12§ B > $503 @ ie £ @ ™

REIR O VA AITE R T RS ER MR RE i

R e R s R ARl T g E R

B B4 PRI R A TEE

Zf;"r
-
7
E
%

PR
15 & 48
15 & 48

\‘H*: \‘H*: \‘H*: Elc
% Y =h

=
(‘.fu
v
‘_XL
(“u

A

a s

L_:‘r]p':r 1B ©
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212 BEFHRAL) FrIoEg Rt
FEiTE oK A 4 kR <] R 2] B Borg
(bpm)  REREIE T PR RER RRR £ %
(cm) (cm) (cm) (cm)
Taskl 13.90 0.54 0.32 0.46 0.35 14.70
(8.94) (0.44) (0.28) (0.30) (0.31) (3.06)
Task2 3.50 -0.41 -0.48 -0.42 -0.59
(6.22) (0.44) (0.59) (0.35) (0.42)
Task3 13.90 0.51 0.78 0.61 0.66 12.30
(7.16) (0.37) (0.84) (0.45) (0.53) (3.06)
Task4 3.80 -0.61 -0.66 -0.69 -0.83
(6.43) (0.62) (0.73) (0.56) (0.37)

LA B s Rl E AT 2 T
2.7 7 REE S X RIE AR r R A

HETEF %z g fiF (WMVC) > 404 139757 o d £ ¢ Far @ F
B ed AP LR T o A2 VR f R T BEF LR s R E 2 L] eh
R AR Je g B 0T ISWMVC s AR v piE R R B A FRBE
bowp f R T [04] o A 45 IR A ITE P 2 [ RITR f A R F
o v R AT AT E IR MR T I R R Tk P AT Y
L ZR ARG o ER A AR E s g 2R Aad B3

3013 HEE P %N 4 fEerp § E(WMVC)T g g Rk £

?55;1%%5 < ag ek 3o 2, 85 ¢t ip] v :’T_a,a#a% U Jr.a,&_)?; U
Taskl 12.24 14.08 17.07 17.04
(4.24) (5.07) (7.73) (3.22)
Task3 11.64 13.52 18.58 19.46
(2.92) (5.51) (6.08) (6.93)
¥ %MVC

L4 Bclf i ZRIFp fFTHE
2.7 ¢ HEHLHCH B Rl F R f L RE L
NMQ F* % 2. T30 foil i X dod 14 9757 o d £ 14 F I 5 (T LA/ <7
(2.00) ~ #r/%riR (1.80) 12 2 %r ik 45 (1.90) & A ek R 0l 0 ) #(2.8) B A
Ao A B T Ayr/yriR(1.80) & LA Heh BERF e R 0 R R %
R o AGET R EER (Task2& Taskd ) » ¥ 3 B & A Hch B A
BT %A PR ARG T adE g

oW (R

5

22



214 BEFHNMQ X Lo Lt 5

i
4

e Ao b4 A A)E TR KL RE o gy YRR
¥ W EN R B

Taskl 100 1.00 100 100 1.00 100 200 130 28 180  1.90
(1.33) (0.68) (1.32) (1.14) (1.52)
Task2 100 1.00 100 100 100 100 12 14 12 110  1.00
(0.42) (0.84) (0.42) (0.32)
Task3 100 1.00 100 100 1.00 110 210 130 260 1.80  1.40
(0.32) (1.10) (0.95) (1.35) (1.32)  (0.97)
Task4 100 1.00 1.00 100 1.00 100 120 110 120 100  1.00
(0.42) (0.32) (0.42)

L2 7 dp 5 2 RlH NMQ R £ 2 T35
2.7 % 35 lcdp 5 X RlH NMQ R % 2 4R £

BB R ORI ITEA R T RER LT
159777 o KRB #1858 THERY
Z = e ) g i (F=47.545 > p=0.000) ~ + =+ "% -«%]% (F=29.680 - p=0.000) ~

| R i ] 8¢ i (F=65.022 » p=0.000) 14 2 + -] "% [f] 3¢ i (F=84.868 > p=0.000) 7 &;J
Fe o ITEA R BT RERZ LT (ER ié’-—}/}’—"‘-i—‘-i_ % 1t (F=4.445 > p=0.042)
F

T ORRR R % R B 3T o
$3% 0 % g 1 (F=20.964 5 p= 0000)

BENPE AR AP ATz LAt s 2 R ER s L)
ORI R T IEE R R A TR o R élé_,aieu TENFALAR > T3 Borg 2
Z $20 17 £ 4] 1 (F=3.922 > p=0.055)F #iThF F ch & -

xR AL TR oAk Lo 4ol Borg € £
[ 5 1 ) ¢ 1 [l 5 1 Fl % i
TEA 0.753 0.587 0.461 0.197 0.081 3.922
- ")tfﬁfh 20.964**  47.545**  29.680**  65.022**  84.868** 11.145**
T3 fg % 0.753 0.321 2.509 2.413 4.445* 0.541
f;,t F B
1479 i 4 F i
2.%p<0.05,**p<0.01

HEEER &2 TR Ep fF (BWMVC) $ e E31 52 %3 ¥
A5 0 ek 16 #5m o ANOVA A 45 5 5 Biom 4 F L ih (P ¥ B 4 ¥ A ir 4
MVC%' # & ¥ B 5 -
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%16 HEZ win 4 gsreageep § F(MVC%)2 £ 47 iR & % 8 b 45

It < ek ip] v <, 85 sk ip] v W ».v; U <, B }9% U

7% 4 iy 0.14 0.55 0.24 0.68

147 Bht 4 F i
2.*p<0.05 » **p<0.01

IRk AL 2 v f 2 el > ok 17 997 o 2 X R F%

it &2 Borg & # (r=0.429 > p=0.006) & & 4p B 5 + =~ "& R % it &0 g
(r=0.554 » p=0.000) ~ Borg £ # (r=0.455 » p=0.004)% % + %z [F] % 1* (r=0.801 -
p=0.000)% & 4B B : % | MR 1 87 81 (r=0.531 > p= 0000) Borg £ 4
(r=0.438 » p=0.005) ~ % ~+ %2 %% [ % f* (r=0.812 » p=0.000) % + + #2 %2 [F] & i
(r=0.787 » p=0.000) & & 4p B ; < f1~ LT (e 0499 p =0.001)
Borg # # (r=0.457 » p=0.003) ~ = =+

