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ANULEBIVINTEANERSAIUTUALNTABIINITY (Ergonomics Risk Assessment Tool in
Rubber Tappers : EART) lngiasasilenfigniaunduiliinnvasainuazUasnselunisldau
dmsunsileTeiaueiuvesuuUTTEIY EART wudl  n1sinsieianuiiediusenineg
Usziiy (nter rater reliability) wazn1sinsieianueiunielugusediy (ntra rater
reliability) wuategluseauauin wuuusediu EART dgniaunbildnulaiewazainsasey
Uaduidusidamasioonisuiniiunduilonszgnlasesna  (MSDs)  91NN1SNSAEINIITINAS
a a o ' Uy v dl
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ABSTRACT

Risk assessment for the Musculoskeletal disorder (MSDs) by observation is
popular and widely used. However, appropriate tool that can assess for all working
factors and working environments is limited. Therefore, this research focuses on
applying ergonomic principles to rubber tapping with two main objectives: (1) to
analyze the factors affecting the fatigue of rubber tappers and (2) to develop a tool to
assess the risk of rubber tappers. The results of the analysis revealed that the factors
affecting the fatigue of rubber tapping were cutting height, inclination of plantation
area and stroke of rubber tapping. The Ergonomic Risk Assessment tool in Rubber
Tappers (EART) was developed accurately isolate without the need for cumbersome
tools. The reliability analysis of the EART revealed that the Inter-rater reliability and
Intra-rater reliability fall in very good level. The EART assessment tool is fullprove and
able to identify the rubber tapping person with back pain and without back pain (p-
value < 0.001).
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Body part Bensa-ard N, | S. Meksawi, 2012 S. Inraksa, 2014 Mohd Asyraf

2004[ 5] (4] [71] Che Doi, 2014
Lower back 55.1% 52.9% 77.6% 74.4%
Hand and Writs 23.8% 2.3% 37.2% 48.8%
Leg 10.3% 14.8% 26.8% -
knee 9.2% - 31.6% -
Shoulder 7.0% - 24.4% 53.5%
Foot or Ankle 6.5% - 28.4% -
Neck 6.0% 3% 26% 48.8%
Hip 5.4% - 29.6% -
Elbow 5.4% - 8% 39.5%
Upper back 4.3% - 34.4% -
Arm 2.7% Upper = Upper =

8.9%,Lower=2.1% | 17.2%,Lower=23.6%
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Tuusazuuutsudiy - Safunaniundssdiuessslimenudomiesuuniilidenndes
A 1wy TunisUszdivdiu 9 909579018 LuuUsgiliu RULAIS] , REBA[9] Usziliuludiures
foilouavae uduuuUszdiu OWAS [10] ligniwnldvdelumsussdiutadoidesennis
AnunAmeszuulasesnuasnduie wuuusady RULA Usailivludiuwesntsdudn uwiwuu

LY

Uszilly REBA, OWAS ldgniunusediu (neswin n) agnslsfmamuingafitadeniddy
vanedadefivuutsudiuie 3 Lildthald Wy natlumsiowsedies msduaniion
Fasansihen Wudu uenaninmsthuuudssdiu RULA wazwuudism MsD Tunisnda
g199n191 [11] WU msuinduiinugeanaondsdiuans wuuUssidiu RULA luianansasey
wdsduafinnudesgan  wendeisginnuditusssrisomuadunduie
nseANlATIs I uAIAZILL RULA wuinfianuduiustius (R-squared = 0.08) Lpswnens
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fidedudundma  vilwludegiuldlinnseenuuy wuudssliuniassiunuiosdssfiu 1wy



wuuUseiliunsen (NIOSH Lifting Equation)[12]  wuudsgilunsinauiuasuiimes
(Rapid Office Strain Assessment: ROSA)[13] kUUUsziuN13vI9Unaa319 (Posture Activity
Tools and Handling: PATH)[14] WUUUSZEUNINNTEAIE@ATENNSUNIUATUNISIAYAS
(Agricultural Ergonomic Risk Assessment Tool: AERAT)[15, 16] TutlagUudeliiinisiamun
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Aidedadlvimnuaulanisty wanmsnenseamansusegnaldiun1sningnanns
Taglayngmsimuamszay  memeamuazmsUssdiurudes  lunshaunisnia
19137 Tnssjaiulufimsiannuuuussiiurnuidsmsnssmansdimiunsningrmn
Tngldmdnnismensernansiiieanenandss. msiiaanuduazeinsuinduanmsianu
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wardwmaliauninenamniaunnitinnuuaenfouasinunmdininunty
1.2 InQUszasA

1LifloTnseitladefidmanannudresnuningans,

2 e RUMUUUSEIUA LA IININSE A AR S aMSUALNGAEN IS
1.3 Usglevifianndnaslésu

1.ﬁLLu%V]Nﬁ’W%IUIZEﬂ%@EJ’NWﬁ’]L‘WIaafﬂﬂ’J’]MLgﬁJ\‘]ﬁf\]SLﬁ@@’]ﬂ’]iﬁ@ﬂﬂaﬁ/}’mizuuiﬂiﬂ
LBENELEEINMINEALNIINT

2 annslfiedosdiofifianududouginnlunsusaduaudindaie
1.4 YAULIANITIVY

AsRauLUUUsEdium s dmnsunsnaagnann sty ayldgunuunsUseidiu
LuuaNN13EIRa (Multipliers equation assessment) tnengusiogneasluinunsnsyriaiu
e iislgunmienieudsuse Tnsdrassanmnisningnensuniluiesl foanng vins
n3nenesilaeliiinigyus Je-bong knives) Wuusuan lneidusoulanue1anisi 50 - 80
GuRRsLarANENITeEnIA 15 - 30 wuiwes Audedefidmadennudlunisnie
19151 wazneenuuumsvnasdngliiniesiandulninndnie (Electromyography:
EMG)  Sapnannudndingaiondduans LLafJLﬂ’i’]%ﬁ%}a%aﬁ@,@’mﬂﬁ/\lﬁ’]ﬂﬁﬂuLﬁa(Root
mean square: RMS) malusinga Bioproc 2 [17] Ingnsauuuifnni1suseidiuninuainisnsn
YNNITUANIINAITSUAITENUNNETTZING(Physiological load)lnedadefiiertosie

JLAUANNGINTAL1NNTTAWorking  height)  n1snseanteiie(Stroke) Uagdnwaziiunaiu

g19M157(Area) Tngnsinannauilelaenseazldinsadinedulniinauiile (EMG) agralsh
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ANUAINITNTINNTVULMARNY  T9@150UseUlATIAENTY  FALARILLIAANTS

UszluANNAINITNIABNIS (AN 1.2)

Factors

- Working height

Rubber tapping >

- Stroke

- Area

v

EMG ——+ Physiological load [¢——— Assessment Tools

v
Fatigue

v
MSD

P a a Y =
AINN 1.2 LUIAANISUSZLHUAINUAINITATALIINIS)
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dmsun1snsngamuaznan1sUseivaztislun1susulsaianmslunisnineannsuas
Wldnisananuanannisvieuld nedinguiuasanuidenineitesdadeluil

2.1 NISNIAYIINIF)

v A

ﬂ’]iﬂ%@&]’NWWi’]Lﬂu‘Uqu‘@Uﬁ??'W”IZUV]?j@%@ﬂﬂiBUQUﬂ’]iN’amﬁJ’NWWi’] ﬂ?iﬂ%ﬂﬂ?ﬂﬁgﬂ

o

aa a

SosvilRldiensnuaznialduiumaneUurdinininisarldhenados niednalidu
g Tuuneld maniaeumsnialagitnszanile videnswey szduitnisndaia
18] Tngunfezsudaninenesnsifidounaduseuds 50 Lezmﬁmmﬁmmqa 150 LQURLUAT
N ANUaIRTUIDITEENIABsIYNIINg8lUYI 30-35 BariuluITEaU [9,10,11]
nMsn3anuuSuiuTy Audenddenuraradinasening 1.7-2.5 Tadlunsude 25 ufluns
fo¥ [10Juazinn3nensifonldlunalduazUsumalnefedndzus 128 sn3nlufianiean

YUaIa[13]

[
1% =

lngdunaulunisnisenanispe nslddetondumuiinnseaniaimes  lvivaie

WesdnUAenliunadudug efuay Ussina 1 92 wuusyana 2 . lnguunnisdn

Judunsseenainasiu (dnldslumusudu) diessnseandelienswsieludewesiinnauly

'
= a

lusurdsUdonduluganen  wardansegndeiielifesiinsudnudensiindentuly

(%
Y A U

XY = o =Y o s |
gaeenun  Minsepndellennasilidalionlinineenduiug  wnast  diullenszaes

q q
fn Yassdeilolmiudasey ludinseteile islillaedousilonass Uszaasliuiuilnfingn

Aunaeaan LilAlinigneenaNToeNTA WARIRININT 2.1

AN 2.1 YIIN9NNSNIALIINIST [8]



uennilusenieninesmnsazdesinwinligniosnni 2.2) faulensznndeie
nsadonensazdoandeuithmindalude wazilegadmzvossindeuiiazdesin
wihftegdnumiinlafiaewinfiogdundsluneyssinalvianmsonssialdd  ludmeniviedy
Auly Wiadadmdhidaldeasanan dundudmiaidunasaiat lddeeddadmig,
Fu izazvilindsnsssiuaztindendonialuuiug  liuusiliedousaseisns
nspiuin @uwh) mszagilviddlenuasvgaludamsiinssfuwihazningdlddiag

(8]

d

AN 2.2 NS INIUNITASABNINIST a-b-c-d [8]

2.2 msUszifiuanuiismnsniseaans

n1seAIans (Ergonomics) Aen1s@nwingunamilunisviieu Tagiidvseiiefiay
USuusanudeannzaulidifuusazyana feffoausiluaniudivhausiig q uagld
AU AABAIUNTLUIUNTNTDITNTA 9 Taedndlafanisiiusneniouasisla (18] lnod
Jadeidssmenismanifo naainannadennisvienldun viimsnsvianulsivangas
msvheugen Anssuiliiusenn anuduasdiou wssnaaned uazianssuilldinau
fidsmarioornisuiniundunilonszgnlasedns (Musculoskeletal disorders: MSD) [19184lu
AsUsTunud s mansiuivaisds Wy wuusenudsaues (Self report)
LuUd1533(Observational methods) kag NM15inlagnss (Direct measurements) [20]

Ly

JatulafinsiuuuysediunnnuideinsyinnunIngAaI NS suL e ALEEAIN

9

& = ° i A a o v aa a ] o
e 3IMLIT "?N"U']ﬂﬂ']ia']i']"ﬂWUrJ']LL‘UU‘Uﬁ%LlJu‘Vlu’uJWIEU?’\I@ 1) AFUFLLUUNINIINITNINU



(Ovako Working Posture Analysis System: OWAS) [10] 2) 38 Usztdunanien1svineuias
WSINT¥YIABIU9AAIUUL (Rapid Upper Limp Assessment: RULA) [[8] wag 3) 18Usziiiu
M12919319N80819590157 (Rapid Entire Body Assessment:REBA) [9] uanainfifanuuniinis
YUY U INaUN T UTELTUAIILLE 99N SYINUTBIBIIAIULIGNS LU NNSAN®N
wwImensUSuUssEnuivinanudmsungusudetiens nsalnwnquiuaetiensiuatnu
Y1 9NBITUL TINIAFIVAN [21] FI91NAITNITILATILININIINITIN9Y RULA Tunsen
g 1 a '3 a % = 1

WNAABUUIYNEARN WUIINANITIATIEY RULA USEAUATLUL 6-7 AU NUIEDS INTN19ANS
° g va a a a a a | Y] & o & v =

MU ttilaniadgsnazineinsiauninissesuulasesnawaznatuia sndudesiinig
USuugaudlariud wag nuinfisnenunsussduniaenenIserman SN ¥nsnIyIaIu
YINNTIUINY LR UA LTI UALLAZLATBILINGNHU[22] Tnelg35n15 RULA way REBA
wazaguledn RULA fazuuuwindu 7 wunefalldgmninisemansdesusuuganisvinemu
Muiuagra REBA dazuuuyindy 11 nu18den1svinauilni1uldeeg s aansiaaauiay
USudguvimnamsanuiui wenainil dsgauiladnwwumeanJgymnsviandalug
Usenauandnningranislagld RULA [23] wuin nqustegeiesas 25 dAudednis

aulusedvasan (Level 4) arsUsuussnlvanimnsinulaeriuil wazngudisgieies

av 50 fanudesnsvhauluseiuas (Level 3) msusuusaudlaaninnmsieulaesy

2.3 ANUAINATNLLUD
9 P & & = = a A v & a

AMUAINA1ULH AT T UAMULR UUINTBANINANSTNAULH BRaNkSIN N AUl ULaY
ARTUANIZUWIA N1TTIANEINTERARITRINANLTDaRATENT1 “ANNAINaILEe” Tunia
A3523981910115009ANA LI uiean1TanaIveIANE NS TUBAT R D uAM LS A
AMULUUIIVDINTITLAE DULNIAN IRV AT NITUSLATUINUTENINEIEANN UL DS 19N
unnsaavhliiislonianiazifinanuaainniow AnuRana1awazaURmelaundy [24]
2.4 n159anaulniinduiiia

¢ a ada a v Y = )~ d' . Y]

anveEdiTInyNylnaeusausig membrane FavziinisuaniUasuysey (ions)iu
agnaonal luvaitn aneuenwadazdandunindedeudunelu nswdeuuvaidives
wadazgNNIEA U IULduTEaInduwadnauile vilvdausaedndluinaiunse
Jufinalalagiai oeinad ulWi1nduide(Electromyography : EMG )laaa1f Lo agtdu
dyaaluiindraile(Electromyogram) [23]lagvialUndnnsitasiziAnuLil oud U0

NAaNULBA28A1 EMG &I 2 35015 35usnldnisidSeuiisuniaadng b ATaleauaisi



naulenasiigedn (Maximum voluntary contraction :MVC) Fudusnfivudinlaainns
naaeuliNguAiIeE19RoNL IR TUATBINAABULIIAN(sometric exercise test) NaaNUUAT

Y93 MVC aggnldlunmsiuTeuiiguiunisianulunnenis 9 ielasenaudeainnis

'
o |

PIIUADNITUIALEUNS DANA1T8INAULTH D Taeialunisyiunldisinaiuiilasinin 15-

20% vearngsgatunsivaisudensziinsnd ililiiAaaudrveanduie 359 2 fe

naUSsufisurundyiaMagnitude) wazaanud (Frequency) 189A1 EMG delunns

a =~ o 1 1 & Ao v =~ o a &£ Qll =

Wisuisusuadgygrutundiuienianuanaziivuinvesdygraintuluvus Nnud
= (7

vosdganiirtanas  Iaglunwd 2.3 uaadiiuds dygralwihidfadu 9 3 ud 4

Y17 LAy 16 W9 yinlrauanauilaiiudu [24]

e nnpitis - s 3 min
-——-—-—-ﬂm . 4 min
_W—W—— 16 min
——
S5s

o

anf 2.3 vuedynandudygalniinduiile [24]

2.5 msaasizvataauliiinasile
a 6 1 nﬂ' o ¥ d’l’ gj le/ ¥ a 8% | Qll
neszvnraudygraliiinauileluassiayldnsiiasgime Asinfiaes
YesAnaduiaEswesAdyaalninnduile (Root Mean Square: RMS) &@alunns

[

RNy ruuuunuial (Time domain) lagilanseail

RMS = \f YN X% aunst 2. 1

2.6 msAasizidnvadanduiogegn

manasndunilogegalasaiingla (Maximum Voluntary Contraction : MVC) funsa
mlawadinslaasanlaeglaann weundyaseudleuiue MVC waganmnsausuvunaduen
Wosiduves MVC 1§ dadn MVC Thinandiaseiazdadldunanmanadiuesnduiowuy

Isometric 1ngaLA9N1SIAg ARSI UAILNUINAZBUNAIULLD (AR9vingnatNatlsy 3 ASI)
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(il 2.0) ImamgqqmaqmiﬁﬂsgﬁLwiam%u’q%ﬁ']mLa?{al,ﬁaﬁlﬁlé’m MVC [25] wagian
Wisuiflauiue RMS teflagnsiuingeiiineniudn (Muscle Fatigue) dufnifufiosidu
U831 MVC

Tnedl Muscle Fatigue LﬁuwwmﬁLma%mu@m?'iﬁ']ﬁ'ﬁgmmﬁm%’umiﬂaaﬁumimmL%U‘w‘%a
msvaduilunsldaumeedin nsemand waznisufn dendundeifnaudiay
dwaliLoundgaues EMG fndu drfuwoundgaues EMG Wuisiamumiesdgnldiile

Iududaandoulnl wu Tuniseaniidsnie [25]

I Failure Point
F 3

Force

EMG Amplitude
(RMS)

i
i
| .
I Contraction Time
EMG amplitude increasing with fatigue

= ] a A X A a 1%
AN 2.4 f"’ﬂLLEJ@JIJﬁ‘;’JJG’ILW@J“UUL%JEJLﬂG’Iﬂ'J’]@Jﬁ’]

2.7 JULAaLTUIRAVDIAINUAD

nseenkuumMshnuieanmudiufioindudesdhdymanseemansiosinai
SrdsualiAnmnuliavisnewenduamguesenmsuindundunie fsnnudindaie
vl arwanasalunseenustLassaaImaUanad[26] uazaudinduioasyinlviAn
pnsfndnfinisszutlasssauagndmiia(MsD) [27] Fadunamnannainaiszasriey
Tnensfnmanudndaniotulddinsfnuitslumagaamnssuuasnianinnuns[28-31]
donanudnldanunsataldlnensefaiudddisSsudiovanldindesdenis q Tn
aussouglumsinuvesywduarismsildfueg1sunsnarefonisliiade sinadulin
nénile electromyography (EMG)[32-34] Faillmnevesnsiarudthuiioussidiuany
Fuagihlvatranausinasgiilunmsvinudely esananudlunsiauusazussan

azlilmdouiu nnsdrsanundnisuiauslumaldaiui@n( Conceptual Model ) U3
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Aud(Fatisueluazermsiinunfinisszuulasesnsuasndrnid o (MSD)[35-39] dafudslé
WaulunadunAnvesauand uindandunind 2.5 nefidasondn 2 Jadodel)
Jadudiuypma wu Jayauszying e 01g @otunn lusu ToyanunienImay vue
Fndusnenie war 2) Jasusunsvhauty nssunszau anensvhey Wudu Juile
finsvhauasiiliian Physical workload wazasnaliiinmudn (Fatisue) Tu wazdninig
¥ausewosvdmaldiinenisinuninessuulasssaarnduield daduiedosiu
ﬂmﬁmmmimmL%UﬂﬁmLﬂfaﬂsggﬂiﬂiqiﬂﬁﬂﬁﬁmiﬁﬂmLéaaﬂawuﬁwﬁu Taelunisuseidiv
A tuariiadesilonananuuy LUUdeUANY LWUURTIIEEY LuUUsEiuAuEe vie

19e50ilotnwy EMG , Heart rate 1udy

Personal Work
Factors Demographic = Work load
Physical "= Work Condition
Psychological = Social context
? !
| |
! :
1
- )
Questionnaire Physical
- workload
Assessment Physical uestionnaire
Persona ysica q
l workload " Survey (WISE
Factors checklist,
Ergonomics)

B Assessment

tools(RULA
Fatigue REBA OWAS
" Muscle NIOSH...)
Fatigue
u Mental
\!

