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CHAPTER |

INTRODUCTION

Tennis is one<fah 1t > _ y -played sports by people of
all standards (@‘W@ : Gi - : Euim et al., 2008). There are
AFrec > | i i Qi

from the gam &*with a player’'s palm on

Q

an indoor court entury (REUL RIANNE,

2547).

During the es er .-'-._o a big growth. During the
' ‘ “wealthy people. At the

present time, it is av, ab ' and-has e n "gl petifiie component (Nigg, Luethi,

and Bahlsen, 198 is OB

mpletely different from the past.
Most tennis players cen Y-play-"power - Pk games because they have been
influenced by equipment ;:;:,*."j 3 3, surfaces, and shoes (Luethi et al.,
1986). In theYate jrags for many years until

the mtrodul hese are the most

common surfam 0
|

During a g?ne of tennis, a player has to move in different directions, such as

ANY AngNINBING

d for the following stroke Re|d and Crespo, 2003; Pieper, Exler, and Weber,

ammmi [UAngaaT

basic components which are upper part, insole, midsole, and outsole. The upper part is
an area that wraps over the foot. The insole is found directly under the foot. The midsole

is a shoe’s predominant cushion support. The outsole is where the rubber hits the court.



Furthermore, there is a tread pattern in the rubber of the outsole that is designed for

distinct frictional needs of specific movements (Tennis shoe anatomy, n.d.).
nnis shoe tread patterns available on the
od¥pes are mainly used. The first one is
}especially on the hard one. The
@vot point is on the medial

second one is herri N W,' piv

a/ling (Tennis shoe review,
n.d.). It is not easyy high/ shoé Wigpstennis players because of
several factors, sue VE d ) ges Willer and Cross, 2003; Tennis

shoes and ¢ Skhoes®should help to increase

B

players’ performagiCes ghdgihs o lgn without causing high

plantar pressures.

Controllifg a fll fiy ingl ;I:"- u oke'shots is a very important
thing that affects tgfhis game regisIMBaBlaler ca "'s\ all to various direction and
barely hit it to the net n -;,- 18 e bedt ways to control the ball are to

be ready to receive the ball, '_.' re-fast P at the appropriate position, to transfer
the body weight from_thest ff.--', i to the | ad to change direction efficiently

(ﬁwmmm wARIANTUNRIULA, 25 _ ery beneficial for

oes that have different

bout plantar pressures while wearing tennis

Studyi

tread patterns Wilﬁﬁennis players choosﬂaropriate tennis shoes that increase

FUdINHNINEING
20‘ 7qur t iew,*the e r s interested in*s ing abbut®difféfent tennis

shoe tread patterns on plantar ‘essures on the M point area during g

QRIRINIVUANTINGINE



Research Question

Will different tennis shoe tread patterns result in different plantar pressures on

N

To Comw @fﬁ ‘ - e Rtarea between wearing tennis

shoes with herring 0one, erringbone pattern with pivot

the pivot point area in tennis play

groundstroke shots?

Objective

shoes with herringbone

pattern with piv [ .r " 68 orllic pivot point area during

Scope of Research

This study | earch which examines plantar
pressures Retwe d tennis shoes with

herringbon 1

=
the pivot point fm a durin

The study‘p | was obtained from”Unlversr[y Ethics Committee. Written

AUNINENINEING -

reminded of their right to withdraw a‘%ny stage.

QW’]Mﬂ‘iﬂmW]’mFJ']ﬂEJ

those pressures on



Assumptions

1. The participants were Thai male tennis players who had tennis skills

(National Tennis Rating Program: NT, Ie eI 5.0. All the players were classified by a

tennis coach who had been Anj ional Tennis Federation (ITF).

2. |Ifthe pl& - ata would not be analyzed.

a‘
. Onl

pressures.

st be cleaned before

6.

Limitations

1. This study requ

tennis skill@ti

hai male tennis players who had

equipment.