% 14 (r=0.845 > p=0.000) % = -] *&"% [ % it (r=0.800 > p=0.000) % i Ap B¢ > ¥ 114

w2 v ] % 14 (r=0.759 » p=0.000) + + ~ #2752 f]

TR 2 B2 AP ML E F che L0k pPoep g (%MVC) S 2 0% ¢
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Physiological workload and musculoskeletal fatigue among construction
workers involving squatting/kneeling task in Taiwan

Yen-Hui Lin, Shen-Chao Ho, Chane-Yu Lai
School of Occupational Safety and Health, Chung Shan Medical University, Taiwan, R.O.C.

Abstract

Introduction: This study is to explore the work situation, physiological workload,
and musculoskeletal disorders associated with squatting/kneeling tasks in

construction workers.

Method: The self-administered questionnaires are assessed via a cross-sectional
study of 599 male and female workers in Taiwan. Information is obtained on

demographics, job characteristics, health status, and physiological workload.

Results and Discussion: The observational result shows that the most prevalence
of squatting or kneeling for one to two hour is 248 workers (41.1%), followed by
two to four hour is 159 workers (26.3%); the most pronounced rest time after work
is between 5 and 10 minute (254 workers, 42.1%), followed by less than 5 minute
is 141 workers (23.3%); nearly 58% (350 workers) complains sometimes tired of
the whole body, and 115 (19.0%) workers were very tired; the mostly intervention
to relief the musculoskeletal pain is sitting on the ground (302 workers, 50.0%),
followed by sitting on the chair (238 workers, 39.4%). The anticipated results of

this study could be a workplace squatting/kneeling task design reference for
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improvement of musculoskeletal fatigue and disorders.

Keywords: Squatting/kneeling task, physiological workloads, constructional workers,

guestionnaire, musculoskeletal fatigue

1. Introduction

Working in the construction industry typically requires awkward postures, heavy lifting, and
considerable exertion. Many workers performing such tasks complain of discomfort in their
upper extremities and lower back over the course of a workday (Buchholz et al., 1996; Jeong,
1998; Hoozemans et al., 2001; Davis et al., 2010). Pinzke and Kopp (2001) stated that the
awkward posture means a considerable deviation from the neutral position of one, or a
combination of joints. These postures typically include reaching behind, twisting, working
overhead, wrist bending, kneeling, stooping, forward and backward bending, and squatting
(Pinzke, Kopp, 2001). Several studies identified that there is a relationship between awkward
postures and pain, symptoms and injuries in the musculoskeletal system (Grandjean and
H.unting, 1977; Corlett and Manenica, 1980; Westgaard and Aar, 1984; Haslegrave, 1994).

A survey of construction industry indicated that about 35% of the workers reported to
have experienced low back pain in the past year and other musculoskeletal complaints were
also prevalent In the Netherlands (Arbouw, 2000). Goldsheyder et al. (2002) identified a high
prevalence of 82% for musculoskeletal disorders among stone masons. Meerding et al. (2005)
also reported that 59% of construction workers had musculoskeletal complaints, and 41%
experienced low back pain in the preceding 6 months. Furthermore, the one-week prevalence
of lower back and knee complaints among Dutch pavers was 42% and 22%, respectively, in
2005 (van der Molen et al., 2005).

Epidemiologic studies indicate that prolonged kneeling increases the risk of
osteoarthrosis of the knee (Bierma-Zeinstra and Koes, 2007). However, issues regarding the

health status of constructional workers during tasks that are squatting or kneeling in relatively
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long-lasting has seldom received public attention, as so is in Taiwan. This study conducts a
cross-sectional questionnaire survey of individual factors, job characteristics, workload and
health status to explore the associations between individual factors, job characteristics, and
physical discomforts, as well as this study will provide evidence that supports ergonomic
recommendations to promote workplace health by alleviating pain or fatigue of the lower

extremities while performing squatting/kneeling task in construction.

2. Method

2.1 Study subjects

Study subjects comprised full-time and part-time workers of construction in Taiwan. A total of
772 workers, aged 18 to 74 years old, participated in the survey, and provided 599 usable
returns, resulting in response rates of 77.6%. Subjects in each selected company were
responsible for various constructional activity involving squatting/kneeling tasks in the

workplace.

2.2 Questionnaire

The self-administered questionnaires were accompanied by a letter encouraging participation,
signed by both managers and supervisors and delivered to each subject by a trained
interviewer. Prior to the survey, all subjects were informed of the study objectives, and
participated voluntarily. Subjects were given time on the job to complete the questionnaires.
To protect the data confidentiality of individual workers against managerial or employer access,
subjects completed the questionnaires anonymously and returned them directly to the
interviewers. The interviewers performed on-site checking to ensure the questionnaires were
completed correctly. Information collected included demographic data, job characteristics,
workload and health status. Participants were asked to provide information on their gender,

age, height, weight, years of employment with their current company, whether they worked full
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or part time, working days per week, weekly physical exercise time, and activity in the
workplace. Activity was classified into the following thirteen categories: (1) formwork, (2) steel
lashing, (3) plaster painting, (4) retaining piles, (5) tiles, (6) electricity works, (7) cleaning, (8)
management and supervision, (9) Renovation work, (10) concrete work, (11) air condition work,
(12) scaffold-related task, (13) gutters. For job characteristics, workload and health status,
participants were asked to provide information on their working ground condition, shoe,
squatting/kneeling aids, daily squatting/kneeling time, rest time after each squatting/kneeling
task, whole body fatigue, lower extremity fatigue, and physical discomfort. The response was
recorded using a five-point Likert scale, range from 1 (without fatigue) to 5 (strongly fatigue) for
whole body fatigue and lower extremity fatigue. Employees completed self-rating questions
related to physical discomfort, including upper back, lower back, hip, thigh, knee, lower leg,
ankle, and foot. Participants stated “yes” or “no” for each respective part during the previous

12 months.

