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NARONGDECH SUANPECH : THE STUDY OF STATIC LIFT
STRENGTH OF THAI ELDERLY. THESIS ADVISOR : ASSOC.PROF.

PORNSIRI JONGKOL, Ph.D., 117 PP.

LIFT STRENGTH/STATIC LIFT STRENGTH/THAI ELDERLY

The purpose of this research aims to measure static lift strength of elderly to
study in effects of height and angle of lift strength on elderly’s capability to apply lift
strength, and to study in difference of lift strength measured from heights relative to
body dimensions and the defined heights, as well as to study in factors affecting
elderly’s capability to apply lift strength. The samples employed were 136 elderlies
residing in Nakhon Ratchasima Provinee. This research was divided into 2 parts: survey
study and experimental study which was divided into 2 experiments: 1) experiment of
applying lift strength at the different heights relative to body dimensions and angles and
2) experiment of applying lift strength at the different defined heights and angles. The
analysis conducted was divided into 4 sections: (1) participant’s personal information;
(2) anthropometric measurement information; (3) the elderly's capability to apply lift
strength measurement information and; (4) analysis of variance information.

The results obtained from the said 2 experiments illustrated that height and angle
for applying lift strength, gender and age range significantly affected to capability to
apply lift strength. For experiment 1, it was also found that the maximal capability to
apply lift strength was yielded from knee and floor height level with the average height
per the participant’s knee height of 44.12 cm. For experiment 2, it was found that the
maximal capability to apply lift strength was yielded from 50 cm and floor height level.

Male samples yielded greater capability to apply lift strength than female samples in



both two experiments and the heights yielding maximal capability to apply lift strength

for male and female samples were similar (44.12 cm and 50 cm, respectively).
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TNNYNYY 135 DI Lmzmgﬂmwumﬂlwam 5,25, 50,75 uag 95 auaiay

MANNAINIDIUNMITEBNUS AN 135 3a1 (Plan3y)

INAB8
FTAUANNGA p Audaau
nagy P, Ps Pso Pos Pos

HAIZIU
iy 19.98 | +8.93 7.60 | 13.03 | 19.90 | 26.08 33.20
(1 2004 | +9.08 620 | 13.13 | 1975 | 26.08 36.10
Foii 18.58 | 8.78 6.60 | 12.10 | 17.40 | 25.03 32.00
fon 1134 |  +5.88 470 | 640 | 10.05 | 14.10 21.50
Yurialna 1206 | +6.79 340 | 6425 | 1035 | 16.50 25.70

A13197 4.5 MIfFeumeuamanuavIsa lumseentssenluszauaNNgININa UV

TNMBUAZYUAN ©) VOUNANY

\ a v
ﬂ1ﬂ’J]Nﬁ’]ﬂ]‘iﬂiﬂﬂ]’iﬂ@ﬂ!!iﬂﬂﬂ (ﬂiﬁﬂiil)

o Huﬁluﬂ1§®®ﬂ!!§ﬂﬁlﬂ (mm)
3$ﬂ1Jﬂ’J13JQ’Q
45 90 135
W 20.45 2291 19.98
17 20.37 22.41 20.04
V0117 19.18 20.99 18.58
fon 11.69 13.18 11.34
Yurialna 12.70 13.90 12.06
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A dy Y I 1 A ~ [ ~ 1
A1T19N 4.5 ‘Bﬁlﬁlﬁuﬂnh’ﬂﬂﬂﬂlli\‘lﬂﬂﬂﬂgu 90 84F1 ANRAIAIANNEINITD 1Y

H Y H
ﬂTﬁf]’e']ﬂlL‘i\iEJﬂ“ﬁi%ﬂﬂﬂ’)1hgﬁﬁuﬁﬂ1m1ﬂﬁ:{ﬂ FIUAURAGVDIAANNEINITD IUNITOONLTITN

v
o

frgaiilononusaeniissAuaNugren Hesenusaenihyy 135 0ae
2) anuawnsalumsesnusienvounana Iae luuereiy
wansSannuansaluniseenusseniiyy 45 e wuhannuasely
M300NUTIAVOUNANGITAUNAIAIANINA 1130 TUA1T00NUTIEANINT ALY
15.55 Alansw ileeenusseniianugeseiumn luvaziidundsmanuaunsalumseenuss

gntioagaIny 7.92 i 1ansu 1ieponuswnNNNUFITZAUADN AIA15197 4.6

M3199 4.6 AANNTIN130 TUNITODNUIIBNVOUNANY NIV VIZAVANNGINNAIUYDY

J A 1 J 2 P o w
TNMYNYY 45 93 L!aZﬂTLﬂﬂil%u@ﬂlmaﬂ 5,25, 50,75 uag 95 auaiay

ﬂ'm3mmmm1umsaammanﬁagu 45 9371 (kg)

INAN
ITAVUAINGY 4 Audaau
a8 P, P2 Pso P Pos

MATFIN
‘ﬁu 15.41 +7.17 3.99 10.10 14.65 | 20.30 28.20
(1 15.55 +7.59 490 | 10.03 | 1495 | 21.30 28.85
ilo 14.46 +7.07 410 | 855 | 13.70 | 19.60 27.72
flon 7.92 +3.75 295 | 480 | 735 | 10.60 14.26
Yu'lna 9.19 +4.83 3.00 | 560 | 855 | 12.55 18.99

HaM3IanNa I TuN130anIIwNNYL 90 BIFN NUNAINNVAINIITD

TUN1590NUIIBNVBUNANYILAUNASAIANNAINITO IUNITOBNLIIBANINGANIAY
ay oy A 4 o g A

16.57 N lansy ivvonusenNaNugseaum Tuvasiaunasanuasn lunsesnis

9 1w Aa @ 4 ! o o '
ﬂﬂu@ﬂ’q@!‘ﬂ’lﬂ'ﬂ 8.94 ﬂIﬁﬂﬁll Lﬁ@@@ﬂllﬁﬂﬂﬂﬁﬂ??ﬂquzﬂ“].lﬁ@ﬂ ﬂ\‘lﬁ'li'l{l‘ﬁ 4.7
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M13199 4.7 AMANNTINI50 TUNITOBAUITIBNVOUNANY NIV VILAVANNGINNAIUVDY

, A 1 s o s o o
TNNIYNYY 90 93¢ L!ﬁ$ﬂ1lﬂ'ﬁ]'ﬂ“})’u@ﬂﬂaﬂ 5,25,50,75 11a% 95 aruanay

ﬁ1mmmmmiummanuswnﬁagu 90 93991 (kg)
INANA
FZLAVANNGS 4
¥ A ANVIULDY
inay P, Pxs Pso Pss Pos
AAIZIH
W 17.15 +7.39 489 | 12.60 | 16.10 | 23.40 29.93
(1 16.57 +6.88 541 | 1150 | 16.80 | 20.58 28.27
Fo0i12 16.3 +7.39 569 | 10.60 | 15.55 | 21.03 30.42
fon 8.94 +3.84 355 | 593 | 855 | 1240 15.41
Yuia lna 10.08 +4.91 325 | 620 | 9.60 | 13.20 19.21

