7 FLfx

RiFELRE ¢

HFEL¢E S EEL

- S

)J’%f‘ﬁn?ﬁ,
ECE |
HoFHE =
ol SR
XA 4F A
R R
IF £ x;,-rf;
LR

DO s A

: NSC 97-2410-H-028-003-
D97 E 082 0l p 2 98 & 072 31F
PR AT R RER R PR

DR T
D EFT G

AL fr,{ﬁf‘ax iz LR L RE
AL fr,{ﬂﬂ‘l_;\gw’m/\ﬁ 3E 2 iE
Eﬁ‘l fr,gr.rﬂ 4_,;1\ ER:E 5 -:g\i;g*?g‘

N BTGRP A

B 98097 14 p



i - Nigi ﬁ gﬁfd-gég 2‘:‘: ﬁ

=
G
(‘v"l
T
¥
é
=
3}
4.).
s
e
,ﬁn
m
ﬂ'\\
7
el
@
=
|
Ag_.

S TUE EEES SRR P

7+ E %5 NSC97—2410—H—028—003—
HEEHPF L 97T# 8% 1px 98#& T 3lP
PEAFL DKRET

L aiFEL I FFE

PEREAR D REEL

o -~

P

\%;:l;/g’_

SRS LS SICEA R ES S EES SR [13 - EaN

A
2
B
ui

AR S FENT AL

(AR £ 8B 4 o B3R 2 -

IR REERERTRLEEIFL2LHT - B

SEFR R TR T R

e

;
A

)

CIRAF ATV R CRAAFHE AARTFLVE A
HrE 2 T;l”%ﬂj-%’ BT oE R
(2 B d e FEMAE |- #[ - e7 2R 43
HREFE-  H2E88T A 8(4Y)
PoE s R 98 & 9 g 14 p



F2

AP HALRFFF RO RIS SRR &ﬁkf’“”k’ﬁ EFEErEiy

DB ORI BT SR R pEE R 4 B e gl o .*\/Eﬂ"‘—fé%;%“”) 34 i
EEL MR o R Hra 2 R AOKE R X R SR 4R

FRRLZBEL BB rize omaed Fledgide ’1‘,,;4— S R E
-8 PP E R C fd (T e P4 VR 2 pEE cnid * o 4 R|RE AR L g ampbaﬁgpx
R 56%&*% Ao HA Fae Rk s P e G F (E R 4 B sl o
BB > bl B R > 8 o (5.65%BW) I % 2 (4.56%BW) A 4 fi ki G F (TR
4o B BRI B TP % e (4.96%BW)E ¢ ke (4.92%BW) 1t s ke (6.44%BW) & 4 m
ek g FOIEF s g f8 e (135.019%BW/sec)rt ¢ 7 2 (87.69%BW/seC) F fi x e f g & o
PUR MBI o feded PR o P pF > B¢ 2 (29.690MVC)4p vt o s e (19, S%MVC)

%45 0 (21.3%MVC) ¢ A 4 fio] ek - VAR EL > F b > A PR B e
7 &1(41.4%I\/IVC)#B W e s PR ST R By (47.4%MV C)F 0 AR ST ik e
B it £ B RE S R F(p<0.0B) o Bl 0 d PR BEHER O G A REAR
FERETF A F‘?mtﬁvJ §z\ﬁl BT A5 B M s E BT BN o ¥ SO 2Rk b
B NG EFLOERTEE TS - PR SR TR LR EESFE D
T oy 2 %

R4t ¢ P RIGED K5 S VUpLREF LT Bl P4 B 4 54 B



Abstract

The purpose of this study was to anayze the biomechanics in the subjects with different foot
type and to investigate the effect of kinesio tape on kinetics and el ectromyography (EMG) during
vertical jJump and drop landing. Thirty-four females participated in data collection of radiology.
The testing conditions included non-weight bearing, single-limb stance and double-limb stance.
Based on the X-ray findings, twenty-seven subjects were divided into three groups and were asked
to perform vertical jump and drop landing. Kinesio tape on tibialis anterior, gastrocnemius and
intrinsic plantar muscles were used. Force plates and EMG system were used to measure the
ground reaction forces and muscle activities during vertical jump and drop landing. Supinated
group (5.65%BW) showed significantly greater peak vertical ground reaction force in landing
phase than neutral group (4.56%BW) during vertical jump, indicating the vertical ground reaction
force was increased with greater deformation of media longitudinal arch in landing phase of
vertical jump. During drop landing, pronated group (4.96%BW) and neutral group (4.92%BW)
showed significantly lesser vertical ground reaction forces than supinated group (6.44%BW).
Supinated group (135.01%BW!/sec) showed significantly greater load rate than neutral group
(87.69%BW/sec). Also, during vertical jump, there was a significant difference in EMG activity of
biceps femoris in early-preparatory phase between different arch groups. Supinated group
(19.3%MVC) and pronated group (21.3%MVC) showed lesser EMG activity in biceps femoris
than neutral group (29.6%MV C). Bare foot (58.3%0MV C) showed lesser EMG activity in medial
gastrocnemius than tape on tibialis anterior (62.6%MV C). Bare foot (41.4%MV C) showed lesser
EMG activity in tibialis anterior than tape on intrinsic plantar muscles (47.4%MV C). Differences
in lower extremity kinetics in individuals with different foot types may have implications for new
treatment strategies or preventative measures.

Keywords: medial longitudinal arch, kinesio tape, electromyography, kinetics, biomechanics



Biomechanical Analysis of Kinesio Tapein the Individualswith Different
Medial Longitudinal Arch Typesduring Vertical Jump and Drop Landing

I ntroduction

The foot is the first interaction part of the body with the ground and its structure will partly
determine how much force is absorbed by the bones in the foot and how much force is transferred
to proxima bones during ground contact (Cubukcu et al., 2005). Medial longitudina arch is the
largest and clinically the most important of the foot arches. The shape of the bone, the strong
ligaments, especially those on the plantar surface of the foot, and the tone of the muscles al play
an important role in supporting the arches.

Three foot types have been described according to structure of medial longitudina arch:
normally aligned or normal foot, low arched, pronated foot or pes planus and high arched foot or
pes cavus (Cubukcu et al., 2005). The high arched or supinated foot is more rigid and less able to
absorb shock, resulting in higher pressure underneath the heel and more force passing to the tibia
and femur. The low arched foot with a greater contact area is more flexible, alowing stress to be
absorbed by the musculoskeletal structures of the foot and associated with higher midfoot plantar
pressure during walking (Morag and Cavanagh, 1999). High arched individuals are reported to
have an increased number of tibial and femoral stress fractures while low arched subjects
demonstrate a greater number of metatarsal injuries. Prolonged pronation or hyperpronation of a
low arched foot can aso induce a great amount of torsion on the tibia and may exacerbate muscle
fatigue as the muscles have to work harder to control the excessive motion, especially at toe-off.
Williams et a. (2001) also demonstrated that high-arched runner reported a greater incidence of
ankle injuries, bony injuries and lateral injuries. Low-arched runners exhibited more knee injuries,
soft tissue injuries and medial injuries. High and low arch structure is definitely associated with
different injury patterns.

