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摘要

本研究計畫主要探討不同的足部內側縱向足弓高度，對於跳躍運動與直接落地時生物
力學的影響，並分析使用肌內效貼布對於動力學與肌電訊號的效益。本研究共招募了 34 位
年輕女性受試者，拍攝在雙腳站立、單腳站立與未承重時的 X 光影像，經過計算分析舟狀
骨高度差異值後，將受試者分為三組，旋前組、中間組與旋後組，並請每一位受試者分別作
垂直跳與直接落地二種動作，同時加上肌內效貼布的使用，分別貼在腓腸肌、脛前肌與蹠內
在肌。實驗設備為二塊力板與肌電訊號收集系統，同步收集地面反作用力與肌肉收縮訊號。
結果顯示，在垂直跳躍時，旋後組(5.65%BW)比旋前組(4.56%BW)產生較大的地面反作用
力。在直接落地動作中，旋前組(4.96%BW)與中間組(4.92%BW)比旋後組(6.44%BW)產生較
小的地面反作用，旋後組(135.01%BW/sec)比中間組(87.69%BW/sec)有較大的負荷速率。在
肌電訊號部分，在垂直跳躍的準備期時，與中間組(29.6%MVC)相比，旋前組(19.3%MVC)
與旋後組(21.3%MVC)皆產生較小的股二頭肌的活動訊號，另外，在垂直跳躍的準備期，和
赤足(41.4%MVC)相比，肌內效貼布於蹠內在肌(47.4%MVC)時，脛前肌有較大的肌肉活動
性，這些差異都具有統計上的顯著性(p<0.05)。因此，由研究結果發現，不同足弓變異程度
確實會有不同的動力學表現，顯示足弓高低的變化，會改變對下肢的衝擊。且肌內效貼布的
使用，對於高衝擊性的直接落地動作，也有一定的影響性，這些資料將可以提供運動醫學的
臨床治療之參考。

關鍵字：內側縱向足弓、肌內效貼布、肌電圖、動力學、生物力學
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Abstract
The purpose of this study was to analyze the biomechanics in the subjects with different foot

type and to investigate the effect of kinesio tape on kinetics and electromyography (EMG) during
vertical jump 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 medial 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%MVC). Bare foot (58.3%MVC) showed lesser EMG activity in medial
gastrocnemius than tape on tibialis anterior (62.6%MVC). Bare foot (41.4%MVC) showed lesser
EMG activity in tibialis anterior than tape on intrinsic plantar muscles (47.4%MVC). 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
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Biomechanical Analysis of Kinesio Tape in the Individuals with Different
Medial Longitudinal Arch Types during Vertical Jump and Drop Landing

Introduction
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 proximal bones during ground contact (Cubukcu et al., 2005). Medial longitudinal 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 all play
an important role in supporting the arches.

Three foot types have been described according to structure of medial longitudinal 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, allowing 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 also 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 al. (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 al., 1994). Foot print measures give more opportunity
to evaluate the arch dynamically but they may not characterize the bony architecture well
(Williams et al., 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 medial 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 internal
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. Several studies have been conducted for the effect of the
medial wedge (Kogler et al., 1999). White non-elastic tape and kinesio tape have been widely used
for athletic trainer to re-build the medial longitudinal arch and to relieve the tension of plantar
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fascia. It is so called anti-pronation tape since this taping technique can resist the tendency of foot
pronation and increase the medial longitudinal 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 analyze 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 Measurements

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 1st 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
quartile. 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 longitudinal 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
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(SPSS, V13.0). P values less than 0.05 was considered as statistical significance.

Results
Radiographic Measurements

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).

Kinetics during 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.

Kinetics during 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 tibialis anterior (5.631%BW). Bare foot showed
significantly greater load rate than tape conditions.

EMG activities during 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%MVC). 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
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(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%MVC) showed lesser EMG activity in medial gastrocnemius than tape on tibialis anterior
(62.6%MVC). Bare foot (41.4%MVC) showed lesser EMG activity in tibialis anterior than tape on
plantar muscles (47.4%MVC). 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%MVC) 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 activities during 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%MVC) showed significantly lesser
EMG activity in vastus lateralis than tape on gastrocnemius (38.3%MVC). Tibialis anterior tape
(31.0%MVC) showed significantly lesser EMG activity in vastus lateralis than tape on
gastrocnemius (38.3%MVC). 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
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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 medial longitudinal 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.

