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Abstract

The objectives of this study were 1) to evaluate the ergonomic risk levels
for musculoskeletal pain, the levels of compression and shear force on the lumbar
spine which occurs during rubber tapping. 2) to identify ergonomic factors
related to low back pain in rubber tappers and 3) to develop the ergonomic back
belt support and its efficacy on the prevention of low back pain. For the first and
second objectives, a cross-sectional survey was conducted in Chumporn
Province, Southern Thailand among 427 rubber tappers who had been employed
in rubber plantation for at least one month with the age range between 15 and 60
years. The criteria for exclusion were having history of major trauma on the back
such as vehicle accident, sport injuries, or fall from height, underlying potentially
serious spinal condition and other specific low back disorders, drug abuse, and
mental disorder. The subjects were randomly selected by systematic random
sampling. After physical examinations, a questionnaire-based interview, direct
observation of workers and video recording of the working posture,
electromyography (EMG) measurements, video-based analysis of working
postures using the Rapid Upper Limb Assessment (RULA) method, and the
biomechanical simulation of the lower back during tapping task were done. The
third objective was the development of ergonomic back belt support and studies
its efficacy on the prevention of low back pain. Firstly, we test efficacy of back
belt support in reduction of back stress by the biomechanical simulation of

tapping postures. Then, a randomized control trial was conducted among 124
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subjects with age ranging from 18 to 60 years. The exclusion criteria used in this
phase were similar to those for the first objective. A simple random sampling
with concealment was used to randomize the equal number of subject into control
and intervention group (62 persons per group). The standard interventions for
both groups were the education about the good working posture, while the
intervention group receives the back belt support to use for tapping the rubber
tree. All subjects were followed up for 6 month and data collectors were blinded
on their assessments.

We found a high prevalence (55.3%) of low back pain among rubber
tappers in our study. Abnormal ergonomic features of rubber tapping posture
including high frequency of twisting, bending, and extension of trunk were found
to be risks associated with low back pain. Psychosocial factors including work
fatigue, low incomes, and low social support were also risk factors. The
ergonomic risk assessment by the RULA method found that 25% of rubber
tappers had an extreme posture (action level 4), with the need for immediate
investigation and changes, while nearly 50% of them needed at action level 3 that
indicated the investigation and change were required soon. From the EMG
measurement, we found that the fatigue of the back muscles were statistically
increased after rubber tapping finished. The biomechanical model of the lower
back demonstrated that the compression and shear force on L5/S1 was highest in
tapping rubber tree at level of below waist (2,737 N) and lowest when tapping the

tree at level of eyes (1,052 N). The high proportion of unbalance posture was

found when tapping rubber trees at the lowest level also. The simulation of the
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low back biomechanical model during tapping rubber tree at below waist level
with wearing a back belt support demonstrated a statistically significant in
reduction of compression, shear force, and percent estimation of ligament strain,
while the muscles fatigue also decreasing. A randomized control trial was
demonstrated that the used of back belt support was statistically significant in

reduction of low back pain in rubber tappers.

Key words: Rubber tapper, low back pain, back support, ergonomic risk

assessment
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Table B: Neck, Trunk and Legs Analysis Scores
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Observation and Regional Back Examination
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AW 11 uaasgilnsalin EMG

gaginsaitlszneudie

EMG 100 C Amplifier

Lead 110sw, leads110R, lead 110

Gel 101

Computer system

BIOPAC AcgqKnowleadge 3.9.1 for PC running Windows
BIOPAC acquisition unit (MP150)

BIOPAC wall transformer (AC100)

BIOPAC serial cable

Specifications Y9ATHI MP150

Analogue Inputs ; 16 channels , Input Voltage Range £10V , A/D Resolution 16

Bits, Accuracy (% of FSR) +£0.003, Input Impedance1.0 Mohm,

Analogue Outputs; 2 channels, Output Voltage Range+10Volts, D/A Resolution16

Bits, Accuracy (% of FSR) £0.003, Output Drive Current+5mA (max),

MP150 Internal Memory200K samples/second (400K aggregate)
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A 1 o a A 1 A v
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M3190 1 Joyana 'l (N=427)

Characteristic N (%)
91¢ (mean=SD) 1/ 38.17(9.2)
BMI (mean+SD) 22.6(3.3)
fdliinsasensniveilegiiu (mean+sD) 9.02 (6.2)
Wl

- %Y 285 (66.7)

- NYd 142 (33.3)
FZAUMIANH

- Uszoudny 300 (70.2)

- fisouAnyInoUAY 69 (16.2)

- dseudnynoulaeniogand 58 (13.6)
Tsnilsedan

5 53 (12.4)

- aidl 374 (87.6)
maquyns luiogiiu

-qu 183 (42.9)