Various methods have been used to define and categorize arch structure. Visual observation
has been proved to be unreliable (Cowan et a., 1994). Foot print measures give more opportunity
to evaluate the arch dynamically but they may not characterize the bony architecture well
(Williams et a., 2001). Williams and McClay (2000) reported that most reliable and valid
measurements of bony structure of the arch may be the arch index, obtained by dividing dorsum
height by truncated foot length. However, this technique for measurement of medial longitudinal
arch is only limited in static condition (standing). In addition, many factors play a role in the
development of injuries in the lower extremity. Foot structure is commonly associated with lower
extremity problem. It is believed that one of the major functions in media longitudinal arch is
shock absorption, especially in high impact activity. Existence of foot arch could reduce the
impulse generated from the ground reaction force.

Foot orthoses modify the way ground forces are transmitted to the foot and its internd
structures. This is accomplished by producing surface contours on the orthosis or tape to interact
with the foot (Kogler et al., 1999). During load transmission, the foot adapts to these
conformations to produce or resist motion for the desired orthotic effect. To control the foot’s
longitudinal arches, the arch support mechanism through foot taping attempts to restrain the
motions associated with arch depression. Severa studies have been conducted for the effect of the
media wedge (Kogler et al., 1999). White non-€elastic tape and kinesio tape have been widely used
for athletic trainer to re-build the media longitudinal arch and to relieve the tension of plantar



fascia. It is so called anti-pronation tape since this taping technique can resist the tendency of foot
pronation and increase the medial longitudina arch height. From a clinical perspective, it is
important to know how efficient the tapes are in supporting the foot’s longitudinal arches for the
athletes. However, little research have been documented the effect of these two anti-pronation
taping techniques on arch support. Therefore, the purposes of this study were (1) to anayze the
biomechanics in the subjects with different medial longitudinal arch type and (2) to investigate the
effect of kinesio tape on medial longitudinal arch during jumping and landing.

Methods

Radiographic M easurements

Thirty-four females participated in the first section of data collection. Their average age
was 20.3£1.7 years. Their average weight was 54.0+6.3 kg. Their average height was 160.3£5.3
cm. X-ray photos on foot were taken in three conditions for each subject. The testing conditions
included non-weight bearing (supine lying), single-limb stance and double-limb stance. The
dominant leg, which was used to kick the ball, was tested in this study. Navicular height, arch
angle and arch index were measured and computed (Fig 1). Arch angle was defined as the angle
between the line calcaneal inclination and the 1% metatarsal bone. Arch index was defined as the
ratio of dorum height to the truncated foot length (Fig 2).

Motion Analysis of Vertical Jump and Drop Landing

Based on the radiographic measures, participants were divided into three groups, pronated,
neutral and supinated groups. Difference between complete weight bearing and complete
non-weight bearing were computed and ranked. Pronated group was defined as the difference
lesser than the first quartile. Supinated group was defined as the difference greater than the third
guartile. Differences greater than first quartile and less than third quartile were belonged to the
neutral group. Twenty-seven subjects participated in the second section of data collection. Each
subject was asked to perform vertical jump and drop landing from 30 cm height. Before data
collection, 10-min warm up and several practices were performed for each subject to familiarize
with the movements and equipments. In addition to bare foot, three kinesio tapes, with which the
medial longitudina arch could be elevated, were tested in this study. Kinesio tape on
gastrocnemius was used to reduce the tension of gastrocnemius (Fig 3A). The tensions of tibialis
anterior and intrinsic plantar muscles were increased with kinesio tape (Figs 3B & 3C). Three
repetitions were tested for each condition. There were totally 24 trials (2 movements x 4 tapes x 3
repetitions) for each subject. There was at least 1-minute rest between trials.

Two Kister force plates and MA 300 EMG system were used to measure the ground
reaction forces and muscle activities during vertical jump and drop landing. Bilateral vastus
femoris, biceps femoris, tibialis anterior, peroneal longus, medial gastrocnemius were measured.
The root mean square (RMS) values were calculated for each muscle. EMG data were normalized
by the maximum voluntary contraction. Peak ground vertical reaction force, load rate, and
impulses in 50 ms, 70 ms and 100 ms were calculated. Load rate was defined as the ratio of peak
vertical reaction force to the time from landing to the moment at which the peak force generated.
Impulse was computed with Simpson method. Based on the ground reaction force pattern, vertical
jump was divided into seven phases (Fig 4) and drop landing was divided into three phases (Fig 5).
Two-way ANOVA with repeated measures (4 tapes x 3 groups) was used for statistical analysis



(SPSS, V13.0). Pvauesless than 0.05 was considered as statistical significance.

Results
Radiographic M easurements
The radiographic measures were shown in Table 1. The difference of medial longitudinal
arch from non-weight bearing to single-limb stance was computed. Based on the navicular drop
from complete non-weight bearing to complete weight bearing, pronated, neutral and supinated
groups were defined (Table 2).

Kineticsduring Vertical Jump

Kinetic data were computed in preparatory (pre-jump) phase and landing phase during
vertical jump. The peak vertical reaction forces, load rates, flying times, impulses in 50, 70 and
100 ms during preparatory phase and landing phase were shown in Tables 3 and 4, respectively.
There were no significant difference between different groups and different tape conditions in
preparatory phase. However, supinated group (5.65%BW) showed significantly greater peak
vertical ground reaction force in landing phase than neutral group (4.56%BW) (p=0.031),
indicating the vertical ground reaction force was increased with more deformation of medial
longitudinal arch in landing phase of vertical jump, but not in preparatory phase.

Kineticsduring Drop Landing

The peak vertical reaction forces, load rates, impulses in 50, 70 and 100 ms during drop
landing were shown in Tables 5. Significance in group factor was found in peak ground reaction
force (p=0.043). In pairwise comparisons, peak vertical ground reaction forces in pronated group
(4.96%BW) and neutral group (4.92%BW) showed significantly lesser than supinated group
(6.44%BW). Load rate in supinated group (135.01%BW/sec) showed significantly greater than
neutral group (87.69%BW/sec).