HAN13IAANAINII0 TUNITORNITIENTYY 135 DA WUIAINNNAINITO U

N1S0DNUTIINVOUNANYINAURAGAINNIUAINITO TUNITDONUITIBNUINGAININY

] 1 9 1 v
15.29 filansy ievonusienianugeszauiy Tuvaziaunasminnuansalunmsesn

usaenToegAiIn 7.97 A lansu WeoonuswNNANUGITZAUADN AIA15197 4.8

M3 N 4.8 A1ANNAINITDTUNITOONUIIBNYDUNANYUNIUNUTEAVTATIUT NN

1 <3 d‘ o w
yu 135 09 uazAesidud Indn 5, 25, 50, 75 uag 95 AuaIRL

MANNAINIDIUNITOBNUS NN 135 B3R (kg)

INATRY
STAUANNGY | Ao
nagy P, P2 Pso Pos Pos

NIFIU
il 15.29 +7.18 330 | 10.10 | 14.45 | 20.50 | 27.11
(1 15.21 +7.07 474 | 9.60 | 1470 | 19.98 | 29.56
Foii 14.66 +7.47 405 | 878 | 1420 | 2020 | 25.64
fon 7.97 +3.65 3.00 | 503 | 7.40 | 10.68 | 1421
Yurialna 9.04 +5.16 269 | 490 | 830 | 1258 | 18.60
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A dy Y VA ~ 1 = 1
M13199 4.9 B 1HIHTNINL00BNUTINNYY 90 DIA ANRALAIANVAINITD
TuMI9nNUTBNNILAVANNFINNANINGA TIUAURALVRIAIANVAINITDTUAITEBNII

oNAGAIIDOBNIITIWNTNTTAUANUGIADN [HODONLTINITIYN 45 DIA

M31990 4.9 MsnfFeumeumanuausalumseonusenlussauANNFININA NV

TNMBUAZYUAN ] VOUNANY

MANNENIDlUMIeRNIUSIEN (Dlaniw)
3 yulumsesnusan (99e1)
STAUADING S
45 90 135
i 15.41 17.15 15.29
11 15.55 16.57 15.21
Toii 14.46 16.30 14.66
fon 7.92 8.94 7.97
Yua lna 9.19 10.08 9.04

43.2 si’fayams%’ﬂmmmmmm“lumsaamaseﬂnmmvj{gamqﬁﬁxﬁummge
ﬁmuﬂuazguﬁgmndnﬁ’u
1) anuawsnlumsoonussenveaunasielae luntieseiy
nsiaa1InuaIsalun1seentssenueIdgeyg Ineiandgaony
TIUIY 136 AU VINAYIY T1UIU 51T AU WAL T1UIU 85 AU 1INITIAANUTINIT0 U
miaaﬂuiwﬂﬁizﬁummgﬁ 5 526U e szl FLAVANUG 50 IEUANAT TTAVANNG
75 IFUANIAT TEAUANGY 100 ITUAIAT LALTZAUANNGY 125 IUANAT Te00nITIENTIYN
HANANNY 3 11 AD 31 45 DIAT YN 90 DIA LAZHN 135 0IAN
wam3fanueusalunsesnusaendiyy 45 earh wuhALRAeiN

gAY 21.01 A Taniu ievenuswwnNszAUANNEY 50 wudmas Tuvaziaundsinies

Ngagaminy 11.21 laniy iHevonuswniiszauAINg 100 HUALAT AIA15199 4.10

q U



33

A15197 4.10 f‘hﬂﬁn\lffﬂllTiﬂcluﬂ1i’él’é]ﬂ!!,‘i\‘1€lﬂ"11’EN!Wﬁﬂfﬂll“ﬁﬂUfTUi%ﬁUﬂ’J1Mq\1ﬁ1ﬂuﬂ

Ny 45 9N

ﬂ'm’ammmmc!umseanuseﬂnﬁ:gu 45 9391 (kg)
INAYIE
FTAUANGA p Y
nay P, P2 Pso P Pos
NIFIU
ﬁ’u 20.92 +9.52 7.19 14.60 19.60 27.20 35.78
50 21.01 +8.73 7.82 13.65 21.60 26.08 34.33
75 15.43 +7.41 5.05 10.15 14.00 19.60 28.20
100 11.21 +6.27 3.20 7.30 10.75 14.80 19.09
125 11.86 +6.35 3.01 7.33 10.60 15.98 23.49

HAN13IANNNEINITD IUNITBNUITI9NNYY 90 BIA WUNAURAGNNIN

a [ a o A A o a A A A Y
ngaminy 23.79 ﬂIaﬂiﬂJ IDRBNLIYNNTEAVAINNEGN 50 LHUALNAT 1umm$mﬂ1mawuaﬂ
q

1w a

AnY 12.07 A Tan5u 1000N15wNATZAUAINEGT 100 IFUALAT AIA15197 4.11

A15199 4.11 ?‘hﬂ’J"IiJﬁ'TJJTif]ii!ﬂ1iﬂﬂﬂLL'§\i8ﬂm@QLWﬂ%18Lﬁ8UﬁU§$ﬁﬂﬂ?TNgﬁﬁTﬁuﬂ

Ny 90 B3A

F’;1ﬂ’J13»1@’13»115911!ﬂ15i’)9ﬂ!!§&ﬂﬂ‘ﬁ3;!3~1 90 84711 (kg)

INAYIE

FTAUANNGY P A
nay P, Pss Pso P Pos

AAIZIU
ﬁy‘u 23.22 +9.11 9.08 17.43 22.30 28.70 37.45
50 23.79 +9.27 9.21 16.80 25.60 30.05 39.99
75 17.10 +8.55 5.82 11.10 15.80 21.85 30.59
100 12.07 +6.79 3.91 8.325 10.75 14.88 19.98
125 13.10 +7.00 3.80 7.95 12.45 17.60 24.59
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HaN133AANNEINII0 TUAITRBNIIIBNNYY 135 DI NUNAURAGANN
A 1w a @ A I~ @ g A A Ay ' v
Ngaminy 20.69 lansu Wovenusdeniszauny Tuvaznaundentioogaiiny

10.99 ATansu 1oeBNLTWANTZTAVANVGY 100 IHUANAT AIN1319T 4.12

A15199 4.12 ‘ﬂﬁﬂ’ﬂllﬁ"li]1iﬂiuﬂ1§66ﬂlli\1EJﬂle’ENLWWH"IEJL‘?Iﬂﬁﬁlﬁizﬁﬂﬂ31ﬂq\iﬁ1ﬁuﬂ

