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Effects of Touchpad &Buttons Positions in a Laptop Computer on
EMG Amplitude and Median Frequency of Muscles Relating to
Wrist and Shoulder
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=3 o7fe] ool FAlYl UERal, BCRS 79 odvl, 12]il BR &5} o7 o] ME LERLEA|
7] wholc

N
O

Abstract The objective of this study is to investigate the association between touchpad &buttons locations in a
laptop computer and EMG amplitude and median frequency in muscles related with wrist and shoulder. Based
on previous studies it was shown how abductions in wrist and shoulder could cause musculoskeletal disorders in
those body parts, on which research hypotheses were established. Touchpad &buttons positions consisted of
bottom center(BC), bottom center with 45 ° rotation counterclockwise(BCR), and bottom right(BR). 10 subjects
performed the task that required only touchpad &buttons usage with their preferred hand and EMG amplitude
and median frequency data were recorded during Smin and analyzed afterwards. Upper trapezius and flexor carpi
ulnaris were selected as target muscles. The results showed that in flexor carpi ulnaris BC resulted in greater
amplitude and less median frequency than BCR and BR, but there was no significant difference between BCR
and BR. In upper trapezius BC and BCR induced higher amplitude and lower median frequency than BR, but
the significant difference between BC and BCR was not observed. Those phenomena occurred since BC gave
rise to both wrist and shoulder abduction, BCR caused only shoulder one, and BR did not lead to abductions in
both wrist and shoulder.
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[Table 1] Conditions and abduction occurrence
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[Fig. 1] Task display
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3.1 2202 FIZ

Table 204 Aol T Zfoltz HEaolq o
AJBHE EMG HZ ol 018k kg u1x]%) QtIep =
0.732), BAHE AL o5z 0.10]4 folFt A
& mlHeHp = 0.066+%). Egk AT A= $1x0) A
BAGE Fausol §OI5t Qe A ektehp =

0.559).

[Table 2] ANOVA result based on normalized EMG
amplitude at flexor carpi ulnaris

Sources DF SS MS F p
Gender 1 0001 0001 012 0732
Positions 2 0050 0250 305 0.066"
Interaction 2 0010 0.005 060  0.559

*:p <005 **f:p <0l

Fig. 25 BXTE 9170 w2 Aok EMG 1%
HaFere Lrehich 44 144 B3] 2 o BCE BCR
3} BRyT} ] 2 A28 Uehl|3 9lon], BCRT} BRe)
ZFol= G-2]514] HFTHBC vs. BCR; p = 0.048*, BC vs.
BR; p = 0.013*, BCR vs. BR; p = 0.402).

1.300

1.200

1.100

[ e

1.000 +

1.000
0.900 1

0.902 0.933
0.800 1
0700 + -
BC BCR

[Fig. 2] Mean normalized EMG amplitude at flexor carpi
ulnaris according to conditions

weh HE5TBIE 71E0R £Ro] F|gojxE
BCO| 797} 18%) gk BCRw} BRe] uls] Foi%] 4]

7k Bok ¥aE o 2 werka B 4 qot,

3.2 220Me Y Fotg

Table 30f|4] Aol w2 Apol= fofobA &2
=9 EMG % Fubpoll g2 vlAA FAHp =
0.395), BIATE Y= 79 4<F 0.0594] o3 g
= HTe = 0.019%). JE0 HAE Y]] Foz)
2 T $% Fukeol Y vIAA GUTHp =
0.342).

[Table 3] ANOVA result based on normalized EMG
median frequency at flexor carpi ulnaris

Sources DF SS MS F P
Gender 1 0.003 0.003 0.75 0.395
Positions 2 0.033 0.017 4.73 0.019
Interaction 2 0.008 0.004 1.12 0.342

*ip <005 *frp <01

Fig. 3= HATE Yo w2 A3t EMG $%
Fubeo] Wghe Ueich A cageld BCk:
BCR} BRET} ¢ A2 S FatpE Uehfal glom,
BCRY} BRO| 2fo|= §-2]514] AAUTHBC vs. BCR; p =
0.004*, BC vs. BR; p = 0.025*, BCR vs. BR; p = 0.814).

1300 7
*

1.200 ¢

Ed
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| 1.000

0.900

| o800 <
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[Fig. 3] Mean normalized EMG median frequency at
flexor carpi ulnalis according to conditions
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Table 40l 4] 48] W zfoli= Gojalr] 9% %
0] EMG A1Zo] ke n]x)7] Q|ukp = 0.898), €]
A= 9= o)z 005014 folt JaL AT
AATHp = 0.006%). 4H7} EATE 9170 A5HgL
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ok oA Bl RS w7 ek -

0.606).

[Table 4] ANOVA result based on normalized EMG
amplitude at upper trapezius

BCR; p = 0.644, BC vs. BR; p = 0.013*, BCR vs. BR;
p = 0.081%%).

[Table 5] ANOVA result based on normalized EMG
median frequency at upper trapezius

Sources DF SS MS F P Sources DF SS MS F p

Gender 1 0.000  0.000  0.02 0.898 Gender 1 0.003 0.003 027 0.608

Positions 2 0.057 0.028 6.42 0.006" Positions 2 0.100 0.050 411  0.029
Interaction 2 0.005 0.002 0.51 0.606 Interaction 2 0.003 0.001 0.12  0.889

*rp <005 *t:rp <01

Fig. 4= HAH= 9X|of o AJf3He EMG JZ9]
Batgks yehdoh A 3704 BRE BC2F BCRE
o o 2o AES dehila 9los, Begt Bere) ol
= FY5HA] LJUTHBC vs. BCR; p = 0.318, BC vs. BR;
p = 0.015%, BCR vs. BR; p = 0.072%%*).

olgfgh At oY &He o A fdsts BCY
BCRS| 497} BRYT ofnslel 8o v ¥otE
F3 Sleke AL Sjulgi.

1.300 7

1200 | =

1100 +

‘ Ll
1.000 000
. 0387
0500 +
0.902
0.800 1
BC BCR BR

0.700

[Fig. 4] Mean normalized EMG amplitude at upper trapezius
based on conditions

3.4 Oi7hOIM FY Fap

Table Sofl4 o] W2 Hol= folshA| 91% 41
SO EMG 39 Fubeo] oEE wAA) QAT -
0.608), EIXTNE $Ix1 3= oI 005014 FoIet
2 v)ATHp = 0.029%). E AEa HHHE 91x9] 4
BAGL G F&upel GFS 1A Rk
= 0.889).

Fig St B 1% w2 Atekel EMG £
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FO5E 0104 O3 olS LpEhHTHBC vs.

*rp <005 *frp <01

1.300
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.. |
1.200 -

1100 -

1.000
1000 1018
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[Fig. 5] Mean normalized EMG median frequency at
upper trapezius based on conditions
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A2l A% Hke 74R|aL 7]
& AT diete] WhAlo] HIRE AR Ao ATE
(preference)L} 2H] =3 %= (e.g., task time, error rate, etc.)
5 Fausz mgele] MnY 4+ Y ABAAY)

Qs
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