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A relationship on work load and postures of shoulder, elbow, and wrist

Tae Hyung Kim

Department of Safety Engineering, The Graduate School,

Pukyong National University

Abstract

This study aimed to analyze postures that were frequently conducted in
manufacturing industry. To find grip strength and muscle activities of each
posture, Maximum Voluntary Contraction (MVC) and ElectroMyoGraphy (EMGQG)
were measured. Based on the results of this study, the most appropriate
posture could be suggested and used as a basic information for preventing
musculoskeletal disorders.

Most work-related musculoskeletal disorders have been occurred in the
fields of manufacturing industry. According to previous studies, it was
reported that the rate of musculoskeletal diseases of upper extremity was
higher than that of other body parts. Accordingly, there were many studies
about discomfort and grip strength of upper extremity. However, these studies
dealt with single selection of wrist, elbow and shoulder. So, it was insufficient
for comprehensive studies about upper extremity. And in order to improve the
work posture, the physiological changes being generated by the combination of
wrist, elbow and shoulder postures should be observed and analyzed.

In order to conduct this study, thirty university students who had no

records of MSDs involved were recruited. Independent variables were postures



of wrist(pronation, neutral, supination), postures of elbow(flexion 45°, 90°) and
postures of shoulder(flexion 0°, 90°). And dependent variables were MVC
values and EMG values. Jamar dynamometer and TeleMyo 2400T G2 was used
to measure MVC and EMG. MVC and EMG for 12 postures were measured for
three second and for three times. Experiment was performed randomly. A 10
minutes rest period was provided after each t. To measure muscle load, the
EMG signals of eight muscles (Biceps, Medial triceps, Lateral triceps,
Brachioradialis, Extensor carpi ulnaris, Extensor carpi radialis, Flexor carpi
ulnaris and Flexor carpi radialis) were evaluated. MVC values and EMG values
were analyzed using Minitab ver. 14.

The results showed that MVC value was the highest at shoulder 0°, elbow
45° and wrist supination. In case of wrist postures, MVC of supination is the
highest. In case of elbow and shoulder postures, MVC of flexion 45° and O°
was the highest. It was found that there were interaction between wrist and
elbow posture under shoulder flexion and between shoulder and wrist under
elbow flexion 45°. In case of the angle of shoulder 0° elbow 45° and wrist
supination, the EMG values of four muscles(Medial Triceps, Extensor carpi
ulnaris, Extensor carpi radialis, Flexor carpi ulnaris) were the highest. Based
on this study, it is worth to note that the combination postures of upper
extremity have a large impact on the MVC and EMG. The optimal condition
upper extremity was shoulder flexion 0°, elbow flexion 45° and wrist

supination for preventing work-related musculoskeletal disease.
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== Occupational Disorders M5Ds
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Fig. 1. Occupational disorders by vear(2000-2013)
Table 1. Occupational disorders by year(2000-2013)
Occupational Musculoskeletal Percentage of
disorders disorders Musculoskeletal (%)
2000 4,051 1,009 24.9
2001 5,663 1,634 28.9
2002 5,417 1,827 33.7
2003 9,130 4,532 49.6
2004 9,183 4,112 44.7
2005 7,495 2,091 2719
2006 10,235 6,233 60.9
2007 11,472 7,723 67.3
2008 9,734 6,733 69.2
2009 8,721 6,234 715
2010 7,903 5,502 69.6
2011 7,249 5,077 70.3
2012 7,472 5,327 7.3
2013 7,627 5,446 71.4
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Table 2. Musculoskeletal work load in car manufacturing

Automobile production
Musculoskeletal work load | Percentage(%)
process

Assembly 253 74
Engine production 36 10
Painting 17 5

Press 14 4
ect(foundry, 16 5
Plastic production 8 2
Total 344 100

Fig. 3. Working postures of car manufacturing
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Table 3. The participants’anthorometric characteristics

Anthropometric characteristics Mean SD
Age (yrs) 25.7 t 25
Height (cm) 173.9 + 35
Weight (kg) 69.72 + 48
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Fig. 11. Experiment postures
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Table 4. MVC values (unitkgf)
S 0° S 90°
E 45° E 90° E 90° E 90°