- laiqu 244 (57.1)
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seaunthennnIaluvasnanyaulvgeglussauningsd (@indazer)
TaoRszoznarnnialuszauniiers a sgavilagiuniauiuiumie 612 1iou
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52821101N3ATNN TaemasaoIulszuna 6 42119 Tagduaueenniamagiuay
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Usznannon 500 du immsiauiudansazuuuiig o Tasinmsturaziane)

o w = A a g A
71913070 umiﬂuuazmmﬂunmmu ] (M1TNN 2)

A5 19N 2 ANHUZITUNNMENN (N=427)

Characteristic N (%)

@ 9 d' ) Y
sgaunihennnialuilogiiv

- AN NELe 255 (59.7)
=2 [

- @21920952A AU 47(11.0)

- mileszauaga 35(8.2)

- UYTEAUNANNY 90 (21.1)

A A Y @ 9/ &3
53&13mmnnimnuaﬂmmuwmmaﬂfﬂﬂuu

-<3 AU 11 (2.6)
-3-6 109U 155 (36.3)
A
- 6-12 10U 242 (56.7)
A
->12 199U 19 (4.4)
UIUG 1UINNTABINITINOTU (mean+SD) 6.2 (1.9)
UIUAUE1INNI AR TY (meantSD) 468 (192.8)

v Y
MIMNUAILININNG

- @nilos 39 (9.1)

-thunan 169 (39.6)

- 4N 219 (51.3)
MIVNUBINTIN

-1antion 123 (28.8)

-1hunan 126 (29.5)

- 310 178 (50.7)
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Characteristic N (%)
Mneamsieuiimsfuvdaazdi
< 9
- 1|antoy 127 (29.7)
-1hunana 129 (30.2)
-0 171 (40.0)
MneamsiuRiimstamedi
< 9
- anioy 126 (29.5)
-1hunana 134 (31.4)
-4In 167 (39.1)
M3fudunanu 9
< 9
- @ntfoy 44 (10.3)
-dhunane 139 (32.6)
-4In 244 (57.1)
mssudunai o
< 9
- Ny 73 (17.1)
-1huna 148 (34.7)
TR 206 (48.2)
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Characteristic N (%)

awddnmitlosdnnmsiiia

- @ntley 57 (13.3)

-1hunana 144 (33.7)

- 41N 226 (53.0)
ANNIINOVDIIATHNHDU

- lairiigane 270 (63.2)

- isanwelunan 89 (20.8)

- gINoNIN 68 (15.9)
MIANUAYUTIOMADIINTIAN

- 1antion 329 (77.0)

-1hunan 56 (13.1)

- NN 42 (9.8)
MIANUAYUBINEDIINATOUAS?

- Bniley 48 (11.3)

-1hunan 59 (13.8)

- NN 320 (74.9)
anudaudsiunedhanieious e

- aid] 388 (90.9)

- @niley 39(9.1)
ANUNEINEVD918' 1R

- liiAvetiioane 249 (58.3)

-1hunans 160 (37.5)

BTN GETRL 18 (4.2)
anuianelaluau

- 1antion 45 (10.6)

-1hunan 205 (48.0)

- 41N 177 (41.5)
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AIUVDITNNY 89131ANYN n (%) 95%Cl
HUUAIUDY 30 (7.0) 4.6-9.5
HUUAIUAN 8(1.9) 0.6-3.2
Yoo 10 (2.3) 0.9-3.8
o 11 (2.6) 1.1-4.1
naIEIUAN 236 (55.3) 50.5-60.0
N 64 (15.0) 11.6-18.4

' Y 9
~

~ [ YR~ A v aov o = F2
ninmsnemsthanauiluilygmnioananugngega n1sveluaseiisela
a 4 o A = a g9 aa .. .

ATz MY9eTe9U0IN15UIAKEY FININTAATIZHAIGEDA Logistic regression 10

=\ [ 1T Aa A LY 9 1 = o w aa
umsdsumaniwavesdulinau laun erguazmsiilsalszdrarluTuman1eddd wa
a 4 1 v Ao @ o d o [ 1 A v o w an 9 [
M3unzinun Jesedanuduiustumsthavasedelivediagnieana laun

= O ) Yy A g o

AMD TUMIDAREIAIAT MINNIAZNITHE AN ANUBEAININNITHINY AZUUUAIY
1{@E9UDININ1NTRIU (RULA  score) Msaiudyusiomanndnyluszaud

z o =2 YA v o ' = [ ~
i’JlI‘VNi%ﬂ‘]Jﬂﬁﬁﬂ'H1!!&85181@1V]ﬂgiﬂi%ﬂﬁ@]%ﬂfﬂlﬂﬂi)ﬂﬂ (®MINN 5)
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v o Jdo

d' % d‘d v 1 A v o @ an
AT NN Sﬂ%%ﬂumm y ‘L!‘ﬁﬂ“lJﬂ?iﬂﬂﬂﬂﬁ\i@ﬁﬂ\iﬂuﬂﬁ'lﬂiyﬂ'lﬂﬁﬂ@]

Variable Crude OR(95%CI) adj. OR(95%CI)  P-value

] F
MNMIHURIMITARIaA:

3 9
ref.=lanNUDY

-1hunans 2.04 (1.24,3.34) 1.43(0.71,2.87) 0.32
-UN 2.04 (1.28,3.26) 2.07 (1.07,3.99) 0.03*
' o Aa v Y o Y Y A

Mmuamsihanundnmstuldudr lUdmntmse
Y 9 < 9
AMUUN: ref.=1anNHOY

-1hunang 1.46 (0.89,2.4) 1.42(0.71,2.81) 0.32

-U1n 3.03(1.88,4.88) 2.48(1.2,5.11) 0.01%*
MIBNUBINIIN: ref.= 1IABINYDINIIN

I Y

- lNUDY 3.41(1.19,9.76) 3.25(0.85,12.33) 0.08

-1hunang 3.52(1.22,10.19) 2.42(0.61,9.6) 0.21

- VN 6.89 (2.36,20.17) 5.27(1.26,21.99) 0.02%*
AUDVDINITIY 0.99 (0.99,1.00) 1.2 (1.00,1.35) 0.02%*

¥ A4 9 o A

AN anmilosd 1M ref= limilooiay

- !,Z?Iﬂ'ljl}ﬂﬂ 2.29(1.24,4.25) 3.80 (1.68,8.59) 0.001*

-1hunang 2.27(1.21,4.25) 2.87(1.25,6.6) 0.01%*

- VN 3.82(1.76,8.28) 3.41(1.22,9.51) 0.02%*
ASUUU RULA 1.98 (1.69,2.31) 2.02 (1.65,2.48) <0.001%*
MIATVAYUFIBNTONINTIAN: ref.=11N

- !,Z?Iﬂ'ljl}ﬂﬂ 1.75 (0.96,3.19) 3.29 (1.44,7.52) 0.005*

-1hunang 0.62(0.32,1.19) 1.79(0.71,4.54) 0.22
FEAUMIANY:

C% =4 A 1
ref=1sguANYINOUY ENTOGIND
-szoudnm 1.87 (1.06,3.3) 2.4 (1.04,5.53) 0.04*
@ = 9

- UTIUANHINDUAU 0.89 (0.44,1.8) 0.93(0.37,2.3) 0.87
sw'lamasandon: ref.=20,000 11N vu 11/

- @M 20,000 baht 1.82(1.12,2.97) 2.08 (1.07,4.05) 0.03*
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HaMIUTZUANMAIN MO AATAUNALA RULA WU AZUUURASUD

Y v v
MYUAIUVUNIAY 3.3 V9T 1Ma1ng flexion ¥1AAI1 90 03¢ TUvENAZUUUMAY
YOIYUFAIUA AN 2.8 LAAINNMT flexion YBIVOADNAINI 60 DI HIBDUINAI
100 997 AZUUUINABVDITDIDNINY 1.9 HUEANUINT extension VOIVDIOAINI 15
9IA AZUUUINABYDIADUATHAUNINDY 2.9 1A 2.8 AIUAIAY FINN1ANUI ADLAY
[ [ ' A~ Y . a dy . =} S 1 1 dy
#8499190¢ TUNIN1INUNIINY (flexion) TVADYI WU (rotation) HIDDIVNNINIAUNAI
HENAY AZUUUTINENTV09MIUTHTUAINNALA RULA (RULA grand score) 83211 3-7
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TagAzuuRAgIIND 525 $aaNuaedluszat 3 Muenud usiusuly
Py arsihmsAnyunuauuazsuduiumsdsvljaansuzaudainay 9103
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AN 6 AZUUUANVITIIVDININWMNTNIAGINITINUTTUAI8 RULA maiia

Body part N (%)
RULA HYUEIUUY uvuEIUEN Yoilo ATUUUIINUDI Ao naq N ATUUUTINUDY ATUUUGNT
score YJolpuazu Ao HaaLazVl (grand score)
1 30 (7.0) 1(0.2) 125 (29.3) 6(1.4) 135 (31.6) 81 (19.0) 45 (10.5) 6(1.4) -
2 263 (61.6) 105 (24.6) 231 (54.1) 24 (5.6) 149 (34.9) 377 (88.3) 10 (2.3) -
3 126 (29.5) 316 (74.0) 70 (16.4) 13 (3.0) 105 (24.6) 52 (12.2) - 101 (23.7) 79 (18.5)
4 3(0.7) 5(1.2) 1(0.2) 227(53.2) 73 (17.1) 76 (17.8) - 69 (16.2) 58 (13.6)
5 5(1.2) - - 174 (40.7) 90 (21.1) 69 (16.2) 5(1.2) 38 (8.9) 73 (17.1)
6 - - - 6 (1.4) - - - 32(7.5) 110 (25.8)
7 - - - 1(0.2) - - - 171 (40.0) 107 (25.1)
mean (SD) 3.27(0.6) 2.76 (0.5) 1.88 (0.7) 4.37(0.7) 2.9(1.5) 277(1.4)  1.93(0.5) 5.12(1.8) 5.25(1.4)
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\ a a = d
aIun 3 msﬂszmumamnamam