Significance in tape factor was found in peak ground reaction force, load rate, impulses
(p<0.05). In pairwise comparisons, tape on plantar muscles (5.140%BW) showed significantly
lesser peak vertical reaction force than tape on tibiais anterior (5.631%BW). Bare foot showed
significantly greater load rate than tape conditions.

EMG activitiesduring Vertical Jump
Early-preparatory phase

There was a significant difference in EMG activity of biceps femoris in early-preparatory
phase between different arch groups (p<0.05). Supinated group (3.2%MVC) and pronated group
(5.0%MVC) showed lesser EMG activity in biceps femoris than neutral group (14.1%MVC).
There was a significant difference in EMG activity of biceps femoris between different tape
conditions in early-preparatory phase (p<0.05). Bare foot (6.4%MVC) showed lesser EMG
activity in biceps femoris than tape on tibialis anterior (7.7%MV C). No significance was found in
other muscles.
Mid-preparatory Phase

There was a significant difference in EMG activity of biceps femoris between different
arch groups in early-preparatory phase (p<0.05). Supinated group (19.3%MVC) and pronated
group (21.3%MVC) showed lesser EMG activity in biceps femoris than neutral group




(29.6%MVC).

There were significant differences in EMG activities of medial gastrocnemius and tibialis
anterior between different tape conditions in mid-preparatory phase (p<0.05). Bare foot
(58.3%0MVC) showed lesser EMG activity in medial gastrocnemius than tape on tibialis anterior
(62.6%MV C). Bare foot (41.4%MV C) showed lesser EMG activity in tibialis anterior than tape on
plantar muscles (47.4%MV C). No significance was found in other muscles.

Late-preparatory Phase

No significance was found in all muscles.
Flying Phase

There were significant differences in EMG activities of tibialis anterior between different
tape conditions in flyingy phase (p<0.05). Bare foot (16.7%MV C) showed lesser EMG activity in
tibialis anterior than tape on tibialis anterior (18.4%MVC). No significance was found in other
muscles.

Early-landing phase

There was a significant difference in EMG activity of biceps femoris between different
arch groups in early-landing phase (p<0.05). Supinated group (19.5%MVC) showed lesser EMG
activity in biceps femoris than neutral group (35.9%MVC). No significance was found in other
muscles.

Mid-landing Phase

No significance was found in all muscles.
Late-landing Phase

No significance was found in all muscles.

EMG activitiesduring Drop Landing
Early-landing phase

There was a significant difference in EMG activity of biceps femoris between different
arch groups in early-landing phase (p<0.05). Supinated group (15.8%MVC) showed lesser EMG
activity in biceps femoris than neutral group (28.5%MVC). No significance was found in other
muscles.
Mid-landing Phase

There was a significant difference in EMG activity of vastus lateralis between difference
tape conditions in mid-landing phase (p<0.05). Tape on plantar muscles (88.0%MVC) showed
significantly lesser EMG activity in vastus lateralis than tape on tibialis anterior (94.4%MVC). No
significance was found in other muscles.
Late-landing Phase

There was a significant difference in EMG activity of vastus lateralis between difference
tape conditions in late-landing phase (p<0.05). Bare foot (31.5%MV C) showed significantly lesser
EMG activity in vastus laterais than tape on gastrocnemius (38.3%MVC). Tibidis anterior tape
(31.0%MVC) showed significantly lesser EMG activity in vastus laterais than tape on
gastrocnemius (38.3%MV C). No significance was found in other muscles.

Discussion
This study demonstrated the kinetics and EMG in the subjects with different medial
longitudinal arch types during vertical jump and drop landing. The effects of kinesio on plantar



muscles, tibialis anterior and gastrocnemius were investigated in this study. Based on the change in
navicular height from non-weight bearing to single-limb stance, the subjects were divided into
three groups. Pronated group was defined as the difference of navicular height less than first
quartile while supinated group was defined as the difference of navicular height greater than third
quartile. The ability to transform the arch during weight bearing would be evaluatd and the
biomechanical characteristics of media longitudina arch during high impact movement would be
more understood. How the foot arch influenced the dynamic movement or athletic performance
would be identified and this information would be helpful to select the potential athletes if foot
type would be associated with athletic performance.

Sdtzman et a. (1995) documented that the navicular height was 3.71 cm while the
measure in our study was 3.23 cm during double stance. The variables were quiet similar in both
studies. Howard and Briggs (2006) reported the arch-height-index measurement system, a method
of foot classification. Williams et a. (2000) reported the reliability and validity of the
measurements used to characterize the medial longitudinal arch. The most reliable and valid
measurements of clinically assessing arch height were the arch index, dividing the dorsum height
at 50% of foot length by truncated foot length. Based on the data on 102 feet in William’s studly,
the average arch index and the average navicular heights in 10% of weight bearing were 0.316+
0.027 and 3.97+0.56 cm, respectively. The average arch index and the average navicular height in
90% of weight bearing were 0.292+0.027 and 3.46+0.56 cm, respectively. In this study, the arch
index and navicular height were 0.352+0.024 and 3.9310.45 in non-weight bearing, respectively.
The arch index and navicular height were 0.263+0.019 and 3.23+0.49 in double stance,
respectively. If combining William’s study and our study, it seems very reasonable that the arch
index were sequentially ranked from non-weight bearing (0.352), 10% of weight bearing (0.316),
90% of weight bearing (0.292), full weight bearing (0.263).

Vicenzino et a. (2006) investigated that medial longitudinal arch posture and plantar
contact area following the application of augmented low-Dye tape during walking and running.
The arch increased significantly after the application of tape. Contact area was reduced in the
media and lateral rearfoot during jogging. In our study, kinesio tape on different muscles showed
different characteristics on ground reaction forces during drop landing. Kinesio tape on plantar
muscles showed the least vertical ground reaction force, load rate and impulsesin 50, 70 and 100
ms, indicating the tape on plantar muscles substantially reduced the load and possibly reduce
injury risk in lower extremity during drop landing. However, there was no significant difference
between different tapes during vertical jump. It could be possibly because vertical jump is a
volitional movement in which the jump height is decided by the muscle power used in lower
extremity, while the drop landing is a passive motion and the height is fixed (30 cm) in this study.
Thus, tape might have effect on drop landing, the passive controlled testing condition but not on
vertical jump, a self-controlled active movement.