Physiological effects

" Accident
= MSD
Psych i ff

a a a 1%
AN 2.5 TULAALTILUNIANUDIAIINEN
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2.7.1 nM5UTLEUYIMIINITTU

wuudszdiuinianisyauazUsznaumedladondn 2 Jads fe 1) Jeduidesernis
Aaunineszuulasssnsuasndnie Wy mmsviaue 9 Y119 nseonusIWIosuLmn
nan Wudu wag 2) Jadediusng 9 989519018 WU druile a167 Ao wan v1 W1 WHuduy
Fadasourssonalimdeusuludasuuuysady faufy Wothuussivenaaglidrniy
Aoawdermuurinillaenndesiu wu Tudiuwesinenie wuuuseidiu RULA , REBA Ussiiiu
Tudiuves Yoflouazas Tuvasfiuuuusziiu OWAS Liusziiiuludiuvesdaiowazae

=

yonandhuuUselin RULA Uselluludiuresnisavde wabifinnsuseiliudiuaaanisdude

'
v a [

Tu REBA wag OWAS (shwagideananslunianwin n) egrslsfnunuindalitadendagy
waeUadenuuudsziiu 3 wuu Tdlauunlglunisuszfiuanudss 1w 92ana1vingu
| oA Y = 2 v ° v v va a &
ag el Msduawiitou Wudu yilrlutagdulatiniseeniuy wuudseliumizuny
9 99NN LYY LUUUTEUN158N (NIOSH Lifting Equation)[40]  huuUsekiun1svineun
ABUNILMDS (Rapid Office Strain Assessment: ROSA)[41] LuuUsziiun1svineaunodss

(Posture Activity Tools and Handling: PATH)[42] \Jusu
2.8 ANT9NLUUNITNARADY
= = 44' vy PN
NN30RNKUUNITNAGBIABNIFUIUNITRBNLUUNTDINUNUNTVIAGR BB L lddaya
% a 6 v ¥ aa aa
gﬂmmmmzaaﬂ,mmmewﬁua;ﬂammﬁmamqam [43]
NSDONLUUNINAABIINANNITARY  AD  N13vine(Replication) AREGH
(Randomization) WaENISINANUTEWSIBlocking)  Taefinsvidilivignaliiean
-dl -] ! a | [ a 1 v oA
AaRLAGEUAINNINAaRkainAlUUssuIdadelalinarenisvaassine  nsguAenis
naaaAazATIasnIINMTdulaeallatayaninTeMekaziinudasereiy NSy
ANUIINTIRDNTRIANNTERSIFmSUNITaaeuNsitTanunangaiefudmsu
< £%
N13nRaee LuaY
N1SNAABIAIULINALANWDIUTEANTAMNUBITEUU A9 T 2.6 Landlitfiuinmuys
11 (Input factors ) NManlUagiduiuusndwanansyuaunisinenaanyi (Output factors )
MAnTuIzUtanfensyuunsiangn deiudsieglunssuiunstuuisiinysanunse
muaulavy wlnTngiu Ands dnidn Wudu wazdudsuisiusliaunsanivauligy

WSILUNO ANTNUSTIINA =
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Controllable factors
1 2 “k

Process

1]

z, z, z_
2 q

Inputs Qutput

¥

Uncontrollable factors

AN 2.6 U338 NSTUIUNIT ke AUsnavauaald3]

2.8.1 tumeulun1seanuuunIsNAADs

nsimuatiadetlym (Problem statement) Insagdoafutamadaauuasanung
Tduunfavesniseanwuunisveaesiuiladiulels  Tngansazdesondunaianiignuin
Apszntdgmirudedmnssy drensuds dhenisnaia

nsidentlade  (Facton) lnedenandadeiidamadenszuiuns  uasiimriinue
YoulnkazsEAUTeslady  wavensssiinianeasafiensestladunewiielildtedefiddnds
wdwalldnadmiivnyauiian

nsidensllsnauauss (Response) agfouilandminUsnanaudoosls uagiiions
Sonaoendls neufivgyhnsmaaes

Asienuuunnaes  (Experiment design) tunsiiansandmsunisosnuuunis
NPBDITUNIRINSAIUWIAF e MIVEn WieRansaninardesinisuienvioll kile
Aeadastunstvunaildtnese

nsALiuN1snAaes (Perform the Experiment) agAodaiiun1sAnMILNITNAGES
ogaasansa  Lilelinsnaassiimugndesmiuuny  samdsmsmuauiiudslumsvnaes
warn1sUuinuanITnaes

nFATIERdea (Data analysis) lngnsideyauniiasieinanieans wonand
Fosmvaeudnvaziazaunwesleyaiilfainnmaans  msfigatnnugndes s
Ansesiteyaiiruimamnssunauiniuauinsaiinosvinlildteaguiignios
wsiugnntu

msasUnanIsvaaesLardouurih Tutuneuiiilevhnamanouasaduud doshnms
asUnauarlideuuzinfionamanasedluld venanilenavsdeshnmanaseaiiotuiiuna

MBI TIADUAIUYNABIVEINTNARDY



14

2.8.2 Mnaasslaeingd
msvaassuuudaseifneie@nuduusiiaulaus 1 fuazdinsfuteyasn
namaaesnnndt 2 nauduluuagnisnnaesssdunuuduiliondnidssiudssuniuily
nsAardeyaituinseidosdnmanssneuaniudasedetu dmunmaaeuainy
WihiuesAsvaiuvany ¢ A19xldIon1siAsIzRAuLUsUTIU
NTATITRANULUSUTIULUUTRBLAYY (Single factor analysis of variance)

9] v = v Ao o= 1 avy o Ql'
mmiﬂa’iwmiw‘uuwﬂ%@iﬂaw‘uuwﬂﬂ’mi@ WEARNIMY 119197 2.1

A1519% 2.1 N15VAaBIUITULAEN

Treatment
(Level) Observations Totals Averages

-
=

-
. .N,I..

1 Yu Yiz Ce Via

2 Vai Va2 L Vu Va.

-
== ...
1=
=

da Yal Yaz

-
=

o [ 6

AMsguFLUUNNaRAd U SN YAl d1TUNITEONLUUNIITNAAIYTURET LARAIRIALNTT

o

a o ! aa a L4 (% PN
7 1 LaznsAINaAERANIINAZOUIUANTINILATIERANULUTUTIULEAIAINITIN 2.2

yi= U+ T; + §; aumiﬁ 2.2

i=1,2.,2a j=1,2,.,n
= - a v L .
g y; Ao Adanedl j aelaseau i
L A9 Aladevianue
a a &l [
T, A MINTADITNTLAU |

€ AD NAYINAIIUAAIALARDUVBINITNAADY
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AN9199 2.2 NSIATITNANULUSUSTIUFINSUNNSVRaRU8LRe"

Sum of Degrees of Mean

Source of Variation Squares Freedom Square Fy
‘S“S'Trenlmem.»
L, M Steaments

Between treatments =n E (¥, — v a—1 MSteamens Fo = ——pmee

= MSg
Error (within treatments) SSg = S8t — SSTreatments N—a MSg

Y{I‘ n -
Total SSr=2, S — ¥.)? N—1

2.9 andunusnelusy
ananitinnisaenmaesnneuld[d4d] Ae duUsyAnSandunusaeluty  (Intraclass

Correlation Coefficient : ICO)  anduiusaelutuldinauaenndesdmiudeyavia

[
aady ¥

1 d‘ a ! ! = U ¥V a 1 U U a Q‘
FBLUBY JANBYITUIN 0av1 Eﬁﬁmu%@ﬂ'ﬂﬂﬁ@@ﬂﬁE]\‘iﬂUGUENE)IUingIUIWEJN']UW]E@J‘U?%&V]S

< v v 6

avdunusnnelugu duusednsanduiusnelutuianuddadusgrsdannldlunsdl
WiguiguinIesiloTnasyiin lnedmiugussiliuasinsinse 2 Wuuhe
- & J Y a Yo v a g./j ! r-g % a a v Y
AMAeTusEdegUsalin  ToiugUssiliuacue 2 auduly dunedadediume
LuudnnagmAeaiy Han1sduneiilamsazaenndesiu dwuudunalinnuuiede 35013
AwnenuLTeliosenIEUssliunutlaidu 2 nsd-nsdl 1 fusadiu 2 au Tdnsauan
anduiusseninazhuuIInMsFunagUTsiiuisaasay nal 2 gusediuannndi 2 au ldnis
TATILVANURUTUTIUNADUALLANA SEMINATILLREENEUTTTTULAaE AL
o o ¥ a 4 Y @ Y o A [y = A v
anuwasiungluguszdiu asveuliiuanuiuuslunsinngninlaginsediein
P = Y} B a 1 P & v | o
amelddeuluderiulaefussdiu 1 au agvimisiacaesnss  ddmeunlaluaesnss

willouiuynusznis ssfaanuldedady 1 leeadanliiasizife adfwauul (Kappa

'
a aa

Statistics)  Fuduadaitenldlunisusady IR dwmiuteyaszruuudyeld (Nominal
Scale) uazdoyasefususy (Ordinal Scale) [45, 46] affualin uradAilimaasuaiy
donmded (Consistency) fiuveateya 2 ngu Tuunensdlenalddmsunssuiisunisuseidium
vosdeyaraiienfuangUsziiu 2 au lay Kappa coefficient Huliisniufosendeausfign

PnveyanaulatudniskanwaakuuUn® (Normal  distribution)  #38%38n31 Non-

Y
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parametric statistic WadWsNlaan Kappa coefficient HuUAzoBUNBEIAINADAARDITENIN
Muves 2 Yataya
2.10 NuATeingIva9

o

nsdsnnenideiiiefidmadoanudssenisuindulunisndagans wui
il o Yaduiidrdny ( a3n9dl 2.3) Ao 1) viennsvien (Work Posture) 2) msvinaiusn |
wiesuuduesfinIaseTu (Repetitive work) 3) 1aalun13n3aen9mn31(Working time
hrs/day) 4) seAuanugasemingnslun1snIa (Working height) 5) N153uBaiinnIne1enis,
(Hand grip) 6) NMSNTEANLANIONITNTA %1 9(Repetitive hand / wrist) 7) 918 (Age) 8)

ANMNUNNITNIALNNITAWorking area) kaz9) sUuUN1INIA(Tapping system)



A1519% 2.3 Ua98La8991NN15NIAYNINISIINTILNUIIY

No. References Study population Study design Statistical Result Factors
1 U9 L‘ﬁsylﬁmm 2545 [47] 154 planters Cross-sectional Fisher’s exact test p=0.014 Age
p= 0.006 Number day of tapping
p= 0.007 Tapping system
2 qvnmcﬁ Junsiuauazane 2550 [48] 380 workers Descriptive research Descriptive statistics 362(95.26%) Repetitive posture
3 33 vjewth 2553 [49] 298 households Quantitative study T - test t=2.70,p < 0.01 Working area
t=2.83, p < 0.01 Working height
4 Chow Li Shan, 2012 [50] 419 male Cross-sectional Bivariate analysis X2 =4.107 , p= 0.043 Working time hrs/ day
workers X2 =52.569 , p= 0.001 Repetitive motion
Awkward postures
X2 =81.147 , p= 0.001
5 HAMNT 298wa 2555 [51] 114 workers Cross-sectional descriptive study Descriptive statistics High risk level = 61.4% working time walk/stand
High risk level = 71.0% Repetitive hand / wrist
High risk level = 50.9% Posture of hand
6 Supaporn Meksawi et al, 2012 427 workers Cross-sectional survey logistic regression RULA = 5.25(1.4) Posture
[3] 3.57(5.77,31.9) p< 0.001 Level of tapping
2.07(1.07,3.99) p= 0.03 Frequency of trunk
twisting
7 %:\imuﬁ waneuiauazane 2556 [52] 235 workers Correlational descriptive study Point biserial correlation, rpb = 0.151, p = 0.020 Working posture
and chi-square 80.43-99.57% Repetitive hand / wrist
8 S. Inraksa et al, 2014 [7] 250 workers Cross-sectional survey logistic regression 3.16(1.11-8.95) p=0.031 Age
3.18(0.09-0.58) p=0.001 Hand grip
2.07(1.04-6.30) p=0.039 Number of trees tapping
9 wshing laasuazaue 2557 [53] 209 workers Descriptive correlation research Odds ratio 1.947(1.104.3.433) Posture
0.488(0.270-0.850) Hand grip
10 Chadayu UDOM et al, 2016 [54] 450 workers Cross-sectional Multivariate logistic adjusted OR 2.64; 95% Cl: Level of tapping
regression 1.02-6.85

17
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Hadedananannsaundadssdfuiiiegaiuiansed 2.4) Taswuin 1) i
M99 (Work Posture) iutladefiwusnniign (3, 48, 50-53] HosnmanIaenanianiy
fivimeiiAnsssuui (Awkward postures) Susiusionndie 2) nsviaugn q wiesiuaugy
gafindarieu Sedusgfuruinaiuetensls, 7, 500 wae 3) anlumaninenanlngain
Tnefldinandaust 2-6 dalusiotu (47, 50, 511 4) sefumugevomthendlunisnia wuiims
nanfinthenasi AU ge dealilianuidswioainisisunimsssutlassiauagndanionn
Ju[3, 49, 541 5) MaduBadianinenamns nuimsudieldvanzan(7) viesenussluunn
[53)ianudssisanmsfiauninisszuulansagndunie 6) mansgandanienisnin ©1
q fianuideereninis MSD wndu [511mszdnansznndaiioninni 4 ade/und uae
seifleannnnin 1 dalusdetuls2] 7) 01y wudteny 30-44 I Uanunniigeanidu 45.4%
[47]‘17;’1059%1Lﬁm’miuﬁdwmqﬁ’mdnﬁmiwuﬁLaazﬂdwhﬁuéiu uana Nt [7Imui
ABATNTIMIEENINITTIONY < 42 T fionsfieunfvissruilassiauagndnadennny
fadlenaifnnnuszaunisaiiausasaninssnglurnedy - 8) anmituiinisniaetene
wui1 nsndalufiuiidurmiodan axfionnsuindesnduiomnniinialufisy
[49]uae 9) syuuni1snsm wudl n1snaa 11U 3 vasddulaznInnn iy dawalvidennisiaung
maszuulasesuasndnandewnniian [47]

q. o ld' U a
A998 2.4 U9981d89619 ] ANNTITININY NN

Factors
No. Postur Repetitive/ Time | Working | Hand Stroke Age | Area | Tapping
e No. trees worki height grip /repetitive system
tapping ng hand-wrist
Chow Li v v v
Shan  [39]
Lanud [6] v v
330 [40] 4 v
UTIA [41] v v v
s [42) v v v
Supaporn v v v
(4]
S. Inraksa [7] v v v
nsiing [43] v v
gnn5al [44] v
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Jadeidsaflothundangy (meedl 2.5) annsadanguls 3 ngude 1) nquiadeidss
¥ vins seduarugdlunisnin nansgandedle uay anmiluiinisninens 2) nauilade
sz I Suuduensnsuaznatlunsnia eswindaders 2 didmadetuuay
fusdunsunguiediu waz 3) nauladeaiuau taun 818 N13TUTANIALN wALIEUUNIS
n3n esanludamanaaestudesinismunuiadens 3 di Tasasiadeds 3 nqu
fenanuldlumseeniuumsUssidiuanudsmsnseeanslumsninenamnsiseld

d. U ! 2 dl =
f1919N 2.5 ﬂ’]i"\]@ﬂ@ﬂ{]"\]%ﬁ]Lﬁﬁ]\‘i‘i]’mﬂ'ﬁﬂ’iﬂﬁl']\‘ﬁ/\l’ﬁﬂ

Factors Classification

Factors Work load Control

Posture | Working | Stroke | Area | Number | Time Age Hand grip | Tapping

height of trees | working system

AatuInITediuansaasUlad - Jadendwasieninuavesnauniiearnnis
NIAYINNITALINBUUABUNIN  HAZLUUENSIT F9AAtnenanatseaauls feuanasdl
ML RLlnelYAS09El o luNITIATILIAINUAINNNAULBIAEMTY  WalilaNaTIklueN

1NTUBALEILN TN N NSNS AIANNAINATNLTLDAINNITNTABIINI A




uni 3

ad o

A HUNNSIVY

N9 A0A5 M UUUTZIIUNTA NN TSN IMNTTW TR ¢ WU va
= % . = = o Ao wa =
N1INIALNNITT kazALa (Fatisue) 3MNN13NTAENNT IneilonanadnsndauaudRnIu
ARl °wmum1ﬁumsmwn%LLavaaimLﬂusuamaLuaamu TumAassiaudiy nau
fhetnaazvinsmaassnineensuieulaiimuslimuununisaas site iudoyar
Anssun1seanussndiiiafeinios EMG uariesginanudiu  Tnetunouuas

aa o aw 1 [ g [ =
8n15MUA15N539Y wuseanlu 4 Junou AILERININT 3.1

ASWRAILIULAA

(Model development)

1. msmuuagdiuulieg

(Model framework)

!

2. MSAATIEANITITRDS

(Parameter analysis)

'

3. Nsas1alaLea

(Model formulation)

!

4. nsaEeuluaa

(Model validation)

AN 3.1 TUADUNNTALTUIIUNISIY
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3.1 msfmuaguuuulaieg

ﬂﬁ]ﬁ;ﬂ’mwuﬂizLﬁuﬂ’nm%mmiﬁwmzL‘T;Ju mMsUszdfiunnudssfiazifinennis
vndunduiiensegnlaseing (Musculoskeletal disorders) vaarud (Muscle fatigue)
Tnsusazasiiimstloutoyauariianeitors  Aoursfvtumeunmsvssiuaruissdaiu
Funaugatiie azusnsstuoeniulasagisuarimadaiiuuteondy 2 ndufe
mungaaweeAn (Ranges of values) lnglusyuuiazulsdeseandy ¢ wmedn fe

1) Awuea Hensinn iluAnluaunsuasUssfiunudes Wuds OCRA [55]
NIOSH [12, 40] wag Sl [56]

2) fvusen Whse wavdualuaunis wdeniuhluussdiuanudes Wuas
OWAS[57] KIM RULA[8] REBA[9]

3) fmuean wasihlulvezuuy demedansuasyussiiuanudes wwis LUBA
(58]

4) fuaan waziludnauns warUssdiumnuides wWuds EN1005-4 [59] Wudu
fsupal  (Values)  Tawaztheiildludnaunis LLazﬁﬂUQjmiUizLﬁummﬁmvﬁﬁ%

ULRA[60] sauandlunini 3.2

OCRA NIOSH Sl

multipliers = equation
OWAS KIM RULA REBA
codes = tables
LUBA

Ranges

of

values assessment

scores |:> equation

EN1005-4

tables
ULRA
equation —

4 4 0 I

Values

g4 4 0 1

AN 3.2 F5UTEEIUANULELININSEAERS[61]
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matmuasUuuulnaiflumiafedadlivedaun fomsmusianuazanns
deiluusziuanudes TnglduuiAnuesaunis NIOSH Lifting Equation[40] 1fiesain
aun15 NIOSH uen9anazuenAInIud sawdadaaunsavenanissumdnimanzauly
annynsiaui 5 DNFY Weiimsvhauiiiuainanszvessmenardmasonude
sxhliAnnMsuIniuaunsafiluanmvesdadeiivilninnnudesls Tnenisuszdiunig
Aesnnsonlagldannis NIOSH tu NIOSHI62] Ietausaunisnisenasausnidied a.a. 1981
s NIOSH l¢finsiteifimfuiiousutssaunsdananlidamumngaunndstu wagly
U a.a. 1991 Jelflausannisnisendiinisusuugddval (Revised NIOSH lifting equation) &
aumsﬁﬁlﬁﬁmsﬁmﬂ%ﬂmasﬁqLLwﬁmmawﬁaﬁmﬁ’uﬁ [63]aun15n158n289 NIOSH ag911
nMsUspdiulnefinnsuniumdnnisian dividnueaingdswesfivhnisen (Load weight)
szdedialiiiuAiauaiunsavesnduid sluvimnsimansauessanensednsinues
Ymini g (Recommended Weight Limit, RWL) Iaglunisiruidsuldnunisnin
SN ANFEMENNSTIN Nsn3nensnsazdediifiudnsinuessaniensulduaslal
AeliiAnAuEsIInMsUIMLEUNSEANLENINNNSINY STeilanansoldfuuztfiazand
vostladeiinelfiAnaudssainnisnineamsileilrnsyhauiianumanzan anamnis

ey Melin1sieseiilaeds NIOSH lunsimsziiiligeenn wagnsiunalaiuil sauds

nsUSuUTIN s savilanuiwug

3.2 M15ATILINITADT
a ¢ a I3 v a ¢ Yy v & =

NFIATEINITEmesalaunain Malessianuanaulielasiases EMG lag
Anwdadedenarionnua Ao sEAUAINEIlUNITNIALNNIT) TEAUANULBEIUBINUNNTA
gNNITMAEIINIUNINTEANTRLONTALINTT Aeuanasalull

NFIATERANLaNmeaedluioidunsemans  a1vn3vIMmINITNaRaINNIg
ANEIMINTIUANENT  UNINIREEAIUATUNIIAEYININITIAAINEIMEIATEY EMG  TINAS
1 ! a a a v dy
dauand i 3 YanInaes dseaziBunsiall

NSLERNNGNFAIDEN

nauAmeg1INsdulneITanIZla1za9 (Purposive sampling) \Uutin@nw e

WU 4 AU 81y 20-24 Ynindnwiiaseuniilseneuadnningemsiasiuszaunisel

¥
=

nIne1annseane 1 U JulY Teediinueinadl


http://thai-ergonomic-assessment.blogspot.com/2014/07/niosh.html
http://thai-ergonomic-assessment.blogspot.com/2014/07/niosh.html
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WNEUNNITARLTN

o Fgunmudeussauysal
® FAuNsneuUkaTEUN I InelaR

o Liflsyifoinisuinduuazoin1suinnas

WNEUNNISANBDN

o naumegllaNsaswlinaenlATINIg

o rglasunstdnUSalalu e 8160 utinYies nas aslnn useRu

JUNDUNITNAADI

(%
Y

A3ALIUNNSNAARINITIATIZIANLA e e LeARN sIANR AUl NN

nauilatitunausanaluil

1)

Andauazdudadusnanniugagunsaifieonuuuindmiuninensmsli
aruiueandeun3nensns (1 mi 3.3)
naudoesEinuarougundnaniodiusing 4 vassanie Uszana 5 unil
W38LAS0S EMG TMS International §u Mobi 6 (il 3.4)
wlsuuiuBannsa(mi 3.5  uazdescsiudideinse  Tiienaie
Whne Aendunilendsdiuans Ao Sandnaile Erector spinae dudneuay
fruan war gl Multifidus susheuazauan swvaouun 4 i
nénie(nnd 3.6)

oUN1INIALIINNITNAGDIINAINITOBNUTIEER  (Maximum  Voluntary
Contraction: MVC) Tngldin3es Jarndaafinues Jackson Strength waztudin
A1 EMG
MNTNAABINTAYINNITINIUNTODNUUUNITNAABILAT UUTINATHNS BUAY
TWghedunan 20 nilseseunisnIauazduiindn EMG (nwdi 3.7-n il 3.8)
Tufinen EMG (0l 3.9) waziie EMG lUiasevinadaelusunsu Bioproc
2

JIguiieuan EMG 21nn15n3A89NISINUAT MVC



A o o v ' ° =
AN 3.3 AFIVYANUYINNITINDUNINITAIN

AN 3.4 NswSengunsalreuiiunesiteusaniu EMG

24



AN 3.5 LeUBEAINTAFINTU EMG

R-Erector spine

2N ..l * f.