W N WP W S W N W P W S W N W P W S W N W P W S

Sub.1 33 32 35 32 31 325 32.3 315 34 30 30.2 305
Sub.2 48 40 48 41 38 41 44 38 46 36 345 40
Sub.3 32 29 32 30 27 30 30 28 32 28 25 27
Sub.4 35 31 38 32 32 33 33 31 34 30 28 29
Sub.b 41 38 42 38 38 39 38 38 40 37 32 36
Sub.6 39 37 40 38 32, 38 39 36 42, 32 30 36
Sub.7 38 32 40 37 31 36 33 32 36 31 30 32
Sub.8 38 35 42 33 32 39 34 33 35 33 31 32
Sub.9 40 39 45 38 37 42 38 36 42, 35 33 34
Sub.10 51 45 57 50 43 45 48 44 49 43 42, 43
Sub.11 43 42 50 42, 41 46 44 45 45 42, 40 41
Sub.11 38 35 39 36 34 36 36 34 37 32 31 31
Sub.13 34 33 38 33 32, 34 32 31 33 31 30 32
Sub.14 41 39 44 39 38 43 39 38 43 38 32 36
Sub.15 31 29 38 30 26 30 29 29 31 27 25 27
Sub.16 33 32 35 32 31 32.5 32.3 315 34 30 30.2 305
Sub.17 38 36 44 37 35 37 36 36 40 36 33 35
Sub.18 40 38 42 37 35 40 36 37 38 34 31 36
Sub.19 33 31 35 32 30 34 28 31 31 25 24 29
Sub.20 34 33 36 32 32 85 30 27 32 32 30 30
Sub.21 38 37 39 36 36 38 37 36 38 34 33 34
Sub.22 35 34 37 32 31 36 30 30 30 30 28 28
Sub.23 40 38 44 36 34 37 34 33 36 30 27 30
Sub.24 39 33 40 36 32 36 B2 35 38 34 32 32
Sub.25 43 41 465 42 36 36 37 36 38 36 35 40
Sub.26 32 30 33 30 30 32 28 27 29 26 26 28
Sub.27 33 32 36 31 29 31 32 30 36 29 28 30
Sub.28 50 42, 57 47 40 45 46 43 46 39 38 42,
Sub.29 38 36 39 36 36 37 37 36 37 36 35 35
Sub.30 36 34 37 34 33 36 35 34 35 33 33 33
Mean 385 359 417 36.4 34.0 375 355 346 374 334 31.9 336
SD 5.0 41 6.0 47 3.9 43 51 45 5.0 4.3 4.1 4.4

(S:Shoulder, E:Elbow, W N:Wrist Neutral, W P:Wrist Pronation, W S:Wrist Supination)




Table 5. NMVC values (unit-kef)