N 135 99N

MANNANIDTUNI50DNUS NN 135 B3 (kg)

INAYIE

STAVUAINGY P Audaau
nag P, P2 Pso Pos Pos

NI
ﬁTu 20.69 +9.28 6.11 15.05 19.60 27.50 34.67
50 20.20 +7.95 8.41 14.23 20.50 25.03 32.58
75 15.93 +7.48 5.43 10.30 14.30 21.06 28.39
100 10.99 +5.54 2.63 6.53 11.10 14.25 20.17
125 11.90 +6.55 2.52 6.88 10.10 17.08 23.6

M3190 4.13 M9fFounenaInuaINITa lunIseenlIwwnNIzAUANNgIMIUALaL

lqliJ@]'N ] UDUNAYY

MANNEINIDIUMIPRNNIIEN (Dlansw)

o agaflumseamaseﬂn (’mm)
5$ﬂ‘Uﬂ’J13~lg\‘l
45 90 135
W 20.92 23.22 20.69
50 21.01 23.79 20.20
75 15.43 17.10 15.93
100 1121 12.07 10.99
125 11.86 13.10 11.90
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A dy Y I 1 A ~ 1 = [
M13190 4.13 31U NUL00DNUITIBANYN 90 BIAT ANURABUYDIA
AN 1UNITP0NUIIBANITZAVAING 50 LEUANATIAININGA AIUAURAEVDY
AnNuaIIsn lumseentsendigaiiooontsieniszauA1INge 100 UAAT 1HD00N
USIENTIYWY 45 BIMN
2) anwawnsalumsesnussenvounana Iae luuereiy
HAN3IAANUEINITD TUNITo0NUTINNYY 45 03AN WUNAURAANIN
~ T @ a 1% A A 1% 49; A A A9 ' v
Ngaminy 15550 1ansu tleeanuseniszauiy luvuziaundsnlssganiny

7.48 Alan5y oo0NUTIWNNTZAVANNGI 125 IHUANAT AIA15197 4.14

M3 4.14 AIANNAINII0 TUNITRDNUIIENVOUNANYUNIVAVIZAVANNGININUA

Ny 45 99N

AINNNAMNTDIUNITOBNUS NN 45 B3 (kg)

INAN
FZTAUANNGY 4 b
nagy P, P2 Pso Pos Pos

MAIFIH
ﬁu 15.55 +7.70 3.79 10.3 14.40 21.00 30.22
50 14.57 +6.84 4.75 9.43 13.80 19.28 26.86
75 10.13 +5.22 3.20 6.10 8.85 13.50 18.92
100 7.64 +3.87 2.60 4.83 6.55 9.60 15.30
125 7.48 +4.74 2.10 3.92 6.20 10.00 15.47

HAN3IAAMNE NI TUNITo0NUII8NNYN 90 BIA WUNAURAGANIN
A T @ Aa o A A 1% Ay A A A9 ' o
Ngaminy 17.10 A lansu tleeanuseniiszauiy luvuziaundsnissgaminy

8.15 filan3u 1eoonusWwNNTZAUANNGY 125 IUAAT AIN1T199 4.15
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MINN 4.15 AINNVAINITD TUNITRDNUTIGNVDUNANYUNBVAVITAVANNGIAHUA

N3 90 DIMN

ANNNAMNIDIUNITOBNUS NN 90 B3A (k)

INANQ
FTAUANNGY 4 Aubeawy
nag P, Ps Pso Pos Pos

MAIFIY
17\:(1! 17.10 +7.40 5.20 11.85 16.10 22.58 29.71
50 16.36 +7.51 5.25 10.30 15.15 21.98 29.43
75 11.21 +5.54 3.85 7.20 10.55 14.40 19.71
100 8.50 +3.74 3.05 5.80 7.90 11.35 15.19
125 8.15 +4.49 2.65 4.70 7.10 11.05 16.33

HaN153AAINEINIT0 1UNITDNUIIINNYN 13509771 WA

ANuaIIsa luniseenusenveunAnglA R asnuINgany 15.26 A lansy 1looen
d' (% 49; d' 1 d' d' 9 ' v a [ d‘ d’ [

usenNszauiy luvaznaunasniesgaminy 7.46 1 lansu 100N IEANTZADAINGY

125 [EUANAT AIA15197 4.16

M3 4.16 AIANNAINIT0 IUNITODNUIIBAVOUNANYUNIVAVIZAVANNGIRINUA

N 135 999N

ﬂ'"Iﬂ’J"INﬁ"IN"I‘iiﬂuﬂ”l'ii’)i’)ﬂ!!iﬂﬂﬂ‘ﬁﬂgﬂl 135 83911 (kg)

INANRY
FTAVANNGI 2 Aubeawy
nay P, Pss Pso P Pos

AP
ﬁTu 15.26 +7.41 3.90 9.73 15.05 20.38 28.43
50 14.34 +7.30 4.05 9.60 13.35 19.40 27.82
75 10.07 +5.33 3.09 5.90 9.10 12.60 20.66
100 7.86 +4.21 2.89 4.60 6.55 10.06 16.12
125 7.46 +4.85 2.19 3.90 6.40 9.98 16.16
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A dy Y 3 VA ~ 1 = [
MTNN 4.17 “Ifalﬁmu’JHiJ’t]’t]’t]ﬂll‘i\‘]EJﬂﬂi\qliJ 90 DI AURAYAINITNTINITD

Y
v

lun1390AUTIENNTLAVNUTAININGA AIUAURAIVBIAIANNEINITO IUNITOONUTIINAE

q ]

1110NITIBNTITZAUANNGY 100 UAWAT 1HDDONNIIBNTIYY 135 03N

M3190 4.17 M9f580NeuaA1ANNaINITa TUNITeR NN TZAUANNGIMINUALAL

YUAN 9] VOUNANNY

MANNENIDlUMIeRNIUSIEN (Dlaniw)

o gNﬁlNﬂ1ﬁﬂ’6ﬂ!!§Qﬂﬂ (mm)
FLAUAIINGS
45 90 135
W 15.55 17.10 15.26
50 14.57 16.36 14.34
75 10.13 11.21 10.07
100 7.64 8.50 7.86
125 7.48 8.15 7.46

U

433 UeyamsIAMANNENNIAIUNITENISILNVDINFIYNIZAVAIINGINN
AIUVBISTNMEAZHNUANA 1IN AU ININT I901¢
HAN13IAAINEINIT0 1UNITONUTIBNVBIRGI0IGINAY Y TAYLLINA LTI