Py

AN 3.6 AuUARfLRUBIAAINTAUUTIANATLTD
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AW 3.8 MINIALIMNTINSTAUANLEUNTlDATYE

26



27

0

a o = A o 1 & a
2NN 3.9 MIUUNNARUETY N uiievaznIAE1INI S

2

N131A80LNDIATILYIAINAIIINNITNIALNNITIALINMINARDIIMIUA 3 YAAD N3
7AaRRNEMIAT EMG NEINasanNuaINseaunITNInganIsINea1ane N1snnasaieninng
ANN15NIAYINIIINTEAUBIFIVDINUNNT AL NNITINAAULAE NITNAADLNDNNAINNAINTT

AINIALNNIIIAINNINTEANTRLRANTU TnadTunaunITNAaBIRall

3.2.1 NINARBITLAUANGINIALNNIT

nsfnwszsuANgdlunsnins s iuansaiuiiinadenad Tagldis g
AesgvinnuulsUTiukuuiivadefen (Single Factor Experiments: Analysis of Variance
(ANOVA) giinsaamaaesdnuiu 4 aulagmuusaupeauadlun1sningams & 5 seauee
(1) fndan (2) Whidaes (3) wailug (4) ndddisve uay (5) wieRsweiuly Tnefifauys
muAe AaudyIn EMG vesnduiilondsdqudns fie erector spinae (lumbar region) uae
multifidus (lumbar region) AYLER4

At 3.10 Tnglumsneassdinisingy 3 ads Tnanisvaaesasidunuudy wansly

AN 3.1



M13197 3.1 N1T0BNUUUNTNARBITLAUAIILGINIAY NI

Independent
variables
1. Working height
(Lower - Knee, Knee
- Waist, Waist -
Shoulder, Shoulder

- Head, Over-Head)

v

Controlled variables
1. Population
(Gender: Male, Age:
20-25 Year)

2. Working area 0°

3. Stroke (< 24)

Dependent
variables

EMG

AN 3.10 ﬂ’]i‘ﬂﬂﬁ@ﬂi%ﬁUﬂ’miﬂq\‘iﬂ%ﬂﬂ’]\‘ﬁl\ﬁﬁﬂ

a1iu | seauaugely | ARudeeves asefi 1 | aed 2 | A 3
n19N30 Wi (EMG) (EMG) | (EMG)

1 Nudae 0°

2 19189192 0°

3 oanlug 0°

4 Inanedsue 0°

5 wieRswrIuly 0°

3.2.2 NNSNNADITTAVVDIDIATNUNNTALIINITT

28

= ) a & A = PN | o aa 1 v
ﬂ'ﬁﬂﬂw"ligﬂUﬂquL@ENGUENW‘LW]ELUﬂqiﬂiﬂEJ']\TW"Ii'W]LL@ﬂ@qﬂﬂUWNNam@ﬂﬁqﬂJaq I@EJ

1438 myleseianuulsusiuwuuiitifeiden giinsiumaassdiui 4 aulagimuusiuae

AuBesvasiuilun1sn3ne1snns I 3 sedufie (1) 0 degrees (2) 15 decrees uax (3) 30
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degrees Aauansn i 3.11 nglunisnaaesdinisviig 3 Asa lnensvaaesaziduwuugy

(mswﬁ 3.2)

Independent Dependent
variables variables
1. Working area (0 EMG

v

deg., 15 deg. and 30
deg.)

Controlled variables

1. Population (Gender:
Male, Age: 20-25 Year)
2. Height of tapping
(waist-shoulder)

3. Stroke (< 24)

AN 3.11 NMSNAABITEAUYDIBIAINUNNTALIINIT

a Y} A A
MA1919N 3.2 NN1I9DALLUUNITNAADITEAUVDIDIATNUNATAYIINIT

deu | auBesves | aSei1 | aSsii2 | eSedi 3
Hu (EMG) | (EMG) | (EMG)

1 0°

2 15°

3 30°

3.2.3 N15MAARINIINIEANYalaNIAL1INIT
nsAnwINIsnseandelle  (Stroke) TuN1INIAENMITIMUANARAUTTHAR AN

lngld3s msiesgvianuwdsusiunuuiivadesn fiinsiuveassdiuiu 4 aulaegmiuusiu

ADIIUIUATININTEANTBNBIUNITNIAEN1NNTY T 3 S8AUAB (1) Stroke 1 (2) Stroke 2 wa
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(3) Stroke 3 lpwiisuUsnume Adudygial EMG vosnaiuillonasdiuany A erector
spinae (lumbar region) wag multifidus (lumbar region) AskanInN N 3.12 laglun1smeass

finsvien 3 a3 lnenisveassasiduluudu (5199 3.3)

Independent Dependent
variables variables
1. Stroke (Stroke 1, Y > EMG

Stroke 2 and Stroke
3)

Controlled variables
1. Population (Gender:
Male, Age: 20-25 Year)
2. Height of tapping (waist-
shoulder)

3. Working area 0°

o Y A A
AINN 3.12 ﬂqimﬂa@\iﬂqiﬂigg‘!ﬂsﬂamaﬂi@EJ’NW']T]

A15199 3.3 ﬂ’]i@@ﬂLLUUﬂWS%@ﬁ@QﬂWSﬂi%G}ﬂ%@ﬁ@ﬂ%ﬂ‘&ﬂﬂ‘v\l’ﬁﬂ

fdu | manszandelle | a1 | eSeii2 | ASed 3
(A39) (EMG) | (EMG) | (EMG)

1 Stroke 1 (< 24)
2 Stroke 2 (25-36)
3 Stroke 3 (= 37)

3.2.4 ananldlun1sinsizi
Insveyalagldatimiaszviusenousig aiflanssawn laun Arnud A1ses

az Aede wavdudenuunnggu waglvadadeyuu dmsunaaeudadeniinuduius



31

AUANMUALALIATIERANUAINAULLBAETT RMS[51] 1ngTUswnsy BioProc 2 fabandnIw
73.13

Descriptive Statistics for file: Aum 15 Deg 1 miV 0-600.bpb — O X
Send results to Clipboard  Print  Statistics
Aum 15 Deg 1 miV 0-600.bpb
Channel | Label Mean |std.Dev. |RMS |Minimum _|and Time | Maximum [and Time [Range
Chan. 00 | Chan. 00 0.0001 6.1785 6.1783  -79.6180  343.4693 93.0863 174.2080 172.7043
Chan. 01 | Chan. 01 0.0000 16.3069 163062 -151.0273  425.6867 157.1894 169.3067  308.2166
Chan. 02 |Chan. 02 0.0001 17.6747 17.6740 -169.9656 154.9787 216.3264  199.5080  386.2920
Chan. 03 |Chan. 03 -0.0006 29,5885 29,5869 -258.5558  343.0680 491.4838  442.4693.

n= | 224847
t] 299.795 ¢

Print |

AN 3.13 NTIATIERAT EMG saelusunsi Bioproc 2

3.3 nMsasnslang
ﬂ’l’iﬁ%’]ﬂllLﬂﬁiﬂﬂ%ﬂ‘ﬁ’ﬁ]Sl%lﬂﬁ’iﬁﬂ%u@éﬁ@muazﬁmﬂ’]iL‘ﬁlaﬁﬂ‘UﬂizLﬁUﬂ’J’mLé&N g
g3 nsmuwinaandinu lneuulseainaunis NIOSH Lifting Equation[62] uazlunis
VSuanldiulumannudnannnisninensmnsituaslindnnisinn siuiuduensinindeutiu
szdedliludnnuaunsavesnduielunmsinuviednsdn  vessiuiudusan i

wuzthbiniadedu lned sULuUaunN1sALAINISNIAesTasludall

Rubber Tapping Index = no. of trees/ Recommended trees limits
Recommended trees limits = LC x HM x SM x WM

LC = Load Constance (Maximum number of trees at suitable working
conditions) e AAsTid LILAUENITinTAse Ty

HM = Working height Multiplier e fiipaszAuALEluNITNIAEINNIT

SM = Stroke Multiplier fe fagaunisnszandefiolunisninensmslunilsthen

WM = Work Area Multiplier A9 §neazAINLDIVDINUNAIUINNIT



3.4 nsasvdauluLnag

nsasvdeulnanNaINIsnInenss L dudunougaendInfinuune
719 9 Beuesudmilagilumaninaiunsvaeuinaunsaldnulignissminsauvseld

Toenuseanidu 3 d@russaludl (awansluning 3.14)

a 4 1 A o 1 v a
AAINSHAITUUN Lﬂl@ﬂ@’i%ﬂ?’]\‘iﬁ&ﬂ’i% LU

(Part 1 : Analyze Inter rater reliability )

A4

AaTeianuungenanigludusiliu

(Part 2 : Analyze Intra rater reliability)

A4

U UNSFURAAIUELINITNINYIINIST

(Part 3 : Risk Assessment of exposure to

rubber tappers)

A

Taaagaysal

(Complete model)

AN 3.14 TURBUNITATIEULULAD
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3.4.1 myAwsziarudesiuszninausziiy

1) hlusamnudnmaniagnns  Wldfunensnsmamuniamns #suneth
Ngyay JININANYY NGUAIBE1 30 AU
N13LABNNENAIDENY

NauMeg19vINNdulagT5ianieianzas (Purposive sampling) 3MNY1IEIUY NN
117U 30 A 97g 20-60 Duaeiiszauniaaindnensmares 1 9 Tuly Tnefinusridd
nasinsAALn

o Tgunnudawssaysal
| IS v
o @unsasULaTTEUN T Inglad

1 wa [ [
U 13J3J‘U§$’J(§]E’]’1ﬂ’]i‘UW(ﬂLQULLﬁS@’]ﬂ’ﬁU’J@MaQ

WNEUNNISANDDN

o LAYlATUNSHIPAUSALALIUL TD 816 NUNDY KA dLInn UIBAUN

o naumednliaunsnnsuldnasaiailunisinlasinsnasnlasanig

2) InguinegeneuLuud1I9 dausne q ve9ane Alernsuiavdsningnanis
lnglduuuseiivanudminisemansdmsunisning1amnslagusuugenin
Standardized Nordic Questionnaires [46]

3) Wifidemafunsemans endhoundiouazanuasnds guenanignanynssu
wazAuUaandy 31U 4 AU UTBiiumeluuUssuAINa1N1INIAY NI

4) Aps1enideyane Intra-class Correlation (ICC)

5) AinsersziumsaenAdIILIMARALATUY (39T 3.9)

A9199 3.4 STAUAMNFDAAADININLLINSERALAUU(Kappa) [46]

anauwalUn (Kappa) STAUAIUEDAAADY
0.00-0.19 laifimugenndeos (None)
0.20-0.39 ANEBnARDIUaENIN (Minimal)
0.40-0.59 AINADAAGBIUOY (Weak)
0.60-0.79 ANEDAABIUIUNATE (Moderate)
0.80-0.89 ANEDAAG BTN (Strong)
0.90-1.00 mmaamﬂé’aamﬂﬁqm (Almost Perfect)
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3.4.2 ms%LﬂsﬂzﬁmwL?}aaj'uma“lu@'ﬂszl,ﬁu

1) thlueannudnisndaenanns Wldiuinuasnsyaaugams fsnneth
Ngeay JNIANNY
N13laNNEUA79E1e

NauMeg19vINNdulagT5ianieianzas (Purposive sampling) 3MNY1IEIUY NN

91U3U 30 AU 818 20-60 Vuazlivszaunisalnnensnsmdaws 1 U duly lnafiinasidad

WNEUNNITANLTN

o Hgunnudaussanysnl
1 = v
e ANNITDEULAZIAELAEN e AR

1l [ [~ %3
e liflszdRan1rualdLLATa NI ANAY

WNAU9INISANDBN

o agleFuNITENARLTINL ALY Ha a6 utiniads uad a2 Inn vita Auan

1 o 1 dl 1 ¥ v o
L ﬂ@‘NWQ@EWQVIVLN@’]N’]ﬁ‘QL°YJ’]§‘QN1®[F]@@®?ZEI%L’)@'\IMTW’]?VHIV"I?\W’W

2) Inguineganeunuud1:I9 dausne q ve9ane Alernsuiavdsniagnanis
lnglduuuseiivanudminisemansdmsun1sning1amnslagUsuugenin
Standardized Nordic Questionnaires [46]

3) Wiidenmafunsemans endieunsiouazauasnds guemanignanmngsu
wazAuUaandy 31U 4 AU UTBiiumeluuUsEIuAINaINIINTAY NI

4) Anszndoyanme Intra-class Correlation (ICC)

5) AATIERTLAUANNADAASBIRURINETALAULT 7391519 3.5
3.4.3 nsuwuuyssdivnulyldnuentaiugnanis

1) ihleamiudnisningrans Wldfuinuasnsvnaugims Asuneth

Nggay NINANRY NGUAIBENS
QUHELRRGHIPRERE
nauieg19INTdUlagTBan1zia1¥ae (Purposive sampling) 1nY13EIU
g5 $1U3 30 AU 87 20-60 Tuazivsvaunsainiaerensdaud 1 Uy

U Tnedlinauanad
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WNEUNNITARLTN

o Tgunmudeusauysal
e ANNTRBULALTEUNN N LA

1l wa [ (%
L lmmss’mmmaumammzmmsﬂawm

WNEUNNISANBDN

o naumeTlaNIaITUANaeAlATINTS

2) inguiegameunuudisn  dwde 9 vesseme  Aiflenisuiavdnia
g1 Ieglduuuussliuanudmenisemansamiunningansiley
U3UU5997n Standardized Nordic Questionnaires [46]

3.) AnsendeyauarUszaiana

4.) dlueannualunaaedddiunginensnsyniaug1ans ves o.llewings a.

#Mae 913U 30 AU LiteBuduna



P
uni 4
NAN1538
nsveassluiesuUan1sdmsun1snIne1anis LLasLﬁuﬁagamﬂmsﬁwmﬂ%m
ENNITIVBANTATNTYIIEIUEWNIT DU LUgN 1AL LUUUSELIUANULELINIINISE
6 o % = gj Y v 1 dy
AARSAIMIUNIINTAE NN TIUUEINTaaTUNaLARade LU
4.1 NAN15LATILRUIIINANAADNITNIALIINIGT
N5 IATILNY AT NTARDNIINTALNNITEFIINAITDDNRUUNITNAADY IR LATIEH
a3y 3 Uaselown 5zf§1’ummqﬂuﬂﬁﬂ%mmwwﬂ SEAUVDIDIAINUNNTALIINITILAL AT
nszanvaiioninenenislaglnanadl
4.1.1 HAaN1TIATIENTTAUANINGINTAYIINIT
a 'S [y a v 1 Y} I~ o A ﬂy =
MylaTevRaTEAuANgdlunsningraslauleseiveanlu 5 seaude iud
1 WRae7 alna lnaneAsue warseaumilarswsiuld FaNaiassinnuLlsusIu
(Analysis of Variance) Aduandlumisnei 4.1

M13199 4.1 iAsevanuuwdsusinvesseiuauadun1sning e
Source DF Adj SS Adj MS F-Value P-Value

Level 4 3376 844.0 5.14 0.001
Error 55 9022 164.0
Total 59 12398

HAINANTNN 4.1 NMTIATeiAuwlsUTluladeseAuaugensnensnis Feen
F-ratio =5.14 uagn P-value = 0.001 @silAtiaundt 0.05 fatiy JsUfiasauufgiu HO asy

lpdseauaNgnIng19nnT dnadeaudilunsnIng1enis

4.1.2 NANTSIATIZATTAUVDIDIATNUNNT AT
a I ) E a Y] ° o
NN IATIEATLAUYDIBIAINUNNTALINITIAYNITNAGDIN 3 SEAUABD 0° 15° Lay
30° FINAIATIZRANULUIUTIU (Analysis of Variance) fauandlun1s199 4.2

a a ¢ o X A o
MA919N 4.2 UATILNRILAUVDIDIATNUNNIAYININIF

Source DF AdjSS AdjMS F-Value P-Value
Degree 2 2364  1181.9 6.15 0.005
Error 33 6338 192.1

Total 35 8702
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NARINASI99 4.2 N5IAS121ANULUSUTINILTT 8 S8 AUVBIDIANNUNNSALIINIT)
F9pin F-ratio =6.15 wagA1 P-value = 0.005 @ailAntpendn 0.05 Aty JsUfasauumgu

HO agUladnsgRuveseImnuin3neeni s dnasanuatun1sNIAg1aNIS

4.1.3 HaN13IATIENNTINTEANTHBNTABIINIT

Y A

NTIATIVNIINTEANVBLBNTALNNITINAENITNAGDIN 3 SeauAe 1) < 24 2) 25-
36 Wag 3) 237 FINAIMATIERAMULUIUTIU (Analysis of Variance) fauanslunsned 4.3

M1319% 4.3 T4AT1RN1INTEANTRLDNTALNNIT)
Source DF Adj SS Adj MS F-Value P-Value

Stroke 2 2580 1290.1 7.15 0.003
Error 33 5953 180.4
Total 35 8533

- a ¢ Y Y A A =
HAIINANTIN 4.3 MTIATzviauwlsUsulutadunisnsegndelioning1ensngs
A1 F-ratio =7.15 wazA1 P-value = 0.003 &FeilA1taend 0.05 Al FeUfsasauuRgiy HO

aguladinisnsegndedienInensnisdinananinudnlun1snIng1ani s

4.2 HaN1TIATIRVANAEIINNITNTALIINIT
NMTAATIZVANUAIBINAUFIE1INIAL1NNTIAEgNALTUNTIALYTIINITAREINTA

YNIFINALINAT EMG U09na1utilanddlagnani1snaasd 3 ¥anN1snNaandna 1) n1sAs1en

9

ANUANTEAUANNGIVBINTNEANG 9 U 2)MTIATIeRANaIleTEauaN Uy uAluNTS
NIAENITIENAY Uag 3) MFIATIBYIANALTBNINTEANTRLe (Stroke)
4.2.1 msamszidadeseiuadnugelunisninganisiual EMG

MTNATIZVRANSENUIERINSEAUAIHgMIgnslun1sNIAe9I T 1Y SETIRIN

= 1

panlu 5 sedude 1) Wudadn 2) Wwhdeed 3) widluad) lnanedsue wag 5)willefsysiu
co X

U finansimsnznetl

A153AS1ZRAT EMG N15N3A819NISITsEAUAINIIn (Lower-knee Level)

NANISILATILIAT EMG A5£AUANNINY (ANT 4.1) WUINA1 RMS Ya9nauiiland 4 dnil

1 [

| a X oA P A & aa & a
ANNLTUIT08 ) AURIWNN 5 A TUNilAgeEALaEnAIINTUILIA1ANAILATUNTNAGDS
7 20 WNTMUIYAINUINAIUANVBINANULLDLNNTULAENUILNAUD 2 TandiAn1sesn

'
[y o

wssgenInanuilednaulunisning1ansedu fAnda(Lower-knee level) fia nauilonas
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duanmurN(R. Multifidus) way NA1ULLBNRIAIUA1A UV (R. Erector) UANLMNAU 62.10

Waw61.52 pv

SEAUAINIAN (Lower-knee Level)

70.00
N 60.00
3. 50.00
:n/ 40.00
30.00
g 20.00
10.00
0.00
1,12 |3|4|5|6|7|8|9(|10(211|12(13|14|15|16|17|18| 19|20
et | Erector spinae [22.9/26.9(33.9/40.3|55.8/42.8(39.6/34.0/33.7|34.9|32.7/131.7|31.5/28.5|124.8/122.7|22.3|17.7|14.6(14.8
el | Multifidus 32.0|39.7/47.3/48.9/60.8/52.8/50.8/142.8/44.8/45.1/146.2/47.1/42.3/41.1|30.8(28.0[31.1/30.9/22.0/21.2
=i R Erector spinae |35.6/41.2(46.6/49.4/61.5/53.5(52.3|43.4/49.2(45.3/48.0/48.2|43.5/43.1/133.031.7|34.3|31.1/24.7|22.8
e R, Multifidus  |42.6/44.4/52.0(51.9/62.1/53.3/51.8/45.2(50.7|47.7|48.3|47.8/46.4/45.1/36.4|37.4/37.9/38.8/31.2/28.5
a = a ' Y X | v A Y a o ] |
AN 4.1 NMSLUTYULNYUAT RMS U9nandlllaiasidninseaun1snInsaInInged

A153ASIZAT EMG AUNISATAEIINISINTEAULIN-482 (Knee-waist Level)

NANISIATIZIAT EMG NSAURIN-LD (AN 4.2) Wu1A1 RMS U99nanuiiiand 4 sindian

dindwgen  audwnitn 3ezdugaifiangeanuasnasaniursiiianasauasunisnaaed

120 UNFINUIEANUINNAULBTANUA ALV ULAZNUINTNAUTLE 2 Ta7TA1N159DNk

! v & o A = d' Y} =
E;Nﬂ']']ﬂaqllLu@llWQUIUﬂqﬁﬂiﬂEJ'NVIﬁ%@ULGU']ﬁQL'E]'J

(Knee-waist)A®

1 dy v ! =
AAHIUBDUAIAIUAN

AUVIIR. Multifidus tag NALLHEWAIAINAIAUTIR,. Erector (70.27Ua859.45uV)