S 0° S 90°
E 45° E 90° E 90° E 90°

WN WP WS WN WP WS WN WP WS WN WP WS

Sub.1 0.94 0.90 1 091 0.89 093 0.92 0.90 0.97 0.86 0.86 0.87
Sub.2 1 0.83 1 0.85 0.79 0.85 0.91 0.79 0.96 0.75 0.72 0.83
Sub.3 1 0.88 1 0.94 0.84 0.94 0.94 0.90 1 0.88 0.78 0.84
Sub.4 0.92 0.82 1 0.84 0.84 0.87 0.87 0.82 0.90 0.79 0.74 0.76
Sub.5 0.98 0.90 1 0.90 0.90 0.93 0.90 0.90 0.95 0.88 0.76 0.86
Sub.6 0.93 0.88 0.95 0.90 0.76 0.90 0.93 0.86 1 0.76 0.71 0.86
Sub.7 0.95 0.80 1 0.93 0.78 0.90 0.83 0.80 0.9 0.78 0.75 0.80
Sub.8 0.90 0.83 1 0.79 0.76 0.93 0.81 0.79 0.83 0.79 0.74 0.76
Sub.9 0.89 0.87 1 0.84 0.82 093 0.84 0.80 0.93 0.78 0.73 0.76
Sub.10 0.89 0.79 1 0.88 0.75 0.79 0.84 0.77 0.86 0.75 0.74 0.75
Sub.11 0.86 0.84 1 0.84 0.82 0.92 0.88 0.90 0.9 0.84 0.8 0.82
Sub.11 0.97 0.87 1 0.92 0.87 0.92 0.92 0.90 0.95 0.82 0.79 0.79
Sub.13 0.89 0.87 T 0.87 0.84 0.89 0.84 0.82 0.87 0.82 0.79 0.84
Sub.14 0.93 0.89 i 0.89 0.86 0.98 0.89 0.86 0.98 0.86 0.73 0.81
Sub.15 0.82 0.76 i 0.79 0.68 0.79 0.76 0.76 0.82 0.71 0.66 0.71
Sub.16 0.88 0.79 1 0.79 0.73 0.88 0.79 0.77 0.83 0.75 0.69 0.75
Sub.17 0.86 0.81 1 0.84 0.80 0.84 0.81 0.82 0.91 0.82 0.75 0.80
Sub.18 0.95 0.90 1 0.88 0.83 0.95 0.86 0.88 0.90 0.81 0.74 0.86
Sub.19 0.94 0.89 1 0.91 0.86 0.97 0.80 0.89 0.89 0.71 0.69 0.83
Sub.20 0.94 0.92 1 0.89 0.89 0.97 0.83 0.75 0.89 0.89 0.83 0.83
Sub.21 0.97 0.95 1 0.92 0.92 0.97 0.95 0.92 0.97 0.87 0.85 0.87
Sub.22 0.95 0.92 1 0.86 0.84 0.97 0.81 0.81 0.81 0.81 0.76 0.76
Sub.23 0.90 0.86 1 0.81 0.77 0.84 0.77 0.75 0.81 0.68 0.61 0.68
Sub.24 0.98 0.83 1 0.90 0.80 0.90 0.80 0.88 0.95 0.85 0.80 0.80
Sub.25 0.92 0.88 1 0.90 0.77 0.77 0.80 0.77 0.82 0.77 0.75 0.86
Sub.26 0.97 0.90 1 0.90 0.91 0.97 0.85 0.82 0.88 0.79 0.79 0.85
Sub.27 0.92 0.89 1 0.86 0.81 0.86 0.89 0.83 1 0.81 0.78 0.83
Sub.28 0.88 0.74 1 0.82 0.70 0.79 0.81 0.75 0.81 0.68 0.67 0.74
Sub.29 0.97 0.92 1 0.92 0.92 0.95 0.95 0.92 0.95 0.92 0.90 0.90
Sub.30 0.97 0.92 1 0.92 0.89 0.97 0.95 0.92 0.95 0.89 0.89 0.89
Mean 0.93 0.86 0.99 0.87 0.82 0.90 0.86 0.84 0.91 0.80 0.76 0.81
SD 0.04 0.05 0.01 0.04 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.05

(S:Shoulder, E:Elbow, W N:Wrist Neutral, W P:Wrist Pronation, W S:Wrist Supination)



v @A 30% e 12714 2 ApAell whE Hopd s g s S48kl 127)
A AA T MY =2 AT oY f@e B KA Tig. 1494 2ol oA
0°, &A 45°, &5 o 45°, 7P e Addd oy e Bl AA=

Fig. 159 o] of7f 90°, &= 90°, <=5 W 45°¢ o= et

Fig. 14. Maximum NMVC posture

Fig. 15. Minimum NMVC posture



4

+ Fig. 163} 2t

43t

)

S|
&

Joll ThHake]

0.4%, 4.2%= A3k

Ay, FoFEe 00012 &5 AAe] u
YA 45° oz EAFoR §9

-

O.2 EsTh o g

Al

K

&7

—_—

ol 714 ®ol 957 WEQ

oz AR,

0.95

0.9

0.85

0.8

0.75

0.7

® Neutral = Supination

M Pronation

Fig. 16. NMVC values of wrist postures



wheha o), B o
3

g ey ge 24

A9 45°7F T m ke, S, A 450 o m HAdhs Ao uEy
th BAREAS AN A3 471 A BTN EB A6 uhE ey
2 o) 45, F9, U4 450 ¢ EANCE fels gashs Ao
2 Ut £59 440 taAE ojzle BEA) Age] Admy
H 2 9%g vA7] uie o Aew Amarh
Shoulder 0°, Elbow 45° Shoulder 0°, Elbow 90°
1 i ]
0.9 0.9
- Al : =N
0.7 0.7
® Pronation m Neutral = Supination ® Pronation ® Neutral ® Supination
Shoulder 90°, Elbow 45° Shoulder 90°, Elbow 90°
ik i |
0.9 0.9
- mll

H® Pronation ™ Neutral

H Supination

FES 2YF 1A A sl £2 A4E F

A3 Fig. 1739 2 443, 4714 AA 257

® Pronation ®m Neutral = Supination

Fig. 17. NMVC values of wrist posture for each posture

Table 6. Result of ANOVA of wrist postures for each posture

Variable f-value p-value
Shoulder 0°, Elbow 45° 81.97 < 0.001
Shoulder 0°, Elbow 90° 15.32 < 0.001
Shoulder 90°, Elbow 45° 11.91 < 0.001
Shoulder 90°, Elbow 90° 6.18 0.003