The Irg“ystem used in thls i had no wireless so it required

AUBTRENTHENG

The tennis players must&ave shoe size 10. 5 or 11.5 (US size).

qmmﬂ‘mum'mmaﬂ

Tennis shoes, Tread pattern, Plantar pressure, Groundstroke



Operational Definitions

1. Tennis shoes are defined as footwear that the tennis players wear in

the study. There are two types of ledn hoes used in this study. One is Adidas
Barricade CLS which has

: rn on the outsole. The other one is
Adidas Tirand [lI whic ; |vot pomt The two pairs were
made from the sa d|pr,'e |s and Adiprene+ is in the

forefoot part for sh

rt. Most tennis shoes

consist of two t e Which’ helfihg ttern and herringbone

is produced when tennis

players move, al (kPa) is used in this

study.

4. National £ is '@@fined as a system that is used
to rate skills of tennis play g =-=-- 18d in 1978 by the USTA (United States
Tennis As!sciatio . it-i8 ~dBsig ed-j0" diministered, non-exclusive, and
provide bigt a- ————————————————————————————————— . g with increments of
0.5. LeveIL S ers. In this study, all

|
tennis pIayersH ust be a players h% good shot anticipation

and regularly h e excellent shots or attrlbute around which a game may be

Al NS WYInT

and spin on most second serves (National Tenms Rating Program [NTRP]

Q‘W’T NI INGINY

become one of the game biggest changes in the past 4 years. Most professional tennis




players hit most of their forehands with the legs in an open stance (legs and hips parallel

to the baseline) in these days (Bahamonde and Knudson, 2003; Hofer, 2004).

6. Groundstroke is defi

a; forehand or a backhand shot that is
executed after the ball has ourt. It is generally hit from the back

of the tennis court, aro

7. Quadri"‘"ﬁw - @formed by a line drawn
from the Anterior Sup ' ' ine \ O entral patella and a second

line drawn fro | range is between 18-

22 degrees in th

8. a0d I"‘,i -'.:",_.w;"-,__ o &s a normal foot and an
abnormal foot. The ) . isfcaed LTh i ;,_w.a' Kindex (Csl)”. Csl values of
0% indicate a hj . 00!, between I ) noMllal arch, 30 to 39.9% an
intermediary arch, . ’ ' . areh, than48% indicate a morphological
flat arch foot (Shiang et @l. ___mh :o‘l"\,‘ , 2006; Villarroya et al., 2008).

9. Leg length differe :-::ﬂ-u---_--;- Vhen one leg is shorter than the other. It
is measured _from the Ani . f'f/ W o0 the medial malleolus in the

lying positiQg {pshford and Shippen, 200 : s players must not

have more

n
| =
|

I il
| 111
10. A | Range of Motion (ROM) is defined as a1 i8tance and a direction
that the joint ca‘ne to its full potenUUhe normal actlve range of ankle

. The normal ac |ve range of an Ie inversion and eversion is 0-5°

(subtalar joint) (Menadue et al., 200‘

qmmnmum'mmaﬂ




Expected Benefits and Applications

1. To help tennis players decide what are the best shoes for increasing

performances and decreasing plant

2. To indicate t

test. The protocol r

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU



CHAPTER Il

REVIEW LITERATURES

Wil .

Basic Movements in Te !\\\"y /
Playing tenni eralﬂnds'

need to have W a0 movemer# skills= to S ighest performances. The
movement skills that t  y shoule nning, jumping, sliding, and

; Reid and Crespo,

of the body. Tennis players

There ar sic skills ikfil D te ig"'._» noxe very well on the court

Nz
[ 4:!: s

™
.' ff""" ﬂ'
oo_t Drk is & -H:Jfé:a the g I"l. c Ofjtennis. The better a tennis

player's footwork the [P€ttepE*Can i:’ gAY IN AN usunmuila, 2547).

.i | 3 #
The player does not need to T:-:;:_:;: 00d footwork. Although speed can help,
the player cap still bg . five and c e.court without being extremely
fast as Ion& ffffffffffffffff S1gTpsthe player to cover
more court, %2€a\ . ,, e next shot (Baker,

= |

nd.). I l

2 éﬂ:e static and dynami @l

orrect position 10 hit" the ball and control it to the right direction

(“Vlmﬂmmm?ﬂvﬂﬂmmmvﬁqmm‘ 2547). Not only a tennis player’s f

Qﬂﬁﬁﬂﬂﬁﬁﬂuﬂ’mﬁmﬁﬂ

hit the best shot (Hassan, n.d.)