STAULN-+82 (Knee-waist Level)

80.00
= 70.00
R
= 20.00
Iy 30.00
20.00
= 10:00
e 0.00
1(2(3|4a|5|6|7|8|9|10|11|12|13]|124|15|16[127|18|19]20
et | Erector spinae [18.3(30.7/42.3|33.3(28.4/28.4/24.7|25.6(28.333.2|35.6(33.5(34.1(31.4/31.4{28.1(27.8|27.2[24.824.4
== Multifidus  [32.0/48.6/53.1/50.4{44.743.2|41.3[39.846.9/53.2|57.2[55.2|51.5/48.8/51.9[45.2(44.4|41.1(40.1{39.8
e R.Erector spinae [34.0/48.1/59.4/49.0(45.7/41.4|40.9[41.947.5/52.9/57.6(53.6(53.0149.6/50.4{44.5(43.2|42.5(41.8/40.4
e R. Multifidus  [39.2(52.1/70.2/53.5[49.2/49.2/45.1(46.9(50.5/54.3(55.3(55.0|55.353.4/54.6(48.0/47.7|44.5(45.9/44.0

a ™ = i v & ! o a Y] a o 1
AINN 4.2 MSUSHUNEUAT RMS U89nalilalaazlaNseaAuN1SNIATEAULYI-LB?
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A15AATIHAT EMG AUNISNTABNINISINISEAULER-1a (Waist-shoulder Level)

NANNTIATIEIAT EMG 526U t82-t1a (AW 4.3) WuInAn RMS 989nanuilany 4 siadl

[
1 (% U IS

AnfinTuudeniin - dandugenfrigeanuasd1antuaziifanauasuNIInaedii20
WNgvIngANIIANIaveInaiaiintuwaznuiing e 10afliAn15e0nLIEge
ninauiledndulunisnInesniseiuied-na(Waist-shoulder)de NAL VA IUEN

A1uv (R. Multifidus) JAvindu 62.90uV

52AULD7- M8 (Waist-shoulder Level)

70.00
60.00 W&‘; — —— AT VARV
50.00 S

40.00
2000 =il e o

! - - 'l =4
20.00 ﬁﬁ%‘ﬁu -"—'—'—‘”IHI" e drird |
10.00

0.00

N

RMS (LLV)

1(12|3|4|5|6|7(8|9(|10/11|12|13|14|15|16(17|18|19|20
=== |_.Erector spinae (16.117.816.827.417.1[15.718.915.6(13.915.616.016.816.816.014.114.013.212.812.611.6
=== . Multifidus 32.434.334.737.328.128.529.129.7]29.126.326.731.533.330.627.7]27.426.5[26.225.624.6

R.Erector spinae [31.033.532.534.328.428.230.229.331.227.527.431.732.530.529.128.027.026.225.324.3
=== R. Multifidus 52.1/53.354.962.955.054.755.456.853.3/53.754.759.958.457.656.954.853.452.051.150.1

'
= LY

AW 4.3 NSLUSsULAEUAT RMS 999nauiilawsasiinisesun1snsnsesuLel-tva

A153ATITAT EMG Aun1snIngnannsafiseaulva-Ases (Shoulder-head Level)
NANNTIATIEIAT EMG Aseeu 1a-A5ue (AW 4.4)WUNA1 RMS 989naukiland 4 iin
a1 oA X A = o a I Aa ) & a
JAALTWEeET BTN 79U NTANE9anLaENa N UUATTA1aAaIUATUNS
~ N ' P P L o X A v & o Ao
7AaRIN20 UNTIVUIYAITUINAINUAIVBINANULBLANTULAENUINTNAL LD 10ANTAINNS
gonussgInInauiledndulunisninesnisedulya-Aswe(Shoulder-head  level)  fo

nanuilenasaiuanaIuln R. Multifidus (64.61uV)
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seaulua -ASue (Shoulder- head Level)

—
S 70.00
3. 60.00 S, s - —
= 50.00 =S¢ =
0 40.00
= 30.00
x 20,00
10,00
0.00
1]203als]6[7]8]9f10f11]12]13][14]15]16[127]18]19]20
e L Erector spinae |15.6[16.315.5/18.920.0[21.7/25.3[16.8/15.816.9]14.5[15.514.1/12.8]16.3(17.6/16.5[15.4/15.9)14.9
== L. Multifidus  |26.2[26.6[30.9/30.7[32.7[30.5/34.6[30.7]26.9125.3]25.6|26.2/26.3|24.928.1(27.9)27.4]26.425.9)26.7
e R.Erector spinae |27.427.9[31.4131.3[31.6(32.0[33.2[27.827.825.3]26.926.3(25.4]25.7[28.428.7/27.3[27.6]26.8]26.9
e R, Multifidus  |57.8]58.1/58.5/59.2[59.6(60.2/64.6/59.9[59.5/59.0/56.8/58.1/58.5/56.4|54.0/56.1/55.9|54.6/54.7/53.1

AN 4.4 N5USEUIBUAIRMS U89naublianiazain

) U

NITAUVNIIN

= U 1 a
Smseaulua-Asue

a 1 o a =] Y o =1
ﬂ']iql,ﬂiqgﬁﬂq EMG ﬂUﬂqiﬂiﬂﬂqﬂquqﬂigﬂUquaﬁiwgﬂu‘l‘u (Over-head Level)

NANNTIATIEIAT EMG Aszsumila@susauly (nwil 4.5) wuInan RMS 989nauilany

4 dafianfiuvusos ) audauniif 9 wndugediidgeaauasndanintuasiidtanasauasunis

d' A i v v g a X A v & o aa
NARDIN20 UMNBINUIYAINNINAINUANYDINANULUDLWUYULAS WUINUNAULUD  1UANUAINTT

] % & o A a = ) A o 2 % &
E]E]ﬂLL'i\‘i%Nﬂ')']ﬂa']llLu@mﬂ@usLUﬂqﬁﬂﬁﬂEJ'NV]?%@ULﬁu@ﬂﬁ@%(over-head level)A® NAULUD

NaSAIUANAIUIN R. Multifidus(62.73uV)

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

RMS (V)

sefumilefswzduly (Over-head Level)

VRV o S * e e e

V.

e

—

e

e @i

I e seetes

1

2

3145|6789

10| 11

12 | 13

14

15

16

17

18

19

20

e | Erector spinae

16.4

17.0

18.9(20.4(20.9/121.1{22.9|24.2(30.8

18.5(20.7

15.6/17.8

15.6

17.6

15.0

15.2

16.3(15.8

15.8

== |, Multifidus

314

32.8

33.9|33.6/32.6|34.4|35.3|36.3|45.8

32,0353

30.7/130.9

293

28.0

27.8

27.0

31.1)29.3

27.4

w=fr== R Erector spinae

333

347

35.0/35.2|34.2(35.7|36.1{36.1|43.9

32.2|35.8

31.5(31.8

30.4

28.9

28.6

28.0

31.8/30.4

29.1

et R, Multifidus

51.1

52.9

53.0/54.3|56.2|57.0/57.6|57.7|162.7

54.4|58.5

57.2|57.0

57.6

53.8

54.7

53.1

56.4|53.9

52.7

a = = i v & i o A o a o o o
AINA 4.5 MSUSEULNEUAT RMS Ua9nNaniilalAaslaNsenuNISNINTEAULNULDATYY
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UBNANUNBUNITNARBINTAYWINTINITLAUANNGWS 9 HUILABWIINTIAAT
) X P A o = ~ | ! ) a a
nauLovizRanLsIRtasaaLietuUSeuiguA EMG TulsasseAun1snsng1ansngai
na1uilediA1 EMG wnan) wazihalaluwSeuiiisuiumniseenwsafsasandssialuil
msaaﬂuﬁ\iﬁagaqm MVC (Maximum Voluntary Contraction)
MIBATIERnIseanLsitgegn  Junmeasuilonsuinneun1siauusfegedn
YaanaUitada v luswatu i USsuisuiU  NaN1SNLIIURINAIUEENAINISYINIULAY
UnRtunsynauaINseanwsinatuialimisiiu 30% v89A1 MVC Han1sAsIZinIsaan
= ' Y X Ada P a v & Y| Y] v
L59RegeEn WUl nailenilAiniseenusdieasgn MVC fie ndsiilenasdiuinaudie (L.
Multifidus) na1UlanaddINa1 A uuI1 (R Erector) nanuilevasdivanaiuei (R
Multifidus) kagnanuiianadaiualsniuga(L. Erecton)muainu Aan1s1en 4.4

M19199 4.4 UATILVIN1TOBNLTINAULLDEIERA (MVC) NBUNTAEIINIT

STAUAUEINIA N1309NLIINAALEREEA (MVC) (V)
191391 L.Erector L. R.Erector R.
(Level of tapping) spinae Multifidus spinae Multifidus

1. wilsfsuy
(Over-head) 117.08 236.15 217.15 180.84

2. lva -Aswe

(Shoulder-head) 111.42 209.56 182.90 132.89
3. w-lva

( Waist-shoulder) 124.76 204.81 183.89 154.53
4. 197192

(Knee-waist) 105.41 171.93 156.97 131.94

5 fnduan
(Lower-knee) 143.54 201.10 190.88 143,53

nswssudisulasiduniseanusedisgedn (MVC) vaenduilaluusasszaunisnsa
nsiSeumey % MVC (RMS) waanansiileusazintuariinanisoanisefiegean
YRINAULBUNUTHUMEURUAIIDINIINTAY WNNTINTEAUAINGIRNG 7IAEEAYDINIINIA
! U I a U 1 . ISP a d‘
g4I UGB SEAUANMNEINUINNITNIATEA U407 (Knee-waistiiiAadeuniign
(Mean=40.57) seAudninai (Lower-knee) IAade iy 36.16 seaulvandsyy Alade

WINAU 26.33 harsEAUMLaAsYEiAwINny 25.16 AMUA1PU UBNIINTLUAIUVDIANAIULLD



a2

WUNNALENH % MVC innfigade na1uiilendsdiuanaiued (R, Multifidus) dawiriu

53.26§1J\TLL391\‘11U(§]'T§’1<1‘17]‘ 4.5 LLﬁ%ﬂ’WWﬁ 4.6

A1519% 4.5 Wisuleuilesiguniseanusainaiuilegegn (MVC)

STAUANEGEINIA Wesiduniseenussndaniiagegn (MVO) (uv)
Y1913 L.Erector L. R.Erector R.
(Level of tapping) spinae Multifidus spinae Multifidus

1. wmilofsue
(Over-head) 26.31 19.42 20.23 34.69
2. Ina-Avue
(Shoulder-head) 22.75 16.51 18.2 47.87
3. 1o7-lua
(Waist-shoulder) 22.03 18.25 18.67 40.7
4. 1971497
(Knee-waist) 40.21 30.94 37.87 53.26
5. fn3ue
(Lower-knee) 38.87 30.26 32.23 43.27
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60
50 )‘\\

40 / /\/

30 / === | .Erector spinae

@)
§ y
L ‘\‘§//_ == L. Multifidus
20 E\H’-._( R.Erector spinae
10 i R, Multifidus
0
Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee

izﬁummgan?mmawm (Level of Tapping)

2NN 4.6 NSLUTBUNBUAI% MVC UB9Naulannaziin

4.2.2 A153AS1TRYIITANBUTNUNTUNITNIALIINISINUAT EMG
A1AATIENTIVEAN YU NUN IUNITNIALNITIUUIENAGADIN 3 SLAUAD 1) N15N3A

D3AU 0 99AN 2) NN1SNIANTLAU 15 DIAT kAT 3) N1SNIANTEAU 30 99F1 FILNANITILATIZA

a ¢ = & o CI: T
N13AATIENNITNIALNHITINUNUTINIIAIANTZAYU 0 89¢n ( 0 Deg. Level)
a 6 1 ) & A o A =i oA A A
NANTITAATITNAT EMG UD98NWUSAUNNITNTAN 0 89f1 (AW 4.7)WUIULBLIUNIA
N3N RMS 20enduiienia 4 finflanfinduses aufewitn 119:luganidrmgeaanay
VAINTUULAAAARUFNGANITNARTEIINTART Ul ANEveINaINLaLNAY
=S & da i 1Y - R % & L =I5
waznudinananlleniidinisesnusegeniinauilednaune nansllendsduanauun (R

Multifidus) (55.00uV)
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nsnIndiseau 0 aeAn (0 Deg. Level)

60.00
e amama mam e~ i o e e
s 40.00
g 30.00
2 20.00
10.00
0.00
1123|4567 |8|9|10/11|12|13|14(15|16|17|18|19]|20
=g |_.Erector spinae |16.7|17.7/18.0|16.2(14.7|17.3(14.7|16.7|15.7|17.5(21.3(16.4{17.3|14.1/16.5/16.5/15.0/16.3|15.5/16.2,
== | Multifidus 34.8|33.8/34.4/33.3|28.2(31.5(27.1|127.3|28.6(29.5(36.7|30.9(29.6|24.3|27.4/27.9|26.4/25.6/|28.8|28.5
=i R Erector spinae |32.8/31.2/31.2|130.0/26.6/29.6(25.6|25.2|26.4|27.3(33.5(30.0({30.3|25.9|26.8|27.7|26.9|25.3|27.2|127 .3
e R Multifidus 50.4(50.9/49.3/48.7|49.4/48.8/47.5|42.5/42.5|44.0,55.0/48.9/50.0/46.7|48.3(48.2|147.0/146.5/46.7|47 .6
= = ~ ! % & ] o o o & 4 =
2NN 4.7 MSIUIIUMEUAT RMS 19na1laliazlanssaununnIgnsm 0 a9

ASIAATITHNITNIABIINTITIMUNUNANISNIANTZAU 15 B9en ( 15 Deg. Level)

NANISHATIZIAT EMG U99aNBaENUANISNIAN 15 29A(AINWA 4.8) WUINA1 RMS 89

v &g & o a1 oa X oA a1 ~a o ]
AANULUDNN 4 llﬂllﬂ']LWll‘sU'lJLﬁafJs]LLa%ﬂJﬂ']q@q@quqV]W 12 hasnasNnNUUYy

a1

UATANNIUATU

PN A= a Y Y v X a X | Ao v &
N1INAABIN20 u’]ﬂsﬁﬂﬁ’lﬂqﬁﬂaﬁuqEJ"LWQ'YJ']@'J']@Ja'VUENﬂanLUQLWNGUULLag‘WUTquIWﬂa']lILu@

nilAnseanusigandnauilednduniiuinisnia 15 aemee NaaLlenasEILANAUYN

(R. Multifidus) (60.46uV)

AIn3adiseu 15 91 (15 Deg. Level)

70.00
60.00
s 50.00
2 40.00
2 30.00
E 20.00
10.00
0.00
112 |3|4|5|6|7|8|9|10|11|12|13|14|15(16|17|18|19(20
=g |_.Erector spinae |22.8/25.9(26.9|25.3(22.1/26.0/28.1|122.0/21.6(26.8|30.2/34.5|23.5(23.6(23.0(25.4/24.3|127.8/27.7|25.1
=== | Multifidus 42.2|43.4/44.2|41.1|37.6/40.0/41.6(33.7|33.7|38.9/46.5|50.7(38.5|37.6/35.3|41.8/38.2|42.7/43.1|37 .4
w=ie== R Erector spinae |40.7/44.0(42.7/39.0/34.6(37.5|40.0,31.8|31.5(37.8|44.7|49.1|36.5(36.1(34.3|38.9(36.6/41.2/141.5/|35.8
e R Multifidus 50.5/52.5(51.8(52.9/52.8|52.9|52.7|47.8|47.9(50.5|55.4/60.4/51.1(50.8(49.7|52.4/51.6/52.3|52.2(49.6
=] ~ = ! P & ] o A o X A =
AN 4.8 NMSLUTIUNYUAIRMS UB9NaINLUBLARZUANTZAUNUNNITAIA 15 99A
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ASIATIZENITNIABIINTITIMUNUNANSNIANTZAU 30 B9e1 ( 30 Deg. Level)

NANISIATITIAT EMG U99anBesNuiniIsSnIaf 30 a9 1(Q W7 4.9)wuidiaisuny

NAABIAT RMS vaanauilen 4 fiafianfindusey 9 audaniif 103adugeiiiiagauas

VAINTULAAAAAIUAUGANTNARBITIMUNEANNTT  ANUGVINA oL TULAY
wuindin MillA1n1seenusEanIINaleinduiuin1sna 30 asrAe na1uLlenadIuan

AU (R. Multifidus) (63.400V)

Asn3AfisEAu 30 8961 (30 Deg. Level)

RMS (1)

1/2|3|4|5|6(7|8|9|10(11|12|13(14|15|16|17|18|19(20
=== |_.Erector spinae (18.8(19.3/19.4/18.2|120.7|23.3|22.9|23.5|28.2|33.7|27.2|21.8|22.2{20.9|21.5|26.3(27.3|24.2|29.2|24.7

=== . Multifidus 40.8|38.0/35.7(36.3|35.9(42.2/40.0({40.2|43.2(50.9|46.5(39.5|36.7|36.8|40.5/39.9/43.5/36.8(41.4/140.3
R.Erector spinae |35.9/33.8(34.5(33.1{32.9(37.6(38.0(36.8/39.5|45.9|143.4/36.8|33.2|33.1|33.7|37.6/40.1({34.1{39.4(37.3
et R, Multifidus 52.7/51.9/52.9|50.8|51.0|54.7|53.5|56.2(56.6/63.4{54.7|54.1/51.8|50.9|52.6/|50.5(54.2(50.8/53.9|52.5

o
% [y

AN 4.9 NM5LUSEUBUAIRMS U89naublaniazinnseauiuinisnss 30 99f1

ADUNITNAADINIAY WIS NTLAUANYULNUNNTABINITINANNY TUILADIVIINITINAN

Py & = A o ~ ~ ' ! o = a

ﬂamLuasumzaaﬂLLiqmqqqmwammLUi&J‘LJm&J‘LJm EMG IULLmaz'izmumiﬂsmmwm(ﬁ;w
na1ulediA1 EMG unnan) wazihalaluiSeuiiisuiuaniseenwsafsasandssialuil

nsssuiisuasidunisaanusedisgedn (MVC) vasndnanialuusdazszaunuiiniania

A15USEUIEU % MVC (RMS) ¥a9nanailolmazin (D 4.10) wuininisnInseeu

30 9aAdlALRAEIINTIEN (Mean=29.64) Aauanin1319¥ 4. lnenauilenil % MVC uniign

Ao NanUenasdINana WY (R. Multifidus) JAvindu 40.64
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[ '
6 1 v A a

A15199 4.6 UATILIA1 % MVC N9NTEAUNUTIVRINITNTAL NI

dananuida Muscle Activity (%MVC) RMS (uV)

STAUNUNNSA L.Erector L. R.Erector

YNNI spinae Multifidus spinae R. Multifidus | Mean

1. NSN3ANTLHU O
84971 (0 Deg.

Level) 19.59 23.62 21.89 34.58 24.92

[y

2. MsnIafsEU
15 9371 (15 Deg.

Level) 25.85 25.08 24.63 37.36 28.23

3. NMINIANTLHU

30 84971 (30 Desg.

Level) 25.27 27.43 25.22 40.64 29.64
45.00
40.00 m—
35.00 S
30.00
S 25.00 L [e=—— T N L.Erector spinae
2 2000 =
E . v == | Multifidus
15.00 :
10.00 R.Erector spinae
5.00 B
0.00 e R, Multifidus
1. 0 Deg. Level 2. 15 Deg. Level 3. 30 Deg. Level
STAUNUNNIAYI1INI91 (Level of Deg.)