o Ay vy A g
1. MIIAANNINBYAIVOINANNIUDNIEY EMG

v o Y dy [ @ A J
namsiadaana Ifhnduniovesnds (Gaeaasluasieih 7) wumn

Y
A1 Median Frequency (MF) NoUn3 A819M151909n2 3o asa1udne s mean
Y 142,64 Hz. a1UYIUNINY 138.47 Hz, 1IANIMAINIAGINITT HFINA
9AD 112.3508% 101.59 Hz. @1Ua19 1
Y
fi1 Mean Frequency (Mean F) NoUATAE19N151V09AAINIHBH I U8 3
mean 11171 145.89 Hz. A1UUN11 148.59 Hz. YIANIUAINTASWNNITT FI0A
910D 139.05 tag 141.26 Hz. 91308191
] 1 = 9 tﬂy v 9 9 A 1
A1 Amplitude (Mean P) NOUNTAGINNITIVOINANIUDHAIAIUEIY UA1 median
M 0.53 mV. MU0 0.523 mV. AINUEING ASIINIT FAUNITL
0.558 11820.578 mV. ANA1A L
1 . J <3 oy 9 dy o 9 9 A
A1 Median Frequency (MF) NoUMNUHIINUDINAINUDHAIAIUE1Y UA1 mean
Y] [ 1 v :j % 1
MY 130,323 Hz, a0 131.036 Hz, M1nAMaanuiinens daiian
90D 102.267 1A% 106.904 Hz. AUa101
, . a y & oy 9 A
fi1 Mean Frequency (Mean F) A9UNIAGINNITIVOINAMHONAIATUE 1Y UA
Y] [ 1 v 3' % 1

meantMN 145.925 Hz, 91UU101 148,193 Hz, M1nAMaUn11iens daiian
NN 132.867 1Ay 144.684 Hz. ANa101

1 1 ~ 9 dﬂl} v 9 9 A
A1 Amplitude (Mean P) I9UNITASINNITIVOINAINILONAIAT1UEY A1 median
M 0.548 mV. SIUVIUMIAY 0.538 mV. AINIHAINI AGIINITT FadAunnU

0.569 11820.556 mV. AINA1AU
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A v o vy R v ¥ 9 o A ' -
AT NN 7 Llﬁ@\‘lwaﬂ'ﬁﬁlﬂﬁiyiy'lmulV\Iﬂ']ﬂa']Nl,u’f]sllﬂ\iwa\iﬂ'luc]f'lﬂllﬁgqu’l Lﬂiﬂ‘ﬂlfﬂﬂﬂﬂ’GUﬂjﬂ

o ! < J o 4 o
fJ’l\TW’li’ll!agﬁﬁ\?ﬂ%ﬂﬂ’NW'ﬁW LLASNDUNUHIIINNITULASHAUD VU INNIIN (N:48)

w19 1ﬁ!ﬂﬁ)§d mean(SD) median min max
NOUNIALNIINIT
MF (#18) 142.64(14.17) 249.14 198.03 264.06
Mean F (418) 145.89(7.48) 249.66 207.7 251.83
Mean P (41¢) 0.53(0.03) 0.53 0.459 0.616
MF (U77) 138.47(10.18) 242.09 215.58 251.61
Mean F (¥21) 148.59(2.46) 2492 238.76 253.71
Mean P (U71) 0.53(0.03) 0.523 0.493 0.746
HAINIALIINS
MF (416)) 112.35(24.62) 215.57 150.27 249.96
Mean F (418) 139.05(11.65) 245.4 206.05 249.97
Mean P (418) 0.56(0.03) 0.558 0.51 0.655
MF (U71) 101.59(38.19) 217.22 114.01 249.96
Mean F (¥21) 141.26(10.35) 245.4 206.42 250.39
Mean P (V1) 0.58(0.06) 0.578 0.501 0.8
AouduThEnas
MF (410)) 130.323(22.45) 237.94 150.48 265.37
Mean F (419) 145.925(8.84) 249.55 202.7 253.36
Mean P (418 0.547(0.04) 0.548 0.475 0.642
MF (U71) 131.036(10.8) 229.475 207.72 252.76
Mean F (¥21) 148.193(4.33) 249.195 2242 254.47
Mean P (¥21) 0.536(0.02) 0.538 0.501 0.564
waufheann
MF (#18) 102.267(22.98) 202.28 148.83 250
Mean F (418) 132.867(12.66) 234.425 204.37 250
Mean P (41¢) 0.571(0.03) 0.569 0.517 0.677
MF (U71) 106.904(27.9) 213.075 140.5 249.14
Mean F (¥21) 144.684(6.29) 247.035 224.24 255.78
Mean P (U71) 0.562(0.03) 0.556 0.517 0.632
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Y
o 9