Williams et al. (2001) reported that high-arched runners reported a greater incidence of
ankle injuries, bony injuries and lateral injuries. Low-arched runners exhibited more knee injuries,
soft tissue injuries and medial injuries. Williams et a. (2004) reported that high-arched runners
demonstrated decreased knee flexion excursion during stance and exhibited a significantly earlier
onset of the vastus lateralis than the lower-arched runners. In our study, supinated group showed
greater peak vertical ground reaction force during vertical jump and greater load rate during drop
landing than pronated group. It was implied that supinated people might have less biomechanical



benefit during high-impact exercise and prone to specific injuries. Differences in lower extremity
kinetics in individuals with different foot types may have implications for new treatment strategies
or preventative measures
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Table 1: Radiographic measures (meanSD) to indicate the medial longitudinal arch

Non-weight bearing Double-stance Single-stance

Navicular Height (cm) 3.934 + 0.457 3.232+0.492 3.094 +0.375
ArchAngle () 155.718 + 5.746 157.244 + 5.232 159.185 + 5.372

Arch Index 0.352 + 0.024 0.263 + 0.019 0.304 + 0.020

Table 2: Navicular Heightsfor different Groups

Non-weight Double-stance Single-stance (cm) Navicular drop  Navicular drop (%)
bearing (cm) (cm) (cm)
Pronated 3.884+0.475 3.347+0.203 3.367+0.358 0.517+0.089 12.707+533.852
(n=8)
Neutral
(n=11) 3.948+0.387 3.222+0.479 3.061+0.312 0.886+0.170 22.419+3.446
Supinated
(n=9) 4.118+0.405 3.274+0.155 2.998+0.283 1.121+0.050 26.935+4.515
Table 3: Kineticsin Preparatory Phase during Vertical Jump
Tape Condition
Bare Plantar Tibialis Gastrocnemius Total
Anterior
Pronated 2.12+0.11 2.13+0.11 2.09+0.12 2.13+0.15 2.11+0.12
Peak Fz Neutral 2.12+0.19 2.12+0.22 2.18+0.33 2.14+0.28 2.14+0.25
(%BW) Supinated 2.26+0.46 2.21+0.37 2.22+0.39 2.1610.21 2.21+0.35
Total 2.16+0.28 2.15+10.24 2.16+0.30 2.14+0.22 2.15+0.26
Pronated 23.7414.47 22.7514.35 23.1615.17 22.8014.59 23.11+4.44
Load Rate Neutral 21.4214.25 22.3012.51 22.3713.15 22.5013.18 22.15+3.24
(%BW/sec)  Supinated 21.2812.68 21.8012.17 22.71+2.70 21.42+2.02 21.80+2.36
Total 22.06+3.93 22.2912.99 22.7113.62 22271331 22.33+3.44
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Table 4: Kineticsin Landing Phase during Vertical Jump

Tape Condition
Bare Plantar Tibialis Gastrocnemius Total
Anterior
Pronated 5.48+1.32 4,91+1.25 5.68+1.54 4.9811.09 5.26+1.29
Peak Fz* Neutral 4.43+1.26 4.35+0.82 4.63+0.86 4.82+0.99 4.56+0.98
(%BW) Supinated 5.39+1.68 5.90+1.33 5.3411.22 5.9611.07 5.65+1.31
Total 5.02+1.44 4.98+1.26 5.15+1.24 5.21+1.12 5.09+1.26
Pronated 82.61+36.76 73.96151.16 88.42+44.04 71.93132.37 79.23+40.19
Load Rate Neutral 60.01124.40 53.85+15.32 59.01+13.97 65.43122.85 59.57+20.33
(%BW/sec)  Supinated ~ 73.00+33.59 82.05+28.05 73.32+30.06 84.28+25.31 78.16+28.42
Total 70.56132.40 68.16134.10 71.97£31.55 72.941+26.78 70.91+30.94
Pronated 0.074+0.023 0.069+0.023 0.069+0.014 0.069+0.019 0.071+0.020
I mpul se50 Neutral 0.061+0.012 0.058+0.010 0.060+0.013 0.063+0.011 0.060+0.011
(%BW-sec)  Supinated  0.064+0.017 0.069+0.017 0.067+0.170 0.070+0.018 0.067+0.016
Total 0.066+0.018 0.064+0.017 0.065+0.014 0.067+0.016 0.065+0.016
Pronated 0.140+0.034 0.122+0.032 0.133+0.031 0.131+0.030 0.132+0.031
I mpulse70 Neutral 0.112+0.025 0.108+0.019 0.111+0.024 0.120+0.023 0.113+0.022
(%BW-sec)  Supinated ~ 0.12310.037 0.132+0.034 0.127+0.035 0.136+0.036 0.130+0.034
Total 0.124+0.032 0.119+0.029 0.122+0.030 0.128+0.029 0.123+0.030
Pronated 0.237£0.028 0.218+0.033 0.232+0.033 0.225+0.033 0.228+0.031
Impulsel00  Neutral 0.205+0.031 0.205+0.030 0.208+0.031 0.217+0.022 0.209+0.028
(%BW-sec)  Supinated ~ 0.225+0.030 0.235+0.032 0.227+0.036 0.243+0.040 0.232+0.036
Total 0.042+ 0.022 0.218+0.033 0.221+0.033 0.227+0.032 0.221+0.033
Flying Pronated 0.400+0.036 0.396+0.033 0.402+0.038 0.392+0.029 0.398+0.033
Time Neutral 0.347+0.040 0.368+0.045 0.367+0.050 0.378+0.033 0.372+0-.041
(sec) Supinated ~ 0.386£0.027 0.391+0.031 0.392+0.027 0.392+0.036 0.390+0.029
Total 0.385+0.036 0.383+0.038 0.385+0.042 0.386+0.032 0.385+0.037

* Significance in group factor
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Table5: Kineticsduring Drop Landing