AN 4.10 N5USEUMIBUA1% MVC 89nautlianiazain

4.2.3 msansziladenisnszandaiialunisniagranis,

Y A v A

ANFIATILIINNTNTEANTBLDIUNITNIALNNITIUUIZYINNTNARD 3 SeaUAD 1) NS

q
(% (%

nsgAnUaloseiu 1(s 24 ATwanneN) 2) N1INTeANURNETEAU 2(25-36ATIABNTINEN)uaY

3) mansgandoiiosedu 3= 37aduwionthenafedinamsinsesidsd

N13ILATIENNIINIALINITINUANINTEANTRNBTEAU 1 ( Stroke 1 Level)
NANTAATIZYIAN EMG M3nseandeielunsninenamnsnfiseiu 1 wuind1 RMS ves

v & I o a1 oa X A A4 a yvooa = A I3 Aa o
AANHLURNG 4 UANANNYULIDY PUBDLINAUNTA  UEIUTNIN 15%3LUUQ@WN@7§Q@@LL@$V@Q

9



a7
PNUUdABaRUFLEAN IAaTeiuelaTAudTe Nl inTuLaENU TN
nauilefiilAnisesnusganinasiiledinduiisedu Stroke 1 levelfia nastilonasduan

Auv (R. Multifidus) (55.32pv)é’aLLammwﬁ a.11

n1snseandadieszau 1 (Stroke 1 Level)
60.00
50.00 Wﬁ(—x—x@@@@(—x—
40.00

30.00
20.00
10.00

0'001234567891011121314151617181920
=== |_.Erector spinae (14.1/12.5/12.6/10.7|15.4{13.0|12.4/11.5/14.9|11.9|16.1(16.3/15.3|20.022.6|16.6(16.2|15.0/116.1/16.3
=== . Multifidus 30.6|127.6(27.2|124.7|127.7|28.1|25.7(25.7(26.3|27.2|131.4(32.3|32.1|33.9(37.1{27.4/127.9|27.9(29.4/29.1
=== R.Erector spinae (28.5/25.3|25.0|22.6(26.1(25.6|24.3|23.8/24.5|25.7|29.7(30.2/30.3|31.032.9(26.0(27.0|26.4/127.1|127.3
et R. Multifidus 51.9/50.6(49.2/49.1/46.8|49.3/48.2|47.3(44.2|50.1/50.0(51.8|50.2/49.4(55.3(51.5/52.0/51.8(51.5/51.4

RMS (1)

AN 4.11 MsSeuniisuAIRMS Yaenanuiiionfazinil Stroke 1 level

N153LATILANIINIALNNITINNNINTZANTBILAU 2 ( Stroke 2 Level)
HANITIATIZNAT EMG N15n380NT0dialun1snInenanisInssiu 2 (01w 4.12)wuin
A a o i 1% - o a1 a X A = Al
Wl UNIALNNIIAT RMS Yamnaiuilens 4 dedlaniisduwazyeiidaanfeuiin 15
NAINUUALLARARAUATUNITNARBN 20 WINTIMNEANNTIANUAIVBINA UL LDLLTY

waznuIddanauile NliAn1sesnustasnInNauiiedndufe naulandsdIudnmUIN

(R. Multifidus) (64.42 V)

nsnszandadiaszau 2 (Stroke 2 Level)

RMS (V)
ENWAUION]

©O0O0O00
ooo00000
Sleletetstslsls)

=== |_.Erector spinae (14.4(13.6/15.7|14.4/17.3|15.0/15.9|15.5(15.3(16.9|118.0|16.4|24.7|/17.5/16.7|16.6|16.4(16.4(16.1|16.7
=== . Multifidus 31.9(29.3(29.3|25.7|29.9|27.3(31.2(29.6/30.5|33.1/34.1(30.2/38.5|31.7|29.3|31.5(29.5|29.3(27.8|28.9
=== R.Erector spinae (30.2(28.2/128.9|26.6/|29.8|27.5|28.8(28.7(27.9(30.2/30.3|128.0|36.9/30.0|28.2|29.3(29.0|28.5(27.6|28.1
=== R. Multifidus 58.6(58.2(59.8|58.1(59.2|57.7|59.0|54.1|56.1|56.0|54.7|53.9|64.4/58.0|53.3|52.7|52.7|55.7(55.8|56.5

AN 4.12 MsSeuniisuAIRMS Yaenanuiiionnazinil Stroke 2 level
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N133LATILANIINIALNNITINNNINTEANTREBITLAU 3 ( Stroke 3 Level)
NANTIATIZIA EMG M3nszandediolumsniaensmsndiszdu 3(nwdl 4.13)wui
Foduduninensen RVS vesndniiiens 4 dafidnfisdudesy wwfaniii 13 fadugeild
ﬂ"]qqq@]LLawé’qmﬂﬁuagﬁﬁwamaqauéuqmﬂﬂsmmaaqe‘i’iqa’]miaa%msmmEJmmiﬁd’]m’mé’ﬂ
vosndundofutuasnuidindde 1 g0 Aflemssenussgsnindundetadu e

NANL VA IUANAUYN(R. Multifidus) (62.82 V)

n1snseandaiiaszau 3 (Stroke 3 Level)

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

RMS (V)

=== |_.Erector spinae (17.4(17.4/20.4/121.4/19.9|121.1/120.0|21.5|20.2|20.2|21.8|21.2(28.8(22.0[22.2(23.6(21.3|22.0|22.4|25.1
=== |, Multifidus 31.1(32.8(34.9|34.4|32.5|33.2|32.3|33.8(35.7|32.2(33.9/30.6(41.7|35.8(35.4/39.1(35.4{34.0|34.8|36.8

R.Erector spinae |29.9/30.6(31.1{31.3(30.9(32.1{30.1{31.6/32.2|30.6/33.4|29.7|39.5|33.7|33.3/|35.4/32.8(32.5(32.6(35.2
e R Multifidus 51.9(51.6(53.8/53.6|55.6/55.3|52.6/51.4(53.7|51.0{45.6/54.8/62.8|56.8(54.5/54.1(53.4{55.2/53.9|53.9

A9 4.13 NsUSeuiguAIRMS vaenauilannaziinil Stroke 3 Level

N13NAGBINIALNIIINTLAUNIINTEANVaLDNF ALY ABUNITNARBIILADYINNITIA

1
1 1% = =

AN LBYERNKIIANEIEAMVO) WenuUTeuieual EMG Tuusdagseaunisnsenn

1%
Y A a ¥ A A

Joila(@eiindiledidn EMG wngn)  waztheflaluSeuiieuiuAinisesnusefisggn

q
1

AR Uil

maFsufisuesifunsesnussfisgagn (MVO) vasndunioluusiassedunsnszanded
malfeudiey % MVC (RMS) wesndunieudasdpnuiiimanszandefiossdu 3

(Stroke 3iiAnadeanniian (Viean=46.38) Tnsndunilefiil % MvC innilgafio néuilonds

drudndur (R, Multifidus)iauansdlumsned 4.7 wazamd 4.14

M19197 4.7 AT % MVC Tulsiagseaun1snsenndalorainisnIngnanis

szaumsInszandaile dandnaile Muscle Activity RMS (uV)
(Stroke) L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus Mean
1. 336U 1 (Stroke 1) 21.93 24.34 22.21 38.19 35.55
2. 56U 2 (Stroke 2) 26.77 25.13 25.65 48.44 42.00
3.5561U 3 (Stroke 3) 31.37 28.04 26.93 52.80 46.38




49

60.00

50.00 /
40.00

30.00

% MVC

20.00

10.00

0.00

e==gu== | Erector spinae
el |, Multifidus

R.Erector spinae

1. Stroke 1 Level 2. Stroke 2 Level

szAuUNTINIzAntalia (Level of Stroke)

3. Stroke 3 Level

R. Multifidus

AN 4.14 N5UTEUMBUA1% MVC 989na1ulawniaziin

4.3 msw3eufisuasiduniseanusefegedn (MVC)

mMyinziasilaziiadesidunisesnusiiegean (MVO) TaeaziSeudioun 3

AR 1) AN % MVC aananidiialunfasseaun1snin 2) A1 % MVC vaenanuiiolunmay

JEAUANWUEIIUNNIGNIA 3) A1 % MVC Yainanutilaluuiazseaun1snsenntaiion1snsa

lngazinAaaureIngunnaedlUIne FelnansIneeel

4.3.1 m3Bwnziuieuiisuasiduniseanusatigega (MVC) vaanansniialuusias

STAUNISNIA

NaN1TIATIEIUSE U UBSdUNS0RNusIRgeEnd% MVC (RMS)vainausiiag 19V 4

AL NUINNNTNIATEAU 110 (Knee-waishiAadesnnitga(Mean=56.4509UaA9015149

4.8

M19197 4.8 TATILVA1 % MVC NNNTEAUAINGINITNIALIINIT

FLAUNTINIAY1NIT(Level of NGUA2E
Tapping) No.1 No.2 | No.3 | No.4 | Mean
1. G‘]I”m’.i’llfli’l (Lower-knee) 59.44 | 39.31 | 38.64 | 62.76 | 50.04
2. 191-197 (Knee-waist) 65.42 | 49.01 | 42.15 | 69.24 | 56.45
3. 1o%-lna (Waist-shoulder)
48.91 | 34.18 | 2585 | 41.92 | 37.72
4. lna-fAswy (Shoulder-head)
37.81 | 31.80 | 26.34 | 39.72 | 33.92
5. .illefiswe (Over-head) 39.00 | 29.18 | 26.35 | 37.38 | 32.98
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4.3.2 n13REiUTeufisuUasidunseanusafegedn(MVC) vasndnaniialuusias

STAUANBAUTNUNNITNIA

NAN1TIATILAIUTEUTIBULUBSEUN1500NWSIRIEEA% MVC (RMS)URINgufegnes 4

AL NUITINSNTATEAY 30 aerilAnafslniign (Mean=44.50) Falandn1s1an 4.9

M1319% 4.9 ALY % MVC IVNTEAUTUTIvaINISNIALNNIT)

dnuzituiiniania NENADEN4
No.1 | No.2 No. 3 No. 4 | Mean
1. 5¥AU 0 93¢ (0 Deg.) 35.27 | 20.64 24.88 31.69 | 28.12
2. 530U 15 99A1 (15 deg.) 43.73 24.98 31.51 45.54 36.44
3. 5¥AU 30 83A1 (30 Deg.) 50.34 | 30.60 37.04 60.02 | 44.50

4.3.3 m3danziiuieuifisuasiduniseanusetigega (MVC) vaanansniialuusias

szAUNINIzAntaiialunisnia

NaN1TIATIETUTEUTB UeSUN1500NwIRegdn% MVC (RMS)uaanguiietn

9 4 AU WUINNIINIATEAU Stroke 3 HlAaGeNINgn (Mean=44.66) AIAAINITIN

4.10

M19197 4.10 TA519AT % MVC Tuudagsedun1insennteilavain1snsnganis

FLAUNIINTEANTRLD NFUNARD
(Stroke) No. 1 No. 2 No. 3 No. 4 Mean
1. 5zeuU 1
(Stroke 1) 34.49 25.70 24.88 30.57 28.91
2. 5¥AU 2
(Stroke 2) 45.49 30.82 31.51 38.71 36.63
3. 920U 3
(Stroke 3) 52.51 36.54 37.04 52.57 44.66
4.4 N3E5190UUUTIEIUAIUNAT TUNITNIABNINIS
NTAATIERNANITIVLEINNTAUINATUUUUTZEUAINAN Tun13n3Ae19nIT

(Ergonomics Risk Assessment Tool in Rubber Tappers: EART) 7u Tnesiianuideenisnda

PNNITIAMUAN FAFIUTDITIUIUAULNNITITINTARDTU (Rubber trees Tapping per Day:

RTD) AUINUIUAUEN9NISIAMUE N3 A (Recommended Trees Limits: RTL) a¢l@ain
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RTD ;
EART= —— aunsi 4. 1

Tned
EART = sfimnuidedlunisnanenanis
RTD = s1unudugnansifiniasedu
RTL = s1waudugnamsfiwuziliniaseu (Recommended tree limit)
Tnelunmsfunamsnuduensnmiuusilsnindeu (RTL) awnsasmuiald

NAUNISA 2 waztilalael RTL aziluknualuaunisi 1 iemaiasianudedlunig

n3REL1INNS s kU
RTL= LC X HM X WM X SM AunnsT 4. 2
il

HM = Jadeinaseaiuninugdlunisnia (C multiplier factor)

WM = ﬂ%ﬁﬂﬁ%@mﬁzﬁuﬁuﬁﬁwm (working area multiplier factor)

sM = Tadesamnisnseandeilelun1snia (stroke multiplier factor)

LC = Amsfi (load Constance) Amuasasiiiiu 700 du Wusuiunisnia

YINFINBIUF NS USTUUNISAIA 1/3 [64,65,66]

4.4.1 Uadndnpmsziuadnugelunisnin

MlaTzvisgRuANNgdunisningasuieuiuianig TALUsEAUNITNIA
oonidu 4 szfufie 1) gendilvd 2) 197 - nd 3) 191 - 107 waw 4) shnd e waglsvun
muuadadeiinuszauaugalunisnin Imaﬁman‘%msJN‘v\niwﬁigﬁuqmdﬂuﬂ%ﬁa@m
Wwindu 0.93 miﬂ‘%mmquwﬁizﬁuqqLmﬁﬂwﬂé’f@h@mwhﬁ’u 1 miﬂ%mmquawﬁizﬁuqm’l
faolddgauvindy 0.44 uaz msningnsnaiiseiugeiininnldfgauindu 0.60 &
AN5197 4.1

M13199 4.11 Tadeianszauaugelunisnia (HW)

aduil FTAUNIAYINNIT Uaduananszauaugelunisnin
(No.) (Level of tapping) (HM)

1 Over-Shoulder 0.93

2 Waist —shoulder 1

3 Knee-waist 0.44

4 Lower-knee 060
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4.4.2 JaduAlnuseaunuiineu

A15815ANUN AU NI ILASHANITNAADINISNIALINNIT)  MABUSTEAUANNLD YA

¥ '
=) =

fiuneendu 4 seAufe 1) 0-10° 2) 11-20° 3) 21-30° waw 4) >30° waglafmuaimvualade
fhauszduaBesiiuiivinnu Taefineniasremsiluiud 0-10° Wedgauvinfu 1 ns
nangnensiluiiudl 11200 Migauvinfu 071 mandeenamluiiuil 21-30° Tedan
Wiy 0.52 wagn1andaenewnsilunnudesiiuil >30° THeauvindu 0.43 fwneed 4.12

A15197 4.12 Jadeiamsyauiuminau (Wm)

araudl FEAUDIAT ﬂa%’aﬁ’a@mszﬁ’uﬁuﬁﬁﬂmu
(No.) (Degree) (WM)

1 0-10° 1

2 11-20° 0.71

3 21-30° 0.52

4 >30° 0.43

4.4.3 adudnamunisnszandaiialunisnia

ﬂ?‘iﬁ’ﬁ’mﬂ’]ﬁﬂﬁ%ﬁ]ﬂ%@ﬁ@l‘UﬂW‘iﬂ%ﬂEﬂﬂW’ﬁﬁ VDIV NIFIUYWNIIATNANITNNA DY

Y A ¥ A

msnszandeiiolumsnia lanmvuatisnisnszandelessnilu 4 ¥ lnefinsnszanded

q

(% (%
[ Y A 1

10-20 ASsriavingnanIa dardmamriniu 1 n1snserndeilosening 21-30 aTssenteania

(%
[N Y 1

fiAdaauviniu 0.80 nsnsernteiloszning 31-40 aTsseviingnania dAragauviniu 0.45

Y

warn13nsEAndeleninnit 40 asaentienania deiinauviiu 0.25 AW15199 4.13

M19197 4.13 Jadeamunisnszandedielunisnia (SM)

sl n1snszandoile Uadedamnisnszandeiialunisnin
(No.)  (Stroke)/wtig14n3n (SM)
1 10-20 1
2 21-30 0.80
3 31-40 0.45
4 >40 0.25
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4.4.4 nMsudanatuuysziiuanuainisnsngIans
NANTIATIERTlEaINASUTEEIUNSASAENT  axthanfvusinasinisUssdiu
Tneanunsasendu 4 ssduie adeil Hesnidewindu 1 wunedsldfianudsaansinnig
nsnensneeniuld Aduiogszming 1.1 - 25 wvnefdlaudssiuansitnisnin
gemnseensuldudenaszfedinsussiiufinfniiohsels  adulegszning 26 - 3.5
wnedsdlaudssuiunatanansan N13N3ALNNTIFBLATUNISUTUUTINISYINAULELYI
nsUssdfiudneds  Andadannnividewiiiu 3.6 Mmaﬁﬂﬁm’mL?imqmamiwmiﬂ%m

grennswensulild axdeainisuTuusenisnInensmnslaeiui fAwm1sei 4.14

AN5199 4.14 SEAUANUELIUNITUSLLEIUNTABN9NIS)

fufinanudes sERuAALEYS nsudana
(Exposure index) (Risk level) (Action)
<1 laifinnandes (Negligible) AMTN3AENITIEeNsUld (the condition

is acceptable)

1.1-2.5 s (Low risk) nsnInenandsludideymluiuiiue
sgdsdimsussdudiuindusees 4
(The actions do not require
immediately attention and might be
evaluated in a medium term)

2635 esUiunans (Moderate risk)  nM3n3nensmsizuiidlgmaisinisinm
WianAuuazyaugsn1sinn (that the
actions might be evaluated in a short
term)

> 36 L?imqa (High risk) msnsngemnalgmmenseaans
fosirsusuusnmsvinnulaeiud (the
actions should be improvement as

soon as possible)

4.5 N1INTIVHDUANYNABIVIIUUVUUSZIUAINAINITNIALIINIT
M3tuuNsnTIREeUNaNTIAT AL Tes Iz NS 2 Wy Fonns
AnneinnanderiuseningUssidu uasmslinnzsinnudesiunelufussidiy
4.5.1 wamsAasizianuediuszninagusziii
Ansesilaeivtoyanin fidsrmasnunmsemans dnerdreunsiouazanuvasade
tihauaanignanvnssuuazaulaoade wagidmihfaisisaay $1uu 4 au ngudiogis

AWATATVIIE@IUENNITINWIY 30 AU UTEUANAIAENINISIMBLUUUTEEUAINAINIS
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NIALNNITINUTY HANTIATIETTeA U Working area agfluseduf (ICC=0.667) Uadennu
Working height aglusgdudunn (ICC=0.956) uazadusu Stroke aglusgsiuduin (ICC=
0.964) FapN3971 4.15

A1519% 4.15 A1ANUTaluTENINNEUTEEIY (n=30)

Score ICC, 95%ClI P -value SEM Value
Working area 0.667(0.419 to 0.826) < 0.001 0.027 Moderate
Working height | 0.956(0.923 to 0.977) < 0.001 0.042 Almost Perfect
Stroke 0.964(0.937 to 0.981) < 0.001 0.036 Almost Perfect
RTI 0.927(0.872 to 0.962) < 0.001 0.191 Almost Perfect

4.5.2 wan153nsianueiuneTudusadiu
a ¢ A o Y a = v o a 3 & Y
Mylaszvianudeiunglufusslivauiediuinisussdiueg 2 ase lunquynin
gramsInauay  Inglidildeivgiuniserans e1dieundsuazanulaendiy  guamans
PREMNTINWALANUUABANY T1UIU 4 AU NFUFIBELINNBATNIVIIHIUYWINITITILIU 30 AU
Usg UMl uUUsEUAMNAINITNINYNNITINUI Kan1TIes1eitladuniu Working area
aglusyAumnn (ICC=0.869) Yadusu Working height agluszdufiuin (ICC=0.896) uaz

tadesinu Stroke agluszfudann (1CC=0.948) fam31el 4.16

M15197 4.16 ArAUReTungluguseiiiu (n=30)

Score ICC, 95%ClI P -value SEM Value
Working area 0.789(0.558 to 0.900) < 0.001 0.025 Strong
Working height | 0.836(0.656 to 0.922) < 0.001 0.043 Strong
Stroke 0.932(0.856 to 0.967) < 0.001 0.036 Almost Perfect
RTI 0.947(0.888 to 0.975) < 0.001 0.186 Strong

4.5.3 HAN1TIATIENNITUTLRUANINAINTABIINITIVDANYAINS
LUUUSHIUAIUAINIINSANMINIESEYTalad  avilunTiaaeunIugnsies
TogthlUldiunensnsvniaueimns enelimeson ainivas nquiiege 60 Auuae

WATveyanigaiia Chi-Square Test WU wuUUTHUAIUAIMNIINNTEMARSIUNNINSA




YNNI

MRIINNIINIALNTLABE19YNEABY (p-value < 0.001) AwW57 4.17

M19199 4.17 34A5199 Chi-Square Test NGUALNIABIINIT (N=60)

Chi-Square Tests
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aunsaueNEENUAUNIAE1INiaIN1sUIanaIINN1snIne1auazliifionnsuin

Asymp. Sig. Exact Sig. (2- Exact Sig. (1-
Value df (2-sided) sided) sided)
Pearson Chi-Square 60.0002 .000
Continuity Correction® 56.067 .000
Likelihood Ratio 83.178 .000
Fisher's Exact Test .000 .000
Linear-by-Linear 59.000 .000
Association
N of Valid Cases 60

a. 0 cells (.0%) have expected countless than 5. The minimum expected countis 15.00.

b. Computed onlyfor a 2x2 table
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nMITeaseilidunmsasiesiauinddmiu msusaiuanudesminisemansiy
N3N3E9NT  leednwiUadea1nn1snInesnisfidiNasonuaIdMTUNITORNLIIUD
NANLEONAIAIUAIHAIUINIAT LU VYT UESIURLNEATNIYNIAILENNIT LagdaIusn
ayunalanall
5.1 s¥AuANgeluN1INIAgINIT

NMTAATIVINITNIALWNNTNTLAUAINGVDIMTIENNIT 5 SeaUAe 1) Seungd
W1 (Lower-knee Level) wudndanaiuiile filAniseenusigean Aenauiilendsdiudn
AUV R. Multifidus tag nanuillenasdiuansanuen R. Erector spinae (62.10 waz 61.52

o 1 . W v & A & v &

nvY) 2) 52AULn-1a7 (Knee-waist Level) wuindananuiile 1ilA1n1seenusiesan Aenanuiile
NAIEIUANAIUIT R. Multifidus tag NauLendIdIua1AIUYI R. Erector spinae (70.27
Waw59.45 pV) 3) szAuled-lua (Waist-shoulder Level) wuinsinnatuiile AflA1n1500nuss
g9an Aanduiilonasdiudndud R. Multifidus (62.90 uv) 4) sesulva-Aswe (Shoulder-
head Level) wudndanaiuiile 7idldnisesnussgean Aenanullevdsdiudnauen R.
Multifidus (64.61 pV) uag 5) szaumilefswetuly (Over head) wuindanaiuiile 18AIAS
PONULTIGIEA AD NAULEMAIAIUANATYIT R. Multifidus (62.73 pv)

5.2 ANWYAULYBINUN IUNITNIALIINITT

(% ]
v v A a

NMTAATIERANWULNUNNTAYNNITT 71 3 SAUAll 1) A15n3ATITEAU 0 99A7 (0 Deg.