Ball Control

Ball control is the root of every successful tennis game. Learning how to control

to learn when they start
hitting a ball for thege®P t : aihinBliescourt (Elderton, 2002). To
do that, the player g \ ey Sk&hincluding trying to move to

the right positi itih ot bl @ aRAAR TSI M8 NI LT, 2547),

/ Well'\e ps tennis players control
the ball to evefy dirgltior 1‘ _ n to apply this technique to

competition match 9 “u- '_-‘.;“ ?. 15 W IAN2547).

3. MAntai *.*;.:’,:..'..a. 5.
When .a *" ,.?"""" irection and the depth of a ball, it
i #-@7 | .

nent hit the ball when

means tha@

he is far al’

oje}
baseline, the more

mistakes he m erise it gives the hitter more

s
111
time to prepariir the next shot (Elderton, 2002; 3%ﬂﬂﬂ’mmﬂﬁ‘ﬁvﬁ’v§w§‘uﬁwqmuﬁzﬁ,

2547).

ﬂﬂﬂ?ﬂﬂ‘ﬂ?“ﬂiﬂﬂ‘i

The spin makes ball hit the court faster so it is easy for a player to

q ﬁnmﬁmmmﬁwmﬁm

play offensive points. If they want to play defensive points, they will use backspin

(Elderton, 2002; AnenANgnsnsARng1usuiinnuila, 2547).
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5. Power
The modern tennis game is very fast and hard. A player who hits

harder and more accurate will have advantages over an opponent because he gives the

opponent less time to get re . t shot and can’t control the ball so well
(Elderton, 2002; ?Swmmm\ / 2547).

‘S

Playing Surfaces——""

operating an i nge gosts. On arkhahd St evidence pointing to

duction of new surface

Today, tennis Jis € —— acesl from concrete and asphalt to
clay, indoor carpet, syntheti ria N . The four major tournaments around
the world are played_onaelffi ore g_Open — Rebound Ace, French

Open - cl@/'

uppermost ha .
et

Open Stance’ orehand Groundstroke

m:s fingnineang:

2547 Recent alteration in the wel?ut size, and stlffness of the racket has started to

Qﬁﬁﬁﬁﬂﬁﬁlﬁﬁ“ﬂ NYIaY

creates harder shots and helps the players change direction faster than the square

nd Plexipave. The
999).

stance forehand technique (Hofer, 2004).
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The open stance forehand is like the greatest symbol of modern tennis. It
has become one of the game’s biggest changes in the past 4 years. Most professional

tennis players usually hit most of their forehands with the legs in an open stance (legs

and hips parallel to the baselingj(Be rf Knudson, 2003; Hofer, 2004).
There are severalibeNefits : &&s that the open stance permits
@racket the legs must bend

-h offers a strong power
source (Elliott ajm g :l .. ' \ - or neutral stance (feet
and hips turn”side ,' \ ,' i oading or stretching of the
y main power comes from
shifting the weight f] 1 the it leg durlho the swing (Hofer, 2004).

Although it is goo an Hoes [ ¥ s - 8 upper extremity, it is become

archaic or old. Today® gamg fr‘r"m

2003). JJW.

nd benefit comes from a q =ihel open stance. Even

gth and power (Elliott and Alderson,

om the right leg to the

o
left leg. This srm ng is la e body ving back towards the

center of the Court ven before the finish of the swing. Once the swing is completed, the

ﬁﬂﬁﬁ*ﬂ zm TNEINT

|nvo in the game (Hofer, 2004).

9 ﬁ*&”ﬂ?iﬂ PN Y

Place the outside leg almost directly in the path of the oncoming
ball. The body weight is placed on this leg while the legs bend and the trunk turns
sideways (Figure 2.1) (Elliott and Alderson, 2003; Hofer, 2004).
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Z/ENNNS
’E \\ \

2. DEiringfth Wn [Y.  B5,Te motion by straightening as

the hips turn fony

ird falfowgd by !,..,.r

er rotation io nd Alderson, 2003). The

.i ;
arm and the racket e ﬂm-?

swing (Figure 2.2) Hof 2004& e
e

g to¥be Brought into the sequence of the

}J
I

HHL.! ’m'a'
Figure 2.2 The open ﬁnce forehand stegiig (Hofer, 2004)