Tape Condition
Bare Plantar Tibialis Gastrocnemius Total
Anterior
Pronated 4.88+1.65 4.82+1.76 5.37+1.35 4.7611.28 4.95+1.47
Peak Fz* Neutral 5.07£1.22 4.61+1.22 5.14+1.62 4.85+1.38 4,92+1.34
(%BW) Supinated 6.61+1.56 5.99+1.30 6.38£1.33 6.7912.12 6.44+1.56
Total 5.47+1.59 5.08+1.49 5.58+1.50 5.40£1.80 5.38+1.59
Pronated 99.09+62.59 92.08+54.67 109.68£45.01 89.85+47.26 97.67+50.82
Load Rate#  Neutral 91.06£29.09 77.32+27.71 94.65+35.21 87.75+30.95 87.69+30.48
(%BW/sec)  Supinated 148.09+72.91 117.71+35.91  136.44+59.88 137.81£71.20 135.01+59.75
Total 110.34458.70 93.66+41.70 111.49+47.96 103.20£53.47 104.67+50.64
Pronated 0.095+0.033 0.092+0.032 0.095+0.031 0.087+0.032 0.093+0.031
I mpul se50 Neutral 0.093+0.020 0.085+0.019 0.091+0.019 0.090+0.016 0.090+0.018
(%BW-sec)  Supinated 0.115+0.026 0.103+0.027 0.106+0.024 0.113+0.047 0.110+0.031
Total 0.100+0.027 0.092+0.026 0.097+0.024 0.096£0.033 0.096+0.027
Pronated 0.158+0.043 0.151+0.039 0.159+0.025 0.152+0.039 0.155+0.036
I mpulse70 Neutral 0.163+0.030 0.149+0.031 0.161+0.030 0.157+0.029 0.158+0.030
(%BW-sec)  Supinated 0.186+0.031 0.176+0.030 0.178+0.025 0.182+0.053 0.181+0.035
Total 0.168+0.035 0.158+0.034 0.166+0.027 0.163+0.041 0.164+0.034
Pronated 0.239+0.044 0.232+0.039 0.237+0.022 0.234+0.041 0.236+0.036
Impulsel00  Neutral 0.244+0.030 0.234+0.032 0.242+0.033 0.23810.033 0.240+0.031
(%BW-sec)  Supinated 0.267+0.034 0.260+0.030 0.262+0.024 0.263+0.044 0.263+0.032
Total 0.249+0.036 0.241+0.035 0.24610.029 0.244+0.039 0.245+0.035

* Significance in group factor; # Significance in tape factor
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Figure 1: H=navicular height; CA-MT1=arch angle:

NAVIFL

Figure 2: Arch index =DORS/TFL; DORS=dorsum height at 50% of foot length; TFL=truncated
foot length.

(A)
Figure 3: Kinesio tapes for gastrocnemius (A), intrinsic plantar muscles (B) and tibialis anterior

©).
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Vertical Ground Reaction during Vertical Jump
7 T T T T T T T T T

Early-Preparatory Late-Preparatory Early-landing Late-landing
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J Mid-Preparatory l Fhing Mic-landing

sl |

| '

- | | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1300

2000
ms
Figure 4. Seven phases during vertical jump
Vertical Ground Reaction during Drop Landing
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5l Early-landing Mid-landing Late-landing |
4+ i
1 | | |
3F N | I :
| | |
= | | |
o | |
89 | | | |
2_ | | | | 1
)| | |
N | |
s | | .
L | |
0 | | | -
| | | !
o 500 1000 1500

ms

Figure 5: Three phases during drop landing
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£.00am - 8_30am

£.30am - 9.00am

Conference Registration

Central Lecture Block

Opening Address

Centra’ Lecture Theatre C1

Dr Rod Carr

Vice Chancellor, University of Canferbury

5.00am - 10_30am

Oral Presentation Session 1

Commerce 009 Commerce 011 Commerce 012 Commerce 013
Cardiovascular Mechanics Muscule-Skeletal Biomechanics ~ Bone and Ligament Orthopaedic & Rehabilitation
Biomechanics
B.00Em - &.15am Shimpei Kohri Jia-Jin Jason Chen Takako Osawa Behrooz Sepehn
Development of & miniatunized Biomeshanical and Bismechanisal evaluation of An Visco-elastic indices of
fiber-apfic LOV sensar for Electrophysiological Analysis of degensrated articular cartilage Rigidity in Parkinson's Dizeass
measurement of local and Repefitive Transcranial Magnefic baszed on viscoelastic anisofropic
instantaneous blood velocity in Etimulation Effect on Parkinsonian  inhomogeneows modal
pulsatile flow Rats considering fissue microsfructure
B.1Zam - 2.30am ¥atia Onerhefer Hirghito Kobayashi Ming-Shaung Ju
Comparison a-f'zan madeling A new fechnigue for evaiusting fhe  Control of Astive Ankie Mussle
axiz! properties of stretched Torgue by using
fendon |erg‘h.s dm' ing walking ligamentfendon Electromyography-based Mode!
for Robot-Azsisted Rehabiitation
of Siroke Pafients
B.30am - 2.45am Muneichi Shibata Sota Yamamoio Shuichi Wakayama Caroline Grant
Atrial Vortex Measurement by Effects of Torso Posiure on the AE Monitoring of Damage Creation of 2 validated 3D finite-
Aagnelic Resonance imaging Risk of Hip Fracture Accumulation during Fatique element model of an ovine tibia
Fracture of Corfical Bone
B.45am - 10.00am Allan Bruce Carmen Bijay Gin Shijiro Geerge Terashima
Expanded marker sefs in 30 GCharsctenzation of minersl Development of Mouthpizce Type
Motion Analysis crystallites deformafion undlsr Remofe Confroler for Disshifity
tensils loading Persons —3rd report—
10.00am - 10.15am ChangHo Yu Seonhong Hwang Masac Tanaka Jongsang Son
Study on 2 Catheter Movement iation and Termination in Computational study on effect of An aigorithm for estimating muscle
with Poly fvinyl alcohol] Hydrogel with Hemiplegia osfeccyle apoplosis and targefed  force from joint angles
for the Development of an In-Viiro remodeling in frabecular bone
Tracking System remodeling
10.15am - 10.30am Yongwoo i Ei ¥Yamamoto
Linear motion percephion and Effects of non-destructive
Lower imb somatosensation rioading on the micr 2
and mechanical properties of
rabbit patellar tendons

11



10.30am - 11.00am

Morning Tea
Central Lecture Block Foyer

11.00am - 12.00pm

Plenary Session 1
Central Lecture Theatre C1

Professor Tim Secomb

The meghanics of red beod cell
madion in microvessels

12.00pm - 2.00pm

Lunch and Poster Session
Central Lechure Block

2.00pm - 3.30pm

Oral Presentation Session 2
Commerce 009

Cardiopulmonary & Respiratory
Mechanics

Commerce 011

Dental Biomechanics

Commerce 012

Micro and Nano Biomechanics

Commerce 012

Computational Physiolegical
Modelling

2.00pm - 2.15pm Toshiiro Sera Hun Fark Kenkichi Chba Micolz Kleinstreuer
Airflow simulafion in the pulmonary  Comparison of Surfase Esfimation of the capability of A Mathemaiizal Model of Renal
Seinar model imaged by Rough Various shape recovery of each Awtoreguiztion in fhe Rat
synchrotran micro-GT Combinations of Orfhodonfic erythrocyfe by using & micro-
Archires Brackets Inferface by channel fechnigue
AFM
2.15pm - 2.30pm Gijs lipma Heisuke Mamada Gregory Sheard
Airway Smooth Muscle dynamics Measurement of Dynamic Alteration in wall shear slress