Saltzman et al. (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 al. (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 study,
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 3.93±0.45 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 al. (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
medial 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 impulses in 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 al. (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
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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 (mean±SD) 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

Arch Angle (°) 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 Heights for different Groups
Non-weight

bearing (cm)

Double-stance

(cm)

Single-stance (cm) Navicular drop

(cm)

Navicular drop (%)

Pronated

(n=8)

3.884±0.475 3.347±0.203 3.367±0.358 0.517±0.089 12.707±533.852

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=8)
4.118±0.405 3.274±0.155 2.998±0.283 1.121±0.050 26.935±4.515

Table 3: Kinetics in Preparatory Phase during Vertical Jump
Tape Condition

Bare Plantar Tibialis

Anterior

Gastrocnemius Total

Pronated 2.12±0.11 2.13±0.11 2.09±0.12 2.13±0.15 2.11±0.12

Neutral 2.12±0.19 2.12±0.22 2.18±0.33 2.14±0.28 2.14±0.25

Supinated 2.26±0.46 2.21±0.37 2.22±0.39 2.16±0.21 2.21±0.35

Peak Fz

(%BW)

Total 2.16±0.28 2.15±0.24 2.16±0.30 2.14±0.22 2.15±0.26

Pronated 23.74±4.47 22.75±4.35 23.16±5.17 22.80±4.59 23.11±4.44

Neutral 21.42±4.25 22.30±2.51 22.37±3.15 22.50±3.18 22.15±3.24

Supinated 21.28±2.68 21.80±2.17 22.71±2.70 21.42±2.02 21.80±2.36

Load Rate

(%BW/sec)

Total 22.06±3.93 22.29±2.99 22.71±3.62 22.27±3.31 22.33±3.44
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Table 4: Kinetics in Landing Phase during Vertical Jump
Tape Condition

Bare Plantar Tibialis

Anterior

Gastrocnemius Total

Pronated 5.48±1.32 4.91±1.25 5.68±1.54 4.98±1.09 5.26±1.29

Neutral 4.43±1.26 4.35±0.82 4.63±0.86 4.82±0.99 4.56±0.98

Supinated 5.39±1.68 5.90±1.33 5.34±1.22 5.96±1.07 5.65±1.31

Peak Fz*

(%BW)

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 73.96±51.16 88.42±44.04 71.93±32.37 79.23±40.19

Neutral 60.01±24.40 53.85±15.32 59.01±13.97 65.43±22.85 59.57±20.33

Supinated 73.00±33.59 82.05±28.05 73.32±30.06 84.28±25.31 78.16±28.42

Load Rate

(%BW/sec)

Total 70.56±32.40 68.16±34.10 71.97±31.55 72.94±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

Neutral 0.061±0.012 0.058±0.010 0.060±0.013 0.063±0.011 0.060±0.011

Supinated 0.064±0.017 0.069±0.017 0.067±0.170 0.070±0.018 0.067±0.016

Impulse50

(%BW-sec)

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

Neutral 0.112±0.025 0.108±0.019 0.111±0.024 0.120±0.023 0.113±0.022

Supinated 0.123±0.037 0.132±0.034 0.127±0.035 0.136±0.036 0.130±0.034

Impulse70

(%BW-sec)

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

Neutral 0.205±0.031 0.205±0.030 0.208±0.031 0.217±0.022 0.209±0.028

Supinated 0.225±0.030 0.235±0.032 0.227±0.036 0.243±0.040 0.232±0.036

Impulse100

(%BW-sec)

Total 0.042± 0.022 0.218±0.033 0.221±0.033 0.227±0.032 0.221±0.033

Pronated 0.400±0.036 0.396±0.033 0.402±0.038 0.392±0.029 0.398±0.033

Neutral 0.347±0.040 0.368±0.045 0.367±0.050 0.378±0.033 0.372±0-.041

Supinated 0.386±0.027 0.391±0.031 0.392±0.027 0.392±0.036 0.390±0.029

Flying

Time

(sec)

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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Table 5: Kinetics during Drop Landing
Tape Condition

Bare Plantar Tibialis

Anterior

Gastrocnemius Total

Pronated 4.88±1.65 4.82±1.76 5.37±1.35 4.76±1.28 4.95±1.47

Neutral 5.07±1.22 4.61±1.22 5.14±1.62 4.85±1.38 4.92±1.34

Supinated 6.61±1.56 5.99±1.30 6.38±1.33 6.79±2.12 6.44±1.56

Peak Fz*

(%BW)