2.3 Data Analysis

All analyses were performed in SPSS Release 11.5.0 (SPSS Institute Inc, 2002). First,
descriptive statistics were calculated for all of the variables. Next, one-way analysis of
variance (ANOVA) was performed for physical discomfort to test whether the demographic
data or job characteristics significantly affected physical discomfort. Post hoc multiple-range
tests were performed to compare values of relevant variables whenever a factor was found to

be statistically significant was set at p< 0.05.

3. Result and discussion
Table 1 lists the study population characteristics. Male (462/599) and female (137/599)
workers comprised 77.1% and 22.9% of subjects, respectively. Their mean age was 43.5,

average height was 166.7 cm and their average weight was 67.4 kg. Moreover, the average
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length of employment was 10.9 years. Full-time workers dominated the study sample,
accounting for 84.5% of the workforce. As for working days per week was 5.6 days, and
weekly time spent on physical exercise, 10.5% of subjects reported engaging in physical
exercise ‘often’ . Approximately, 22.0% (132/599) of subjects involved formwork. Subjects from
a steel lashing was the second (124/599, 18.0%). 121 workers come from plaster painting. The
frequency distributions of other workers were retaining piles (107 subjects), tiles (28 subjects),
electricity works (20 subjects), cleaning task (19 subjects), management and supervision (16
subjects), pointing (10 subjects), concrete work (7 subjects), air condition work (6 subjects),
scaffold-related task (5 subjects) and gutters (4 subjects).

Table 2 lists the mean and percentage distributions of work characteristics and
physical discomfort. Overall, over 40% of the subjects reported daily squatting/kneeling time
was one to two hour, followed by 2-4 h (26.5%), 4-6 h (16.2%), 6-8 h (7.3%), and over 8 h was
9.4%. Nearly two-third (65.5%) of the subjects reported the rest time after squatting/kneeling
was less than 10 minute. Most of subjects (89.3%) sat on the ground or chair after
squatting/kneeling. The most common prevalence of physical discomfort was knee (54.6%),
followed by upper back (53.8%), lower back (53.3), lower leg (41.7%), thigh (38.6%), feet
(36.9%). ankle (36.2%), and hip (27.5%). Meanwhile, the overall fatigue degree in whole body
(3.4) was slightly higher than that of lower extremity (3.3).

Table 3 lists summary ANOVA results between whole body fatigue, lower extremity
fatigue and individual factors. The effects of working days per week, weekly physical exercise
time, and activity on subjective rating scales of whole body fatigue were significant. Moreover,
for the subjective rating of lower extremity fatigue differs significantly at gender, age, length of
employment, weekly physical exercise time, and activity (Table 3). To determine which
activities significantly affected physical discomforts, a multiple-range test using LSD was
performed. This grouping comparison revealed that formwork, steel lashing, plaster painting,

retaining piles, and tiles were significantly (p < 0.05) higher discomforts than other activities,.
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but no significant difference existed between these activities.

Table 1 Mean (standard deviation) and percentage distribution of demographic characteristics for

construction workers

Number Percentage (%) Mean (SD)

Gender

Male 77.1

Female 462 22.9

137

Age (years) 43.5(11.8)
Height (cm) 166.7(8.1)
Weight (kg) 67.4(11.6)
Length of employment 10.9(10.8)
(years)
Employment status 506 84.5

Full-time worker 93 15.5

Part-time worker

Working days per week 5.6(1.1)
Weekly physical exercise
time 319 53.3

Seldom 36.2

Sometimes 217 10.5

Often 63
Activity

Formwork 132 22.0

Steel lashing 124 20.7

Plaster painting 121 20.2

Retaining piles 107 17.9

Tiles 28 4.7

Electricity works 20 3.3

Cleaning task 19 3.2

Management and Supervisit 16 2.7

Renovation work 10 1.7

Concrete work 7 1.2

Air condition work 6 1.0

Scaffold-related task 5 0.8

Gutters 4 0.7

Table 4 showed the ANOVA effects between whole body fatigue, lower extremity
fatigue ratings and job characteristics. The effects of daily squatting/kneeling time on the
subjective rating of discomfort of the whole body and lower extremity were significantly
difference. A multiple-range test indicated that significant differences existed (p < 0.01) during

the daily squatting/kneeling time. Thus, mean subjective ratings of discomfort over 8 h was
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significantly (p < 0.05) higher than those at 6-8 h, 4-6 h, 2-4 h, and 1-2 h. Subjective discomfort
ratings at 6-8 h were significantly (p < 0.05) higher than those at 4-6 h, 2-4 h and 1-2 h.
Additionally, subjective discomfort ratings at 4-6 h were significantly (p < 0.05) higher than

those at 2-4 h, and 1-2 h.

Table 2 Mean (standard deviation) and percentage distribution of work characteristics and physical

discomfort for construction workers

Number Percentage (%) Mean (SD)
Daily squatting/kneeling time
1-2h 40.6
2-4h 243 26.5
4-6h 159 16.2
6-8h 97 7.3
>8 h 44 9.4
56
Rest after squatting/kneeling
<5 min 140 234
5-10 min 252 42.1
10-20 min 132 22.0
20-30 min 45 7.5
>30 min 30 5.0
Squatting/kneeling aids
Lean on the desk or wall 78 13.0
Sit on the ground 300 50.1
Sit on the chair 235 39.2
Leg movement 110 18.4
others 6 1.0
Physical discomfort
Knee 327 54.6
Upper back 322 53.8
Lower back 319 53.3
Lower leg 250 41.7
Thigh 231 38.6
Feet 221 36.9
Ankle 217 36.2
Hip 165 27.5
Whole body fatigue 3.4(1.0)*
Lower extremity fatigue 3.3(1.0)*
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Table 3 Summary of demographic characteristics analysis of variance (ANOVA) in physical discomfort.