Vscoelasticities and Sensory
Evaluations of Poly {Vinyd Alzahol)
Hydrogel for Development of Cral
Mucosa Model

caused by non-axisymmeinc flow
in a fusiferm abdominal sortic
ansurysm

2.30pm - 2.45pm

Keyeung Jin Chun

The Mechanical Behaviors of the
Mandibular Firsf Premaolar

Ashvin Thambyah

A microsfructural analysis of load
disfribution in compressed
carfilage

Taiji Adach

Average Tumover Rate of Acfin

Filamenf Accelerated by Sevening:

Coarse-grained Modeling and
Simufation

2.45pm - 3.00pm

Caroline Grant

Grawity dependanf
veniilzfionjperfusion rafios in
healthy adults measured with
Electrizal Impedance Tomography

John Middleton

Innovations in Facial imaging,
Muscle Movement and Expression

Yoshdiro Ujihara

Effect of passive reonentation of
actin flaments on the whole call
stiffness in & tensile fest

Choengryul Choi

Diynamics of Blood Celis in 2
Simple Shear Flow

3.00pm - 3.15pm

‘Warwick Duncan
Micro-computerised fomography
fior the measurement of bone
mineral densiy around tit=nium
dents! implanis

Kazuaki Magayama

Effects of cyolic sirefch wavefom
and cell density on the cyclic
stretoh-induced sfress iber
reonientation in osteoblzsi-ike
cells

Jennifier Siggers

Flow in the vifrecus humour of the
eye induced by saccadic eysball
maticn

3.30pm - 400pm

Afterncon Tea
Central Lecture Block Foyer

4.00pm - 3.30pm

Oral Presentation Session 2
Commerce 009
Artificial Organs and Implants

Commerce 011
Cardigvascular Mechanics 2

Commerce 012

Muscule-Skeletal
Biomechanics 2

Commerce 013
Baone and Ligament 2

Commerce 101

Cardiopulmonary &
Respiratory Mechanics 2

4 00pm - 4.15pm Kazuo Takakuda Ashis Mockerjee Yu-Chih Lin Kozabura Hayashi Jacgui Jauncey-Cocke
ACL Reconstructfion Uising Chitin Detection of central arteral Human Recognifion Based on Effests of Resiressing after Sfress | Lung de-recruitment amd re-
Coated Fabrics in & Rabbit Mode! diseases using aoric impedance Foot Pressure Paifems during Gait  Shislding on Mechanics! recruitment following suction of
the endotracheal tube in
paediatrics
Central One-T
4.15pm - 4.30pm fukiya Yamada Fatrick Geoghegan Gongfa Chen Masac Tanaka Callum Spence
AE Monitoring of Microdamage Experimental investigafion of fiow  Influences of Blood Supply on Micrascopic evaluation Upper Ainvay Stereoscopic
during Compression Test of in compliznt tubes fo validate Bone Frasture Healing - Numerical  machanisal and maten: Parficle image Velocimetry
Ceramic Femoral Head numensal medels of aneurysms Investigations ies i - Measurements with High-Flow
Nasal Cannula
microspeciroscopy
4. 30pm - 4.45pm Mushtsk Al-Atabi Marcus Pandy Samuel Peter Veres Caroline Grant
Experimental Sfudy of the Flow Subject-specific Evaluation of Momphological Signatures of Ventilation inhomogeneiy during
fhrowgh a Twoe Dimensional Mitral Pateliofemoral Joint Biomechanics  Flexion Refated Dise Herniafion quisf breathing
Valve Model
4 45pm - 5.00pm ¥i-Hsuan Peng Hiyoshi Kumahata Sanjay Mishra Prasika Reddy
Effect of different velocity and Fluid-Structurs Interschion Investigation of the mechanical Viscoelastic and Surface
shoulder joint angle in achivation of i on in Heart driven by environment in normal and injured Tension Models of the Neonatal
shoulder muscle :ium Cell Behavior based equine supsrficial digital fexor Respiratory System

on Eulerizn Frame

fendons by FE Analysis

pm - 5.15pm

Kanchana Rathnayaka

Quantification of the Ascuracy of
MRI Generated 30 Models of

¥oji Fumaoto
Study on fiow and heat transfer
charastenstics of pharyngeal

Sung-Jae Hwang

Jdeinf movements and muscle
length during sit-fo-stand at

Long Bones cooling cuff for brain hypothermiz vanous sifting heights in the
freaiment Korean eldeny daily iz
5.15pm - 5.30pm Harvey Ho Yasuaki Ohtaki
A Haemodynamics Study for Kinematic Analysis of Pateflar
intracranial Ansurysm Rupiure Tendon Reflex Responses in

Healthy Subjects Litiizing Six-axis
Inertisl Sensor
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8.00am — B.30am

8.30am - 10.30am

Conferenca Raglatration
Central Lecture Block

Oral Presentation Session 4
Commerca 003

Additional Ss2sion

Commarca 011
Cardlowascular Mechanice 3

Commerca 012
Sportz and impact BElomechanics

Commercs 013

Callular and Molecular Machanics
Global COE Sesslon

Chalr: Kazuhlko Yanal

§.30am - §.45am

Jaw-Lin Wang

The Rieological Progerties of interverfelbral
Disc Change wim Creep Magnifuge and
Creep History

Wickle Shim

Knee contact forces during gal: Pant 2 -
Finits Element analysis of fpi-femoral
artc

Chen Hua Yeaw

ACL Injury prevention during ianding requires
Subsiantial inhibwion of anteriortical transianon
and 2xiE! NS/ MOtEton using erective bracing

Kokl Oya
Mechanical cyclc strefch stimulates
mainy mefataprofeingses produchion
from masrophages

g.45am - 9.00am

Bummo Ahn
Minimally Invasive Wolonized Indenfer for

Measyrement and Modeling of S0 Tissue
Bensviar

Futashl Marl
Influence of Transfarmation by Stent
Expansion an Bipod Flow in CIrna Amery

Weane Wneelar
Agilly Skl Execution in Rugey Union

Tsubasa Matsu

in witro measurement of
Eroperties of actin bundie. Lyfalyiie
fensie fester With Visus! fesaback

contr

9.00am - 9.15am

Ehunichl Kobayashl

influence of Cyoic Change of DIsE!
Resisiance on Puisafiie Fiow and
Deformation In Coronary Sfenesis Mode!