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

Neutral 91.06±29.09 77.32±27.71 94.65±35.21 87.75±30.95 87.69±30.48

Supinated 148.09±72.91 117.71±35.91 136.44±59.88 137.81±71.20 135.01±59.75

Load Rate#

(%BW/sec)

Total 110.34±58.70 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

Neutral 0.093±0.020 0.085±0.019 0.091±0.019 0.090±0.016 0.090±0.018

Supinated 0.115±0.026 0.103±0.027 0.106±0.024 0.113±0.047 0.110±0.031

Impulse50

(%BW-sec)

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

Neutral 0.163±0.030 0.149±0.031 0.161±0.030 0.157±0.029 0.158±0.030

Supinated 0.186±0.031 0.176±0.030 0.178±0.025 0.182±0.053 0.181±0.035

Impulse70

(%BW-sec)

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

Neutral 0.244±0.030 0.234±0.032 0.242±0.033 0.238±0.033 0.240±0.031

Supinated 0.267±0.034 0.260±0.030 0.262±0.024 0.263±0.044 0.263±0.032

Impulse100

(%BW-sec)

Total 0.249±0.036 0.241±0.035 0.246±0.029 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:

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

(A) (B) (C)

Figure 3: Kinesio tapes for gastrocnemius (A), intrinsic plantar muscles (B) and tibialis anterior
(C).
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Figure 4: Seven phases during vertical jump

Figure 5: Three phases during drop landing
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計畫成果自評

本研究計畫主要探討足部內側縱向足弓對於跳躍運動時的生物力學影響，研究分為二
個階段，第一階段為收集 34 位女性受試者的足部 X 光影像，分別在未承重、雙腳站立與單
腳站立時測量，依舟狀骨高度的變化量作為分組的依據，由完全不承重至完全承重，根據舟
狀骨高度變化量排序，落於第一四分位數之前的為旋前組(pronated group)，表示足弓變化較
小，落於第三四分位數之後的則為旋後組(supinated group)，表示足弓變化較大，而居於第一
四分位數之後且第三四分位數之前者，則屬於中間組(neutral group)，此種分類方法，可以考
慮在完全不承重與承重之間的足弓高度變化量之影響，也就是壓迫足弓的可變形量，目前於
文獻之中，並沒有發現這樣的分類方式，而這樣的足弓考慮模式，亦可成為一種新的足弓評
估方法。

由於足弓的功能被認為有吸收衝擊動作震盪的效益，因此，在研究的第二階段，依照
分組模式，旋前組與旋後組分別找了 8 位受試者，而中間組則收集了 11 位受試者，請他們
作出自主垂直跳躍、與直接落地動作，分別比較這三組在衝擊性運動的不同，嘗試發現足功
對於衝擊的效益。結果發現，旋後組在垂直跳躍的落地期，有較大的垂直反作用力出現。而
在直接落地動作中，旋前組與中間組有較小的垂直反作用力與負荷速率出現。在肌電訊號部
分，大部分的肌肉收縮活動性皆無明顯分別，只有在垂直跳躍的準備期時，中間組的股二頭
肌出現較強的肌電訊號強度。除了探討足弓高低的影響性之外，本研究也探討肌內效貼布在
衝擊性運動中，對於不同足弓的影響，將肌內效貼布貼在腓腸肌、脛前肌與腳掌內在肌上，
結果發現，貼肌內效貼布在腳掌內在肌時，在直接落地的動作中，會出現較小的垂直反作用
力，完全沒有貼的情況下，有較大的負荷速率出現。

本研究的實驗設計，主要探討不同的足弓變化量對於跳躍與落地運動的影響，並且加
入肌內效貼布的介入，結果發現不同足弓變化的族群，確實有不同的動力學表現，顯示足弓
高低的變化，會改變對下肢的衝擊。另外，肌內效貼布在臨床上有相當多的使用經驗，但於
實証醫學上，尚沒有很多的證據支持其治療效果。經由本研究結果的發現，可以提供臨床運
動傷害的研究資料，並可作為治療介入的參考依據。在不久的未來，作者將會把資料整理更
完整，並作更詳盡的分析與討論，把成果投稿呈現於國際運動醫學期刊上。
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一、前言：會議解說