P P A TR0

each of the body segments is happening one right after the other (Hofer, 2004).
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Square Stance and Open Stance Two-Handed Backhand Groundstroke

Two-handed backhand is very useful for players whose arms’ muscles are not so

strong because the two hands help r to control the racket. Moreover, players

who play two-handed backhandk Can hi Iy bouncing ball better than those

players who play one-hahe Sdbacks . ason why most tennis players

Tenni bna, SHotsuitl )guare and open stance

1. Tumn rs—tow he ball. Use the wrists and arms to
bring the racket headds ol ~Kee aliele elis pointing backward at about
waist high ‘ dur 3" Master-the tvo*handed backhand,
n.d.).

Figure 2.3 The two-handed backhand step one (Master the two-handed backhand, n.d.)
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2. The key from here is to stay relaxed. The role of the arms is largely to

transfer the power stored in the legs, shoulders, and torso to the racket (Figure 2.4)

(Master the two-handed backhand, n.d.).

a o |
o - ¥
Figure 2.4 The twogfandd t f oot
-jil.r.l il

XD %
ef tworhﬁyg jal. aplay@r gets to the ball, looks to

ht forward to the right before

e -handed backhand, n.d.)

hitting the ball (Figure 2. '"'e“ on, 2003; Master the two-handed

e e ) o P ;:
backhand, n.d.). A -f

FRAaN

q Figure 2.5 The two-handed backhand step three (Master the two-handed backhand n.d.
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4. Rotate the left side of the body through the ball and then combine
this with a low-to-high swing with the arms. The rotation that is created will be so great

that a player can start to spin around the follow through (Figure 2.6) (Elliott and

Alderson, 2003; Master the two

A\

Figure 2.6 Thetwo-halfideg ﬁ@ as \,\ two-handed backhand, n.d.)
I a2
Tennis Shoe History, f‘:'f 75
| ¢ e ¥

The tennis shoe a ﬁf,r"r §

revolution @e '

shoes (Sebi

er’” has its roots in the industrial

d‘ET fer to boys’ tennis

Jraphe Jdescrlbed sneakers

.|_|
guage meaning has come to

i
as "shoes with canv

1l
include any shlaj;'js with natural or synthetic rubber soles (Fig

2.7). Uppers can be
made of leather, nﬁﬁmvas plastic, orcomens of these (Coronado, 2002).

ﬂUEJ’J‘ﬂEIVI‘iWEHﬂ‘i

ammmmumqwmaﬂ
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With newgmategials glike vulc a roduction methods like

assembly lines, maglifagflire '@

-.,\1 breNBiicaply and more efficiently
i \ b
(previously, eacii€hoe flad #6 be prdds ""’:" e

). While some of the

by han@iy\elshoefhaker
N

brands we know today w, cfﬁé\r -=§ '_ erie, '\o \@idas were introduced in the
early 20" Century (Corogedo, 2 sbas A008; Algustine, n.d.).
/ ke :
Early tennis shoes timetefCoronat 002)

¥
ol 4
was manufactured

Usn _up ) h“c
of n

d at the beach.

aker “Conve Al tar”was‘ﬂijioduced.

Efﬁs new company, Adldvroduced its first tennis shoe.

Geoffery Beene, Oﬁ/in Klein, and otheﬁsigners changed snew

A £ A NN EINA S

anylishae' brands’ had Becd ! holisehéld |., fich as Redba

L] L]

Nike, and Adidas.
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Plantar Pressure Distribution Measurements

Early examinations of foot pressure patterns have used the imprint in soft

materials, such as plaster of Paris.c to the foot prints seen in the sand on the
beach. These qualitative de /

% apture the shape of the foot and the
/ e measurements using an air

filed chamber were i Mariand

deepest impresswns i

t century (Rosenbaum and

Becker, 1997). —ﬂ""’

Today’ ¥ ‘ | elc ized electromechanical

sensors. In fact - '-" ns. (Skthat measure the force

should be reporte nifs ¢ : f": icl "‘\ St8e of 1 Newton on 1 square

Ylicach the kilopascal (KPa) or

The In-Shoe Systems

Th VS ful too D s between the foot

and the sh

w
or modification&sidu aﬂHelliwell, 1996; Hsiao,
|
Guan, and W erly, 2002; Cordero, Koopman, and Hel l 003; Kong and Heer,