Vi-Jjung T5al

Effect of Gender on Lower EXWEMIT}'
Blomeshaniss during Shuftle Running

Shin Kumano

Signimicant NGresse of 3ctve restn
molecuies hy singie aming acid
repiscement

9.15am - 9.30am

Tong-Min Liou
Inira-aneurysmal Hemodynam
Curved Vessel instaled with Warstent

Yusuke Miyazakl
Defrmation messurement of  brain pan in
hezd physica model durng rofational impact

Tashihiro Cmaorl

EMect o membrane bending
SHTNESS ON the geformation of & red
biood cell

9.303m - 9.453m

Hal Lam
Mechanicsi Faclars i Non-imvasive Bloogd
Pressure easirements

Liu ¥in-¥in

The Acute Effect of Whole Body Vibratlon
Training it Foof Pressure Distribution in Sfatlc
Sitanding of the Sfoke Patient

Norakl Matsuil
Low volisge pulses can induce
SpOp0ss

9.43am - 10.00am

Lan-Yuwen Guo

Reflabity and Vaifolty of Ankle Proprioceptive
Measurements: Using a Novel Designed Two-
axls Device

Katsuko Chiba

N Gf 3 NEw f3rget ar ca
therapy by 3 proteamic sty

10.30am - 11.00am

Moming Tea
Ceniral Lecture Block Fayer

11.00am - 12.00pm

Planary Sazslon 2

Central Lecture Theatre C1

Professor Mark J. Pearcy

The Value of Modeling fo Blomechanics

12.00pm - 1.15pm

Lurnich
Central Lecture Block Foyer

1_13pm - 4.30pm

Tamakl Hertage Wilage Excursion

7.30pm - 11.00pm

Conference Gala Dinner, Holel Grand Chancellor

G.00am - 3.00am

F.00am - 10.30am

Conference Reglstration

Central Lecture Block

Oral Presantation Sesslon 5

Commerce 003

Computational Phyeloiogical Modslling 2

Commerce 011
Micro and Nano Blomechanics 2

Commerca 012
Cardiovascular Mechanics 4

Commerca 013

Imaging and Measurement intagration
Global COE Seaslon

Chalr: Tetsu Tanaka

3.308m - §.45am

Snelkh Rashed Buksh

Study of Flea Jumping Mechanism for
Exomimic Robor Design

Shinjl Matsushita

Siualion of extensiona!

Marle Cshima

Mumerizal simuisiion of bisod Mow and mass
transport in arheroscierolic snery

Kentars Imagawa

Formuiztion for Eigenvaius Analysis of
Ervor Dynamics of Messurement
integratsa SimuEton

3.45am - 9.00am

Xiaobing Chen

Numerical Simulation of Sepial Deviation
Effacts in Nasai Flow

lar Ca2+ communication
CLITUred enoo gl cells i response o
Caged compounds

Hirayukl Kosukegawa

Study aon the Develgpment of Bisod Vessal
Biomodeling with Reaistc Mechanica!
Frogemies By Using Paiy fwiny! siocohol)
Hydrogel

Kenishl Funamota

Effact of Alasing on Uitasonis-
Measurement-integrated Simwation of
Three-Dimensional Unstesdy Blood Flow

9.00am - 9.15am

Taked Malsumose
croscoph heterogenairy
mechanical emvironment of porcing
Moracic sona

MIcalas Suchmann

Three-dimensional n-Virs Measurements of
Carohd Artery Haemaodynamics

Takanita kikl

Numerical Simuwatisn af inpiratary and
Expiratary PuImonary Almow using
Patenr-specific Model

9.15am - 9.30am

Jullana Hee-Kyung Kim
The Effecis af Skelefal Muscle Flbre

Distributions on Acion Fatential Disributons

¥aong|in Kim

! analysis of AFM probing
it cytoskeieion

Hugh Blackburn

Translent growih in stenofic fow with 8
physioiogicay realshc wavefonm

Hiragh! Kanal

Prapsgation of Efectic Excifafion 3nd
Vibrsiions In the Human Hearm

9.30am - 9.45am

¥oshitaka Makanishl

Box Tralning System for Anfirosconic
Surgery

Hideyukl Haszgaws

High Frame Rate Ulrasonic imaging of
Arery-Wail Srain snd Blood Flow

9.45am - 10.00am

Kazuhlko Yanal

Molecuiar imaging and its Application 1o
Druyg Development

10.30am - 11.00am

Moming Tea
Central Lecture Block Faysr

11.00am - 12.00pm

Planary azzlon 3
Central Lecture Theatre C1

Profeszor Shigeo wWada

Spring metwork modeling for mulliscale mechanics from cells fo argans

12.00pm - 1.00pm

Lunch
Central Lecture Block Foyer
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1.00pm - Z.00pm

Plenary Sazalon 4
Central Lecture Theatrs G

Professor James Goh

Functional biomimetic sik-based scaffoid for fssue enginesring appiicatian

2.00pm - 3.30pm

Oral Presantation Saselon &
Commerce 003

Sporta and Impact Blomachanice 2

Commearce 011

orthopasdic & Rehabliitation
Elomechanics 2

Commercs 012

Medical Devicas from Nano to Macro
Scales

Global COE Sazalon

Chalr: Hiroghl Fukuda

Commercs 013

Bone and Ligament 3

2.00pm - 2.15pm

Bing-Shiang Yang

Galt Moduiation folowing Fiosr Surtace
change

Kell imada

DEevelgpment af simpde gonigmersr fo:
Joint u i universal joint

Matzunlko Nisnizawa

Eiecirochemistry-Gased Biohiemace
Engineering

Znongqing Su

ive Evaluation of Couging

st of Soft Tissues an Propagation af
SyMMmEtTc Lamp Wave Moge in
ortical BONes

T iEpm - Z.30pm

Ryanghes Sohn

A potshie gleciical gatt 253,
far the coime n of drog foot

Ve system

Fiyosnl Oda

The avaitory brainsiem responses by the
efaciical SHMLanan of COCMMESr DUCIEUS using
muiti-channel surface hipoiar efecirods

Jirz Sakamato
Siress Analysls of the Sping! Cord in
i spinal Decompression

2.30pm - 2.43pm ¥ing Yu Chen Yoan Hyuk Kim Tetsu Tanaka T E-WEN KU
The Effect of Ankie Taping in Landing Blomechanical Evaluation of Double Study of Elecirica! Stimulation for Fully The Rieological Fropemies of
Desccedsralion of Foot Bundtle PCL Avgmeniation Methog Impianfable Retingl Prosthesis intervertebral Disc Change with Creep
tsgnituge 3nd Creep HIStONY
Z35pm - 3.00pm YueLin Zhang Laura Folingsworln Shin'lchira Kanon

The simuistion of cershra! confusion based
on judicial awtepsy report

The effact of Triceps function on
wheaichalr propulsion for people with
fetraplegia