每二年舉辦一次的亞太生物力學界盛事—2009 年第 4 屆生物力學學術研討會（The 4th

Asian Pacific Conference on Biomechanics），今年假紐西蘭基督城坎特貝理大學（University of

Canterbury, Christchurch, New Zealand）舉辦。

第一屆亞太生物力學年會，自 2004 年於日本大阪大學舉辦以來，2005 年在臺灣台北

的國立台灣大學舉辦第二屆年會，第三屆年會在 2007 年於日本東京大學舉辦，第四屆生物力

學學術研討會，今年則假紐西蘭基督城坎特貝理大學舉辦。按照以往會議議程，此次會議共

計四天, 於 2009 年 4 月 14 日展開序幕而於 4 月 18 日結束，此次會議規模龐大，參與會議代

表包含來自澳洲、香港、日本、伊朗、南韓、馬來西亞、新加坡、臺灣、英國與美國，加上

地主國紐西蘭，共計數百名來自亞太地區與世界各國學者參與盛會，發表將近 200 篇生物力

學相關論著與研究論文發表，堪稱國際生物力學上最大盛會之一。

圖一：大會會場大廳門口

二、舉辦城市簡介

2009 年亞太生物力學學術研討會，今年假紐西蘭基督城坎特貝理大學舉辦。由於紐西
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蘭地大人稀，就算身處於都市之中，也不會像在臺灣的都市那樣的感到擁擠，就算是在大城

市的市中心，也幾乎不會有塞車的現象出現。基督城為紐西蘭南島的最大城市，人口數約為

36 萬人，城市內到處種滿了各色花草與樹木，因此，素有「花園城市」的美名，也被許多旅

人描述為「在英格蘭以外的地區，最像英格蘭的城市」（The most English city outside England）。

同時，基督城還有一條蜿蜒穿越整個城市的雅芳河（Avon river），其中有許多石墩橋橫跨其

上，更是讓整個城市妝點的美輪美奐。四月對於紐西蘭而言，已經是秋季了，漫步於雅芳河

邊，地面上佈滿了紅黃交錯的落葉，落英繽紛，偶爾可見整株火紅的的楓葉，真是美麗極了。

秋天的紐西蘭南島溫度其實已經相當近似臺灣寒冬的溫度，由於秋意甚濃，來自於熱帶與亞

熱帶國家的學者們，走在戶外，較厚的大衣外套已都不離身，當晚上的冷風吹過，的確是涼

徹心扉，令人不今微微發抖起來。

圖二：花園城市的基督城

由基督城橫跨越過坎特貝理平原（Canterbury Plains），就是貫穿整個南島的南阿爾卑

斯山脈，其中有許多符合國際規格的滑雪場。紐西蘭人相當喜好戶外活動，坎特貝理地區常

見的戶外活動，包含滑雪、賞鯨、動力汽艇、登山、風帆、賞企鵝、高空彈跳、熱氣球、四
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輪驅動車等，有一些活動具有相當程度的冒險刺激。

基督城在具有大自然的純樸樣貌的同時，也擁有各種高科技的設施，尤其是公共交通

設備，相當的先進與便利，在市中心約有 50 幾條的公車路線，往各個不同方向的市郊或附近

的小鄉鎮行駛，同時每輛公車皆有時刻表，可以先看好時間再去搭車，公車到達相當的準點，

真是令人佩服。由於在基督城住宿的旅館位於市中心，而研討會開會的坎特貝理大學位於較

北邊的郊區，因此，每天早上須由旅館出門，搭公車到坎特貝理大學參加研討會，單程票為

紐元 2.8 元，相當於台幣約 50 元，相較之下，臺灣的公車價顯得較平價些。

圖三：坎特貝理大學校園一隅

三、舉辦機構簡介

這次的亞太生物力學研討會，主要由坎特貝理大學（University of Canterbury）主辦。

坎特貝理大學自 1873 年創校以來，至今已有 130 年以上的歷史，是紐西蘭南島最大的一所大

學，總共包括 6 個學院（藝術學院、工程學院、教育學院、商業與經濟學院、理學院、法學

院）、28 個學術單位、內含 40 個以上之系所，並有許多的研究中心（如生物醫學研究中心、
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健康科學中心、社會科學研究中心、分子生物研究中心、大氣科學研究中心等），現今學生數