2009). A general ‘v e of these systems |wt repeated steps can be recorded in

NN ‘Eﬂﬁilﬂﬁ;:i::

measurements outside the Iaborat('?/ so that the subjcacan move freely (K

QW’TMﬂ’iﬂJﬁJW]'JVIFJ']ﬂEJ

The F-Scan system (Tekscan Inc., Boston, USA) is one of the most commonly

shoe constructions

on

av‘ il

used to determine the in-shoe pressures (Kong and Heer, 2009). The F-Scan insole

(Figure 2.8) is a matrix system (Woodburn and Helliwell, 1996) using resistance-based
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technology and the insole is composed of 2 polyester sheets that inner surfaces are
printed with electrical circuits (Hsiao, Guan, and Weatherly, 2002). The total number of

. . 2
sensors per insole is 960 and 4 cells per 1 cm™. Each cell plays a role as a force

rg! calculates the average pressure on the
%}wd Helliwell, 1996).

measuring device and the sy

measured vertical load a

""lu
L

b el - ;i
Do il

Figure 2.8 (a) ' :

Related SUﬂeS it TRV A
Althd:
l -!:ll -
and the moderﬂqw ing EES shoes, there are not
L]
many studies @80ut the influence of tennis shoes on plantar ssures. It can only be
seen one. Bloch,"oﬁt, and Bruggemann %9) studied about plantar pressures

AUBINERINEANT

forél“d and backhand baseline shots while wearing 3 types of tennis shoes. The ball

uipd the world to play

machine shot tennis balls widely s‘that the players cﬁslide side to side toWhe

pressure shift occurred from the back and middle foot to the forefoot during sliding

when dividing the foot into 3 areas. This was seen in all 3 test shoes. The analysis of the
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pressure distribution when the foot was divided into 12 areas showed that in addition to
the forward pressure shift that there was also a pressure shift from lateral to medial. It

can be concluded that the shoes may play an important role in the learning and control

of sliding in tennis.

Research studieg.e - plar rements in tennis players with

151 N, BA: 614 F7 17+ 133.N).dlet o clay dividing the foot into 9
areas, it showed th Iay g f; iG sahigl ding in the hullux (SV: 115 +

39vs. 85£35N, A 1- +38

d less 'L"-._ oes areas (SV: 121 + 36 vs. 91
+ 28 N, BA: 116 * 25 ¥ relative load in the medial (SV: 56 +

24 vs. 60 £ 30 N, BA: 61 gral midfoot (SV: 56 + 17 vs. 62 + 32

N, BA: 50 +'§ was higt depfonstrates that playing
surfaces affecLplantarioading-in-tennisy e
|
Girard tm (2007)"2lse Jence of diﬁe@ce playing surfaces on

in-shoe loading p terns during tennis specific movements. Ten experienced male

A Ineniwgang -

m force, mean force, mean pressure, contact time, contact area, and relative

QIR Tl IINEAR Y

(133) N; -11.6%, p<0.05) was higher on clay than on greenset.
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The studies above present that there are not many plantar pressure researches
in tennis players, especially about tennis shoe tread patterns on the pivot point area.

The researcher is interested in studying about different tennis shoe tread patterns on

plantar pressures on the pivot ennis groundstroke shots as tennis is a

very popular sport in Thai s around the world. Moreover, the

study could guide t

ﬂ?JEJ’JVIEJVIﬁWEHﬂ?
RIAINTUURITINIA Y



CHAPTER IlI

RESEARCH METHODOLOGY

, s
Research Design \\\"y _
This study is al a&alyti@h aims to examine effects of

on the pivot point area in five

different tennis shoe tre Y

tennis players when_c
|

approved by nsti evi . of Wledicine, Chulalongkorn

,o,‘-‘_"'-m:_-_:' shots. The study was

i

University.

Study Popula#én

The targefoopulati ers whose skills were at

level 5.0 rated by Na

r

The study sa WEressteps ¢ i halMMale tennis players whose skills
L O S

were at level 5.0 rated by NatiOaETennISR

Screenin@
V)

Tennis ﬁye eﬁt level 5.0 and had no
il
documented dieases or conditions listed on the exclusion critefia. All the players were

initially contacted ﬁ i€Bghone to determine thdlgdualification before the study.