412 BEA AuRsey 24

A Ao s gs ZEA AAel diste] HuiEs e fge 4%
A= Fig. 189 Aoy #wx &3 45°7F &35 90°H.th Egkom, 1 xol=
ekt SARA e et AAe AN Ay
fFrolae 00012 ZwA AAdd wE HopddodS FAHoR

[
o
Aol E ol Aow vt ot BEA BAL FhE §9F #2Q
= =

°F 21% #aste Ao

fl

A A F(Flexor digitorum superficialis)™ol] 9] 8k dgFo = x}

o] Z%9] length—tension relationshipe]th?. Z# x| o] F3t Z%7 AAGFZ
& Aol gopAA HE”, dEAL F} Amt ALFE AAFE

o7k gobA W 2ol FFE WA AR Anar

0.95
0.9
0.85
0.8

0.75

0.7
m Elbow 45° ® Elbow 90°

Fig. 18. NMVC values of elbow postures



>
i
N
N
ol
IH
5
N
il
IH
=
b
iy}
Hir
o
S,
o
hu
i
o

r
£
offt
e
i
it
o
(1
>
e

A3} Table 73 #Zo], 6714 ApAl RS A] Fwx] AAol wpE Hud g

e EAAoR 9@ AolB Mot Ao EAHYY. o o zxe
£5o A gRglel BwA 2T Aws) /G wa 2 AolE Fol

il

i zo] wheh g wE AE Aolo] ofd UEhb: Aoz AlRA

Shoulder 0°, Pronation Shoulder 0°, Neutral Shoulder 0°, Supination
1 it 1
0.95 0.95 0.95
0.9 09 0.9
0.85 0.85 0.85
- Hm ;
0.75 0.75 0.75

= Elbow 45 m Elbow 90° mElbow 45° = Elbow 90° mElbow 45° ® Elbow 90°

Shoulder 90°, Pronation Shoulder 90°, Neutral Shoulder 0°, Supination

0.95 0.95 0.95

0.9 0.9 0.9

0.85 0.85 0.85
0.75 f— 0.75 0.75
mElbow 45° ® Elbow 90° M Elbow 45° m Elbow 90° H Elbow 45° ®m Elbow 90°
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Table 7. Result of ANOVA of elbow postures for each posture

Variable t—value p—value
Shoulder 0°, Pronation 277 0.008
Shoulder 0°, Neutral 476 < 0.001
Shoulder 90°, Supination 8.29 < 0.001
Shoulder 90°, Pronation 4,66 < 0.001
Shoulder 90°, Neutral 3.53 0.001
Shoulder 90°, Supination 6.32 < 0.001
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NMVC values of shoulder posture for each posture

Variable t—value p—value
Elbow 45°, Pronation 2.18 0.033
Elbow 45°, Neutral 5.38 < 0.001
Elbow 45°, Supination 8.06 < 0.001
Elbow 90°, Pronation 3.74 < 0.001
Elbow 90°, Neutral 5.09 < 0.001
Elbow 90°, Supination 6.10 < 0.001

Hol&




2 wEAES s A0E vehETh S o 23 90°eM BEA AA
o &% QAo WEAEE gl Aow AT

Table 9. Result of ANOVA for interaction between wrist and elbow

f-value p-value

Wrist posture 70.53 < 0.001

Shoulder 0° Elbow posture 74.59 < 0.001
Interaction 4.67 0.011

‘Wrist posture 16.13 < 0.001

Shoulder 90° Elbow posture 69.70 < 0.001
Interaction 1.72 0.182

oy ot £E AA 7ol wZAES EA3 Al Table 103 7o) #E3

F3% 4504 B AES B AoR deuth AT BEA F} 9004

o7} AAsh HEA AR WEALL Q= Acw HAHAT,

Table 10. Result of ANOVA for interaction between wrist and

shoulder

f-value p-value

‘Wrist posture 63.43 < 0.001

Elbow 45° Shoulder posture 74.47 < 0.001
Interaction .72 0.004

‘Wrist posture 19.94 < 0.001

Elbow 90° Shoulder posture 7252 < 0.001
Interaction 0.99 0.357
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Table 11. Result of ANOVA for interaction between elbow and

shoulder

f-value p-value

Elbow posture 27.88 < 0.001

‘Wrist pronation Shoulder posture 18.18 < 0.001
Interaction 2.08 0.152

Elbow posture 32.19 < 0.001

‘Wrist neutral Shoulder posture 54.63 < 0.001
Interaction 0.00 1.000

Elbow posture 100.99 < 0.001

‘Wrist upination Shoulder posture 94.60 < 0.001
Interaction 0.00 0.998
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Table 12. Average of EMG values for 8 muscles (unit:@V)

i Extensor | Extensor | Flexor Flexor

i Lat. Med. Brachior i i i i

Biceps . . L. carpi carpi carpi carpi

Triceps Triceps adiaris i .. . .