量約為 12000 位，每年大約有 3000 位學生畢業，規模非常龐大，學術研究風氣興盛，為紐西

蘭研究型大學的領導先驅。

坎特貝理大學佔地非常廣大遼闊，占地 76 公頃以上，在 1975 年由原本位於市中心較

小的舊校區，牽校至目前的位置，位於基督城的北邊市郊，離市中心約 7 公里的距離，學校

內的建築物大都為英式牛津風格，隱含在一大片的綠地與樹木之中，相當典雅漂亮。觀察整

個校園，發現與臺灣的學校很不一樣的地方在於，坎特貝理大學校園內幾乎看不到任何的廣

告招牌或宣導布條，就算是國際研討會在校內舉辦，也只有一張小小的 A4 大小紙張所印出

會議名稱，置於會議廳的門口，指引各國學者會議開會的位置所在。然而，由於此指示牌實

在太小，且置放於地上，因此第一天尋找會議廳時，還是稍微迷路了一下。

圖三：2009 年亞太生物力學學術研討會的指示看板

四、會議特色

此次研討會極具規模，整個會議共持續四天，除了第一天為註冊報到暨歡迎酒會之外，
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其他各天都根據不同的專題進行口頭發表（Oral presentation），海報發表（Posters），以及不

同領域的主要專題報告（Plenary lectures）。 由於發表的不同論文主題多，有 4 個演講廳同時

舉行口頭論文發表，因此參加者必須依大會手冊及論文摘要，選擇自己有興趣的題目去聽論

文發表。此外，大會於每天中午於會場外，皆有安排豐盛的午餐，提供參加研討會的學者們

享用，並進一步領略一下紐西蘭道地的美食。

圖四：大會提供中午豐盛的午餐

在純學術活動之餘，大會亦舉辦一些文化與社交活動，例如開幕當天的歡迎酒會，另

外在星期四的下午，帶領各國學者參加「達馬其傳統文化村之旅」（Tamaki Heritage Village

Excursion），達馬其傳統文化村位於基督城東邊市郊不遠處的哈里福特公園內（Hereford

park），利用說故事的表演方式，介紹英國人在紐西蘭移民的歷史，與原住民毛利人之間的文

化衝突與歷史戰爭和解過程，並有一大群演員作即時的表演，文化村之內有各式的場景佈置

及音效，相當的逼真寫實，也讓人感受到紐西蘭文化的震撼，確實也讓各國學者對於紐西蘭

的文化傳統與歷史背景，有了更深一層的認識。
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圖五：各國學者盡情歡度「達馬其文化村之旅」(Tamaki Heritage Village Excursion）

五、學習收穫與心得感想

經過這幾天密集的聽講還有與其他國家學者的共同討論，真是受益良多。 畢竟很難得

才有機會飛到不同的國家參與國際性學術會議，與這麼多從事生物力學研究的人才共聚一

堂，從這些天的學習與腦力激盪所得的經驗之下，對於生物力學的趨勢發展，有些許的收穫

與心得感想。

本次會議研究主題包羅萬象，屬於生物力學應用於各方面的研究探討，其中包含以下

各主題：心血管生物力學（Cardiovascular Biomechanics）、骨骼肌肉生物力學（Musculoskeletal

Biomechanics）、骨頭韌帶生物力學（Bone and Ligament Biomechanics）、骨科復健生物力學

（Orthopaedic & Rehabilitation Biomechanics）、心肺呼吸生物力學（Cardiopulmonary &

Respiratory Biomechanics）、齒科生物力學（Dental Biomechanics）、奈米生物力學（Micro and

Nano Biomechanics）、電腦生理模擬（Computational Physiological Modelling）、人工器官與移

植（Artifical Organs and Implants）、與運動生物力學（Sports Biomechanics）。這些主題所呈現

的研究結果能夠對於醫學各領域中產生直接的貢獻，並可以部分應用於運動員的表現上，同
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時也有不少關於組織工程的研究發表，另一部分為生物力學之研究分析方法的發表，這包括

