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Nathareeya Baotong 2008: Low Back Pain Reduction of Molding Process Workers Utilizing
Principles of Ergonomics: A Case Study of a Vehicle Part Factory. Master of Engineering
(Safety Engineering), Major Field: Safety Engineering, Interdisciplinary Graduate Program.
Thesis Advisor: Assistant Professor Charay Lerdsudwichai, Ph.D. 117 pages.

The main purpose of this research was to reduce the level of low back pain of workers in the
Molding process of a vehicle part factory. As the results of health survey from 120 workers, 80% of
them had some pains from work. Considering only the painful workers, 94.8% were on the lower back.
The workers of the Molding process (Mold check job) had most low back pain. Also, the workers in
this process gained the maximum Abnormality index (AI) comparing to other processes. This process
had the average value of Al of 3.89 (+0.14). Rapid Upper Limp Assessment (RULA) was also used
to evaluate the subjects working posture. After carefully consideration of the working postures, the
average RULA value of 7 (+0) was found which indicates that investigation and improvement should
be made to reduce this value. Six volunteers was participated in this research. The average age,
weight and height were 28.3 (+£3.61) years, 62 (+4.19) Kgs and 169.6 (+3.77) cms, respectively. Also
the surface Electromyography (EMG) was used to measure the activities of the related muscles for 4
points consisted of left and right Infraspinatus and left and right Erector spinae. The percentages of
the working EMG comparing to the Maximum Voluntary Electromyography (MVE) were 22.29, 19.6,
41.39 and 16.25%, respectively. It was found that average of EMG at the left Erector spinae was
higher than 35% of MVE, which was considered dangerous for long period operation by most previous
reported research publication. The higher muscle contraction was form the improper working posture
caused by the physical environments. Therefore, the work station in this process must be improved
by putting on the hand rest in order to reduce the contraction of the Erector spinae. Also, an automatic
labeling was introduced instead of manual writing in Molding process. After improving of this
workstation, it was tested by the volunteers for 6 weeks before the evaluation. The new workstation
enable the workers with more convenience during working and it found that the average Al value
decreased significantly (p<0.05) to 1.70 (+0.23) or 56.2% reduction. The RULA are also evaluated
and it was low to the average of 3.0 (+0) or 57.1% reduction. For the EMG of the 4 muscles, the
percentages of working EMG are 25.79, 21.83, 24.12 and 17.23% of MVE, respectively, which was

less than 35% of MVE. This situation indicated that the measured muscle worked less.
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1) MIUsHUAUHULVUaINUY (Upper Arm) Adutaad luning 11
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i 11 szauazuunlummsnaeu lviveuvuaIuuy (Upper Arm)

nn: McAtamney and Corlett (1993)

+1 azuuy dmsumamdon i luyy 20 oemiunuIA
+2 azuuy dmsumsmaeu lnaNiyuannal 20 99eN H305TUIN 20-45 DI
A A a 9 [
nyeimsta lUdunds
+3 azuuu dmsumsmaoulualuyw 45-90 veem
+4 azuuy dmsumsaaen lvafiyuannat 90 o
Y A 9 Y A A
iimsenveslvialiuinazuuunudn +1
SN UUUeN1991E7 THUINAZUNLDN +1

9 ~ A 1 (% g’ o 9 =
midesuiminlvaaazuuuaon -1
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V) MIUsziiudmiauuaINalt (Lower Arm %150 Forearm) attaadlunin

¢l i | \ OWorking across
[ | 1 | \ )\ the midline of the

bhody or out to the
side

M 12 seauazuuulummanasu lviveauuuaIuald (Lower Arm)

nn: McAtamney and Corlett (1993)
+1 Azuuu dmsumsmasu IvaTunutigy 60-100 oeen
+2 Azuuy dmsumanasu luanuanuidosndi 60 03mMIoNINNII100 0991

Y A a4 v Y o Y A 2
maJmima'au”lmmaauﬁaumwﬂﬂmwmzuuu@ﬂ +1

A) Mylsziiuduriaiiouazdeiio (Hand iay Wrist) dauaaalunaini 13

—

e | 5G| By | B

Select if wrist is
bent away from midline

N 13 szavuazuuulunimanasu lnivesiiouazvoiio (Hand 150 Wrist)