ulnaris radialis radialis ulnaris

S 0°E 45°, W N 0.25 0.34 0.29 0.40 0561 0.35 0.43 0.56
SO0°E 45°, WP 0.23 0.36 0.27 0.37 0.50 0.30 0.38 0.54
SO0°E 45°, W S 0.31 0.33 0.31 0.39 0.59 0.41 0.43 0.58
S 0°E 90°, W N 0.23 0.31 0.31 0.42 0.50 0.39 0.50 0.46
S0°E 90°, WP 0.17 0.34 0.27 0.40 0.47 0.38 0.47 0.52
S 0°E 90°, WS 0.26 0.30 0.27 0.40 0.55 0.41 0.52 0.50
S 90°, E 45°, W N 0.35 0.38 0.31 0.37 0.53 0.37 0.45 0.51
S 90°, E 45°, W P 0.23 0.41 0.27 0.36 0.50 0.34 0.45 0.49
S 90°, E 45°, W S 0.36 0.38 0.30 0.39 0.56 0.37 0.48 0.54
S 90°, E 90°, W N 0.24 0.35 0.26 0.42 0.52 0.35 0.45 0.52
S 90°, E 90°, W P 0.19 0.37 0.25 0.39 0.48 0.32 0.41 0.53
S 90°, E 90°, W S 0.27 0.32 0.28 0.44 0.53 0.40 0.45 0.48
p — value 0.004 0.976 0.743 0.951 0.719 0.304 0.608 0.793

(S:Shoulder, E:Elbow, W N:Wrist Neutral, W P:Wrist Pronation, W S:Wrist Supination)
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Fig. 22. Biceps EMG values of each posture

Table 13. Result of ANONA for EMG of each posture(Biceps)

Variable f—value (t—value) p—value
Wrist postures 7.11 0.001
Elbow postures (2.94) 0.004

Shoulder postures (1.45) 0.148
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Fig. 23. Biceps EMG values of wrist postures for each posture



Table 14. Result of ANOVA of wrist postures for each

posture(Biceps)

Variable f-value p—value
Shoulder 0°, Elbow 45° 1.02 0.366
Shoulder 0°, Elbow 90° 2.69 0.074
Shoulder 90°, Elbow 45° 2.87 0.062
Shoulder 90°, Elbow 90° 1.61 0.205

Table 15. Result of ANOVA of wrist postures for each

posture(Biceps)
Variable t-value p-value
Neutral — Pronation 0.41 0.684
Shoulder 0°, Elbow 45° Pronation — Supination 0.97 0.337
Supination — Neutral 1.35 0.182
Neutral — Pronation 1.95 0.117
Shoulder 0°, Elbow 90° Pronation — Supination 2.38 0.021
Supination — Neutral 0.69 0.493
Neutral — Pronation 1.76 0.085
Shoulder 90°, Elbow 45° Pronation — Supination 2.27 0.027
Supination — Neutral 0.44 0.661
Neutral — Pronation -1.27 0.208
Shoulder 90°, Elbow 90° Pronation — Supination 1.73 0.090
Supination — Neutral 0.39 0.702
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Fig. 24. Biceps EMG values of elbow postures for each posture

Table 16. Result of ANOVA of elbow postures for each

posture(Biceps)
Variable t—value p—value
Shoulder 0°, Wrist Pronation 1.38 0.175
Shoulder 0°, Wrist Neutral 0.50 0.622
Shoulder 0°, Wrist Supination 0.85 0.402
Shoulder 90°, Wrist Pronation 0.90 0.374
Shoulder 90°, Wrist Neutral 1.74 0.087
Shoulder 90°, Wrist Supination 1.86 0.063
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Fig. 25. Lat. Triceps EMG values of each posture

Table 17. Result of ANONA for EMG of each posture(Lat. Triceps)

Variable f-value (t-value) p-value
Wrist postures 0.89 0.410
Elbow postures (1.54) 0.125