Performance Measure Gender Age Weight Length of
employment
F p F p F p F p
Whole body fatigue 2372 0.124 1.153  0.227 1.090 0.309 0.958 0.616
Lower extremity fatigue 4.767  0.029* 1.536 0.013* 1.182 0.177 1.264 0.036*
Performance Measure Working days Weekly physical Activity
per week exercise time
F p F p F P
Whole body fatigue 2.389 0.027* 2.663 0.010** 2.030 0.020*
Lower extremity fatigue 1.828  0.091 3.089 0.003** 3.267 <0.001**

**p<0.01;*p<0.05.

Table 4 Summary of work characteristics analysis of variance (ANOVA) in physical discomfort.

Daily squatting/

Rest after

Squatting/kneeling

Performance Measure kneeling time squatting/kneeling aids
F p F p F
Whole body fatigue 8.079 <0.001** 0.398 0.810 2.322 0.128
Lower extremity fatigue 8.608 <0.001** 1.858 0.116 0.945 0.331

**p<0.01.

4. Conclusion

This study identified knee, upper back, and lower back as the most prevalent health

complaints in construction workers while prolonged kneeling or squatting. Additionally, most of

subjects reported daily squatting/kneeling time was one to two hour, and nearly two-third of the

subjects reported their rest time after squatting/kneeling was less than 10 minute. Furthermore,

Most of subjects (89.3%) sat on the ground or chair after squatting/kneeling. Further data
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should be examined in future studies to more thoroughly examine the relationships between
daily squatting/kneeling time and physical discomforts among constructional

squatting/kneeling tasks.
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Abstract

Many occupations require workers to squat or kneel for prolonged periods, which can cause both discomfort and
pain. This study examines the effects of different task type, working duration, and working posture on
squatting/kneeling discomfort in the laboratory. Ten paid subjects(5 males and 5 females) with no history of
problems of the lower extremities were enrolled in this study. They performed two tasks(paving stone and painting
the wall), using three working postures (squatting, kneeling on one leg, and kneeling on both legs) on a hard floor
for two working duration(15+15 min and 30 min) in a laboratory setting. Analytical results demonstrate that
working postures and working duration significantly affected muscle activation, circumferential thigh
measurements, and subjective ratings for leg discomfort. Working duration significantly affected heart rate. We
conclude that different working postures and prolonged working duration influence worker lower extremity
discomfort. These analytical findings suggest that common ergonomic interventions, such as providing the
squatting/kneeling aids on which workers squat or kneel might some what alleviate leg edema. Nevertheless,
prolonged squatting or kneeling for even 15 minutes without rest showed negative effects and should be avoided

when possible.

Keywords: squatting/kneeling task, musculoskeletal fatigue, lower leg circumference

1. INTRODUCTION

Working in the construction industry typically requires awkward postures, heavy lifting, and
considerable exertion. Many workers performing such tasks complain of discomfort in their upper
extremities and lower back over the course of a workday [1-4]. Awkward posture means a considerable
deviation from the neutral position of one, or a combination of joints. These postures typically include

reaching behind, twisting, working overhead, wrist bending, kneeling, stooping, forward and backward
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bending, and squatting [5]. Several studies identify that there is a relationship between awkward
postures and pain, and symptoms and injuries in the musculoskeletal system [6-9]. Meerding et al. [10]
reported that 59% of construction workers had musculoskeletal complaints, and 41% experienced low
back pain in the preceding 6 months. Goldsheyder et al. [11] identified a high prevalence of 82% for
musculoskeletal disorders among stone masons. The one-week prevalence of lower back and knee
complaints among Dutch pavers was 42% and 22%, respectively, in 2005 [12]. Epidemiologic studies
indicate that prolonged kneeling increases the risk of osteoarthrosis of the knee [13]. However, issues
regarding the health status of constructional workers during tasks that are squatting or kneeling in
relatively long-lasting has seldom received public attention, as so is in Taiwan. The primary objective
of this study is to determine the task demands and loads on the physiology and lower extremities under
different task type, working duration, and working posture combinations, and to associate these
demands with the strength of subjects. This study will provide evidence that supports ergonomic
recommendations to promote workplace health by alleviating pain or fatigue of the physiology and

lower extremities while performing squatting or kneeling task in construction.

2. MATERIALS AND METHODS

2.1 Subjects

Ten college students, 5 males and 5 females, were recruited and paid for their participation. Subject
age range was 19-22 (mean, 20.9). Average height was 170.3£6.7 cm and average weight was 60.8+5.9
kg. All subjects were in good health and had no history of musculoskeletal and cardiovascular problems.
All were right-handed and no subject had experience to work squatting or kneeling for prolonged periods.

Before participation, subjects were informed of study objectives, and all chose to participate voluntarily.

2.2 Apparatus

A surface EMG (SEMG) system was used to measure muscle activity via surface electrodes [14].
Four SEMG sensors were positioned based on the specific muscle location. These bipolar surface
electrodes were attached bilaterally over the right and left vastus lateralis and gastrocnemius muscle
groups of subjects to record muscular activities. The sampling rating was 1,000Hz per channel and data
were analyzed using Viewlog software [14]. The subject’s skin was abraded or shaved and cleaned with
an alcohol pad when necessary. A series of calibrations were then performed to obtain individual
baselines for maximal voluntary contraction (MVC) of each muscle group. The recorded SEMG data
were subsequently utilized to normalize SEMG signals recorded during task performance by expressing
these signals as a percentage of MVC (%MVC). All maximum contractions were performed three times,

and the highest 1-s mean force was utilized. To identify variations in lower extremity circumference, a
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Gulick tape measure was used. To decrease error caused by traction and tension compression of soft
tissues, this tape measure does not generate tension, and has a tension meter at one end, ensuring that

each measurement is under the same pressure on the test area.