= o y A o ) v JR a
fl]']ﬂﬂ'liﬁﬂ]&l1W'1J’J'lﬂ’]ﬁiyiy']m1Wﬂ1ﬂa1ulu@W'E_NVNﬂ'lu‘;]ﬂf]!l,ag@'IUSIJ’J'I‘V]!‘]JiﬂL]JL[V]EJU

1 1 v o u’.l’ < :j [ @ 1
szrnULaaIINUN luATTUIUNMIATALaZNUIINIT A NULANA 19N UR 19T

o [

o an a 4 y 1 { 1
WA NadaNIWITNUNDS (p-value <0.001) (13199 8) A1 MF 1iag Mean F Nanadod13il

o

[ a

v o a = = A Y Y dy A 4? Y o o Y
HYIFIAUNWNADA UIUDNDINITUANUNUBDYAIUDINATNWIUBDINNYUHAIIINNINUY ‘Vlﬂ,‘lff

[

v Y 1
dayanuanud lumsadinszualszamanas nauntiedudianad uAoIAUAT amplitude

A A dgl [ = [ aa 1 [ 4 A dy A 9 dy
(Mean P) NWNUVUBWUUHITIAYNIWTADA ‘U\‘1‘U’é)ﬂ’JWﬂWﬁﬂElllﬂﬁHWM"UuLUGQ%1ﬂﬂﬁWMLU’E]

Y
MauninY

A~ = = 1 o Y dy [ 3 9 9
MmN 8 udasnamsToufisuanuuanaisvesdyana ihndunilondisdudnenas

= 1 1 v o <
@%um'ﬂlﬂﬁﬁJ‘ULﬁﬁJ‘Uﬁ$W31Qﬂ@ullﬁ$1’ia\‘l‘ﬂ1\‘ﬂuiuﬂi%ﬂ?l&ﬂﬁﬂgﬂElNWﬁWLLﬁ%ﬂi%U'JHﬂWiLﬂU

Y

VRIS RPN

mndimes t df p-value
MINIALIINII
MF (416)) 93717 47 <0.001*
MF (¥21) 7.7829 47 <0.001*
Mean (418) 4.7999 47 <0.001*
Mean F (¥21) 5.6236 47 <0.001*
Mean P (18 -7.1371 47 <0.001*
Mean P (Y1) -8.3313 47 <0.001*
ﬂ1§!ﬁﬂ1§1ﬂ1ﬂw1i1 47 <0.001*
MF (418) 7.178 45 <0.001*
MF (Y1) 6.4774 45 <0.001*
Mean (19) 7.7198 45 <0.001*
Mean F (¥21) 3.535 45 <0.001*
Mean P (416 -4.1583 45 <0.001*
Mean P (¥71) -7.3877 45 <0.001*

A o

* a1y 1adanseay o =0.05 naao Tasada pair-t-test

1 A
INNINATIUANNUANANVDITEAUANUBIA A WIS sufieus g ninanas
augenaza 1Ly lunuanuuanawediiiednyn1edna (@9a13199 9) HaAIIINING
Y 1

o < oy o ' 1 a 4 @
mimimclumiﬂ?mmzmim“umﬂNWﬁmumNaGl’e]mimﬂmmtﬁ@ﬂé}wmﬂé}m&ﬁﬂﬁa\i

Sy g v Y o
1’1\‘]@11!“]5151!,!,6139114"11’31‘1@1/‘!@ 9 NU



A = ~ 1 o Y L ' v 9 ]
AT NN 9 lﬂiﬂ‘ﬂl‘ﬂﬂUﬂj’]ullﬂﬂﬁ’NGﬂ@\j ﬂJﬂJ']mﬂa’lmu@ FENINHANATUBWLASVIN

Parameter t df p-value
NOUNIALIINII
MF (#18) & MF (1¥21) 1.4348 47 0.16
Mean F (61511181) & Mean F (V721) -1.6474 47 0.12
Mean P (%}18) & mean P (¥21) 0.6761 47 0.50
HAINIALIINIT 47
MF (#18) & MF (¥21) 1.8531 47 0.07
Mean F (418) & Mean F (¥21) -1.483 47 0.14
Mean P (‘i’hﬂ)&meanP (v2) -1.217 47 0.16
fomfuIEan
MF (#18) & MF (121) -0.289 45 0.77
Mean F (6195/18) & Mean F (1¥21) -1.6696 45 0.10
Mean P ($18) & mean P (121) 1.9813 45 0.06
wauiheann
MF (418) & MF (1) -0.9998 45 0.32
Mean F (‘3191118) & Mean F (1) -1.6832 45 0.13
Mean P (6195/18) & mean P (¥21) 1.5444 45 0.1295

S o

* U AYNIaDaNIZAY 0L =0.05 NadoD TAgadd pair-t-test

2. M31U5213iU Biomechanic Y99%ia4

91nM3U52U Biomechanic lagmsUszaunainisina (Compressive force) LAz
A 1 o o 4 4 Y Y dy =
IROU (Shear force) AONIEANTUNAL 1WOTIFUANNWAUVDINAWILDIINNITNTATIINIIT 3
TEAU Ao sEAUMToEIEA (MI1819g9) 52AU0N (MI11819TTAUNAN) HAZTZAVAINI U