An: McAtamney and Corlett (1993)

Y Ao A a
+1 LU ammimaau"lmﬂﬂ@

9 o A o :JI =) v 9 A
+2 AZLUY mmumimaau"lwﬂuummagn 0-15 94711 NINTYAUASHNVDUD
+3 ALUUUY ﬁ'WW%‘Uﬂﬁlﬂﬁ@uqﬁ’Jﬁiﬂﬂﬂ’h 15 998N

Y A A a

9 aq ¥ A =
mvoNeimMsdannuudlna linuazuuuan + 1
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a a 9 A . . @ A
N)) MsUszuUMsUavoio (Wrist Twist) muﬁﬂﬂumvm 14

d' [ 1 A a 9y A . .
HMNN 14 33ﬂﬂﬂzztuu1uwmﬁmaau"lmmmmimwaua (Wrist Twist)

nn: McAtamney and Corlett (1993)

+1 Azuuy avaziinulimsvyuuedoio

+2 Azuuy Mvaziinuiinsmyuvestelounineuqa

be

AN B UTNUAIND S1FIUaZVIILHTU 3 MINNMINITIAINI

?) Mdszmumandeu lvidufsyzuazae (Head 118 Neck) fataaaly
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0 - 10— [T . an el
- L
; Ve
=
(N A A O\

2N 15 szavazuuulunmanaeu lvivesdsyziazae (Head 1ag Neck)

An: McAtamney and Corlett (1993)

+1 AZUUY MFUMIAY 0-10 DN

+2 AzUUY MTUMIAY 10-20 9971

+3 AzUUY MTUMIAY 20 BIFN HIBUINAN
+4 azuuy 911 lldunas
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a A 1 o v A
) ﬂ']31J3$L3J14ﬂ1§!,ﬂa6uh11’i’m"311!ﬁ'1@’ZI (Trunk) aataaslunnig 16

Trunk

M 16 seauazuuulummanasu 111909874816 (Trunk)

nn: McAtamney and Corlett (1993)
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90 931
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a A 1 Y [ A
¥) M3dsziiumsnaeu lviauuuaziii (Legs 11ag Feet) Aquandlunini 17

(1 | A
: 1 Legs and feet are /;{i Legzs and feet are

&, ) well supported o W NOT evenly
L] - - .-I
3 and in an evenly o |: balanced and
= & )
balanced posture, 05 supported,

/i 17 szavazuuulummsnaeu lvidiuvinazii (Leg 1ag Fect)

nn: McAtamney and Corlett (1993)
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YDINININTIAIVDAIATIAT WA MHBLAZNTEAN TasazlssAtazIuUiatsnl Falumsia
1 dy [ [~ 1 1 ' £ Y [

nauiazitlumssauazuuuiunzuuuvoaaznguaA i Tagns lsaise aaaaaly
MsNN 5 dmSudiuvessumelungu A nagldmsduaasluased 6 dmsudiuues
1 1 £ g v o w Y o = J [ o
sumelungu B Fuilumsdadvuazuunlaglsndnmsvesiinamansuaziladensniam

9 dy [ [ [ d‘ Y [ 1 s 1 09/’ 1
yoenawiilo luuaazniminsdid Taeazuuui lManmMsdunguazliaifnee 1-9 aziuw

= ' o Aa ' Y Y A s =
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AzuuuitAnANIZIURgRUNTLUVRITTULNAWIToLAZ NN

A15191 5 MIMAAzLUY A 1nnsdsziiumsinaen Inivesdiuaiee ¥ees1ene

Tungu A
Wrist Posture Score
1 2 3 4
Upper Arm Lower Arm

W. Twist W. Twist W. Twist W. Twist

1 2 1 2 1 2 1 2

1 1 1 2 2 2 2 3 3 3
2 2 2 2 2 3 3 3 3

3 2 3 3 3 3 3 4 4

2 1 2 3 3 3 3 4 4 4
2 3 3 3 3 3 4 4 4
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Wrist Posture Score