A 1 =S 1 =S ] = d%’ v J
91y A9 ¥2901¢ 60-69 1 ¥2901¢ 70-79 T wazy1901g 80 Yau lu wuaranuaimisalu

a A S

N1T0DNUIITNNYY 90 DIAIVOUNAFI8 TUFIN01Y 60-69 T VA NRFeNUINNFAINIAY

a A

26.29 A Tan5u iWoeonusteniszaunNugu dgaoiglusieeng 70-79 1 Taundsinniga

2

Y H H

[ % a [ A A [ dy 9 1 X A a2 A
NNU 24.19 ﬂjﬁﬂ‘ill LUDBONUIIINNITATNY uawgqamq“lumqmq 80 “]JGUHVIJJ UaRaeNn

= (4 =~

v 1] v ¥
mﬂﬁqﬂmm‘u 15.30 N lansw Lﬁ@@@ﬂlliﬁﬂﬂﬁigﬂﬂwu ANAIT NN 4.18



38

M15199 4.18 A1 IN150 TUN1T00NUTIBNVBIAFIOIYNATIONTLAUANNFIA WA I

YBIIWMBUAZYUNUANAIINU TALLININGIDIY

anumIIalumseanusan (lansu)

' ETEY FTAUANINGI (IBUAINAT)
G”’an’]q &’ \l Y : \l U \l
(83711) NY tun YU fion qN ’J"l‘l"iﬁ
22.35 2391 22.55 13.78 16.19
45
+ 8.80 £10.37 +8.97 +6.67 +9.34
. 25.82 26.29 24.59 15.69 17.67
60-69 1/ 90
+8.83 +10.86 +10.46 +7.18 +9.00
2222 24.34 22.84 13.61 15.16
135
+8.82 +8.50 +£9.04 +6.63 +7.04
21.96 20.82 19.51 11.74 11.97
45
+8.01 +£7.52 +8.78 +537 +6.36
24.19 22.62 21.05 13.08 13.14
70-79 11/ 90
+8.03 +771 +8.01 +4.87 +6.75
21.38 19.43 18.15 11.19 11.95
135
+7.96 +7.54 +732 +5.10 +6.01
14.27 13.11 12.46 7.82 7.71
45
+8.11 +8.29 +6.43 +3.80 +4.62
g 15.3 14.97 1435 8.81 8.41
80 'l 90
+8.61 £9.50 +6.55 +3.95 +4.50
13.37 13.34 11.60 7.50 6.62
135
+7.89 +8.60 +5.80 +3.30 +3.64

HAN153AANNA 150 1UNT0ONUTIBNVDIRFIBIYNAN DI TALLLIA NG

A ] = ] = ] = é’ 1 1
1g 10 ¥2991Y 60-69 1/ ¥2901 70-79 U naz¥19e1g 80 Vyu i) wudrmanuansalu

] ]
S 1 = =

N1390NUITIINNYY 90 BIAT YO UNANYI 1UFI901Y 60-69 1 UAURGENUINTANMINY

v
a A =

a [ 4' d' 1Y dy 9 ] S A { { 1w
19.40 Alansu WeoonNUSIEUNNITAUNY @qqmqiuﬂmqmq 70-79 Y UAuRG nunngaminuy
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a o A A o dy 9 1 = ds! A A A =~
16.92 Alaniu WoosnusenszAunuy uazdgiergluzisery 80 Yyullisundenuniiqa

Y v
v A (4 A

10U 11.94 D 1ansy 11090n1TEANTEAVNY AIA1T19N 4.19

A15199 4.19 A1ANUAINITD TUNITEBNUTINHFIOIGINANTINTZADANNGIANAIUYDA

TNMAZYUNUANA N TABILINAINY 01

ANNaINIalumMseanusen (Man3u)
' W STAVANNGI (IBUANAT)
139018 3 , Y 2 Noow
(299) Wi e T aon | tuiilvia
17.17 17.83 16.51 9.21 10.93
45
+6.65 +7.56 +7.49 +3.58 +4.85
. 19.40 18.80 18.09 10.05 11.73
60-69 1 90
+6.86 +6.57 +7.52 +3.70 +4.84
17.51 17.39 16.25 9.40 10.63
135
+6.76 +6.55 +7.74 +3.35 +5.29
15.79 14.14 13.02 7.27 8.01
45
79 +6.33 +6.94 +5.49 +3.29 + 4.20
- 16.92 15.02 15.36 8.52 9.22
70-79 1 90
+5.81 +6.57 +6.53 +3.35 +4.12
15.06 13.94 14.11 7.15 8.02
135
+5.96 +7.16 +6.75 +3.35 +4.46
6.60 10.28 10.21 4.49 5.48
45
+5.55 +6.12 +7.01 +3.26 +3.32
o 8.22 11.94 11.65 5.55 5.75
goTaull | 90
+7.57 +5.61 +7.17 +3.84 +4.28
6.53 9.89 9.61 4.45 5.20
135
+5.81 +5.18 +6.20 +2.56 +3.58
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w

434  Toyam3TamANNaIINIalUNITENNIIBNVRINGIDIYNITZAVAIING]

MrUALaZNNIANMINUIAENININT I 1

HAN33AAUA 150 TUNIT0ONIITIWNUBIAFIDYNAT 1Y TAULLNATNE I

= 1 = 1 =S 1 dda! 1 1
91g 10 329919 60-69 1] ¥2901g 70-79 U nazy19e1g 80 Vayu'la) wudrmranuawisalu

v
= " o

N1309NUIIBNNYY 90 DIAT Y UNALI8TUEI9018 60-69 1 NAUATeNWINNTAININY

Q

=

27.55 i Tan5u WovonuswniszAUANG 50 wuAmas Ageerglusieery 70-79 1 aund
1] H ;4

A1ANNAINIT0TUNITOONUTIINNINTANINY 24.42 AlanTu 1WeoRNLIIENNTLADNY

9 1 ddy s 1 d' d' d‘ 1 v a % d‘ d'

nazhgeoiglusasery 80 Yauli daundsnuiniigaminy 16.85 Alansu iesenusieni

FTAVANNEGA 50 LHUANAT AIA1T19N 4.20

A1399 4.20 AANAIITa TuNITeRNITIINHgIeIgIMATIeNTEAUANNEIT I UALEaS

YUNUANA NN UATNEINO Y

ANNaINIaluMseanusen (Man3i)
' W LAUANINGI (FUAIAT)
¥3901¢ 3
(99711) WU 50 75 100 125
23.25 24.64 17.90 13.89 14.63
45
+9.59 +7.98 +8.31 +7.74 +6.35
- 25.42 27.55 20.11 15.18 15.86
60-69 1 90
+8.58 +8.40 +10.10 +8.60 +7.54
22.73 22.49 18.33 13.02 14.93
135
+9.54 +8.15 +7.89 +6.23 +6.60
21.56 20.57 15.28 10.71 10.84
45
+7.98 +7.33 +591 +3.88 +5.58
- 24.42 24.10 16.42 11.40 12.14
70-79 1) 90
+7.38 +7.83 +5.66 +3.88 +5.68
21.78 20.83 15.98 11.07 10.88
135
+7.45 +5.96 +5.88 +3.74 +5.39
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AN 4.20 AANNAINITDTUNITERNNTIINFFI0IgINATIENTEAUANNIT I UALAS