° ' s 4 o
(ﬁﬁ181\‘1@]1) uazmmauﬂammmmmamﬂaimumﬂﬁmmmmﬂn Nﬁﬂ1‘iﬁﬂy1ﬂ\mﬁﬂﬂu

A13199 10
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{ 1 a J o 1 o o
GﬂiNﬁ 10 UFANAINITINLAD TN biomechanics iﬂLLuﬂﬂW]'llli%ﬂ‘UﬂﬁﬂdiﬂEJNW'liﬁgﬂ‘U’q\i

FLAUNAN LAZTZATAT

o LS HIN9IZALAZII-52AUDN whenad
WINUIADI
median

L5/S1compression force 1,052 1,624 2,737
L5/S1 shear force 240 266 324
L4/L5compression force 1,156 1,679 2,606
L4/L5shear force 90 151 304
Estimated ligament strain (%) 4 9 21
Balance (%)

- Acceptable (%) 94.1 52.9 52.9

- Unacceptable (%) 5.9 37.3 353

- Critical (%) 0 9.8 11.8
Leg load (%)

- Left (%) 67 52 50

- Right (%) 33 48 50

21nA15197 10 WCHWUIAWTINA (Compression force) LALLTURDY (Shear force) T

o o s 2 o v A a
52AU L5/S1 tag L4/L5 52uNulosi5UA estimated ligament strain U0IHAINNAINNTNIA
@ Y o A 1 ~ Y =) Y v ]
1915 luszauniedliauniga uazdosgalumsnsantengs Taswuanul

1 < 3 J 1 Y ° 1 @ 1
augavosnmulumsniasnmninlesidudunniluszaunihoeduguiu  daunse

]
9 =

UYWNUTUND TR U] M5zUNIININATUYNNTEAUMINTANTIENGS Ty

]
I % [

d’ ] 1 5 = L;
ﬂvlmmﬂﬁNﬂuiuﬂlﬂ!%ﬂiﬂﬂi%ﬂﬂﬂWHﬂ'ﬁNLLﬂ%iﬁ UA
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aI3uN 5 MsnaaeulszanENaITNTANY A

a a < @ @ 1 i )
ﬂ15ﬂﬂﬁ@ﬂﬂi$ﬁ1ﬂ‘ﬁNa‘ﬂ@ﬁﬁluﬂlﬂwqxiﬁﬂﬂ Iﬂflfnﬁ‘V]ﬂﬁi’]\ﬂﬁ)@"J@fl']\?ﬁjﬂglﬁuf?{’wnﬂ"ﬁ

o = = = J a 4 1 = nm Y S W
iﬂa’t’NﬂﬁﬂiﬂﬂNW"ﬁ"ma&ﬂiEJ‘UL‘VIEJ‘LIﬂWWﬁ”IlIWI@i§$W31Qﬂ1§ﬂiﬂiﬂﬂf’f’mlm%llﬂllﬂﬁimﬂllﬁlﬂ

WYIHAT WamIANE (Ganaaslusiei 11.) woan

A1 Median Frequency (MF) Y03tdsa1udnevaiznsaenamns luseauanen seau
avomavszauninlae llaudndangandelinuniify 232.33, 23375 uaz
230.29 Hz. 1ag@uainiy 233.85, 234.88 ua 231.46 Hz. AW&IND F3dn
vaiznsasramn lasanldifudangands esnilifodfyneada Taviian
Median Frequency findadnudnevais aausiudamaiu 241.40, 241.99 uaz 238.78
Hz. 1aga U MmN 242.16, 242.95 ag 240.14 Hz. 918191l

A1 Mean Frequency (Mean F) ¥94nidisudnevaiznsaenannsluseauaem
seduazemazszau lae liaudndangandaliauniiu 246.74, 246.84 uaz
24471 Hz, U028 246.97, 247.11 LAg 24546 Hz, MUY Fa81071
vagnsarema Tnsaauldifudangaimasedeiisdifynieadd Tasfisn Mean
Frequency UBIHSIMUIN8VUL A IMANTAMIA 249.92, 249.60 LAz 248.97 Hz.
HAZHAIPIUYIUNNY 249.81, 249.71 1Ay 249.28 Hz. a9l

A1 Amplitude (Mean P) vaariaaaudnevaiznsaenam luseauaien seau
azwamayszauan Iao iaududangaasinminy 0.67, 0.67 1az 0.69 mv.
LAZATHUIINNY 0.66, 0.65 1AL 0.66 mV. MUEIAL «‘f;aqmﬁwmzﬂ?ﬂanwwsw
Tasamldidudangmdsodniifodiynadda Tasiis Mean Pyoanaa

< [ T W " W
AMudeVL TIVVNTANIAY 0.59, 0.59 LA 0.6 mV. HAZAIUYIUNINY 0.58,

0.57 11z 0.58 mV. ANAIAL
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NYINAQ (mean £SD)
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] < o @
li'ldaudindangavasvayniaeaws