2.3 Experimental design

The experiment had a three-factor design with repeated measures analysis of variance (ANOVA).
Task type (two levels), working posture (three levels), and working duration (two levels) were fixed
factors. Subjects were the random factor. Two different task types were used: paving stone and painting
the wall. Three working postures were tested, squatting, kneeling on one leg, and kneeling on both legs
on a hard floor. The experiments were performed in the laboratory, and the forces, lower extremity
circumference, and heart rate were measured. During the experiment, each subject performed 12 trials
(two different task types with all three working postures in the two working durations). Task order was
randomized across subjects. To present experimental data clearly, Table 1 lists the 12 experimental tasks
in a fixed order. Dependent variables were muscle activity (%MVC) measured from the SEMG for each
of the four muscle groups, variations in lower extremity circumference, heart rate, and subject-perceived
exertion to quantify perceived muscular exertion for body segments. Subjective ratings of perceived
exertion responses were on a fifteen-point Borg-RPE scale, ranging from 6 for “No exertion at all” to 20

for “Maximal exertion.”

Table 1 Twelve experimental tasks used in this study

Experimental tasks  Task type Working posture  Working duration

Task 1 painting squatting 30 min

Task 2 paving squatting 30 min

Task 3 painting squatting 15+15 min

Task 4 paving squatting 15+15 min

Task 5 painting kneeling on both 30 min
legs

Task 6 paving kneeling on both 30 min
legs

Task 7 painting kneeling on both ~ 15+15 min
legs

Task 8 paving kneeling on both ~ 15+15 min
legs

Task 9 painting kneeling on one 30 min
leg

Task 10 paving kneeling on one 30 min
leg

Task 11 painting kneeling on one 15+15 min
leg

Task 12 paving kneeling on one 15+15 min
leg
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2.4 Experimental procedure

Prior to the experimental sessions, all subjects were informed of the study’s purpose, procedures,
and physical risks and informed consent forms were voluntarily signed. Experimentally significant
anthropometric data were obtained, including body height, and weight. After anthropometric
measurements were taken, the SEMG sensors were attached using double-sided tape collars. The sensors
were then zeroed while a subject was in a relaxed standing position. Resting and set muscular activity
measures were then recorded, such that SEMG data could be normalized during analysis. As mentioned,
each subject participated in 12 experimental sessions. Subjects adopted a natural and comfortable stance
to perform tasks and were allowed to work at their own pace. Each session lasted approximately 30 min,
and each subject performed no more than three trials on the same day. Subjects were given a 5-min break
at minimum between trials to minimize muscle fatigue. This break was measured using a stopwatch.
After each trial was completed, subjects then filled out a subjective rating of perceived exertion
questionnaire. No subject practiced before the experiment. The order in which each subject performed

each of the 12 trials was randomized.

2.5 Data analysis

All analyses used SPSS v 11.5.0 [15]. First, descriptive statistical analysis was conducted for all
variables. Next, repeated-measures ANOVA was applied to each dependent variable to test whether it
significantly affected any measure. Post hoc multiple-range tests were conducted to compare variable

values when a factor was statistically significant at the 0=0.05 level.

3. RESULTS AND DISCUSSION

Table 2 presents means of %MVC under all treatment conditions. Mean exertion force (%MVC) of
the right vastus lateralis (26.8 % MVC) and left vastus lateralis (26.7 % MVC) was significantly higher
than that of the right gastrocnemius (23.1% MVC) and left gastrocnemius (23.0% MVC). Table 3
presents mean heart rate, lower extremity circumference (thigh and shank), and subjective rating of
perceived exertion responses in experimental tasks. Each subject rated perceived exertion at the end of
each trial. Average difference between before and after experimental task was 7.2 beats per min,
subject-perceived exertion increased over time from 7.6 to 10.4. Table 3 also showed that the thigh
circumference (0.71 cm) had the greater average changes after the test period, while the shank
circumference (0.37 cm) had the lower average changes. To identify factors impacting muscle loads,
muscle activation levels of the four muscles were subjected to a three-factor design with repeated
measures ANOVA (Table 4). The ANOVA results of SEMG measurements demonstrate that the main

effects of the task type, working posture, and working duration on the vastus lateralis were significant
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(p<0.01). Working posture, and working duration had a significant effect on gastrocnemius (p<0.01).
Working posture, and working duration also had a significant effect on thigh circumference (p<0.01)
and Borg-RPE (p<0.01), respectively. Working duration had a significant effect on heart rate (F= 7.93,
p<0.01). The interactive effect between task type and working duration significantly influenced muscle
activities of the vastus lateralis (F = 12.70, p<0.01) and gastrocnemius (F = 28.12, p<0.01), but not
lower extremity circumference, heart rate, and Borg-RPE. The interactive effect between the working
posture and working duration significantly impacted the vastus lateralis (F = 5.38, p<0.05),
gastrocnemius (F = 3.54, p<0.05), heart rate (F = 62.10, p<0.01), and Borg-RPE (F = 9.55, p<0.01),

while no interactive effects existed on lower extremity circumference.

Although the lower extremity discomfort mechanisms remain unclear, forceful exertion, repetition,
and static muscle load are significant risk factors for cumulative trauma disorders. In a study by
Fennigkoh et al. [16], a job requiring high force was defined as that requiring with >30% MVC,
whereas a job requiring low force was defined as that requiring <10% MVC. In this study, muscular
activity (i.e., %MVC) increased over time from 14.5% MVC to 38.1% MVC during testing periods,
ranging from an average of 23.0% MVC for the left gastrocnemius 26.8% MVC for the right vastus
lateralis (Table 2); thus, kneeling or squatting task was categorized as medium to high force.
However, as the experiment task involved kneeling/squatting plus repetitive motion, this may have
generated a highly static muscle load, resulting in fatigue, regardless of whether a subject’s muscular
activity was <30% MVC. Furthermore, the muscular activity of vastus lateralis was higher than that of
the gastrocnemius muscle (Table 2). Increased vastus lateralis activity is in agreement with thigh
circumference (Table 3), the consistent findings in objective response parameter suggest that a future
study is required to describe accurately the work performed and ways of measuring these parameters

while performing a kneeling or squatting task.