YUNUANANAUMINFIDY (51D)

A %
ﬂ?1Nﬁ1N1i€l‘lHﬂ15@i’)mﬁﬂﬂﬂ (ﬂii’lﬂiu)

' N FTAUANINGI (IBUAINAT)
%3991 3
(99711) Y 50 75 100 125
14.21 14.95 11.75 6.93 7.33
45
+8.51 +8.20 +6.59 +3.55 +4.05
o 16.00 16.85 12.24 7.46 7.90
80 Tau'ly 90
+8.45 £9.20 £6.17 +£3.49 +4.12
13.94 15.14 11.8 6.26 7.11
135
+£8.58 +8.57 +£7.12 +£3.57 +£4.10

HAN13IANIUAINIT0 1UNITOBNUTINUDINFID1GNAND TABIUIATNT

A 1 = 1 = 1 = 49! 1 1
91g A0 $2991 60-69 1/ ¥2991g 70-79 U nazy19e1g 80 Vyula) wudrmranuausalu

v v
= =S =

N150DNLIBNNYY 90 DIAIVDUNANDITUFII01Y 60-69 VUAURASNUINNTAININY
a [ d' d' [ dy 9 1 ]QA d' d' d' [

19.22 ATansu ovnisenNszauNY {ga01gluaieiy 70-79 YNaundenuinigaminy
a 3 d‘ A [ da' 9 [} ddﬂg ISP d' d' A

17.01 Alaniu iWeosnusteniszauiiunazigioiglurieeryg so Yaulilinundenuniga
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Versus Fits
(response is Force(kg))

20

Residual
o

-20

Fitted Value

511 4.9 LLNuﬂWWﬂﬁﬂigﬁﬂﬂd?ﬂﬁ"ﬁf’hﬁ%ﬂﬂﬁﬂﬂﬁ@ﬂﬁ 1

U

a o

A a 1 I A 1A v Il

WANNTUMHUMNANNUID ULV VUna @Ngﬂ“ﬂ 4.8 WU’JWﬁJﬂqﬂﬁﬂﬁﬂuﬁlﬁﬂJ
=\ ] Y] :: =~ Yy A [ [ £ 1 = 1
!,‘iEN‘HNﬂuﬁmmuauazmmﬂuuLimﬂuﬁluaﬂymxmumﬁ N7 ﬂ'lﬂ':l'lilﬁ']il']'iflﬁlu
ﬂWi@'ﬁ]ﬂLLﬁ\iﬂﬂﬁLLu?IﬁjﬁJﬂWiﬂ38ﬂWEJLL‘U‘U‘]_Iﬂallﬁ$Lﬁ'ﬂﬁﬂ'l'iillHLWHﬂ'IWﬂ'liﬂﬁg%']ﬂd'JUfg{'N

1 1 9 =1 3’, 9 d (=1 d' [] "9
W‘U’ﬂﬁ’)uﬂﬂllﬂﬁﬂ‘i$ﬂWﬂﬂQU’Jﬂlla$an®ULﬁuﬁuﬁl’é)ElNullliJgﬂL!‘UU‘ﬂuuu@u HEANNUBYA

v
A @

uaNuualsllsiunan asgii 4.9
A a Jd A [ v o o
A13199 4.22 waaInan13 1A 1ziaNulssiunsgausd Aty (P-value
1w a J 1A o A 12 1 1 ]

MY 0.05) wan13AT1zHnD 1N 5 Jade lulinadenianuamisaluniseonusenodis
Iied 1Ay Ao 1) FUAITNIITTHINTTAUANVFZINVINA 2) OUATNIOI1TTHINYUAVINA
3) OUATNITEITLHINYNAVYINDIY 4) OUATNIGITLHINITLAVANUGI YULUAZINA
5) OUATNIBITTHINIEHINITLAVANVGI YUUALHIN01Y 6) OUATNIBITSHINYY INALALY
FI991¢ 7) DUATNIITLHINILAVANVGI YN INALAZ I 1aslA1 P-value (M1 0.600
0.053 0.775 0.999 0.993 0.688 1A% 0.940 MIWAIAY (P-value H1ANI 0.005)

drfatennanonInud T lunsesntisenedllsd iyl 8 Tl
A [ ti' 9 ]
Ao 1) szAauaugalunisesnusien 2) yunlyluniseanusen 3) ne 4) 319018
5) BUATNTIITLTNINITEAVANNGINVINA 6) DUATNTIITIHINITAVANNFINUFIN01Y
7) BUATATHITEHNUNANVYI01Y 8) OUATNIYITTHINITTAVAINUGI INALASHIN0Y

Taedif1 P-value 1111 0.000 17998 (P-value o8N 0.05)



45

v Aa P4 H 1
A5 4.22 wamsansizanunlsdsiunmsnagoun 1 vesmnnua T lunsents

gNNILAVANUGINNAIUVDITNNBUASYNNANAA

uriasanuulsdsau DF AdjSS | AdjMS | F-Value | P-Value

FTAUANNGA 4 35426 8856.6 | 619.06 0.000
4y 2 1918 959 67.03 0.000
INE 1 18016 18015.6 1259.26 0.000
"]}’qu 2 28466 14233.1 994.87 0.000
FTAUANNGI*YY 8 92 115 0.8 0.600
FEAUANNGTIHNA 4 643 160.8 11.24 0.000
JLAVANNGI*1II01Y 8 2101 262.6 18.35 0.000
YUHNA 2 84 42.1 2.94 0.053
YU*AIIDY 4 26 6.4 0.45 0.775
INA*AII01 2 412 206.2 14.41 0.000
FEAUANUGI*Y U 8 13 1.6 0.11 0.999
FEAUANUGI*YN*AI01Y 16 78 4.9 0.34 0.993
FLAUANUGIHNA*AIID1Y 8 488 61 4.27 0.000
YUHNA*YI0 4 32 8.1 0.56 0.688
vdengnaany 130 120260 925.1 64.66 0.000
FEAUANUGIFYUHWA* Y01 16 118 7.4 0.52 0.940
AAmIANGDY 3860 | 55223 14.3

BRIV 4079 281330

WU © 1ATOINNIY * HUEDI OUATNI152HINTTITY

v o

A ) o Aa v ' = @ a 4
Wwerhifwwenlnaseanuawisalunisesnussenedaliiod YUTUATIEN

1 1 ~ 1 ~ d Y as 3 Y] dsl
ANUUANANUDIAURDYUDILAAE NI NN UARNIYIT Turkey’s waluaail