3 o o
ﬁ’JiJL"’UiJ‘UﬂWQﬁﬂaﬁﬁlmgﬂ?ﬂﬂNWﬁW

Naa SEAUNTNENNI A
Median Freq. (Hz.) Mean Freq. (Hz.) Mean Power (mV.) Median Freq. (Hz.) | Mean Freq. (Hz.) Mean Power (mV.)

sTALAIEN * 232.33429.25 246.7444.49 0.67+0.04 241.4049.62 249.9240.61 0.59+0.06

4 9 o
ATULIY FEAUALIDD * 233.75427.33 246.84+5.12 0.67+0.05 241.99+£9.22 249.60+0.69 0.59+0.05
FEAUW * 230.29+30.25 244.714+5.96 0.69+0.06 238.78+11.52 248.97+1.55 0.6+0.06
FTALAIEN * 233.85427.20 246.97+4.38 0.66+0.04 242.16+8.77 249.81+0.74 0.58+0.04

Y

ATUIN FEAUAZIDN * 234.88+25.29 247.11+4.14 0.65+0.05 242.95+8.31 249.71+0.99 0.57+0.04
FEAUW * 231.46429.67 245.46+5.47 0.66+0.05 240.14+10.54 249.28+1.39 0.58+0.04

* T AYNNADANIZAY 0L =0.05 NAdoU InsadA pair-t-test
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YNNITINTEAUTIYN TEAUTSLDILASTEAULUN lf]JiﬂﬂlﬂﬂﬂmmgquﬁjullagﬁQNLmnm@W'(’_qN

1194 (mean+SD)

lildamdiudangadavaznia
sEAUNINENANTA CAEUAER adudangandvaningamn
fftx (m/sz) ffty(m/sz) fftz(m/sz) fftx(m/sz) ffty(m/sz) fftz(m/sz)
sEeUAE * 4.38+3.24 0.54+0.51 0.46+0.35 2.87+1.25 0.35+0.18 0.31+0.17
TyaUAZION * 4.19+£3.37 0.54+0.52 0.35+0.44 3.18+1.27 0.444+0.49 0.32+0.11
TyaUM * 6.09+3.99 0.744+0.51 0.56+0.4 3.96+1.16 0.47+0.2 0.374+0.11

]
=Y [ aad

* a1y 1adanseay o =0.05 naao Tasada pair-t-test

NaM51TeuNeuANVUANANVDINANITNATDUNIG Biomechanics IHUMLI100IA5
[ ] I o @ =3
naag1aw1s1 laemanlieuifieusgranemsaiuag laududanganasungnIao1anIs
1 1 - [ 3 4 4
WU Compression force L& Shear force NITAU L5/S1 1azIMNUUoT1FUA Estimated

v A a Qa’/ o 4 13 o 1
ligament strain "UfN’I"iﬁ\‘iﬁLﬂﬂﬂWﬂﬂ'liﬂgﬂﬂ'NWTi'lGluVI\? 3 i%ﬂﬂlﬁﬂﬁ?ﬂiﬁﬁlhﬂlﬂwq\iﬂ Qﬁfﬂ

9 VA ~ ] [~ o ~
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GﬂiNﬁ 13 UFANAINITINIAD TN Biomechanics i]'ILL‘LlﬂﬂWHlli3@]‘]Jﬂﬁﬂ§ﬂ81\‘]1/‘ﬂi'li$ﬂ’U

Y @ Il 1 Il [~ @
Aea1 sTAUTZ) tazszaur Taonlseuioumanz aauuaz liauduianganas

TRERITITGH li'ldandudangandsvagnia aundiuiangandavaznia
1999 CARIUAER
Mean(SD) min max Mean(SD) min max
FEAUAIEAN

- L5/S1 compression force (N.) 1,444.67(197.79) 1131 1976  1,432.4(195.47) 1079 1960

- L5/S1 shear force (N.)* 261.57(46.68) 198 383 249.47(37.72) 197 352
- Estimated ligament strain (%) 4.2(1.97) 1 10 3.83(1.37) 1 8
FTALALID)

- L5/S1 compression force (N.) 1,372.77(246.6) 974 2055  1,344.1(248.67) 842 2050

- L5/S1 shear force (N.)* 254.83(35.52) 201 330 245.03(34.25) 177 318
- Estimated ligament strain (%) 4.43(2.78) 1 14 4.27(1.91) 1 10
FEAVIAU

- L5/S1 compression force (N.)* 2,437.53(416.9) 1672 3213 2,287.6(468.03) 1540 3210
- L5/S1 shear force (N.)* 319.37(62.5) 206 427 290.87(53.87) 191 423

- Estimated ligament strain (%)* 15.7(2.96) 6 20 14.67(4.08) 4 19

A o a [

* Pad@ AN Na0aNIEAl o =0.05 NAdeU 1AUaDA pair-t-test

o

13 @ [ YR

NANANMINAToUNIaDa wunmsadnldindaneanaesie9i11%  Shear force 0

q
Y
%

NIEMNUNILANFUNAIVTOM L5/ST anatad 1 uiisddynadaninszdumingaglans
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v A