Table 2 Mean of Relative EMG signal activity (%oMVC) in experimental tasks.

Experimental Right Left Right Left
Vastus Vastus Gastrocnemius Gastrocnemius

tasks

Task 1 38.1 38.1 374 36.3
Task 2 35.0 34.9 26.2 26.3
Task 3 21.9 22.1 16.3 15.6
Task 4 25.2 245 17.7 17.5
Task 5 24.7 23.2 22.4 22.2
Task 6 34.3 35.7 313 314
Task 7 21.9 21.4 20.7 21.0
Task 8 26.0 26.4 21.4 21.2
Task 9 25.4 25.7 23.7 24.3
Task 10 24.7 24.7 25.8 26.5
Task 11 19.6 19.4 15.8 14,5
Task 12 24.3 24.6 18.9 19.2
Average 26.8 26.7 23.1 23.0

59



Table 3 Mean heart rate, lower extremity circumference, and subjective rating of perceived exertion
responses in experimental tasks.

Experimental HR HR HR 3org-RPE Thigh Shank
tasks (pre) (post) (L) (L) (L)
Task 1 74.5 83.4 8.9 104 1.15 0.33
Task 2 74.3 83.6 9.3 9.8 1.45 0.57
Task 3 74.2 79.1 49 8.0 0.61 0.24
Task 4 74.5 79.7 5.2 8.0 0.70 0.21
Task 5 73.8 83.6 9.8 9.9 0.92 0.43
Task 6 74.2 83.9 9.7 9.7 0.67 0.49
Task 7 73.8 78.7 4.9 7.9 0.65 0.43
Task 8 74.0 78.1 4.1 7.6 0.58 0.45
Task 9 74.2 83.4 9.2 8.8 0.53 0.38
Task 10 73.1 83.6 10.5 9.1 0.53 0.33
Task 11 74.0 79.0 5.0 7.9 0.42 0.16
Task 12 73.8 79.0 5.2 8.0 0.31 0.43
Average 74.0 81.3 7.2 8.8 0.71 0.37

A: the average difference between before and after experimental tasks.

Table 4 ANOVA of relative EMG, lower extremity circumference, heart rate, and subjective ratings
of perceived exertion.

Performance Task type Working ~ Working  Task x Task x Posture x
measures posture duration posture duration  duration
EMG
Vastus 13.04** 56.32** 16.78**  1.61 12.70** 5.38**
Gastrocnemius 2.85 75.30** 59.01**  1.28 28.12** 3.54*
Circumference
Thigh 0.44 13.06** 0.93 0.05 3.06
15.97**
Shank 1.39 1.14 1.50 0.09 0.01 0.45
Heart rate 0.52 0.20 7.93** 044 0.03 62.10**
Borg-RPE 0.30 7.48**  195.89** 296 0.08 9.55**

*p<0.05, **p<0.01.

5. CONCLUSIONS

This study demonstrates that working posture and working duration affect muscular activities,
thigh circumference, and subject-perceived exertion while performing squatting/kneeling tasks.
Additionally, different task type also affected vastus lateralis muscular activities—paving generated the
higher muscle load and painting the smaller. These muscle loads may increase risk for musculoskeletal
disorders. These analytical findings suggest that common ergonomic interventions, such as providing the
squatting/kneeling aids on which workers squat or kneel might some what alleviate leg edema.
Nevertheless, prolonged squatting or kneeling for even 15 minutes without rest showed negative effects

and should be avoided when possible.
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Abstract

Many occupations require workers to squat or kneel for prolonged periods, which can cause both discomfort and
pain. This study examines the effects of different task type, working duration, and working posture on
squatting/kneeling discomfort in the laboratory. Ten paid subjects(5 males and 5 females) with no history of
problems of the lower extremities were enrolled in this study. They performed two tasks(paving stone and painting
the wall), using three working postures (squatting, kneeling on one leg, and kneeling on both legs) on a hard floor
for two working duration(15+15 min and 30 min) in a laboratory setting. Analytical results demonstrate that
working postures and working duration significantly affected muscle activation, circumferential thigh
measurements, and subjective ratings for leg discomfort. Working duration significantly affected heart rate. We
conclude that different working postures and prolonged working duration influence worker lower extremity
discomfort. These analytical findings suggest that common ergonomic interventions, such as providing the
squatting/kneeling aids on which workers squat or kneel might some what alleviate leg edema. Nevertheless,
prolonged squatting or kneeling for even 15 minutes without rest showed negative effects and should be avoided

when possible.

Keywords: squatting/kneeling task, musculoskeletal fatigue, lower leg circumference

1. INTRODUCTION

Working in the construction industry typically requires awkward postures, heavy lifting, and
considerable exertion. Many workers performing such tasks complain of discomfort in their upper
extremities and lower back over the course of a workday [1-4]. Awkward posture means a considerable
deviation from the neutral position of one, or a combination of joints. These postures typically include

reaching behind, twisting, working overhead, wrist bending, kneeling, stooping, forward and backward
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bending, and squatting [5]. Several studies identify that there is a relationship between awkward
postures and pain, and symptoms and injuries in the musculoskeletal system [6-9]. Meerding et al. [10]
reported that 59% of construction workers had musculoskeletal complaints, and 41% experienced low
back pain in the preceding 6 months. Goldsheyder et al. [11] identified a high prevalence of 82% for
musculoskeletal disorders among stone masons. The one-week prevalence of lower back and knee
complaints among Dutch pavers was 42% and 22%, respectively, in 2005 [12]. Epidemiologic studies
indicate that prolonged kneeling increases the risk of osteoarthrosis of the knee [13]. However, issues
regarding the health status of constructional workers during tasks that are squatting or kneeling in
relatively long-lasting has seldom received public attention, as so is in Taiwan. The primary objective
of this study is to determine the task demands and loads on the physiology and lower extremities under
different task type, working duration, and working posture combinations, and to associate these
demands with the strength of subjects. This study will provide evidence that supports ergonomic
recommendations to promote workplace health by alleviating pain or fatigue of the physiology and

lower extremities while performing squatting or kneeling task in construction.