£
v =3

NaN151UTe U NeUANRAIUBIAIANNFINITO IUNITOONUTINTLATNY
9
ANUFITEADIN ANNGITZAUTONI ANNGITEAUABNLAZANNGIsEALT|UE Ta wu

1 k4
anuasalunseenussenszauiutazaNugeszau itanawiues wiiiedidn

v
v Y A

u@igmmsiw11mmmmmiaslumiaemmﬂﬂﬁmmqqammam mmqaagﬁuﬁaﬂuazmm



46

Y y
gaszauijuialva wenvintianuawisalumseenussenluanugeszaudoiin anuga

v
v v (% =

szauApnuazANNgeszautjuia nalanuuanaesnuedaiiied g Aen1519n 4.23

{ a L4 1 { o J J {
@]'li'l\?‘ﬁ 4.23 Wﬁﬂ'lﬁﬁlﬂi'lgﬁﬂﬂ'lllll,ﬁﬂﬁ']ﬂﬁigﬂﬂﬂﬁ']l]gﬁﬁnilﬁﬂu%ﬂﬂi'lﬂﬂ'lEJﬂ'li‘ﬂﬂff’f]‘]Jﬁ 1

3ZAUANINGS NI Aunde HHIAHY
il 816 17.1192
(1 816 16.8137
Foiin 816 16.1546 B
Yurialna 816 10.2059 C
Ao 816 9.4080 D

Han131138UNeVANRABV0IAINNVTINITDTUNITOONUTINYY 45 D3N
Y 90 DAAT HATHY 135 BIA1 WUIANWEINITATUNITOONUITIINNYN 45 DIAT AT

135 p9en Miuanaeiueg1ealied 1Aty uanana1991na w0150 1uN 150001 IN AN

90 94F AYN1519N 4.24

A15199 4.24 wamﬁmswﬁmmzmwhwamﬂums’e)@ﬂmwﬂmsmaauﬂ 1

UM (99711) U A HHUIAHY
90 1360 15.0443 A
45 1360 13.5430 B
135 1360 13.2335 B

NanN151Te U NeVANRAIVBIAIANNFINITO IUNITOONUTISNATUINA

L] a ' a
Tﬂﬂ!!‘ﬂ\‘l!‘ﬂulWﬁ‘b’”lfJLLaz!WﬁﬁﬂJQ W‘]J'Nﬂ'ﬂllﬁ']iJ"Iﬁﬂ(111lﬂ"lﬁ'ﬂ'ﬂﬂ!,!§QfJﬂLWﬁGI)"]fJLLﬁ$LWﬁﬁﬂJUQ

o w

HANANN BRI LNEdIAY TasAURAEUDIAIANUTINITD TUNITOONULIIININAYIGNINY

v
= 1

16.3639 N 1ansu ANUNAGVOIAIANNAIWNTD TUMTODNUIIWANANAUNINY 11.5167 A lanTy

A9913197 4.25



{ a 4 1 {
A15199 4.25 HANI5 AATITHANNLANANVBAUNANTNATOUN 1

47

e NI AuNaY HIINHY
%Y 1530 163639
N4 1530 11.5167 B

HanN 1313 sUNeUANRABYDIAINNNEINITO TUNITOBNLIIATNEINO YN

1 = 1 = = dg! 1
ANuasnlunseanussen ¥1991g 60-69 1 519019 70-79 I tag 919 80 Yl uanare
nuedniiiediny Aundsvesainnuaisnlunsesnussenigieigluyieweig 60-69 1
MY 17.5950 i laniu Aundsyesa1nuaIuisnluniseentisenggoiglusicely
70-79 3 11117V 14,5818 A Tan5u uazAuadveImInua I lun1s00NIIIeNYgI0IY

Tu29 80 Vau 1) mdy 9.6440 Alansu faa13199 4.26

A a 4 1 1 {
AT NN 4.26 Wﬁﬂ'li’:]!;ﬂ‘i'l%“l’iﬂ'J'llll,mﬂﬁ']Qﬂl@\i“}f’l\iﬂWQﬂ1iﬂ@ﬁﬂUﬁ 1

33301 (V) U Aunde HIUIAHY
60 - 69 1890 17.5950
70 -79 1590 14.5818 B
80 Tl 600 9.6440 C

{ { A a o 1
A1999 4.22 il NaTaNINHaMsATIzRa NI mvesmANuaITe
TuMIeenNUIWNNILAVANUGINUAIUYBITNNBUATYUNUANA 190U WU A1 P-value VDI

BUATNI 81521195 ZAUANNEIN 1F U e NUTBNIAZINA 1111A Y 0.000 A1 P-value ¥4

1 [ ]

BUATNIHITENINITZAVANNGIUAT IO 0.000 AN P-value YBIBUATNIHITENINUNA

[ 1

HAZFIN01Y 1110 0.000 A1 P-value YOIBUATNIHITENINITSAVAINGY INALASFIID1Y

A 1 9 1 v @ g

MR 0.000 Balimeeninszauiiedinny (Yoenin 0.05) uaasniiduasnsersz ity

' dslé a Y o
L‘HﬁWu“h'\‘iﬁﬁJTiﬂE]‘ﬁUﬁJhlﬂﬂ\?gﬂ 4.10-4.13



Interaction Plot for Force(kg)
Fitted Means

Height * Sex(M=1,W=2)

Mean of Force(kg)
=

doin (L] Wi fon

——
-.-

Sex(M=1W=2)
1.0
20

[ an v

=h.

il

AMsumMInaaoun 1

4.10 E’J‘Hﬂiﬂimﬂ"lﬂ’ﬂuE‘TW?J"I?Eﬂl!ﬂﬁ@i’JﬂLLiQﬂﬂizﬁ’jNi%ﬁUﬂ’JﬁJq\ifT‘ULWﬁ

48

. Y |
7UN 410 naadddmiuaanuaiuisolunisesnussenveunasionas

H Y 4 H
LWﬁWﬂJ\‘]ﬁﬂ’NﬂJQQi%ﬂ‘UGﬂ}@u’J ﬂﬁWthﬁi&iﬂUL"lﬂLLﬁ%iZﬂ“]Jﬁu ﬁﬂnﬂﬂﬂ’ﬂﬁﬂﬁﬁJQ’ﬂigﬂﬂﬁﬂﬂ

v Y
uazmmqnmuﬂnm"lwa "ﬁJfJLMﬂGlNﬁﬂ ﬂ’)']m’ﬂiﬂiﬂcluﬂ1§f]f]ﬂlliﬂﬂﬂﬁigﬂﬂﬁuu1ﬂﬂ’ﬂ

[ Y
ﬂ’ﬂﬂJQ\ﬁ%ﬂUﬁUfluLWﬁﬂfﬁl !mﬂ’ﬂllﬁ1h1iﬂ1uﬂ1ﬁ)®ﬂlli\iﬁﬂ’JWNQQ?%@UL"UWNWﬂﬂ’Ni%@Uﬁu