1 2 3 4
Upper Arm Lower Arm

W. Twist W. Twist W. Twist W. Twist

1 2 1 2 1 2 1 2

3 1 3 3 4 4 4 4 5 5
2 3 4 4 4 4 4 5 5

3 4 4 4 4 4 5 5 5

4 1 4 4 4 4 4 5 5 5
2 4 4 4 4 4 5 5 5

3 4 4 4 5 5 5 6 6

5 1 5 5 5 5 5 6 6 7
2 5 6 6 6 6 7 7 7

3 6 6 6 7 7 7 7 8

6 1 7 7 7 7 7 8 8 9
2 8 8 8 8 8 9 9 9

3 9 9 9 9 9 9 9 9

An: McAtamney and Corlett (1993)
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A151990 6 MIMAALLUY B 91nmM5Useiiumsmasu 11vedIua199 104519018

lunqu B
Trunk Posture Score
Neck
1 2 3 4 5 6
Posture
Legs Legs Legs Legs Legs Legs

Score
1 2 1 2 1 2 1 2 1 2 1 2
1 1 3 2 3 3 4 5 5 6 6 7 7
2 2 3 2 3 4 5 5 5 6 7 7 7
3 3 3 3 4 4 5 5 6 6 7 7 7
4 5 5 5 6 6 7 7 7 7 7 8 8
5 7 7 7 7 7 8 8 8 8 8 8 8
6 8 8 8 8 8 8 8 9 9 9 9 9

nn: McAtamney and Corlett (1993)
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Force Score

9 9
A o o =) o

Y v 9 '
0 ASLIUY ﬂ']nlllllu']ﬂuﬂ HI9 WIHMUNUDYNIT 2 N.N.

Y
o Y [ | @
1 AZHUY ﬂj"[ﬁgfa\iﬂﬂu’lﬂu 2-10 N.N .Gluaﬂﬂmzﬁlﬂ/’JN lﬂuWﬂc]

Y

=~ 9 o @ Y] I~ aa A ~ 9 g’ @
2 AZUUU DTUADIINUIVIUD 2-10 N.N. Gluﬁﬂﬂmglﬂu\i'luﬁﬂ@ HI9 NIUADIYNUIYUD
< J
2-10 n.0. 1w
9 :j Y A v [ I an A ~

3 AZUUU DTUADIYNUINUN 10 N.DN. Wiamumﬂuaﬂymztﬂu\ﬂuﬁﬂﬁ NIoNIl
9 :I @ A ' o g’ A AAA A g 1
ADIYNUINUN 10 N.N. ﬁﬁ@ﬁJ’lﬂﬂ'J’lGlUﬂWTVH\ﬂuG]ﬂ”] ‘ﬁﬁ@ﬂﬁﬂl‘ﬂi]ﬂ’]ﬁﬂﬁ%“]ﬂﬂﬂﬁﬂlﬂu\ﬂulﬁﬂ

v
(Y4

v 9
Yuh 3 MIWIMAZUUUNIMNALazMsUszliuna

Y v
v A

a < [

YUN 3 VBINAUA RULA 3EIINASUUU C 1lag D L%Wlﬂuﬂglluulaﬂﬁﬂu Iﬂﬂﬂ']'islclgf}
~ 1 = Y I a 4 o

NINN 18 elUﬂTiﬂWﬂWﬂx!LuujjiJ "]Nﬁ]g(lslﬂ‘ﬂl!uu:l‘vnﬂsluﬂTﬁ?LﬂﬁTgﬁ MUTEAUAZLUU 1-7

L2 4 o A < Y, v R A -
%wuagﬂummLﬁﬂﬂums‘U”mm‘ueuaﬂmqﬁimﬂmmuauazﬂiz@,ﬂ Nsziu

=< 1A o PR = o A A g o
ASLUUU 1-2 UV ﬂ”lVIfJﬂlJTUhlﬂ f]']hlllllﬂWTVI”I\‘]’]lﬁ/]fl”lju']uﬂiﬂlﬂuﬂ'ﬁﬂ'N']Ll

v Y

N1 UIU

J o Y Y [ o
AU 3-4 l!ﬁ'ﬂ\“l’)’lﬂ’liﬂ’l\i’ﬂ!ﬂ’)iiﬁﬂ')’lllﬁu{li] uazmimmflmiﬂi‘uﬂiﬁmi‘nnm