2. MATERIALS AND METHODS

2.1 Subjects

Ten college students, 5 males and 5 females, were recruited and paid for their participation. Subject
age range was 19-22 (mean, 20.9). Average height was 170.3£6.7 cm and average weight was 60.8+5.9
kg. All subjects were in good health and had no history of musculoskeletal and cardiovascular problems.
All were right-handed and no subject had experience to work squatting or kneeling for prolonged periods.

Before participation, subjects were informed of study objectives, and all chose to participate voluntarily.

2.2 Apparatus

A surface EMG (SEMG) system was used to measure muscle activity via surface electrodes [14].
Four SEMG sensors were positioned based on the specific muscle location. These bipolar surface
electrodes were attached bilaterally over the right and left vastus lateralis and gastrocnemius muscle
groups of subjects to record muscular activities. The sampling rating was 1,000Hz per channel and data
were analyzed using Viewlog software [14]. The subject’s skin was abraded or shaved and cleaned with
an alcohol pad when necessary. A series of calibrations were then performed to obtain individual
baselines for maximal voluntary contraction (MVC) of each muscle group. The recorded SEMG data
were subsequently utilized to normalize SEMG signals recorded during task performance by expressing
these signals as a percentage of MVC (%MVC). All maximum contractions were performed three times,

and the highest 1-s mean force was utilized. To identify variations in lower extremity circumference, a



Gulick tape measure was used. To decrease error caused by traction and tension compression of soft
tissues, this tape measure does not generate tension, and has a tension meter at one end, ensuring that

each measurement is under the same pressure on the test area.

2.3 Experimental design

The experiment had a three-factor design with repeated measures analysis of variance (ANOVA).
Task type (two levels), working posture (three levels), and working duration (two levels) were fixed
factors. Subjects were the random factor. Two different task types were used: paving stone and painting
the wall. Three working postures were tested, squatting, kneeling on one leg, and kneeling on both legs
on a hard floor. The experiments were performed in the laboratory, and the forces, lower extremity
circumference, and heart rate were measured. During the experiment, each subject performed 12 trials
(two different task types with all three working postures in the two working durations). Task order was
randomized across subjects. To present experimental data clearly, Table 1 lists the 12 experimental tasks
in a fixed order. Dependent variables were muscle activity (%MVC) measured from the SEMG for each
of the four muscle groups, variations in lower extremity circumference, heart rate, and subject-perceived
exertion to quantify perceived muscular exertion for body segments. Subjective ratings of perceived
exertion responses were on a fifteen-point Borg-RPE scale, ranging from 6 for “No exertion at all” to 20

for “Maximal exertion.”

Table 1 Twelve experimental tasks used in this study

Experimental tasks  Task type Working posture  Working duration

Task 1 painting squatting 30 min

Task 2 paving squatting 30 min

Task 3 painting squatting 15+15 min

Task 4 paving squatting 15+15 min

Task 5 painting kneeling on both 30 min
legs

Task 6 paving kneeling on both 30 min
legs

Task 7 painting kneeling on both ~ 15+15 min
legs

Task 8 paving kneeling on both ~ 15+15 min
legs

Task 9 painting kneeling on one 30 min
leg

Task 10 paving kneeling on one 30 min
leg

Task 11 painting kneeling on one 15+15 min
leg

Task 12 paving kneeling on one 15+15 min

leg




2.4 Experimental procedure

Prior to the experimental sessions, all subjects were informed of the study’s purpose, procedures,
and physical risks and informed consent forms were voluntarily signed. Experimentally significant
anthropometric data were obtained, including body height, and weight. After anthropometric
measurements were taken, the SEMG sensors were attached using double-sided tape collars. The sensors
were then zeroed while a subject was in a relaxed standing position. Resting and set muscular activity
measures were then recorded, such that SEMG data could be normalized during analysis. As mentioned,
each subject participated in 12 experimental sessions. Subjects adopted a natural and comfortable stance
to perform tasks and were allowed to work at their own pace. Each session lasted approximately 30 min,
and each subject performed no more than three trials on the same day. Subjects were given a 5-min break
at minimum between trials to minimize muscle fatigue. This break was measured using a stopwatch.
After each trial was completed, subjects then filled out a subjective rating of perceived exertion
questionnaire. No subject practiced before the experiment. The order in which each subject performed

each of the 12 trials was randomized.

2.5 Data analysis

All analyses used SPSS v 11.5.0 [15]. First, descriptive statistical analysis was conducted for all
variables. Next, repeated-measures ANOVA was applied to each dependent variable to test whether it
significantly affected any measure. Post hoc multiple-range tests were conducted to compare variable

values when a factor was statistically significant at the 0=0.05 level.