1
1 A

Level) wuinnauiilenilAn1seenusigianne naulenasdiudnauYI R Multifidus

(55.00 uV) 2) NM3NTANTEAU 15 837 ( 15 Deg. Level) wudmnauiileniA1n1soanusegegn

Ao NANLLLlaNaIEIUANAILYIT R. Multifidus (60.46 V) Way 3) N13n3ATITZAU 30 83A7 ( 30
Deg. Level) wudmnauiilefilirnnisesnusiasanae nadilenasdudnaiun R
Multifidus (63.40 pV)

5.3 szaunnsnszandadialun1sn3ng1anis

¥ A )

mslasginmanszgndodion 3 seduldud 1) nenseandeflesedu 1< 24 afuto
uthewndn)  wulndadediiinniseenuisgeaafio  ndmilondsdndnduen R
Multifidus (55.32 V) 2) nsnseandeiiosssiu 2 (25-36afsenthennia)  wutndaie
fifiinseenussgeaniie ndudlevndsdudnduenn R Multifidus (64.42 pv) uag 3) N3
nsvandeflossdiu 3 (> 37 afadenthennin)  wudnduniefifidiniseenusigeaniie

nauLleNaIAIUANAIUYIN R. Multifidus (62.82 uV)
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5.4 WUUUSSEUAINAINITNIAYIINIGT

WUUUTEIUANULERINIINSTIAERSENSUNISNIABNIST  (Ergonomics  Risk
Assessment Tool in Rubber Tappers: EART) lasuniswauiieliisn1suseiliuegnesiaisg
NYINUMNTFURFNUTIFGLABINIINEANAYIVEINU  ANURAUNAUBISTUUNAMLLBIAY
N3EANTINgITRINUNITYIeIU (WMSDs) wuuUseidiu EART Usenaumeladedesiidmasie

P & ) = a X A v o )

N1IN3IALINTIAR T8AUANELluNIINTA ANUBEIRIUT wagnsnseandelle aelady
\desdananifiaanigitesiuanuiinunivesssuunauiileuaznsegniiineiteaiuan
(WMSDs) Taetaniznanutiondsdiuany wazkuuUseiuaninsomusianuIudugnanisii
winganlunisnIadedu Measdenglaninaunis 4.1,4.2 ( M50) waswuuUssdiy EART
anansalenAUNIALNNNTIMTeINsUInnAar liTe1n1sUIAMaIaINNITITYAIALLEY
mﬂﬂﬁﬂimﬁulé’asj'mgﬂé’m%qLLmﬂﬁmmqum‘i%’s[11] PnuwuuUsediu RULA o
anunsaszylanmnudesannsuszdiudmanaeinistiamds Tegludndudesddinzasiion
~ v v ' P ' A ° a I v &
fanududeunasgeenlunstdan Wy 1e3e9 EMG wwihnmsUsediupnudivesnanuiile
RIS

NFIATIRANITRTIUSENIE U (Inter rater reliability) YashuuUseiuay
t:ll & o [ = 1 a [ v A a
AEeNsEAansdmMsUNIINIAe1INTY (EART) nudmanisussilivegluseduduasfunn
warnTinsgiandetuneludussiliu (ntra rater reliability) wudteglussauduin
waRa AU UUUSEERLT  anunsaunluussiiueunsneani s laog e n sanaziuen
wANIINTUIINNITHATILVNTUUUUTEEUANNAINTAL M TN NUEENGUNTDINT
Uravaanazliluinnds  wuwuuUseiudaunsawenkeEy1I@Iue NI 1NSUINNEa
warlitianaslansyiiuanudiodugandt 99% (p-value < 0.001) Fududeldueureuuy
Usziuilosantasefihuldlusuudsediull  Wutladendanasion1snsaenanislaenss
wonnildloihlUeuiisuiunuulssliuiimiensinanudy o wu RULA waz REBA
wumUUUsERY dienudslunsldnusazazainsinsa lusndudsdnausuddnlunig
T
5.5 UYDLEAUDLUY

nMIsluasall  maveasdldlinsaurquluuiawdyy  wasladinmsdauely
v P ! 2, & v ° a v Y}
YDLAUDL UL T UIDBDNLTY 2 wuIMeRedatauakuzlun s kuuUseiiululguny

Farauanuzlun1svinidelunsasaly
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5.5.1 daausnuzn1slgau
= g Ay a a ¢ = . .

MsAnEIASIl TALUUUTEEL NMTIATIERNITNTABIINIT Ergonomics Risk Assessment
tool in Rubber Tappers (EART) &slasuniswaunduuiva Inaifunsuseifiuanudssain
nsn3nenelsedenniga eldumstestueinsuiniduainmsyinuiudaiiiaues
sunendadens 3 Jadelasiransinseinuinseaunugslunisnsnensmnsianud
@eshuzililinsidanialuuszuunInasssoania( Double Cut Alterantive : DCA ) lng
NINLNNTMNTNENgIUaEngRaguiy SmTuaNuEeRINAUDLIYBIUITRAIY

au & ° o a & Heg v = Y a
PN TINATETLUZTILABATAITIEIUE NN TIUTUAMUE s U T anasn3 o lndLAs s
0° 1nPiga wavAUFRINinINNINIANtetolun1InIneennWITetuugiliannis
Y A = i v by Y N o O v N A oy
nseandeiiolumsniaudazntherdlvianadviviodnuiuasalesngaivile

5.5.2 Yaiausnuzn1siigasesaly

nsvinddeluassselumsingl EMG Tundadledndu o meunaiuilewwu nauiilens
wazna1uilonn ielinavesauanduiiianseunguungsdu uenanilusuienaisinm
ANWUTNURIVDINUNAIUENNITTUAABAIZANNY  SINDNEN A AR DL ULESAI AL
gaumnivaieyinnu wenanlinisdrnanguitegdlugliniedu q sumeizldteyainiianny

Y

LUUEUNT VY

5.6 93NNV IUUUTZIAU
YoIAALUUUIEIIUAMILEIINNSUANENTENNS UNISNIAE1IWIST (Ergonomics  Risk
Assessment Tool in Rubber Tappers: EART) Aoagldeudmsu nislafiaidnzusdmsuns
NIALNNITT TLUUNIINTA 1/3 YBWAU 91YUBIAUNIALNNITT 20-60 U Uaziuaiu
Yy a a X A A v o & ° P Yo !
819M1319eRliANuBsasNUNMlauiwtEI  wenandmsiwuuyssdiuiluldiungy

) I aAa v & ! Y Aa A 1%
mamwmmmiﬂa’mmaﬂiz@fﬂ:mq‘mﬂ@’lﬁﬂﬂﬂdﬁﬁ/lﬂﬁj’lﬂﬂa’lﬂLﬁﬁ@ﬂ@
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The Risk Assessment of exposure to rubber tappers

Name

‘ Date

Time

Risk Factors

Risk level

. RTI = 1 Nesgligible,1.1-2.5 Low risk , 2.6-3.5 Moderate risk ,23.6 High risk

STEP 1. 1.(over-Shoulder) 2.(Waist-Shoulder) 3.(Knee - Waist) 4.(Lower knee) HM =
Level of . .
Tapping i ’\a i o
Y 0 |
o=t CHM = 0.44  |[JHM = 0.60
STEP 2. 11-20° 21-30° >30° WM =
Working area 5
v ™~
0.10° 11-20° 21-30° >30°
] WM= 1 O wM =071 wm =0.52 O wm=043
STEP 3. SM =
Stroke of < 20 stroke/tap. 21-30 31-40 stroke/tap | >40 stroke/tap
tapping stroke/tap.
Csm=1 3 sm=0.80 3 sm= 045 sm=0.25
STEP 4 Recommended tree limits Bxposure index Risk level Action
RTL = LC x HM x WM x SM <1 Negligible the condition is
RTL = 700 x X X acceptable
1.1-25 Low risk The actions do not
RTL = require immediately
attention and might
be evaluated in a
STEP 5 Rubber tapping index medium term
2635 Moderate risk that the actions might
RTI = Rubber trees tapping per dad/RTL = / be evaluated in a
short term
RTI = > 36 High risk the actions should be

improvement as soon

as possible




68

ANAIANUIN N 2 IARARIUEY Electrod USIUMAIEIUA (Multifidus)

Recommendations for sensor locations in trunk or (lower) back muscles

Name Multifidus

Subdivision

Origin Spinous processes L1 - L5

Insertion  Massillary processes L4-S1 Click on image for larger viey
Iliaccresr, dorsal surface of sacrum

Function  Extension

Recommended senorplacementpocedurs

Starting ~ Prone with the lumbar vertebral columns slightly flexed.

posture

Electrode Maximum size in the direction of the muscle fibres: 10 mm.

size

Electrode Max. 20 mm.

distance

Electrode

placement

- location  Electrodes need to be placed on and aligned with a line from caudal
tip posterior spina iliaca superior to the interspace between L1 and
L2 interspace at the level of L5 spinous process (i.e. about 2 - 3 cm
from the midline).

- orientationIn the direction of the line described above.

- fixation  (Double sided) tape / rings.

on the skin

- reference On the proc. spin. of C7.

electrode

Clinical test Lifting the trunk from a prone position.

Remarks

fian : hitp://seniam.ore/multifidus.html


http://www.seniam.org/images/SEMGlocations/LowerbackLoc03_large.gif

AWAIAKUIN N 3 IARARIUNY Electrod USLIMASEIUEN (Erecter Spinea)
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Recommendations for sensor locations in trunk or (lower) back muscles

Name Erector Spinae

Subdivision Iliocostalis

Origin Anterior surface of broad tendon attached to medial crest of sacrum,
spinous processes of lumbar and 11th and 12th thoracic vertebrae,
posterior part of medial lip of iliac crest, supraspinous ligament and
lateral crest of sacrum

Insertion By tendons into inferior border of angles of lower 6 or 7 ribs.

Function  Extension, lateral binding (unilateral activity)

Starting Prone with the lumbar vertebral columns slightly flexed.

posture

Electrode  Maximum size in the direction of the muscle fibres: 10 mm.

size

Electrode 20 mm

distance

Electrode

placement

- location  The electrodes need to be placed 1 finger width medial from the line
from the posterior spina iliaca superior to the lowest point of the lower
rib, at the level of L2.

- orientation In the direction of the line between the posterior spina iliaca superior
and lowest point of the lower rib.

- fixation on (Double sided) tape / rings.

the skin

- reference  On the proc. spin. of C7.

electrode

Clinical test Lifting the trunk from a prone position.

Remarks

fin - http://seniam.org/erectorspinaeiliocostalis.html

Click on image for larger view



http://www.seniam.org/images/SEMGlocations/LowerbackLoc02_large.gif

ANWAIARUIN A 4 LUUUTELIU RULA (Rapid Upper Limb Assessment)

ERGONEMICS RULA Employee Assessment Worksheet  7asitiame: Dte:
A. Arm and Wrist Analysis Wriot Scare B. Neck, Trunk and Leg Analysis
Step 1: Locate Upper Arm Position: Table 4 e E Step 9: Locate Neck Position:
. —
g_c\__ - wirise Wrist Wrist wirist | 41 (] . f L
' = poe Twist Twist Toist Twist L ek seore
b Tasam 2 +4
i = 1 12/1]2 A [ I
{0 = 23113 Step da: Adjust .
i N 3333 If rieci s twisted: +1
e 3304 rrmecessice bending 1
H houker (s raised: +1 1344 Step D Locate Trunk Position:
H ipper arm i abductad: +1 e P N
M arm bs supgcrted or person s leaning: -1 [T S o p W .
Step 2: Locate Lower Arm Position: L 'y
H 4 4 5 5 T
—
+1 C + — i 3455 |
. T 458 ¢ |
\) - - Step 10a: st
S 16 o - 5| s
= 1Ftrunk i side berding: +1
\ Liswer e Scony e Trunk Scoee
i b <" Add 41 Ao e 55 8 B srep11: Legs: -
SEPZI Adjust.. 56 67 :iepandfeaamn.ppumed:ﬂ
M either arm = warking across midine ar out to sde of Sody: Add +1 §7 77 not: +2
Step 3: Locate Wrist Position: : ; : : =, TR Tk P o -
wene
Legs Legs Legs Legs Legs Legs
e e aa)00] |
-1 W2 9999 1 1|3|/2/3/3/4/5|5 667 7
3x 5t... ‘Hedk, Trank, Sgore 2 2/3|2|3|a4|5|5|5/6/ 7|77
msbgtkummidmgndd‘l Table C s I‘“ 3 31/3/3 4 4|55 E 87 7|7
Step 4 Wrist Twist: ) 4 555667777788
Hwrist is twisted in mid range 1 AR S 7 7]7| 7] 718 |ofa 6 |n/0]8
W BE{WH!I’Eﬂd.Df!fF‘l Wirkst Twisz Score Wrist Score 2 212 3 4455 13 LRSS0 00 20 00 AR 2N 28 0
= ) 303332456 Step 12: Look-up Posture Score in Table B:
ﬂgammfwm'm,ff e WisT/AmM & 3 2 2 2t B B Using values from stepe 9.11 abave,
Table A Score 5 4 4 245 8 77 locate score in Table B Posture B Score
st Scor & B 4 4566 T 7
Step 6: Add Muscle Use Seare Step 13: Add Muscle Use Score
H paure mainy stat s neiE>10 mirutes 7 s s 66777 If pesture mainly static e, hed>10 minutes),
action repasted ocours X per minute: +1 B s(s6 77 7 7 Or i action repeated coours 4X per minute: +1
7: Add Force/Load Score Wisca Use Score e —— Step 14: Add Force/Load Score Wty Lon Scors
ioad < 4.4 Ibs. (imtermittent): <0 TEe Hfioad < 4.4 lbs (intermittenty +0
i icad 4.4 ta 22 Ibs. (intermittent): +1 _ ) - If ioad 4.4 to 22 los. (intesmittenty +1
 Ioad &4 to 22 |bs. {static or repeated): <2 34 = further investigation, change may be needet 710, 4 4 1o 22 o [static or repeated]: +2
 more than 22 Ibs. ar repeated or shocks: +3 Force / Load Scone ?—HWIM:MWW If rmane than 22 lbs. or reps orsnocks: +3  Force / Load Score
=in impizment crange:
Step 8: Find Row in Table C = Step 15: Find Column in Table C
Adkd valies from steps 57 to baain et valises from steps 1214 to abtain
‘Wrist and Arm Score. Find row in Tabbe € \Wrist & A Scors — Neck, Truniand Leg SCore. Find Coum In Tabk €. uci, Trunk, Lag Score

fian - https://ergo-plus.com/wp-content/uploads/RULA.pdf

ATWAIAKUIN A 5 LuuUseiu REBA (Rapid Entire Body Assessment)

ERGONEMICS REBA Employee Assessment Worksheet Task Name: Date
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position Tanle & Heck Step 7: Locate Upper Arm Position:
1oar s q 3 3 p rs
" EaN Jnow 5} S o
i e g a(s]a 1]2]s[¢1]2/5]a] { '\\ “TE
A ( 101 2/3 412343356 e >N ) f\—r_
L Tumk 2 2 34 534564567 ll:\\ \a: [ *
Stmp 12 Ad Pogure 3 2 45 6456756 78| W g VY e i
If reck s md:ﬂ Sore 4 33687 56T 867 89| cempraadue.
IF sncicls side bandirg: +1 50487887 88789 9] shaudesramed 1 -
upper anm is ab ;1
Rmz Locate Trunk MIHM If arm s supparted ar persen is leaning: -1 S —
2 Sten 8: Locate Lower Arm Position:
23 FE :
i
/ 23 I o
2 ';, T £ u>_""
smnza..ldpst.. 55 "'\5’ Liviwar Arm Sesre
If trunik is twisted: +1 E 7 31
Hftrurik = side bending: +1 als mnrmtawmlmem
" L
-1 toe2
) e
N - Wit Scare
Step S Adjust..
I wrist s bert from midline or twisted : Add =1
trzeserEewmte score in Table B
qulm«pmmknrelnnuei 1 1 1/1 233 456777 ep -up Posture Score in Tal
LEI'@WLICEF'UMSEPG'IBHHM 1 1113245667783 Using vakues from stegds 7-9 above, locate score in Tabie 8
Locate score in Table A 3 233345677553 11: Add Coupling Score Poiy Sor B
Poazira Scars A A > Wil fiting Handle and mid rang pwer grip, goad <0
Step 5: Add Force/Load Score + 3 56 T B E S8 0 wrentable but not ideal nand hoid or caupling
Wicad < 11 lbs. : 0 5 44456783999 9| aurpubewithancthe body part, fair+7
Hload 11 & 22 |bs. 41 & E & & 7 & B 9 % 101010 10| Hand hald nat acceptatie but passitie, poors +2 CouplingScore
ﬂﬁ’,}j&:::m i build up of foroe: add +1 T 7 77 B8 8 8% WMWNNN Mo handles, awkward, ursafe with any body part,
" " foaeleadSe® g g G g 0 1010104090 11 11 11| Unacceptabler «3
Step 6: Seore A, Find Row in Table © S 8 % 2 1010101171 11212 12| Step 12: Seore B, Find Column in Table C
Add values from steps 4 &5 to obtain Scare A 10 10 10010 11 11 11 111212 12 12 12| Add values from steps 10 &11 to obtain
Find faw in Table C. Scoreh 319109 111212 1292 12 12 12 12| Seare B Find column in Table € and match with s
Scaring 2 12 12012 1212 12 1212 12 12 17 1g| S°OrmAlnrow from step & i abtain Tabbe C Score.
T = Wegligibie Risk Step 13: Activity Score
2.3 = Low Risk. Change may be needed. +1 1 ar mare body parts are heid for longer than 1 minute (static)
a7 Further +1 Aiepeated smail range actions {more than 4« per minute)
.10 = High Risk. Anvestigate and Implernent Change B -~ pEmasge | *1ACHoN CaUSES rapkd large range changes in pastures cr unstabie base

11+ = Very High Risk. Implernen Change

https://ergo-plus.com/wp-content/uploads/REBA.pdf



A1519NIARUAN A 1 A1 EMG Aildainnisvaaedaetudinailulusunsy Notepad

Sample Rate: 750.0000 Sample Rate: 750.0000 Sample Rate: 750.0000 Sample Rate:
750.0000

Source 1:0ut  Source 2:0ut  Source 3:0ut  Source 4:Out
-403.950-492.27 -524.82 81.812
-405.640-549.29 -573.76 80.056
-450.650-558.99 -601.00 101.250
-458.610-460.83 -439.72 242.870
-419.820-362.92 -414.31 250.570
-419.280-446.74 -499.66 216.150
-426.560-444.47 -465.62 185.990
-428.100-435.33 -470.21 115.970
-419.560-406.29 -440.98 119.970
-401.700-350.68 -390.61 111.300
-386.480-348.06 -348.78 172.320
-381.490-325.92 -336.86 180.430
-409.420-331.93 -386.84 175.140
-428.720-479.86 -502.49 176.200
-412.180-385.64 -330.61 220.460
-397.010-403.01 -431.98 175.700
-411.970-419.27 -410.03 158.810
-410.130-380.14 -358.17 246.920
-414.740-334.66 -326.07 285.930

-386.510-245.34 -247.42 295.430
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nyUsnnTuL It M Bivtinnduioadluniss Tnessyluduaudied-

0 =lufdn, 1=gFdnlevdes, 2=3anUunans, 3 =3Enun, 4 = JEnuniAu
nulin
Auge AUV
#9Uv9951901Y AZLLUY d9Uva9s19nY AZLLU
U
1 A 1 A
2 lva 2 lua

3 RAIEIUUY

4 Na9duang

(t3")

5 waudInuu

3 PRIAIUUY

4 Aa9dIUa 9

(Gh))

6 Tafen

5 LudIUUY

7 wudIuans

6 Taon

8 1p/U9ilp

7 wudIUas

9 axlwn/Auan

8 1p/Uailp

10 ka0

9 @ylwn/Auan

11 U9

10 9N

12

11 Ue9
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M1TNANANUIN ¥ 1 A1 EMG (pv) seAuauadlun1snIngenis naudieeeaui 1

Set 1 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 40.18 33.61 36.93 4a9.27 47.73
L. Multifidus 35.42 32.23 32.82 79.13 67.45
R.Erector spinae 35.49 29.51 31.64 74.94 63.99
R. Multifidus 59.07 63.55 61.30 96.80 78.29

Set 2 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 27.48 31.03 37.06 42.90 42.88
L. Multifidus 28.41 30.78 62.95 62.21 63.32
R.Erector spinae 29.01 27.81 61.64 63.16 62.17
R. Multifidus 44.62 45.99 73.93 75.53 69.91

Set 3 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 37.33 22.51 21.59 47.93 43.67
L. Multifidus 39.37 34.56 4a7.77 60.45 57.50
R.Erector spinae 35.84 38.23 49.42 58.91 53.83
R. Multifidus 55.81 63.98 69.88 73.77 62.51




A1TNANANUIN ¥ 2 A1 EMG (pv) sEAuanuadlun1snIngams nquiiegaaui 2
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Set 1 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 3291 30.33 36.24 47.63 38.80
L. Multifidus 26.11 25.39 26.43 35.35 26.04
R.Erector spinae 24.00 23.36 25.35 37.31 23.73
R. Multifidus 38.68 36.00 40.30 51.63 42.64