Tumwena)g
Interaction Plot for Force(kg)
Fitted Means
2254; A Height * age (year) - o ;gﬁ(é,:ar)
--®- 70-79

200 - ®-- 80up
g‘ 175
g
E 150
E 125
3
Z 100

75

50

PR 1w L fan Tna
Height
77 4.1 BuasNIAIANNAIT0 1UNTBBNIILNTENINTZAUANUGINUYII01Y

fAusumMsnagoun 1



49

= Y I3 1 A Y
5UN 4.11 Llﬁﬂ\‘lﬁl‘ﬁmuﬂﬂuﬂaEJ"IJ’E'Nﬂ’ﬂllﬁnﬂiﬂiuﬂﬁ’ﬂ@ﬂlliﬂﬂﬂ“ﬂ@@t’ﬂjﬁ;{dﬂ1q

U

msenazmamg i Tduunw@ednund1nfie AuamsalunseoniswnNANge
v Y v
FEAUT01 ANUFITTAILASTAUNY IAunnanuamsa lunmseontswniniuga
Y U Y v 9 ' = ~ [ dy A
szauAenuazlurid na deuanaiede anudwisalunisesnusaeniszaunuuInnIIn
Anwgeszau Tuggee1gyieerg 70-79 1 uannuansalunisoenussenianugaszau

] 1 (% 49‘ 9 ] = ] dé’
hnnszaunu ludgeegrieey 60-69 1 nazwageny 80 'l

Interaction Plot for Force(kg)
Fitted Means

Sex(M=1,W=2) * age (year) age (year)
—8— 60-69
-~ 70-79
---@-- 80 up

Mean of Force(kg)

Sex(M=1,W=2)

v an 1

77 4.12 SuasATMANNEINTD TUNITONLTIBNITZHIUNANFINO1Y

AUTUMINATOUN 1

'
= v £ 9 v

JUN 412 e dUAINI 81Tz NUNAAUTI0 Nz ATBd AT 0.05

a J 1 ' a
HANITANTIZHND I Jgaerginas1olinuea1so lun1seenusaonuInn I unar e lu
1 = 1Y 9 1 g A [
%3991810870 U Tasdga0181ue19818 60-69 Y UANNAINITATUNITBONUTIINUINAI

Y
19019 1u32901g 70-79 T nazhgeerglurieery 8o Jau'll

e2e



50

Interaction Plot for Force(kg)
Fitted Means

Height * Sex(M=1W=2) Sex(M=1W=2)

20 —— 1.0
- - 20

L5 B —

°

é 10 h

o AN -

£ -

&
5

"o' Height * age (year) Sex(M=1,W=2) * age (year) age (year)

E 20 —@— 60-69

(] -&-70-79

= = _ ---@-- 80 up

Height Sex(M=1,W=2)

317 4.13 uasATNMANNAINNTD TUNITONLTIBNITZHINITZAVANNFUNALAZHIY

AMSUNMINaToUN 1

JUT 4.13 WoNMTVIOUATNIV1TEHINTTAVAINGL INA LAz FIN01gNTZAY

v o w

a 4 = 9 J ~ 1
wgaIngy 0.05 NANITAUATIEUNUIN mmﬂuwmmamemmmmmiumiaaﬂuﬂm"lﬂslu

9

= v 1

NANINAEINU AR NanBUZMINUYIeanad luNamMufsINUY

a J 4 a 1 1
2) nan1sATIErANNLlsdsIumsnaaeun 1 INABIYLASINAN UILLNATNTIND Y

(1) ¥29918 60-69 1/

a 4 aa
M5 AT 1EHANLY TS IUNNEDAVINIANNEINITD IUNITRONLTIIN VDI

HgRoIgINATIBIaZHgI01gNANDY 32991 60-69 T NTzAUAUFIAINTIUVDIT19NY

E'

~ 1 o a ' 1 =® I v A Aq ¥
HAaZHUNUANATNNU Tﬂ8(11!ﬂ1'5'3&?1'5131’7ﬁ?ﬂ?ﬁﬂllﬂﬂﬂ1iﬂﬂ}lﬁli’)'ﬂﬂlﬂu 3 11998 Ao ﬂ’J'UJ'L:‘NTIGLGIf

q Y o &
Gll!ﬂ”li@@ﬂl!iﬂflﬂ lqlﬁJ‘Vl1%1uﬂ13@@ﬂlLiQﬂﬂLLﬁ$LWﬂ PNU

a U

Han13uAIIzaNunlsUsiunitsadanianuaisolunisesnusseni

9y Y
szAUAMNge Taaieunudadiuianie Ao il ANUGRTZALAN ANUEITEALYDII ANNES
szaufen aANugeszautjylva tazeenussenluyuiuana19ii 3 yu Ao 45 991 90 BIA

F4
[

o a = a 4
iag 135 a3 Tmé’qqmqmﬁ%wmmu 20 AU LUAZINANTYN 43 AU UNANITAUAIIEH \Tf!



51

Normal Probability Plot
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Versus Fits
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STUDY OF LIFT STRENGTH IN THAI YOUNG ADULTS

Narongdech Suanphet ¥, Supaporn Endoo®, Pornsiri Jongkol®
School of Industrial Engineering, Institutes of Engineering, Suranaree University of
Technology
*Corresponding author: pornsiri@g.sut.ac.th

ABSTRACT

Lift strength data are very important for job design
and injury prevention. The objectives of this study were
to measure lift strength of Thai young adults and to
investigate factors affecting isometric lift strength.
Twenty young adults participated in this study.
Dependent variable was isometric lift strength, whereas
independent variables were exertion height and angle.
The results show that exertion height and angle
significantly affected isometric lift strength. The greatest
strength was found at 140 cm and 0 degree.

Keywords: lifi strength, isometric [ift strength.

1. INTRODUCTION

Strength is one of the most important capabilities of
human. Muscular force and Torque are needed to perform
manual material handling and operate equipment. Several
researchers have measured human strengths to provide
guidelines for safe work design and preventing
overexertion (Asfour et al, 2007; Black and Das, 2007;
Das and Wang, 2004; Das and Jongkol, 2005; Kumar,
1991; Kumar, 1992; Mital and Faard, 1990). Important
factors affecting strength measurement include duration of
exertion, strength measuring device, rest period between
trials, body position, test condition, and demographic data
of subjects ( Mital and Kumar, 1998) .  IHowever,
asymmetric lifting strength data of Thai adult are very
rare. Study of lifting strength at different exertion heights
and angles would provide a better understanding of
strength profiles. Therefore, the objective of this study
was to investigate effect of exertion height and angle on
lift strength of Thai young adults.