3. RESULTS AND DISCUSSION

Table 2 presents means of %MVC under all treatment conditions. Mean exertion force (%6MVC) of
the right vastus lateralis (26.8 % MVC) and left vastus lateralis (26.7 % MVC) was significantly higher
than that of the right gastrocnemius (23.1% MVC) and left gastrocnemius (23.0% MVC). Table 3
presents mean heart rate, lower extremity circumference (thigh and shank), and subjective rating of
perceived exertion responses in experimental tasks. Each subject rated perceived exertion at the end of
each trial. Average difference between before and after experimental task was 7.2 beats per min,
subject-perceived exertion increased over time from 7.6 to 10.4. Table 3 also showed that the thigh
circumference (0.71 cm) had the greater average changes after the test period, while the shank
circumference (0.37 cm) had the lower average changes. To identify factors impacting muscle loads,
muscle activation levels of the four muscles were subjected to a three-factor design with repeated
measures ANOVA (Table 4). The ANOVA results of SEMG measurements demonstrate that the main

effects of the task type, working posture, and working duration on the vastus lateralis were significant



(p<0.01). Working posture, and working duration had a significant effect on gastrocnemius (p<0.01).
Working posture, and working duration also had a significant effect on thigh circumference (p<0.01)
and Borg-RPE (p<0.01), respectively. Working duration had a significant effect on heart rate (F= 7.93,
p<0.01). The interactive effect between task type and working duration significantly influenced muscle
activities of the vastus lateralis (F = 12.70, p<0.01) and gastrocnemius (F = 28.12, p<0.01), but not
lower extremity circumference, heart rate, and Borg-RPE. The interactive effect between the working
posture and working duration significantly impacted the vastus lateralis (F = 5.38, p<0.05),
gastrocnemius (F = 3.54, p<0.05), heart rate (F = 62.10, p<0.01), and Borg-RPE (F = 9.55, p<0.01),

while no interactive effects existed on lower extremity circumference.

Although the lower extremity discomfort mechanisms remain unclear, forceful exertion, repetition,
and static muscle load are significant risk factors for cumulative trauma disorders. In a study by
Fennigkoh et al. [16], a job requiring high force was defined as that requiring with >30% MVC,
whereas a job requiring low force was defined as that requiring <10% MVC. In this study, muscular
activity (i.e., %MVC) increased over time from 14.5% MVC to 38.1% MVC during testing periods,
ranging from an average of 23.0% MVC for the left gastrocnemius 26.8% MVC for the right vastus
lateralis (Table 2); thus, kneeling or squatting task was categorized as medium to high force.
However, as the experiment task involved kneeling/squatting plus repetitive motion, this may have
generated a highly static muscle load, resulting in fatigue, regardless of whether a subject’s muscular
activity was <30% MVC. Furthermore, the muscular activity of vastus lateralis was higher than that of
the gastrocnemius muscle (Table 2). Increased vastus lateralis activity is in agreement with thigh
circumference (Table 3), the consistent findings in objective response parameter suggest that a future
study is required to describe accurately the work performed and ways of measuring these parameters

while performing a kneeling or squatting task.

Table 2 Mean of Relative EMG signal activity (%oMVC) in experimental tasks.

Experimental Right Left Right Left
Vastus Vastus Gastrocnemius Gastrocnemius

tasks

Task 1 38.1 38.1 374 36.3
Task 2 35.0 34.9 26.2 26.3
Task 3 21.9 22.1 16.3 15.6
Task 4 25.2 245 17.7 17.5
Task 5 24.7 23.2 22.4 22.2
Task 6 34.3 35.7 313 314
Task 7 21.9 21.4 20.7 21.0
Task 8 26.0 26.4 21.4 21.2
Task 9 25.4 25.7 23.7 24.3
Task 10 24.7 24.7 25.8 26.5
Task 11 19.6 19.4 15.8 14,5
Task 12 24.3 24.6 18.9 19.2

Average 26.8 26.7 23.1 23.0




Table 3 Mean heart rate, lower extremity circumference, and subjective rating of perceived exertion
responses in experimental tasks.

Experimental HR HR HR 3org-RPE Thigh Shank
tasks (pre) (post) (L) (L) (L)
Task 1 74.5 83.4 8.9 104 1.15 0.33
Task 2 74.3 83.6 9.3 9.8 1.45 0.57
Task 3 74.2 79.1 49 8.0 0.61 0.24
Task 4 74.5 79.7 5.2 8.0 0.70 0.21
Task 5 73.8 83.6 9.8 9.9 0.92 0.43
Task 6 74.2 83.9 9.7 9.7 0.67 0.49
Task 7 73.8 78.7 4.9 7.9 0.65 0.43
Task 8 74.0 78.1 4.1 7.6 0.58 0.45
Task 9 74.2 83.4 9.2 8.8 0.53 0.38
Task 10 73.1 83.6 10.5 9.1 0.53 0.33
Task 11 74.0 79.0 5.0 7.9 0.42 0.16
Task 12 73.8 79.0 5.2 8.0 0.31 0.43
Average 74.0 81.3 7.2 8.8 0.71 0.37

A: the average difference between before and after experimental tasks.

Table 4 ANOVA of relative EMG, lower extremity circumference, heart rate, and subjective ratings
of perceived exertion.

Performance Task type Working ~ Working  Task x Task x Posture x
measures posture duration posture duration  duration
EMG
Vastus 13.04** 56.32** 16.78**  1.61 12.70** 5.38**
Gastrocnemius 2.85 75.30** 59.01**  1.28 28.12** 3.54*
Circumference
Thigh 0.44 13.06** 0.93 0.05 3.06
15.97**
Shank 1.39 1.14 1.50 0.09 0.01 0.45
Heart rate 0.52 0.20 7.93** 044 0.03 62.10**
Borg-RPE 0.30 7.48**  195.89** 296 0.08 9.55**

*p<0.05, **p<0.01.

5. CONCLUSIONS

This study demonstrates that working posture and working duration affect muscular activities,
thigh circumference, and subject-perceived exertion while performing squatting/kneeling tasks.
Additionally, different task type also affected vastus lateralis muscular activities—paving generated the
higher muscle load and painting the smaller. These muscle loads may increase risk for musculoskeletal
disorders. These analytical findings suggest that common ergonomic interventions, such as providing the
squatting/kneeling aids on which workers squat or kneel might some what alleviate leg edema.
Nevertheless, prolonged squatting or kneeling for even 15 minutes without rest showed negative effects

and should be avoided when possible.
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