] ] [ ] y " g [
FEAUMENT szAUazoar AU TuvasinsaauldidutianganautonTae1awis
[ ] d! 9 =1 9 U [ d' =\ o 9)09:
TAUVLVIEINDIUNITNUNUINNINTSAUDU 9 llNﬂ‘VI’lGlW‘VN Compression force, Shear force L0
4 4 9 1 A a dg‘ A = [l [~} [ [
1O IBUR estimated ligament strain 110INIMTINNAVUIDNTAB1IN51 Tao T TaTudanganas

SIS

g NUNAAYN AR (131397 13)
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lai'ldandiudangand andiuiangana
sedunTheraiinga VAULNTAGNNIT VAULNTAGNNIT ¢ p-value
mean(SD) mean(SD)
FLAUA N 82.52 (3.62) 82 (3.21) 0.65 0.52
FEAVALIO) 81.16 (5.21) 81.12 (4.32) 0.03 0.97
FEAVIAN 41.0 (9.27) 41.0 (15.37) 0.05 0.96
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* Plod AN 1Na0anszay o =0.05 naaol 1AUaDA pair-t-test
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NYUAIUANNIIUIU 62 AU NGUNAABITIUIU 60 AU

M13199 15 Yoyana i (N=122)

duly AQUAIIAN N (%)  NQUNAADI n(%) p-value
N
- ¥y 20(32.3) 17(28.3) 0.78
- NYd 42 (67.7) 43(71.7)
919 (mean+SD) 1/ 47.95+9 47.95+9.8 0.99
1imifn (mean+SD) (Alandy) 59.55.6+9.8 61+10.8 0.41
A9Ug4 (meanSD) (IFUAINAT) 158.9+7.5 158.3£8.5 0.69

518 lddeAoY (VM)

- <10,000 22 (35.5) 27(45) 0.35
- 10,000-20,000 34(54.8) 24(40)
->20,000 6(9.7) 9(15)
FEAUMSANY
- Uszoudnmn 44(71) 39(65) 0.29
- fiseuAnIMUAY 7(11.3) 10(17.7)
- isouAnuneulaloniogeni 11 (17.7) 11(18.3)
Tsadszdin
-1 19(30.6) 16(26.7) 0.77
- laidi 43(69.4) 44(73.3)
maquyns Tuilogiiu
-qu 11(17.7) 5(8.3) 0.20
- laigu 51(82.3) 55(91.7)
msaugaluilegu
A 8(12.9) 8(13.3) 0.84

- ajdny 54(87.1) 52(86.7)
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-10-20 13(21.0) 16(26.7)

->201 38(61.3) 32(53.3)

Frluaiaudesu

- <4 4T 12(19.4) 14(23.3) 0.73
- 46 %1103 30(48.4) 25(41.7)

-7-9 42 Tug 15(24.2) 18(30.0)
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a3 17 nansmamsnlSeufieussauazuuunmnnanndidszdudreuuulsidy
YWWanNIN Roland Morris nnmsAamEaAns nuhludeud 2 veansAnun szdy
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pgnlivediagniana Tuvazinguaruay liwuanuuana1srosnzuuunwnan1wio

9 v aa

N8UND base line DU NIFIAUNTDA
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M3NAN 17 udanisd1Ayneana (p-value) vosnzuuunzguamnlsziiudreuuulsziiu

NNWANIN Roland Morris

MsAaMN NENAILAN NUNAADI
A A A a
POUN 2 feuN 1 0.19 0.15
POUN 4 : e UN 1 0.13 0.005*
POUN 6 : 1ABUN 1 0.18 0.01*

a 4 a
1INMITAATIZHUOYAALUUUNWHANTNUUL Longitudinal data analysis ¥99015AAAN
NNA06819AA0ATZEZIIA1ANEIAe TNAadDA GEE WUINgunaasslinzuuunwnanIni

anaved 19l iedA ‘EIJ‘VINﬁﬂmllﬂLTIEJ’]Jﬂ‘]_IL'JaTLﬁJGluﬂ”IiﬁﬂH1 (p-value=0.02) LmulllW‘]Jﬂ’ﬂll

v o o
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1 [
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Q q

M3199 18 HaaeszauAMNIULsIveINshardulTsumeussrInguAIIANIaZ NN

ﬂﬂﬁ@ﬂﬁﬁ@ﬂi%ﬂgl’lﬁ”lﬁﬂy”l

szavemsitha NANAIUAN (%) NauNAABI (%)  p-value
lsitha 17 (27.4) 31(52.5)
Yradniles 25(40.3) 12(20.3) 0.006*
1ahunag 12(19.4) 14(23.7)

12a1n (FU59) 8(12.9) 2(3.4)
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M VS 19 -0.12188 0.44556, 0.07 0.78
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