Set 2 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 36.71 34.05 42.65 58.15 49.68
L. Multifidus 24.24 18.99 24.79 56.14 38.59
R.Erector spinae 23.65 21.83 26.53 54.70 38.63
R. Multifidus 38.00 37.01 46.39 63.69 52.83

Set 3 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 29.61 46.93 44.10 51.54 44.87
L. Multifidus 17.95 26.76 24.05 38.12 33.95
R.Erector spinae 19.78 30.32 27.31 38.69 36.18
R. Multifidus 38.53 50.58 46.03 55.12 a5.77




M1TNANARNUIN ¥ 3 A1 EMG (pv) seAuauadlun1snIng1enis naudieeeaui 3
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Set 1 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 26.31 22.75 22.03 40.21 43.08
L. Multifidus 19.42 16.51 18.25 30.94 30.26
R.Erector spinae 20.23 18.2 18.67 37.87 32.23
R. Multifidus 34.69 47.87 40.7 53.26 43.27
Set 2 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 19.10 17.65 19.48 39.71 35.93
L. Multifidus 19.87 21.15 18.61 37.69 36.77
R.Erector spinae 20.25 19.45 19.49 40.23 35.02
R. Multifidus 39.11 41.77 33.74 a7.47 44.04
Set 3 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 20.60 23.64 22.42 40.16 40.55
L. Multifidus 23.94 21.80 27.15 41.42 36.52
R.Erector spinae 22.85 20.64 23.59 40.28 40.24
R. Multifidus 49.81 44.69 46.04 56.52 49.94




M1TNANANUIN U 4 A1 EMG (pv) seAuanuadlun1snIngsms nquiiegaauil 4
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Set 1 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 29.95 46.08 45.12 79.48 66.86
L. Multifidus 27.00 48.37 43.12 73.03 59.85
R.Erector spinae 28.43 47.34 42.15 71.38 68.10
R. Multifidus 49.14 76.88 63.95 81.64 74.71

Set 2 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 44.98 24.50 39.17 56.37 55.59
L. Multifidus 39.88 23.82 39.58 54.45 58.23
R.Erector spinae 41.52 34.08 41.87 56.95 58.08
R. Multifidus 60.28 46.28 65.02 68.64 66.97

Set 3 Over-head Shoulder-head Waist-shoulder Knee-waist Lower-knee
L.Erector spinae 26.02 28.70 32.21 70.84 55.94
L. Multifidus 26.68 32.36 22.58 72.68 62.99
R.Erector spinae 35.72 35.31 23.78 66.31 62.01
R. Multifidus 38.95 32.99 44.55 79.14 63.81




A1TVANAKUIN ¥ 5 ALRGY EMG (pv) seaumnugslunisning1amsn
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Shoulder- Waist-
ﬂﬁjuﬁ"aaemﬁ 1 Over-head head shoulder Knee-waist Lower-knee
L.Erector spinae 35.00 29.05 31.86 46.70 44.76
L. Multifidus 34.40 32.52 47.84 67.26 62.76
R.Erector spinae 33.45 31.85 a1.57 65.67 60.00
R. Multifidus 53.16 57.84 68.37 82.03 70.24
Shoulder- Waist-
nejuﬁfaasjfmﬁ 2 Over-head head shoulder Knee-waist Lower-knee
L.Erector spinae 33.08 37.10 41.00 52.44 44.45
L. Multifidus 22.77 23.71 25.09 43.20 32.86
R.Erector spinae 22.48 25.17 26.40 43.57 32.85
R. Multifidus 38.40 41.20 44.24 56.81 47.08
Shoulder- Waist-
nejmﬁ'faasjwﬁ 3| Over-head head shoulder Knee-waist Lower-knee
L.Erector spinae 22.00 21.35 21.31 40.03 39.85
L. Multifidus 21.08 19.82 21.34 36.68 34.52
R.Erector spinae 21.11 19.43 20.58 39.46 35.83
R. Multifidus 41.20 44.78 40.16 52.42 45.75
Shoulder- Waist-
ﬂ’sjuﬁ"aa&ha‘ﬁ 4 Over-head head shoulder Knee-waist Lower-knee
L.Erector spinae 33.65 33.09 38.84 68.90 59.46
L. Multifidus 31.19 34.85 35.09 66.72 60.35
R.Erector spinae 35.22 38.91 35.93 64.88 62.73
R. Multifidus 49.46 52.05 57.84 76.47 68.50




A1TNANARUIN ¥ 6 A1 EMG (v) ALLBEINUNTUNITNTAE1aNITT NEUf0Ee 1
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Set 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 27.83 23.86 24.49 44.47
15 deg 28.75 25.31 26.82 49.60
30 Deg 36.63 27.34 30.49 54.18
Set 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 48.31 36.89 36.37 49.59
15 Deg 46.53 34.85 40.67 69.00
30 Deg 53.18 48.44 53.45 75.56
Set 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 28.74 25.45 26.15 51.06
15 Deg 44.68 38.50 48.92 71.10
30 Deg 50.89 46.93 49.57 77.45

MTNNIANUIN U 7 A1 EMG (uv) AIBEINUNTIUNITNIAIINITT NGUFIRENT 2

Set 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 26.17 17.04 18.27 34.78
15 Deg 26.48 20.26 21.19 39.65
30 Deg 39.58 25.49 22.92 42.83
Set 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 19.70 13.19 14.44 26.22
15 Deg 23.78 17.18 19.71 34.13
30 Deg 27.08 21.39 22.68 45.22
Set 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 19.14 14.73 15.95 28.03
15 Deg 21.88 18.52 19.63 37.32
30 Deg 29.18 22.30 23.48 45.00
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MTNNIAKNUIN U 8 A1 EMG (uv) ANBEINUNIUNITNSALIINITT NGUFIRENT 3

Set 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
1. 0 Des. 19.59 23.62 21.89 34.58
2. 15 Des. 25.85 25.08 24.63 37.36
3. 30 Deg. 25.27 27.43 25.22 40.64
Set 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Degree 19.15 18.14 18.96 33.72
15 Degree 33.88 31.47 31.00 47.23
30 Degree 32.19 33.25 32.15 50.58
Set 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Des. 26.66 24.95 22.11 35.18
15 Desg. 28.29 24.49 23.35 45.45
30 Des. 39.11 42.34 42.02 54.26

MTNNIANUIN ¥ 9 A1 EMG (uv) ANNBEIRUNTUNITNTAENINIS NAUFIRENT 4

Set 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus

0 Deg 32.11 31.67 32.95 61.54

15 Deg 37.80 42.89 42.08 67.95

30 Deg 40.00 46.61 45.80 79.47
Se 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 16.88 19.58 21.81 42.09

15 Deg 38.05 35.93 36.22 59.85
30 Deg 78.66 75.08 53.04 84.22
Set 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
0 Deg 25.20 25.86 25.01 45.57
15 Deg 36.98 41.49 40.27 67.00
30 Deg 52.19 45.61 45.08 74.45




ANSNNARYIN U 10 ALRAY EMG (uv) ANMLB8euAlun1ISNIne1eanIsI
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mjuﬁ":a&iw‘ﬁ 1 | L.Erector spinae | L. Multifidus R.Erector spinae R. Multifidus

0 Deg 34.96 28.74 29.00 48.37

15 Deg 39.99 32.88 38.80 63.23

30 Deg 46.90 40.90 44.51 69.06
nejmﬁ’aaei’mﬁ 2 | L.Erector spinae | L. Multifidus R.Erector spinae R. Multifidus

0 Deg 21.67 14.99 16.22 29.68

15 Deg 24.05 18.65 20.18 37.03

30 Deg 31.95 23.06 23.03 44.35
ﬂ&juﬁ’aa&iw‘ﬁ 3 | L.Erector spinae | L. Multifidus R.Erector spinae R. Multifidus

0 Des. 21.80 22.24 20.99 34.49

15 Deg. 29.34 27.01 26.32 43.35

30 Deg. 32.19 34.34 33.13 48.49
nejmﬁfaasjwﬁ 4 | L.Erector spinae | L. Multifidus R.Erector spinae R. Multifidus

0 Deg 24.73 25.70 26.59 49.73

15 Deg 37.61 40.10 39.52 64.93

30 Deg 56.95 55.77 47.97 79.38
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M1TNANANUIN ¥ 11 A1 EMG (uv) M3nseandeilolunsning1anisn nguseg e 1

Set 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 22.85 17.57 26.27 54.81
Stroke 2 (25-36) 31.38 3391 31.68 57.74
Stroke 3 (37-48) 44.33 39.61 39.71 76.74

Set 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 21.24 16.94 27.54 52.81
Stroke 2 (25-36) 44.05 44.27 40.68 72.11
Stroke 3 (37-48) 52.10 47.29 42.68 85.43

Set 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 36.86 38.77 35.39 62.82
Stroke 2 (25-36) 40.51 41.37 37.13 71.07
Stroke 3 (37-48) 44.97 43.05 39.61 74.53

MTNNIANUIN Y 12 A1 EMG (pv) N13nseanteiialun1sning1anis nauiegem 2

Set 1 A3afi 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 23.26 11.99 13.06 27.07
Stroke 2 (25-36) 20.41 14.56 15.22 30.40
Stroke 3 (37-48) 24.69 19.05 19.76 38.21

Set 2 ﬂ%ﬂﬁ 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 29.45 15.36 17.39 32.95
Stroke 2 (25-36) 44.50 21.84 23.92 49.11
Stroke 3 (37-48) 50.76 30.16 34.53 58.32

Set 3 ﬂ%’ﬂﬁ 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 42.92 26.26 25.66 51.08
Stroke 2 (25-36) 45.45 24.90 2791 51.65
Stroke 3 (37-48) 46.27 28.54 32.94 55.22
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MTNNIANUIN U 13 A1 EMG (pv) M3nserndedielun1sninganis naudiegem 3

Set 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 17.15 13.45 14.32 38.19
Stroke 2 (25-36) 26.77 25.13 25.65 48.44
Stroke 3 (37-48) 31.37 28.04 26.93 52.80

Set 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 18.35 14.16 15.20 38.73
Stroke 2 (25-36) 22.80 19.10 17.38 41.14
Stroke 3 (37-48) 27.26 20.52 22.39 47.48

Set 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 23.15 18.85 18.91 43.43
Stroke 2 (25-36) 24.41 19.86 21.93 46.86
Stroke 3 (37-48) 29.53 22.96 23.92 49.03

ATIMNATIANUIN U

14 A1 EMG (pv) M3nsenndaiislunisn3nensnsn nqudiegien 4

Set 1 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 30.97 25.03 26.16 39.32
Stroke 2 (25-36) 38.04 27.83 28.72 45.82
Stroke 3 (37-48) 57.29 44.41 44.89 88.23

Set 2 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 40.31 31.98 31.45 55.58
Stroke 2 (25-36) 45.17 38.23 36.42 57.37
Stroke 3 (37-48) 55.94 39.10 40.22 81.50

Set 3 L.Erector spinae L. Multifidus R.Erector spinae R. Multifidus
Stroke 1 (13-24) 21.94 16.42 17.38 30.32
Stroke 2 (25-36) 42.55 23.80 25.00 55.63
Stroke 3 (37-48) 45.12 32.54 34.61 66.98
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L.Erector
na;uﬁ'aaei'mﬁ 1 spinae L. Multifidus | R.Erector spinae R. Multifidus
Stroke 1 (13-24) 26.98 24.43 29.73 56.81
Stroke 2 (25-36) 38.65 39.85 36.50 66.97
Stroke 3 (37-48) 47.14 43.32 40.67 78.90
L.Erector
nejué‘hasjwﬁ 2 spinae L. Multifidus | R.Erector spinae R. Multifidus
Stroke 1 (13-24) 31.87 17.87 18.70 37.03
Stroke 2 (25-36) 36.78 20.43 22.35 43.72
Stroke 3 (37-48) 40.57 25.92 29.08 50.59
L.Erector
nzjuﬁ’aa&i’m‘ﬁ 3 spinae L. Multifidus | R.Erector spinae R. Multifidus
Stroke 1 (13-24) 19.55 15.49 16.14 40.12
Stroke 2 (25-36) 24.66 21.36 21.65 45.48
Stroke 3 (37-48) 29.39 23.84 24.41 49.77
L.Erector
nzjuﬁ’aa&i’m‘ﬁ 4 spinae L. Multifidus | R.Erector spinae R. Multifidus
Stroke 1 (13-24) 31.07 24.48 25.00 41.74
Stroke 2 (25-36) 41.92 29.95 30.04 52.94
Stroke 3 (37-48) 52.78 38.69 39.91 78.90
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N1FAATIEINAIAM Multiplier

1. MyAeszimdlauszauaNgdlun1snIngswi s

6 A

Bnshasgimman laglde MVC masaduaunmadaduwazinluiiaseit o
WguiuagalunsnIng1ansdedu (300 fu) wagAganlun1snIngenisiseiui

gausule (7006u) loanasail

Level % MVC (Y) IUIUAY Sruauduiicuan HM
0 (over-head) 46.19 700 659.34 0.94
1 (Sh-head) 46.44 654.47 0.93
2 (W.-Sh) 52.44 537.74 1.00
3 (Kn.-W.) 64.38 305.45 0.44
4 (Lower kn.) 58.48 300 420.23 0.60

1A8INNIFIATIZURAIANUAINUIN NITNTAYINISINTEAU Lo2-Tua Luseaunis

n3nviAfianfefinnudiesnaadmiudaimuadinndy 1.0 Tuaunisaud



2. NMTAATIIMINAIAMTEAUNUNIINGY

Tmsieneindan laglden MVC ldannsnaaesd EMG seAuiuinig

oy wasaduaunis@aduraziluingei edisuiuaimgalun1sn3nenamsme

Tu (300 Flu) wazeAgantunsnInesniseiuneeusuls (7006u) lanansll
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AU = (% MVC (Y)-35.4)*(300-700))/(Max-Min))+700)  (a)
LLasqu-ﬁ’wmmﬁa@m Ao
WM = 31UUAL/700 (b)
Degree % MVC (Y) IUIUAY Suauduiiniuan WM
0 35.4 700 700.00 1.00
1 35.9 700.00 1.00
2 36.3 700.00 1.00
3 36.8 700.00 1.00
4 37.2 700.00 1.00
5 37.7 700.00 1.00
6 38.1 700.00 1.00
7 38.6 700.00 1.00
8 39.0 700.00 1.00
9 39.5 700.00 1.00
10 39.9 700.00 1.00
11 40.4 553.33 0.79
18 43.5 460.00 0.66
19 44.0 446.67 0.64
20 44.4 433.33 0.62
21 44.9 420.00 0.60
22 45.3 406.67 0.58
23 45.8 393.33 0.56
24 46.2 380.00 0.54
25 46.7 366.67 0.52
26 471 353.33 0.50
27 47.6 340.00 0.49
28 48.0 326.67 0.47
29 48.5 313.33 0.45
30 48.9 300 300.00 0.43

NHANITIATIEINUIISEAUNITNIANANEN Y

Tlunuudszifivasiunisuistisuazimualiani 0 -10° fadgauvindu 1.0

Wunsnsaluiiunsusaiunisiianly
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Tnswmeimman laglden MVC Aildainnsnaaesdl EMG nsnseandeiie 11

Y I a v ° a ¢ A a o 1o = W
ai']\‘iLﬂuamﬂqiL%ﬂLﬁULLaguq‘lﬂﬂLﬂﬁ’]mﬁ LW@LVIEJUﬂ‘Uf’nqu@IUﬂqiﬂﬁﬂﬂqﬂ‘Wqﬁqmafgu (300

A) wagenEsantunIInNIneennsseTuneusula (7006u) lananadl

Stroke % MVC (Y) Uiy Frunuduiiduon SM
13 15.42 700 700.00 1.00
14 16.05 700.00 1.00
15 16.68 700.00 1.00
16 17.31 700.00 1.00
17 17.94 700.00 1.00
18 18.57 700.00 1.00
19 19.2 700.00 1.00
20 19.83 700.00 1.00
21 20.46 675.00 0.96
33 28.02 375.00 0.54
34 28.65 350.00 0.50
35 29.28 325.00 0.46
36 29.91 300.00 0.43
37 30.54 275.00 0.39
38 31.17 250.00 0.36
39 31.8 225.00 0.32
40 32.43 200.00 0.29
41 33.06 175.00 0.25
42 33.69 150.00 0.21
43 34.32 125.00 0.18
44 34.95 100.00 0.14
45 35.58 75.00 0.11
46 36.21 50.00 0.07
47 36.84 25.00 0.04
48 37.47 300 0.00 0.00
MNHANTIATIEINUINTINSNSEANTeionfidnasiduyistes 4 deunisunAluly

Tusuutszfivaziunisuusimazimualiani < 20 sianse Mvuaadgauitu 1.0



AMARNUIN

WNENSNISAN

a 4

UNn

90



91

This article was downloaded by:
Publisher: KKG Publications
Registered office: 18, Jalan Kenanga SD 9/7 Bandar Sri Damansara, 52200 Malaysia

Key Knowledge Generation
Publication details, including instructions for author and
subscription information:
http://kkgpublications.com/medical-sciences/

Prevalence and Risk Factors of Muscu- PN
loskeletal Disorders in Rubber Tapp- '
ers: A Case Study in Phatthalung
Province, Thailand

CrossMark

S.INRAKSA ! A. SUNGKHAPONG 2, K. POCHANA ?
1,23 Department of Industrial Engineering, Prince of
Songkla University, Songkhla, Thailand

! Faculty of Health and Sports Science, Thaksin University,
Phatthalung, Thailand

Published online:

KKG PUBLICATIONS

To cite this article: S. Inraksa, A. Sungkhapong and K. Pochana, “Prevalence and risk factors of musculoskeletal disorders in
rubber tappers: A case study in Phatthalung Province, Thailand,” International Journal of Health and Medical Sciences, vol. 3,
no. L, pp. 23-28, 2017.

DOI: https://dx.doi.org/10.20469/ijhms.3.30004-1

To link to this article: http://kkgpublications.com/wp-content/uploads/2017/03/IJHMS-30004-1.pdf

PLEASE SCROLL DOWN FOR ARTICLE

KKG Publications makes every effort to ascertain the precision of all the information (the “Content”) contained in the publications
on our plattorm. However, KKG Publications, our agents, and our licensors make no representations or warranties whatsoever as
to the accuracy, completeness, or suitability for any purpose of the content. All opinions and views stated in this publication are
not endorsed by KKG Publications. These are purely the opinions and views of authors. The accuracy of the content should not
be relied upon and primary sources of information should be considered for any verification. KKG Publications shall not be liable
for any costs, expenses, proceedings, loss, actions, demands, damages, expenses and other liabilities directly or indirectly caused

in connection with given content.

This article may be utilized for research, edifying, and private study purposes. Any substantial or systematic reproduction,

redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to anyone is expressly verboten.




KKG PUBLICATIONS.

92

International Journal of Health and Medical Sciences

2017, 3:123-28 ILJHMS

PREVALENCE AND RISK FACTORS OF MUSCULOSKELETAL DISORDERS IN
RUBBER TAPPERS: A CASE STUDY IN PHATTHALUNG PROVINCE,

THAILAND

S. INRAKSA '*, A. SUNGKHAPONG 2, K. POCHANA ?

1.2.3 Department of Industrial Engineering, Prince of Songkla University, Songkhla, Thailand

! Faculty of Health and Sports Science, Thaksin University, Phatthalung, Thailand

Keywords:
Prevalence
Musculoskeletal Disorders

Rubber Tappers

Received: Accepted: Pub-
lished:

Abstract. This cross-sectional study presents the prevalence of Musculoskeletal Disorders (MSDs) among rubber
tappers in Paphayom District, Phatthalung Province, Thailand. A total of 250 rubber tappers participated in this study. A
general questionnaire was used to collect demographic background data and physical work characteristics while modified
Nordic Musculoskeletal Questionnaire was used to determine the prevalence of MSDs (within 6 months). Descriptive
statistics were used to describe the general data and prevalence. The factors affecting to MSDs and Odds Ratio (OR)
were analyzed by inferential statistics at 95% confidence interval. The results showed that most participants were females
(56.8%). The mean age of tappers was 42.1 £ 12.6 years. The average work experience and Body Mass Index (BMI)
were 12.6 = 8.3 years and 22.3 & 3.5, respectively. The prevalence of MSDs (in any body region) in last 6 months was
36.40 (95% CI 30.42-42.69). The highest prevalence rates of MSDs were reported in lower back. upper back, hip & thigh
regions (30.4%. 6.8% and 6.0%. respectively). Risk factors which significantly resulted in MSDs were age of workers,
work experience, and handedness behavior. The significant risk factors related to working conditions were plantation
ground level, tapping light, handedness. grip tightness, standing posture. age of rubber tree, and tapping height. This
study reveals that rubber tappers were suffering from acute MSD (for the past 6 months) on low back area. Various risk
factors were found to be significant. Rubber tappers who were exposed to a combination of risk factors may have an
increased risk of developing MSDs. Further study with comprehensive strategy is essential in order to determine the need

of appropriate intervention and health promotion for rubber tapper.