11998714

' o Y Y = Y o
AU 5-6 l,mm’nmimeﬁmch/immﬁu% uazumiﬂiuﬂ‘;ﬂmimﬂm

dgl "9 = = d' [ o =
ASUUU 7 "U‘L!Vlﬂ LLﬁﬂQ’ﬂ@]ﬁ)\‘lﬂJﬂﬁﬁﬂB%‘WfJ“lJ‘i‘U“]Jj:\‘lﬂﬁ‘Vﬂ\ﬂu‘ﬂuT]



39

Score D (Neck, Trunk, Leg)

1 2 3 4 5 6 7+

1 1 2 3 3 4 5 5

2 2 2 3 4 4 5 5
=
g

— 3 3 3 3 4 4 5 6
5,
&

=) 4 3 3 3 4 5 6 6
@)
o

8 5 4 4 4 5 6 7 7
A

6 4 4 5 6 6 7 7

7 5 5 6 6 7 7 7

8+ 5 5 6 7 7 7 7

MNA 18 MIHNIMALUUUTINAINAZUUY C 11ag D

nn: McAtamney and Corlett (1993)
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1 v Y
5daansel¥msnse EMG iileesuneiledeniinanemsvadivesnduiioasuuy
v 4
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Recruitment of motor units (ﬁ@a , 2548)
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a 1 qYa A vy & 9 v ' '
wnnu il szneliimamsihalosndwilodunoun MINNANIIVGNDIYULBITIHIN
i@uenean (Line of Sight) taztdu lunuissaunsoiduveuih (Horizontal Line) Naziin 1
a wa o ' < Vo
gufraaueansatanldedazainauieniseziluyy 44-32 oenlunmis uazyy 37-23
1A dyw a o < 1 = ' Ao o a va Y
paenTuvinan wennntiviruddelunmsueariudiunseganies nduulumsdgiinauass

= v A Al A ] £ < 1
AllAZBALIU ﬂa"lnmmﬂﬂmwiuuumwmmmmmmmu %Q%%Lﬂuqﬂ’diiﬂﬁﬁlﬂﬁ

42 wanadaiugudmsudoyaduianumenmuazdadiusemelumsesnuuy

A o

al 1 I Y 1A 9 v @ v 1 [
ﬁNH@?T?J@]’JLL‘]JiQ’lJ X L‘]Ju@nu‘].l'ill‘ﬂuﬂTVIulﬂ%WﬂﬂTi?ﬂﬁﬂﬁ?uSNﬂTﬂ (YU

A @ v & al J I J s 3 sa
ANHFININ mmumuﬂnmmwm Llﬁgﬁllll@]@]@]lﬂfﬂ Xp L‘]J‘L!ﬂﬂl@ﬁlﬂ@ﬁ!ﬁ]fublﬂﬁﬂ p YD

X Batmuald P(X < X)) =p

o 1 { ™ 1 1 @ 2/' [~
LL‘VIuf;’fﬂE’f’)u“ll’6\'1ﬂi3“]ﬂﬂ‘iﬁﬁﬂ’ﬂﬂq\‘l"umgu\ﬂiﬁﬂﬂﬂ’ﬂ Xp ANUU 100p DETAY,

J 3 o A o 1 a
nJaiwummmmuﬂﬁwmi‘wummqwmzuﬂumu Xp

o o A 6o W quU o . A
wesigu Inadluiugmdmsvldlsanadadiuvesngulsznnsnmseonuuy
I8nsounau1’ enlilugautialszmnsdlidnuazaa  (Extreme) oon liliioandunulu

myoonuuUtazai1eld



50

o a @ wva o 1 <
Tﬂfﬂ’nll‘]J’i]ﬁﬁumﬁﬁlﬁ}%ﬂﬂaﬂ'li')ﬂﬁ?J‘U@Wl'Nﬂ']fJfITWLLagﬁﬂﬁQUSWQﬂTﬂlﬂuﬂTSﬂﬁgfﬂTﬂ