2. EXPERIMENT
2.1 Subjects

Twenty male subjects participated in this study. They
had no musculoskeletal injuries history. All of them were
healthy.
2.1 Experiment apparatus

A Jackson Strength Evaluation System 32628
(Lafayette instrument) was used to measure subjects’
isometric lift strength. A load cell was fixed under the
wooden platform and strength signal was collected at the
frequency of 100 Hz. A handle was attached on a chain
connected to the load cell. Handle height was adjustable

Figure 1. Jackson Strength Evaluation System

2.3 Technique
2.3.1 Data acquisition

Prior to experiment —session, the experimental
procedure was explained to the subjects. They were
allowed to practice lifting in order to be familiar with
equipment. Each subject was required to use both hands
to- exert lift strength in 15 conditions including five
different exertion heights ( 10, 45, 75, 105, and 140 cm)
and three different exertion angles (0, 45, and 90 degrees).
The exertion angle of 0 degree means symmetric lifting
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with both arm in front of the body (Figure | and 2),
increasing clockwise as shown in Figure 3.

Fig. 1. Force exertion at 0 degree (Front view).

Figure 2. Force exertion at 0 degree (Side view).

O degree

l
| A5 degree

’
I ¢
| ’
’

I o

90 degree
Frontal plane

Figure 3. Angle of force exertion.

For each lifting exertion, the subjects were asked to
stand with straight legs and keep their feet 30 ¢cm apart.
They were asked to build up within two seconds without
jerk and maintain maximum force for another three
seconds. A rest period of at least two minutes was
provided between trials. Three repetitions was made for
each lifting condition. Sequence of the experimental
condition was random.

3. ANALYSIS

Factorial design was used to analyze data. Isometric
lifting strength was a dependent variable, whereas
exertion height and exertion angle were independent
variables. There were five levels for exertion height (10,
45,75, 105, and 140 cm) and three levels of exertion angle
(0, 45, and 90 degrees). Total number of isometric lift
strength data was 900 (20 subjects x 5 exertion heights x
3 exertion angles x 3 trials). Analysis of variance was
used to investigate the effect of exertion height and angle
and Turkey multiple comparison was used to determine
what exertion heights and angles that make strength data
different from others. Subject was considered as a block.

4. RESULTS AND DISCUSSION

Table 1 shows personal data of subjects. Their ages
range 18-21 vears old. The average weight and height ae
69.84 kg and 171.63 cm, respectively.

Table 1. Personal data of subjects.

Mean | StDev | Maximum | Minimum

A | ag0s0 | 1050 | 21 18
(o)

Weight | cog4 | 1059 | 105.00 55.00
(ke)

Height |51 63 | 378 | 181.00 166.00
(cm)
BMI

L | 23667 | 2957 | 32.050 | 18.630
(Kg/m?)

Table 2 shows lift strengths of subjects. The greatest
strength was found at 140 cm and 0 degree, whereas the
lowest strength was found at 75 cm and 90 degree.
Strength tended to decrease as exertion angle increased.
Strengths at 10 and 140 cm were greater than those at 45,
75, and 105 cm.
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Table 2. Strength (in kg) at different heights and angles.

Exertion Exertion | Mean SD
height (cm) angle
(degree)
0 26.36 8.63
10 45 22,71 8.88
90 23.087 6.885
0 22.155 7.378
45 45 20.06 8.18
90 20.22 8.03
0 18.530 | 6.651
75 45 16.368 4.572
90 15.912 4.889
0 17.938 6.016
105 45 16.693 5.942
90 16.363 4.831
0 28.33 11.79
140 45 25.26 10.60
90 23.47 8.01

To check assumption of normal probability and
constant variance, normal probability plot and plots of
residual were analyzed as shown in Figure 4. Normal
probability plot shows a straight line indicating normal
probability. Plot of residuals versus fitted values shows
no obvious pattern of data. Therefore, the assumptions of
normal probability and constant variance were valid.

Table 3 shows results of Analysis of Variance.
Height, angle, and subjects were highly significant,
whereas the interaction between height and angle was not
significant.

Table 3. Analysis of variance.

Source DF AdjSS | AdjMs F- P-
Value | Value
Heigh[ 4 114852 | 2871.30 | 69.42 | 0.000
Angle 2 | 14268 | 71340 | 1725 | 0.000
Subj ects 19 | 16447.7 | 865.67 | 2093 | 0.000

Height*Angle 8 2613 32.66 0.79 | 0612

Error 866 | 35819.5 | 4136

Lack-of-fit 266 | 304973 | 114.65 12.93 | 0.000

Pure Error 600 | 53222 8.87

Total 899 | 65440.5

Table 4 and 5 show comparison of height and angle
treatment mean, respectively. From Table 4, strengths at
10 and 140 cm were significantly different from those at
45, 105, and 75 cm.  Also, strength at 45 c¢cm was
significantly greater than those at 105 and 75 degree,
respectively.

Table 4. Comparison of height treatment mean.

Height N Mean (kg) | Grouping
Residual Plats for Force (cm)
Normal Probahility Plot Versus Fits 140 l 80 25 6883 A
, ~ 10 150 24.0528 A
g " 3
E i / E - 45 180 20.8128 B
L IEEabEmESTN . WCCTAN L 105 180 16.9983 §
e -y 75 180 16.9367 C
Histogram Versus Order
£ - Table 5 indicates that lift strength at 0 degree was
4:__ | 4 . y . o greater than those at 45 and 90 degree. Strength at 45 and
TEREES R S 90 degree were not significantly different.

Figure 4. Normal probability plot and plots of residual.

Table 5. Comparison of angle treatment mean.

Angle N Mean (kg) | Grouping
(degree)
0 300 22.6627 A
45 300 20.2200 B
90 300 19.8107 B
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Table 6 shows the strength data obtained from this
study and those shown in a research work of Lee (2004).
Strength data in this study were considerably less than
those in Lee. This is due to the posture of subjects
assumed during force exertion. In Lee’s work, the subjects
were able to use trunk muscles to exert forces, whereas the
subjects in this study were instructed to use mainly arm
muscle force.

Table 6. Comparison of strength data to Lee (2004)

This study Lee (2004)
Height | N | Mean Height | N | Mean
(cm) (cm)
10 20 | 24.0528 | 25 7 | 104.1794
45 20 | 20.8128 | 43 7 | 108.1549
75 20 | 169367 | 79 7 | 1009174
105 20 | 16.9983 | 106 7 | 50.25484
140 20 | 25.6883 | 133 7 | 69.11315

5. CONCLUSIONS

1. The greatest strength was 28.33 kg, whereas the
lowest strength was 15.912 kg. The greatest strength was
found at 140 cm and 0 degree, whereas the lowest strength
was found at 75 cm and 90 degree.

2. Exertion height and angle significantly affected
isometric lift strength.
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