了電腦模擬動畫、類神經網路、最佳化方法、有限元素法等，確實使人收穫良多、受益匪淺。

圖六：在會場中遇到來自臺灣的不同學校之學者

來自澳洲昆士蘭理工大學醫學工程研究所 Pearcy 教授，在 4 月 16 日的主題演說之中，

介紹了「模擬對於生物力學的價值」（The Value of Modelling to Biomechanics），Pearcy 教授再

生物力學界從事研究工作已有超過 30 年以上的時間，發表超過 180 篇以上的專業學術文章，

並於 1992 與 2001 年皆榮獲澳洲脊椎醫學研究學會的學術研究獎，是一位非常資深且傑出的

生物力學研究學者。在這次的演說之中，他提到機械模擬的方法如何應用於人體的行為或動

作上，了解這些力學模擬的方式，才能有效的應用於傷害與疾病的預防和醫學治療之上。同

時，模擬的原理與技術，還能改變外在的環境與身體參數，用以預測身體組織對於任何環境

或身體變化的組織改變。有限元素法（Finite element）經常被使用於模擬硬組織與軟組織，

雖然此方法有些許限制，但其預測的功能非常強大，因此，在健康照護與健康促進上的應用，

功不可沒。例如，在骨折的固定上，可以模擬不同形狀或材料之固定板，探討骨頭固定之功
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效與最佳化應用；使用義肢將如何對人體其他的骨頭產生任何的改變；骨質疏鬆如何影響到

脊椎的強度等，這些與人體結構息息相關的參數變化，不需要真的等到病人產生傷害後才事

後調查研究，可以預先由人體模擬的方式，就可以知道傷害對於人體的力學影響。

圖七：筆者與所發表的海報

在研討會 4 月 16 日的早上，有一個場次的主題為運動生物力學，其中，來自於國立新

加坡大學的 James Goh 教授所帶領的生物力學研究團隊，進行的一個關於使用運動傷害護具

的力學實驗，相當有趣且實用，簡述如下。前十字韌帶損傷對於跳躍衝擊運動而言，是一個

非常常見的運動傷害，然而，對於使用前十字韌帶護具的效益優劣與否，一直有各種不同的

評比與討論，因此，這個實驗探討膝關節護具對於跳躍落地的力學影響，並比較二種護具

（Ossur ligament brace 與 inhouse-built knee protective device）在減少脛骨前移與軸向旋轉的差

異，利用力板與動作分析系統，收集 5 位運動員在單腳落地時之生物力學資料，結果發現，

只有在 60 cm 高處之單腳落下的資料有顯著差異（p<0.05），當未穿戴膝護具時，落地時有較

大的地面衝擊力，而由高處落地時，穿戴保護型護具，顯示有較小的脛骨前移，穿戴 Ossur
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護具，顯示有較大的脛骨旋轉。因此，使用保護型護具，確實可以減少造成前十字韌帶損傷

的危險因子之影響性。根據這樣的研究成果，運動員適時的穿戴適當的膝關節護具，的確可

以緩解前十字韌帶的負荷，進而減少韌帶受傷的機率。

六、結語

運動生物力學為生物力學領域中的一個研究範疇，除了傳統生物力學的研究之外，近

年來對於運動生物力學的研究亦日趨蓬勃，由於人體的運動表現是相當複雜，而各個系統相

互分工與統整，才能使運動表現完美成熟。由於自己本身的研究屬於運動生物力學領域，希

望藉由參加此種國際性會議，與各國學者相互交流與對談，俾使生物力學領域能更加茁壯，

相互激盪出更理想的主題研究與方法，最終的研究成果，能實際應用於體育運動之推廣、運

動傷害之防護、與運動表現之促進上，造福所有的競技運動員與一般愛好運動者身上。

此次會議規模龐大，議題包羅萬象，會議本身提供了一個很好的學習、拓展視野與文

化交流的機會，學者彼此之間的互動也非常的可貴，這次參與不但遇到很多台灣的研究學者，

也有機會和許多其他各國的學者相互交流與討論，獲得了許多寶貴的建議，更讓自己在專業

領域之中，增添了不少新知。不論是對個人的視野，或研究工作的充實，均有耳目一新的領

悟與收穫。
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附件一：會議議程
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附件二：會議會場位置圖－坎特貝理大學（University of Canterbury）
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附件三：發表論文摘要

Electromyographic Analysis of Throwing Different Types of
Baseball Pitches
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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, slider and change-up. Linear
envelope was computed for each muscle. Electromyographic activity of biceps brachii in
fastball was significantly greater than the activities in slider and change-up.
Electromyographic activity of anterior deltoid in slider 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 slider. 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 slider (61%max) and change-up
(60%max) (p<.05). EMG activity of anterior deltoid in slider (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 slider (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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