QU

[
a =

a 2 Qﬂll QU = d‘d 1
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@ ~ Yo ) o 1 A 2K S I3 s
davileiuanndmsun p teuanasdantlesisulngn 0.5, 1,2.5, 5, 10, 16.5, 25, 75, 83.5,
90, 95,97.5, 99 1AL 99.5 MUAAY M3190 8 uaasaasTIulumssuuaulesidulng
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nlosidu lnan 0.5 ] 2.5 5 10 16.5 25
(p) 0.005)  (0.01) (0.025) (0.05) (0.10) (0.165) (0.25)
z, 2575 2327 -1.960 -1.645 -1282 -0.974 -0.675
P oA
nlosigulndn 75 83.5 90 95 97.5 99 99.5
(p) 0.75)  (0.835)  (0.90) (0.95) (0.975) (0.99) (0.995)
Z 0.675 0974 1282 1.645 1960 2327 2575

P
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[

Temsdaaiudinny Y250 AU KA 250 AU
vhwiinga (Body weight) Nf. 53.7(7.0) 53.1(8.2)
AWIBY (Standing height) 3. 160.7 (5.7) 151.2 (4.8)
ANUPINTLYNAD (Cervical height) wa. 136.5(5.4) 128.2 (5.9)
A2 g9W 148 (Acromion height) . 1324(5.6) 1247 (4.9)
AWE1IVIAIUVU (Thigh length) Fa. 52.7(2.8) 51.6 (2.8)
ANUA3INABA-ADN (Elbow-elbow breadth) a3l 41.3(3.3) 39.5(4.1)
AL eEaateio (Lower-arm length) 3. 44.8 (2.6) 413 (2.1)
ANUAOUN (Foot breadth) a3, 9.9 (0.9) 8.7 (0.8)
ANEIVBII (Foot length) B3, 24.2(1.6) 222(2.1)
mmqaﬁuﬂmﬂﬁyfaggw (Functional reach) <. 71.7 (5.7) 67.9 (5.4)
mmqqﬁuﬂmﬂﬁa-mﬁﬂﬂ (Functional reach-extended) 1. 81.4 (4.7) 75.7 (5.0)
ANUAI19ie (Hand breadth) o3, 8.1(0.2) 7.4(0.5)
AWE1IU (Hand length) . 17.6 (1.0) 16.9 (3.3)
ANGARIRINBYA) Overhead reach height) w31, 1945(7.6)  183.1(6.1)
528850 VUUNAN (Forearm circumference) 3. 25.9(2.1) 242 (2.4)
J2ELIOUUVUUY (Biceps circumference) . 27.1 (3.5) 25.4 (3.5)
528¢501UUD4 (Calf circumference) WU, 33.7(4.5) 33.6 (3.0)
528850 VVI0OUDY (Upper thigh circumference) . 47.1 (4.5) 50.7 (6.4)
sve¢ 1Ma-Aen (Shoulder-elbow height) . 34.3(1.7) 31.9 (1.6)
mmqaﬁqmﬂﬁ’u—?ﬁm (Sitting height) ). 83.3 (3.4) 78.8 (3.2)
ANNYMVUUU (Upper-arm length) 3. 343 (1.7) 31.9(1.6)
AW90-8U (Standing waist height) 1. 99.1 (5.4) 92.7 (4.9)
AMugadeiu-1ia (Popliteal height-sitting) . 40.1 (2.2) 37.9 (2.0)
ANVIIAIAININDIDIH 11ia (Torso length) . 33.3(5.5) 32.0 (4.9)

AIN: DA (2548)
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au ‘ﬁ Infraspinatus Infraspinatus Erector Spinae Erector Spinae
(9) (R) (9) (R)
1 22.55 19.05 29.32 17.02
2 28.09 22.22 26.45 20.33
3 29.35 24.21 23.26 16.79
4 24.47 20.62 22.48 14.49
5 25.77 23.59 22.14 16.91
6 24.49 21.36 21.05 17.86
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Infraspinatus (Left) 25.79 2.53 22.55 29.35
Infraspinatus (Right) 21.83 1.90 19.05 24.21
Erector Spinae (Left) 24.12 3.14 21.05 29.32
Erector Spinae (Right) 17.23 1.89 14.49 20.33
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Descriptive Statistics