A Braln-Computer inferface (BCT Syslem
Using Selective Aientian to Audiory Sfreams

3.00pm - 3.15pm

Alan Leung

Transient Response of Sumagate Head
Subjected fo Local impacts: Computatonsi
Analysls

Yasuhlea Hirata

Human-adapdive Firting Wethod of Assisiive
Device for Si-io-Stand Mavement

3.15pm - 3.30pm

Pal-Chin Tsao

The Immeadiate effect of myofasclal release
on F-gimensianal scal inemancs in
patients with subacromial impingement
syndrome

Hisataka Manyama

Fabrication of Funciiona! Gel-Microiood for On-
Chip Loca! Environment

3.30pm - 4.00pm

Aftarnoon Tea
Central Lecture Elock Foyer

4.00pm - 5.30pm

Oral Presantation Saselon 7
Commerce 003
Blorheolagy & Microcirculation

Commerce 011

Cellular & TIsgus Enginasring &
Blomatariale

Commercs 012

Syetem Leval NanoBME
Global COE Sasalon
Chalr: Hiroghl Kanal

Commerce 013
Muzculo-Skelstal Blomechanics 3

2.00pm - 4.15pm

Yohsuke imal

A Wicrs Scale Blood Flow Model to Stugy
Pathoiogy ofMalaria

Hirgshi Kiyazak

Comparison of siraing n fMbnohlasts
embedded in cofagen matrlx with appied
matrix srain

Takaml ramaguenl

Compufafional Blomechanics of the Human
Cardiovascular System - an oveniew

Kumar Mithraratne

Knee Contact g 53
tkinematics and muscle force

on

optimiza

4 15pm - 4.30pm

Ken-ichi Tsuboia

Computer simulation study on biood cel
modicn near vasse! wai unoer vIScous Mow
With adhesion farce

Hirozhl Yamada

Finite element models with dense focal
SUNEsIoNS rEproduce e defarmation of
snendothesl cel under subsirate
strefching

Manabu Tashirs

Human functional iImaging of skeletal muscies
and brain during Sp0rts 3cHvity Using postran
BMISF0N omagraphy

David Saloner
Hemaodynamic Forces In e Progression
of Vascular Disegss

Z30pm - 4.25pm

Yasuhlko Sugll

Measurament of Warphsiogics! Respanses
of Endothellal Celis Culfured in Microchannel
by Filuid Shear Stress

Hiroshl Fukuda
Age-Relzted SIUCNIIE! Changs of the Human
Brain-Analysis of Brain Magnetis Resonance
Image of Healthy Japanese Subjects

Antnony Jehn Mediang

Mogeling the Mmovements
hand

Z.35pm - 5.00pm

Takuf Isnikawa

Motion of inokwdus) red biecd cels in a
concentrated suspension fowing through
migra-channels

Takeru Nalki

The roie of micralubuies in the confraction
of cardiamyocyies

Kal Wu

Anztomical networks in the human brain
revealed by reglonal gray mafier volume with
Japanese brain MRI oatabase

Allreza Hashem! Cekousl
Relatlanship between hand grio fome
3nd forearm surface EMG, 2 rellabiiry
study

5.00pm - 5.15pm

Toh Slew Lok

Using the Dighta! image Corriation
Technigue for Defermingtion of 5o Tissus
Sirains

Yasuyukl Takl

Comelation belween plabal gray and whire
matters volime and age In Japanese chigren

Peal-Lin Yang

Secongary motons of the NUmers snd
5CAPLIE KIEMENCE: arm elevaton et in
CatiSrE With ShOUKIEr AnferenpostEnor
ngnmess.

5 15pm - 5.30pm

Kazuo Takakuda

Acceleraled fuslon of surgical wound with
Iow reaciive-level laser therapy

Tamoyukl Yambe

Eect of Alternanive medicine an Autsnomic
function

Yasuhino Matseda

Develspment of Finger Eraliie
Recognition System
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Electromyographic Analysis of Throwing Different Types of
Baseball Pitches

Yi-Wen CHANG', Cheng-Hsin CHENG ~, Chi-Cheng WANG'", Hong-Wen WU
* Department of Exercise and Health Science, National Taiwan Sport University, Taichung, 404, Taiwan
E-mail: changyw@ntcpe.edu.tw
** Gradual School of Physical Education, National Taiwan Sport University, Taichung, 404, Taiwan
*** Department of Sports Medicine, China Medical University, Taichung, 404, Taiwan

Abstract

The purpose of this study was to investigate the difference of electromyography in arm
muscles among pitching different types of balls. Surface electromyography was performed
on five collegiate pitchers. Each subject threw the fastball, dider and change-up. Linear
envelope was computed for each muscle. Electromyographic activity of biceps brachii in
fastball was significantly greater than the activities in dider and change-up.
Electromyographic activity of anterior deltoid in dider was significantly lesser than the
activities in fastball and change-up. Electromyographic activity of latissimus dorsi in fastball
was significantly greater than the activity in dider. Different muscle activities were found in
arm in throwing different types of baseball pitches.

Key words. Electromyography, Baseball pitching, Slider, Fastball, Change-up

1. Introduction

Pitcher’s performance is one of the most important factors for winning in baseball competition. The purpose of this study was to
investigate the difference of electromyography (EMG) in arm muscles among pitching different types of balls.

2. Methods

Five collegiate pitchers were participated in this study. Surface electromyography (MA310) was used to measure the activity of
biceps brachii, triceps brachii, anterior deltoid, posterior deltoid and latissimus dorsi. The sampling rate was 1000 Hz. Each subject
threw the fastball, slider and change-up for five trials. Linear envelope was computed. EMG activity was normalized by maximum
EMG for each subject. One-way ANOVA with repeated measures was used for statistical analysis.

3. Results

EMG activity of biceps brachii in fastball (70%max) was significantly greater than the activities in dider (61%max) and change-up
(60%max) (p<.05). EMG activity of anterior deltoid in dider (52%max) was significantly lesser than the activities in fastball
(73%max) and change-up (63%max) (p<.05). EMG activity of latissimus dorsi in fastball (64%max) was significantly greater than
the activity in dlider (52%max) (p<.05). There was no significant difference in other measuring muscles among pitching different
types of balls.

4. Discussion

Compared with the slider and change-up, biceps brachii and lastissimus dorsi, with higher EMG activities, were dominant in
pitching fastball. Compared with the fastball and change-up, anterior deltoid had lesser EMG activity in pitching slider. Based on our
findings, the strategy of muscle contraction in arm might be different during pitching different types of balls.
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