Shoulder postures (1.83) 0.069
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Fig. 26. Med. Triceps EMG values of each posture

Table 18. Result of ANONA for EMG of each posture(Med. Triceps)

Variable f-value (t-value) p-value
Wrist postures 0.65 0.522
Elbow postures (0.93) 0.351

Shoulder postures (0.44) 0.663
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Fig. 27. Brachioradialis EMG values of each posture
Table 19. Result of ANONA for EMG of each posture(Brachioradialis)
Variable f-value (t-value) p-value
Wrist postures 0.52 0.596
Elbow postures (-1.54) 0.125
Shoulder postures (-0.0D) 0.989
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Fig. 28. Extensor carpi ulnaris EMG values of each posture

Table 20. Result of ANONA for EMG of each posture

(Extensor carpi ulnaris)

Variable f-value (t-value) p-value
Wrist postures 3.08 0.047
Elbow postures (1.00) 0.318

Shoulder postures (0.00) 0.998
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Fig. 29. Extensor carpi ulnaris EMG values of wrist postures for each
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Table 21. Result of ANOVA of wrist postures for each posture

(Extensor carpi ulnaris)

Variable f-value p—value
Shoulder 0°, Elbow 45° 1.67 0.194
Shoulder 0°, Elbow 90° 1.17 0.315
Shoulder 90°, Elbow 45° 0.41 0.662
Shoulder 90°, Elbow 90° 0.46 0.636

Table 22. Result of ANOVA of wrist postures for each postures

(Extensor carpi ulnaris)

Variable t-value | p—value
Neutral - Pronation 0.22 0.829
Shoulder 0°, Elbow 45° Pronation — Supination -1.44 0.155
Supination — Neutral -1.67 0.100
Neutral — Pronation 0.58 0.567
Shoulder 0°, Elbow 90° Pronation — Supination -1.48 0.146
Supination — Neutral -0.96 0.343
Neutral — Pronation 0.37 0.712
Shoulder 90°, Elbow 45° Pronation — Supination -0.90 0.372
Supination — Neutral -0.53 0.597
Neutral — Pronation 0.75 0.453
Shoulder 90°, Elbow 90° Pronation — Supination -0.89 0.377
Supination — Neutral -0.13 0.898
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Fig. 30. Extensor carpi radialis EMG values of each posture

Table 23. Result of ANONA for EMG of each posture

(Extensor carpi radialis)

Variable f-value (t-value) p-value
Wrist postures 3.64 0.027
Elbow postures (-0.85) 0.395

Shoulder postures (1.00) 0.317
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Fig. 31. Extensor carpi radialis EMG values of elbow postures for each

posture



Table 24. Result of ANOVA of wrist postures for each posture

(Extensor carpi radialis)

Variable f-value p—value
Shoulder 0°, Elbow 45° 2.86 0.063
Shoulder 0°, Elbow 90° 0.19 0.828
Shoulder 90°, Elbow 45° 0.23 0.794
Shoulder 90°, Elbow 90° 1.74 0.182

Table 25. Result of ANOVA of wrist postures for each posture

(Extensor carpi radialis)

Variable t-value p-value
Neutral - Pronation 0.9 0.347
Shoulder 0°, y ..
Pronation — Supination .37 0.024
Elbow 45°
Supination - Neutral -1.42 0.162
L Neutral — Pronation 0.23 0.823
ORI Pronation - Supination ~0.62 0.536
Elbow 90°
Supination — Neutral -0.38 0.707
Neutral - Pronation 0.51 0.614
Shoulder 90°, . Y
Pronation - Supination -0.65 0.516
Elbow 45°
Supination — Neutral -0.14 0.889
Sl G Neutral - Pronation 0.76 0.449
ouider I Pronation - Supination ~179 0.079
Elbow 90°
Supination — Neutral -1.11 0.270
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Fig. 32. Flexor carpi radialis EMG values of each posture

Table 26. Result of ANONA for EMG of each posture (Flexor carpi radialis)

Variable f-value (t-value) p-value
Wrist postures 0.97 0.380
Elbow postures (-1.3D) 0.192

Shoulder postures (0.34) 0.736
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Fig. 33. Flexor carpi ulnaris EMG values of each postures

Table 27. Result of ANONA for EMG of each posture(Flexor carpi ulnaris)

Variable f-value (t-value) p-value
Wrist postures 0.08 0.922
Elbow postures (1.49) 0.137

Shoulder postures (0.69) 0.489
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