INTRODUCTION

Rubber has been grown on plantations in many coun-
tries around the world. Especially in Asia, the countries with
rubber plantation early are Thailand, Indonesia and Malaysia.
In Thailand (2014), the total area for rubber plantation was
3.74 million hectare. It was distributed into each part of the
country i.e. 63.09% in the south, 20.23% in the northeast,
11.43% in the east and central, and 3.74% in the north. Cur-
rently, Thailand is the highest rubber producer in the world [1].
Thailand had the first rank in global rubber output and produc-
tion. It was reported that the natural rubber exports were 3.65
million tons, equivalent to 5,057 million USD [1]. The rub-
ber production process is known as a labor intensive process.
Many reports revealed that rubber tappers were continuously
suffering from health problems [2], [3]. (4], [5]. Before getting
raw latex for rubber product manufacturing, rubber tapping is
the process by which field latex is collected from rubber tree
when the circumference of the tree trunk reaches 50 cm. The
current rubber tapping process is highly labor intensive. This
process is manually done by rubber tappers. Since the rubber

*Corresponding author: 8. Inraksa
T Email: juk007 @hotmail.com

(©2017 KKG Publications. All rights reserved.

tapping is a repetitive work and unable to be replaced by ma-
chine, it is regarded as an occupational risk for MSDs [3].
A community-based investigation in upper south of Thailand
done by [3] showed that over half (52.9%) of the rubber tappers
had low back pain during the previous 3 months. The pains in
other parts of body such as legs, neck, hands and wrists were
also reported [2], 3], [5]. [6], [7]. Risk factors related to MSDs
such as load and postures were found to have significant asso-
ciation with MSDs. However, the study of some risk factors
related to physical work such as plantation ground level, num-
ber of trees tapped per day, tapping light etc. is limited. The
aim of this study was to investigate the prevalence of MSDs
and mentioned physical risk factors in order to recommend
preventive care to reduce injuries in rubber tappers.

METHODOLOGY

This descriptive cross-sectional study was designed to
investigate prevalence and risk factors of MSDs among rubber
tappers in Phatthalung province, Thailand. The data were col-
lected by face-to-face interview with structured questionnaire.
The study was conducted from January 2013 until March 2014.

Content from this work is copyrighted by KKG Publications, which permits restricted commercial use, distribution and reproduction in any medium under a written permission. Users may
print articles for educational and research uses only, provided the original author and source are credited. Any further utilization of this work must maintain attribution to the author(s), the

title of the work and journal citation in the form of a proper scientific referencing.
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Subject

The population of rubber tappers in Paphayom district,
Phatthalung province, Thailand was 660. The simple sam-
pling method [8] was used for selecting of 250 rubber tappers.
The primary inclusion criteria for selection were ability of
Thai communication, more than 6 months’ working experi-
ence, and voluntary participation. The exclusion criteria was a
past record of MSDs or congenital disease, the resulting mus-
culoskeletal disorders, such as gout, rheumatoid, renal or a
history of accidents and disorders affecting the skeletal system
and muscles. The samples had been clarified on the objective
of the study and the right to terminate the participation imme-
diately on demand.

Questionnaire
The structural questionnaire was applied from [3]. The
questionnaire consisted of three parts:
1) demographic characteristics,
2) physical work characteristics and
3) MSDs data (from the past 6 months) modified from Nordic

Musculoskeletal Disorder Questionnaire [9].

Data Processing and Analysis
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The data obtained were analyzed using Minitab 16
software. Descriptive statistics were used to generate fre-
quency, percentage, mean and Standard Deviation (SD) for
demographic characteristics and physical work characteristics.
The prevalence of MSDs for the last 6 months was also de-
scriptively analyzed for each body part. Total of MSDs was
quantified for each individual who had complaint of pain in at
least one part of the body. The results were tested for associ-
ation with MSDs using binary logistic regression and OR at
statistical significance of 0.05.

RESULTS
Demographic Characteristics

The data showed that participants were females slightly
more than males. Average age, work experience and sleep per
day were 42.1 = 12.7 yr, 12.62 £+ 8.35 yr and 5.62 £ 0.93 hrs,
respectively. In addition, monthly income was 5,001-10,000
baht and the majority of education level was secondary school.
It was found that one-fourth of them were non-smokers and
one-third was non-drinker. Majority of the participants were
Buddhists (99.2%), whereas two-thirds of them had been ex-
perienced on rubber tapping for more than 7 years, as shown in

Table 1.

TABLE 1

DEMOGRAPHIC CHARACTERISTICS (n = 250)
Characteristic n (%) Characteristic n (%)
Age(mean £ SD) yrs =42.1 £ 12.7
Work experience(mean + SD) yrs = 12.6 + 8.35
Work time per day (mean = SD) hr = 3.2 £ 0.95
Sleep per day(mean + SD) hr=5.6 & 0.93
BMI (mean + SD) = 22.3 + 3.54
Gender Exercise
Male 108(43.2) No 119(47.6)
Female 142(56.8) Yes 131(52.4)
Educational level Work experience
Primary school 104(41.6) < 7yrs 80(32.0)
Secondary school 110(44.0)  >7 yrs 170(68.0)
Diploma 22(8.8) Smoking
Bachelor’s degree or higher  14(5.6) No 185(74.0)
Religion Yes 65(26.0)
Buddha 248(99.2) Drinking
Islam 2(0.8) No 174(69.6)
Ages Yes 76(30.4)
<27 yrs 34(13.6)
=27 yrs 216(86.4)

KKG PUBLICATIONS
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Physical Work Characteristics

The survey found that the most plantation ground level
was flat (88.8%). The tapping height was normally at 51-100

The Prevalence of MSDs

The sixth month prevalence of MSDs in body regions
of the participants was 36.40% (95% CI = 30.42-42.69). The
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cm (knee-waist). In addition, most working time was between

TABLE 2

PHYSICAL WORK CHARACTERISTICS (n = 250)
Characteristics n (%) Characteristics n (%)
Plantation ground level Trees tapped per day
Flat 222(88.8) <500 131(52.4)
Slope 28(11.2)  >500 119(47.6)
Tapping light Handedness
Sufficient 231(92.4) Right 223(89.2)
Insufficient 19(7.6) Left 27(10.8)
Break time Grip tightness
Yes 159(63.6) Good fit 93(37.2)
No 91(36.4)  Tight 157(62.8)
Standing posture Ages of trees
Balance 211(844) < 15yrs 123(49.2)
Not balance 34(15.6) =15 yrs 127(50.8)
Tapping height
>100 cm 36(14.4)
<100 cm 214(85.6)

1 and 7 am with average breaking time of 15 min (max 30, min
5), as shown in Table 2.

highest prevalence were of lower back pain, upper back pain,

TABLE 3

THE PREVALENCE OF MSDS IN BODY REGIONS
No. Body Regions Prevalence (%) 95% CI
1 Lower back 76(30.40) (24.76-36.51)
2 Upper back 17(6.80) (4.01-10.66)
3 Hip/ Thigh 15(6.00) (3.39-9.70)
4 Shoulder 13(5.20) (2.79-8.72)
5 Hand /wrist 12(4.80) (2.50-8.23)
6 Upper arm 11(4.40) (2.21-7.73)
7  Foot 10(4.00) (1.93-7.23)
8 Lower arm 6(2.40) (0.88-5.15)
9 Calves 6(2.40) (0.88-5.15)
10 Neck 5(2.00) (0.65-4.60)
11 Knee 3(1.20) (0.24-3.46)
12 Elbow 2(0.80) (0.09-2.85)

hip/thigh pain, shoulder pain and hand/wrist pain in percentage
of 30.4, 6.8, 6.0, 5.2 and 4.8 respectively, as shown in Table 3.
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TABLE 4
THE MSDS AND ASSOCIATED FACTORS BY BINARY LOGISTIC REGRESSION (n = 250)
Factors MSDs No.(%) OR  95% CI P
Pain  No Pain
1.Age (yr)
<27 7 27 245 1.02,5.89 0.032
>27 84 132
2. Work experience (yr)
<7 22 58 1.80 1.01,3.21 0.042
=7 69 101
3. Plantation ground level
Flat 76 146 222 1.00,490 0.049
Slope 15 13
4. Tapping light
Sufficient 78 153 425 156,11.61 0003
Insufficient 13 6
5. Handedness
Right 71 152 6.11 2471513  0.000
Left 20 7
6.Grip tightness
Good fit 23 70 232 1.31-4.09 0.003
Tight 68 89
7. Standing posture
Balance 69 142 266 133,534 0006
Not balance 22 12
8. Age of trees (yr)
<15 36 87 1.85 1.09,3.21 0.021
>15 55 72
9.Tapping height(cm)
=100 7 29 2,67 1.12-6.38 0.017
< 100 84 130
Statistic significant at p <0.05
Factors Associated with Symptoms of MSDs DISCUSSION

Binary logistic regression showed that the risk factors
which were significant to the model were body age (OR =
2.45, 95% CI = 1.02-5.98), work experience (OR = 1.08, 95%
CI = 1.01-3.21), plantation ground level (OR = 2.22, 95% CI
= 1.00-4.90), tapping light (OR =4.25, 95% CI = 1.56-11.61),
handedness (OR = 6.11, 95% CI = 2.47-15.13), grip tightness
(OR = 2.32, 95% CI = 1.31-4.09), standing posture (OR =
2.66, 95% CI = 1.33-5.34), age of trees (OR = 1.85, 95% CIL =
1.09-3.21) and tapping height (OR =2.67,95% CI=1.12-6.38)
as shown in Table 4. Other selected factors such as exercise,
smoking, drinking and break time were not significant risk fac-
tors for MSDs.

Demographic and Physical Work Characteristics

This study showed that the rubber tappers were more
females than males. About half of the participants had body
ages between 30 and 49 years which was also consistent with
finding reported by [3], [10], [11]. Nevertheless, these findings
were inconsistent with a previous study from (49-58 yrs) [6]
and (41.50 yrs) [4]. Moreover, the study found that the levels
of education were secondary and primary school (90.5%). This
also corresponds with previous finding of 86.4% for the same
educational level which was reported by [12], [3] (85.6%) and
[5] (59.1%). This could be explained that skill of rubber tap-
ping should be trained in their own family. This is the reason
which showed that most of rubber tappers were not necessary
to graduate at higher level of education. The participants were
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smoking where by 26%, since the participants were women
more than men. It was different from [6], who reported that
number of smokers was at 54.2%, due to all participants being
men.

The average of working time per day was 3.2 hrs., this
is corresponding finding with [6], who found that it is less than
5 hrs. per day, however it is different from [3] (6.2 hrs.).

The Prevalence of MSDs

This study investigated the prevalence of musculoskele-
tal disorders (MSDs) during the previous 6 months. The results
from this study support previous findings that this problem is
common in rubber tappers.

The most prevalence was of the lower back (30.40%),
which corresponds to reported research [3], [5]. In contrast, [6]
reported that the prevalence was highest in neck-pain among
male rubber workers in FELDA settlement Malaysia, because
the level of rubber tapping was over-head.

Leg pain (hip/thigh and foot) was 10% in present study.
Nevertheless, the findings from the study coincided with previ-
ous reports of 14.8% by [3], who investigated MSD problems
among rubber tappers in Chumphon province, Thailand. It may
be caused by the slope area which is often found in Chumphon
more than Phatthalung province.

Factors Associated with Symptoms of MSDs

This study revealed that the demographic and physical
work characteristics factors have significant association with
MSDs.

In this study, rubber tappers with age more than 27 yrs.
got more risk of MSDs, compared to younger rubber tappers.
This finding was in contrast to [6] who showed that the young
rubber workers in Malaysia were at greater risk than old rubber
workers. In this study, working experience of more than 7 yrs.
was reported as the risk factor associated with MSDs, com-
pared to working experience of less than 7 yrs. In contrast, [12]
reported that the rubber farmers with higher work-experience
(average 20 yrs.) were no significant associate with low back
pain. They reported that the long work experience might screen
individuals who could no longer tolerate the work requirement
for this profession. In addition, this study found that the left

hand was risk factor for MSDs in rubber tappers. Because
the conventional tapping knives (je-bong) were appropriate to
the right hand. The explanation was common as other study, re-
ported by [13], showed that the left-handers were more likely
to report an injury requiring medical attention. Because the
power tools required use of the right hand. The grip tightness
for tapping was significant risk factor for MSDs. It was indi-
cated that the tightened grip resulted in muscle exertion strain
on fingers, hand and wrist. On the other hand, when gripping
tapping knives, use a firm grip that allows participants to con-
trol the knives smoothly, but don’t grip it too tight. This finding
was consistent with a study conducted by [14] who reported
that there is higher discomfort as there are increased required
forces. According to comparison of this research with other
researches, it found that prevalence rates are highest in the
lower back [2], [3]. [5]and is subordinate to the hands/wrists
and upper back, respectively.

CONCLUSION

The results of this study showed that the prevalence
of musculoskeletal disorders in any body region in the last 6
months of rubber tappers was comparatively lower than the
l-year MSDs prevalence found in other researches. How-
ever, the similar results of high prevalence in lower back were
found in this study and others. Among risk factors associated
with working conditions, plantation ground level, tapping light
and tapping height were shown to have significant relationship
with MSDs prevalence. Awkward standing posture at work and
inappropriate grip (grip tightness) were also resulted in associ-
ation with MSDs. This study recommended that detailed study
should be carried out on biomechanics in order to comprehen-
sively understand the mechanism of MSDs. Furthermore, the
design of working tools such as lighting lamp and cutting tools
should be focused. However, the effective remedy i.e. health
promotion activities and guidelines should be introduced to
reduce MSDs and minimize the risks. This may result in an
increase of quality of life for rubber tappers.
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Abstract— Rubber tapping often causes

musculoskeletal disorders (MSDs), especially to the
Lower Back Pain (LBP). The aim of this study was to
investigate the muscle effort of trunk muscle in rubber
tapping. The scope of this study consisted of four
male students of the Prince of Songkla University who
participated in this study. The main inclusion criterions
were that they must be habitually active, have no prior
back complaints or pathological disorders. Surface
Electromyography (sEMG) was used to record the
activities both sides of muscles — Erector spinae and
Multifidus - during a 20-minutes isometric contraction
workout. A laboratory-based rubber tapping simulation
conducted five-level working heights (lower-knee,
knee-waist, waist-shoulder, shoulder-head, and over-
head). Muscular effort in this study was calculated as
the percentage of Maximal Voluntary Contraction
(MVC). The MVC for the level of rubber tapping
resulted in knee-waist, lower-knee, waist-shoulder,
shoulder-head and over-head which were 63.5%,
53.7%, 46.0%, 44.6%, and 43.0%, respectively. The
results indicate that the EMG increase in muscle
activity levels at a low level of rubber tapping.

Keywords— Lower back pain, Musculoskeletal
disorders, Electromyography, Rubber Tappers

INTRODUCTION

Work-related musculoskeletal disorders (MSDs),
especially of the Lower back pain (LBP) are common
among rubber tappers1, 4, 5. Rubber tapping is
physically demanding work with a high frequency of
twisting, bending and extension of trunk4, awkward
and static postures3, 7, repetitive motion3, 7 and
tapping levels2, 4.

Several reports reviewed the prevalence of LBP
among rubber tappers. Rubber tappers were reported
to have a high prevalence of LBP 55% at 1 month1,
52.9% at 3 months4, and 55.7%2 and 66.2% 6at 12
months.

However, there is still no clear information about
the tapping level among rubber tappers. The rubber
tappers limited knowledge of physical capacity affects
their ability to prevent problems.

The aim of this study was to investigate the muscle
effort of trunk muscle in rubber tapping .The affect of

Angoon Sungkhapongz, and Klangduen Pochana’
Department of Industrial Engineering
Prince of Songkla University
Songkhla.(Thailand)

EMG with surface electrodes during rubber tapping
were measured (isometric and dynamic contraction).

Methods and Procedures
Experiment Design

A repeated measures design was selected so that
all interactions between the independent variables
could be investigated effectively. The independent
variable in this study was the working height. The
working heights were the five level of Lowers - Knee,
Knee - Waist, Waist - Shoulder, Shoulder — Head and
Over-Head. The dependent variable was the resulting
EMG signal. The control variables were Jabong knives
tapping system and right hand rubber tapping.

Subject

Four male between the ages of 20 and 24 years
participated .Main inclusion criteria’s were they must
be habitually active, had no prior back complaints or
pathological disorders. Subjects were recruited from
student of Prince of Songkla University. Prior to
signing a consent form, all subjects were informed
about the experimental procedure, potential risks and
purpose of the study.

SEMG data acquisition

SEMG was taken from the following four trunk
muscles: both sides of muscles — Erector spinae and
Multifidus.Disposable Ag-AgCl solid-gel electrode
strips of two electrodes with a circular uptake area of
1.6 cm diameter and an inter-electrode distance of 2.5
cm were used. All EMG signal recordings were carried
out wusing a Mobi6-6b (TMS International
BV,Netherlands). A band-pass filter of 20-500 Hz
bandwidth and an amplifier with 19.5 times were used.
The signals were sampled at a rate of 1024 Hz with
24-bit A/D resolution.

Fig.1 Surface EMG sensors location
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EMG recordings

The EMG was recorded during work situations
continuously for 20 minute. The participants in a series
of rubber tapping’s underwent isometric and dynamic
contraction.

Fig.2 The simulation of rubber tapping in each of
level.

EMG Analysis

In these experiments, the recorded EMG signals
were analyzed using Bioproc 2 computation software.
Both time and frequency domain analyses were
conducted. Time domain analysis as mentioned earlier
was used. There were many different time domains
measured that characterize the signal. The Root Mean
Square (RMS) values (in (V) of the row data was
calculated.

Result
Muscle activity

The table.1 shows the result of the normalized
mean values of the maximum muscle activity for
difference muscles in difference height of rubber
tapping.The data of EMG variables showed that the
highest RMS value was (55.08 mV) for R. Multifidus
with Knee-waist level. The lowest value (19.43 mV) for
R.Erector spinae was at Shoulder —head level.The
Fig.3 shows that difference of muscle activity in rubber
tapping.lt was also noticed that the R. Multifidus
muscle was most active in the rubber tapping in all
levels of tapping, and the Knee-waist level had the
highest level of muscle activity.

Table 1 Difference of activity between the trunk
muscles in rubber tapping

Muscles

L Ersctor R_Erector
Level of spinae L. Multifidus spinae

Tapping
Mean SD Mean SD Mean SD Mean sD

R. Multifidus

1. Lower-kmee 39.85 [ 363 | 3432 443 35.83 367 | 4575 4.72

2. Knee-waist 40003 | 028 | 36.68 741 3946 | L71 | 55.08 1.60

3. Waist-
shoulder 2131 | 160 | 2134 | 629 2058 | 348 | 4016 | 377
4. Shoulder-head
2135 [ 323 | 1982 374 1943 | 172 | 4478 | 225
3. Over-head 22.00 3.80 [ 2108 319 2111 186 | 41.20 | 10.69

60.00
50.00
E_ 40.00
EF;’ 30.00 s | Erector spinae
= 20.00 .
& 10,00 === . Multifidus
0.00

o o Sy ===fr==R_Erector spinae
& & F &
@ &
& & oal & &
\P@ & &gt
A T gy

i B Multifidus

Fig. 3 Difference of muscle activities in rubber
tapping

Maximum Voluntary Contraction (MVC)

The table. 2 shows the result of the comparative
MVC percentages (Normalized Root Mean Square
[RMS]) of trunk muscles in the levels of tapping. The
MVC for a level of rubber tapping resulted in the knee-
waist, lower-knee, waist-shoulder, shoulder-head and
over-head were 63.5%, 53.7%, 46.0%, 44.6%, and
43.0%, respectively.

Table 2 Comparing MVC percentages (Normalized
Root Mean Square [RMS]) of trunks muscles in level of
tapping

Level MVC % (Mean) SD
1. Lower-knee 53.78 15.14
2. Knee-waist 63.57 15.55
3. Waist-shoulder 46.08 12.45
4. Shoulder-head 44.67 10.50
5. Over-head 43.02 7.82
Discussion

This study of 4 rubber tapper investigated the
effects of five different level heights on lower back
muscle activity and perceived exertion during a rubber
tapping. Results of this study supported the hypothesis
that there were differences in muscle activities and
perception of exertion among different tapping heights.
The findings of our present study agree with the results
reported [2,4] that the association between tapping
below knee level and LBP was in line with the
association between tapping below waist level and
LBP reported. Our study showed that lower back
muscle activation levels were similar when the rubber
tapping is adjusted to the Knee-waist level. As the
height Knee-waist of the rubber tap, a trend of
increasing EMG activities was observed, and muscle
activation levels were highest when the rubber tapping
was adjusted to Waist-shoulder level. These results
might be due to some extent to increased trunk flexion
movement, because it has been demonstrated that the
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activity of R. Multifidus and R.Erector spinae muscles
steadily rises as the degree of forward flexion
increases, whereas the L. Multifidus and muscle is not
very active in this movement. Similarly, The Maximum
Voluntary Contraction (MVC) is increased when
tapping in knee-waist level. This study had some
limitations. Like, only a back muscle was selected, and
the EMG data were recorded from a four subject.
Future research should focus on defining the
relationship between the EMG-moment, EMG-force
and other parameters of the lower back muscle of
individuals in different age groups.

Conclusion

The results of this study show that the different
heights of level of the rubber tapping impact on the
muscle activity in trunk muscles. Decreased level of
rubber tapping height was associated with higher
muscle activity levels. Therefore, in order to reduce
muscle fatigue the tapping height adjustment
between waist to head level may be recommended.
Further, these results could be used in rubber farmer
to promote health care.
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