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ABSTRACT

The purpose of this study was to determine whether there are significant differences in kinematic variables and muscle activities
of the thumb between two smartphone holding techniques. Twelve right handed university students(age 25.44+3.9 yrs, height
176.2+5.1 cm, weight 75.8+11.4 kg, hand length 19.2+1.1 cm) who have no musculoskeletal disorder were recruited as the sub-
jects and had experience in using a smartphone for more than one year. Maximum joint angle, angular velocity, muscular activities
were determined for each trial. For each dependent variable, paired 7-test was used to determine whether there were significant
differences between one hand (OH) and two hands ([TH], p<.05). The results of this study showed that there were no significant
differences between OH and TH in the maximum joint angle of the thumb. The angular velocity of each joint was not statistically
significant between OH and TH. The statistical analysis revealed that the main effect of the smartphone holding conditions was
significant in the peak normalized muscular activities of FDI and APL. Although smartphone holding technique doesn't affect on
mobility and movement of the thumb joint, it may affect on active degree of the thumb and the upper extremity in directly and
indirectly.
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Figure 1. Experimental setup

Figure 2. Placement of the reflective markers
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Brevis [APB])l 23} th(Gustafsson et al., 2010;
Jonsson et al., 2011; Figure 3). WS F29)x]9} %
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Figure 3. Placement of the electrode

T3 93 P A TS <Table 1>3 ZTHCram
& Kasman, 1997).

RE 52 Al 2ulEZ(Apple iPhone 4, Apple, USA,
1152 x58.6 x93 mm, 137 g} QE&07 w517 3}
2mlEZo] FFo] ZHAE7](solar plexus) Aol |5}
TE a9sielth

B o] yeAEe Ao Sorpy] A A 4 3}
oA 8] AW 2 AES AT AYYe] ¢=
5 odx= Fi717] Aol mE = 7 24
Zol|A] 24zt 3 FYIAE AAISIATHFigure 4). £
Are] FAHAE TR Al fXg AFH 2
Eo 3 Hz9 £52 FAEE A5 1087 Ful717100
= (tapping)dh= A2 At Ful7]7] I
o] AlE A SO0 AAElen, A%l YEd
g gHRte] D2 S WA et} 7F 271 Apolel of
1027ke] 7218 sl % 339 A8 T FAS
7P e s w4 138 MYste] 45t

rogram ver 3.10(Visol, Korea)s A}-& 3}
32H A S AAEeH, 7t miellA dojRl 23}
¥ FEFLS Direct Linear Transformation (Abdel-Aziz

~
Z
S
v
g

Muscle Electrode placement Maximum Isometric contraction
Palpate the middle of the forearm approximately three
Extensor Digitorum (ED) quarters of the distance between the elbow and the wrist Extension of the thumb

while the patient extend their fingers

The dorsal surface of the hand in the web space between

First dorsal interosseous (FDI) the index finger and the thumb Adduction of the thumb
Palpate the dorsal aspect of the forearm just above the

Abductor Pollicis Longus (APL) wrist on the thumb side while the patent abducts the Abduct and extend the thmub
thumb

Abductor Pollicis Brevis (APB)  The center of the largest mound of the thenar eminence Abduction of the thumb
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Figure 4. Smartphone task with two different conditions
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3k 2ol= YERA] 4SItH(Table 2). IPHES] &3S T
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Table 2. Maximum joint angle of the thumb (unit: deg)
Position OH TH
P Flex 69.0(18.0) 72.9(18.2)
Flex 45.4(9.6) 47.7(20.0)
Ext 4.3(1.8) 5.8(1.9)
MCP Abd 15.8(1.0) 15.5(1.3)
Add -14.2(8.4) -20.8(13.2)
Ir 17.8(9.0) 24.2(7.3)
Er -16.8(8.2) -24.8(7.0)
Flex -3.42.1) -2.5(2.0)
Ext -29.4(6.6) -30.4(8.0)
CMC Abd -10.3(3.6) -7.1(4.4)
Add -48.7(14.2) -51.3(16.5)
Ir 4.7(3.3) 3.4(3.0)
Er -42.1(19.8) -40.4(16.1)

Note. Flex: Flextion, Ext: Extension, Abd: Abduction, Add: Adduction, Ir:
Internal rotation, Er: External rotation



The Effect of Smartphone Holding Techniques on Kinematic Variables and Muscle Activities in the Thumb... 305

pd
<]

L

fizd

9|

I

ol
=T

HI

7} pAe) Zd AnjeE SR bl E7%
3 FolRhe YERIA eoiARl, BE BAelN THAS)
1

o] OHAS] TR thar =7 UERATHTable 3).

12

3 I_|__l_

2npEZ SRHpHe| wE PR oy x]‘; FDIZ A|

918 WA 2504 TH7} OHET} Tha & 28 o
59 Hyou, EAFoR o3t xloli= QIQUTHTable 4).
HAYHEZAEAE FDIS APLoIA F {7 EAZC
2 % zo)7F YEFsTtH(Table 5).

Table 3. Angular velocity of the thumb (unit: deg/sec)

Parameter Position OH TH
P Flex/Ext 58.4(16.3) 60.1(13.4)
Flex/Ext 36.509.7) 37.3(11.4)
Median MCP  Abd/Add  31.9(10.5) 35.7(4.9)
velocity Ir/Er 46.6(19.3) 49.6(11.9)
C/s) Flex/Ext ~ 27.3(10.5) 28.5(11.9)
CMC  Abd/Add 18.5(5.7) 19.5(5.7)
Ir/Er 38.1(14.6)  40.4(15.6)
P Flex/Ext  148.9(55.1) 158.6(38.3)
Flex/Ext 88.7(30.4)  96.2(29.5)
Maximum MCP  Abd/Add  88.8(30.7) 93.8(11.8)
velocity Ir/Er 117.8(49.4) 123.6(32.8)
C/s) Flex/Ext  63.8(29.4) 69.8(29.6)
CMC  Abd/Add  46.6(15.5) 53.5(16.1)
Ir/Err 92.6(37.36) 103.5(37.5)

Table 4. Average normalized EMG (unit: %MVIC)

ED FDI APB APL
OH 3.0(1.5) 44Q2.1)  8.0(3.8) 5.4(2.0)
TH 32(1.5)  39(1.8) 1135.7)  4.1Q2.7)

Table 5. Peak normalized EMG (unit: %MVIC)
ED FDI APB APL
OH 8.6(3.4) 17.3(9.5)* 483(22.7) 33.9(15.0)*
TH 9.9(3.7) 12.9(4.5)* 48.8(26.9) 21.6(10.8)*
Note. *significant difference between OH and TH
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