Variable N Mean Median Tr Mean StDev SE Mean
Before 6 3.8900 3.8850 3.8900 0.1472 0.0601
After 6 1.7067 1.7500 1.7067 0.2335 0.0953
to 6 2.1933 2.1350 2.1933 0.1536 0.0627
Variable Min Max Q1 Q3

Before 3.7500 4.1300 3.7500 4.0325

After 1.3700 2.0000 1.4675 1.9025

to 2.0000 2.3800 2.0975 2.3800

Confidence Intervals

Variable N Mean StDev SE Mean 95.0 % CI

to 6 2.1933 0.1536 0.0627 (2.0321, 2.3545)
T-Test of the Mean

Test of mu = 0.0000 vs mu > 0.0000

Variable N Mean StDev SE Mean T P
to 6 2.1933 0.1536 0.0627 34.98 0.0000

d’ |~ = 1 d' % = ] = 1 (% (%]
M 35 wamsnlSeufeuandsuesariinnulilng (A1) neunazraimsdsulge

ol Tagld 1151053 Minitab

d‘ [~ =) 1 Lﬂ' L= 1 a 1 U 3
719190 29 NaﬂTﬂﬂiﬂUUﬂﬂﬂﬂ%ﬂﬁﬂ%@ﬂﬂ%uﬂﬂWquﬂﬂ@(Al)ﬂﬂuuﬁ%ﬁﬁﬂﬂWiﬂiUﬂzﬁ

mariianu g (A1)

GLRITARIY]
Mean SD t
AeuMsUsugeaatiau 3.89 0.14 -
naamssvlgeaoiianm 1.70 0.23 34.98

HIITR) VOUIVAVDINTHONT UANNAFIUKAD AO (t>2.02)
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Uil jsaatinulianiosndiineumsUsulyeaaitinuedaitivdfsy (P<0.05)
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Descriptive Statistics

Variable N Mean Median
BF1 6 22.29 21.54
BF2 6 19.602 19.155
BF3 6 41.39 41.72
BF4 6 16.248 15.815
AF1 6 25.79 25.13
AF2 6 21.832 21.790
AF3 6 24 .12 22.87
AF4 6 17.233 16.965
tl 6 -3.497 -3.590
t2 6 -2.230 -2.000
£3 6 17.268 16.535
t4 6 -0.985 -0.790
Variable Min Max Q1
BF1 19.61 25.84 20.06
BF2 17.140 22.550 18.205
BF3 37.59 45.11 38.47
BF4 13.770 19.510 15.022
AF1 22 .55 29.35 23.99
AF2 19.050 24 .210 20.227
AF3 21.05 29.32 21.87
AF4 14.490 20.330 16.215
tl -4.350 -2.250 -4.282
t2 -3.330 -0.980 -3.202
£3 15.790 20.150 16.158
t4 -1.470 -0.720 -1.433
Confidence Intervals

Variable N Mean StDev
tl 6 -3.497 0.867
t2 6 -2.230 0.878
£3 6 17.268 1.652
t4 6 -0.985 0.359
T-Test of the Mean

Test of mu = 0.000 vs mu > 0.000
Variable N Mean StDev
tl 6 -3.497 0.867
t2 6 -2.230 0.878
t3 6 17.268 1.652
t4 6 -0.985 0.359
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SE Mean
0.354
0.358
0.674
0.146

SE Mean
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.354
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.674
.146
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StDev

2.55
1.922
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1.934

2.53
1.904
3.14
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.867
.878
.652
.359

oOrooRr

95.0
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-3.151,
15.534,
-1.361,

-9.88
-6.22
25.60
-6.73

SE Mean
1.04
0.785
1.19
0.789
1.03
0.777
1.28
.771
.354
.358
.674
.146

O OO oo

CI

-2.587)
-1.309)
19.002)
-0.609)

1.00
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1.00
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