AUBINENINEING

Steps that were pro@ed from: o

RINNTUANIINAIAY

the past 3 months.

“Program criteria.
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3. Tennis players who had a normal arch on both feet
(Figure 3.1).
4. Tennis players who had normal range of motion (ROM) with
both ankles (Figure 3.2). /
5,

i'. ) j—
' / normal Q-angle of both legs
(Figure 3.3). '§ ___/./.i?
ﬁ[‘ la wh FTo8 . difference of no more than
==t
5 mm (Figure 3.47. » . ‘ \

7 AN

Sjblayets \n\ = in rticipate in the study.

ackhand pattern.

;
] {l
Figure 3.1 The Chippaux-Smirak Index (c/b %) (Villarroya et al., 2008)

AUINENINGINS
RINNTUUNINYAY
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Mobile anm paradel

1o lateral aspecd of
fitth metatarsal shaft

Figure 3.2 (a) g#fixle gfant and dotsiflexion e ts (Thoms and Rome,
/ f “d oy | \
1997) (b) Ankle invgfsior Pdfinte - O

i J *:f;' ol
|" ff by r;rﬁtbﬁ:—_
' f W e i

- ¥

jue et al., 2006)

iiiiiiii

ﬂUEJ’J

Figure 3.3 Q-angle me&urement (Biedert Warnke 2001)

QW’]Mﬂ?ﬂJﬂJW]’J?IEI’]ﬂEJ
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Figure 3difeg ghqtfcifféreroemest e me AtiAS alic Shippen, 2003)
# .." i ; -
[ F, E‘, ;:_fﬁ"
Exclusiof! critefi& b e
/ o .rif"—;‘i

-

Sy ™
Stefs thalfwere pbddcets

d 10Wer extremity injuries for the

IOUS I‘o&er extremity surgery
(Girard et a&.- 2007) -
t : dodt
| —
4. Tennis players whose shoe size@ere not 10.5 or 11.5

(US size).

ﬁﬂﬂ’mﬂﬂﬁwmﬂi

Sampllnq technique

ArRIaN AsplunIIngaa

selecting tennis players.
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Sample size determination

In this study, the sample size determination was not calculated because

this model was the starting of biome igal research about tennis shoe tread patterns

so it was not possible to u ‘ garé for the calculation. The researcher
instead used Central Li ﬂ ke the data normal distribution,
the number of samp st b&at IeAs make the data reliable, the

sample size shoul

| 5.0 hit forehand and
backhand groun 2hing " e ayer had to make 20

successful trials to: “stepin eve Wearing each type of shoes

)}a a8l Ritlitly QM n8%ignt side10 trials (to collect
i j Y ,.ﬂ: :

10 backhand turfiing s ps i f-,ﬁ' . \

—.-‘! art with -'i'ﬁ" g hitting @0 theél left side 10 trials (to collect
) Vol \

.-Tf_r'

i

10 forehand turning ste

vers must make 40 successful trials

eachtooollejdro and “n’we 0 rn‘iE«stepsfor5pIayers.

d y

It was show.
,-!

oe System (Tekscan Pressure Measurement System, Tekscan,

ﬁﬁﬂmﬂmnmm
q A RILTIbE h Lal L)

Japan) with tripod legs

5. Laptop computer
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6. Tennis balls (Dunlop Fort, Dunlop Sport, UK)

7. Tennis shoes (Adidas Barricade CLS and Adidas Tirand Ill, Adidas” :

Germany)

Procedures
Standard measht

Height: Th‘ nis“player ' the heels next to each other and

stretched \@r

wall. The mt

dipper back touched a

= I.q—
feight: The orded wi@

without shoes in k|?rams

It Is ca welg mi logra he|!h in square meters

kg m ") (ACSM’s guidelines, 200‘

QW’]Mﬂ?ﬂJﬂJW]’J?IEI’]ﬂEJ

dividual tennis clothes

he
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Subiject preparation

1. All the tennis players wore tennis clothes and brought their own

rackets.

tocol to each player.

3. The.tennisplayers v /ginutes(Girardetal.,2007).
4. 17 HS-plE ler ._,_7 SS that were prepared for the

study and were a ' ‘ T __ T lAey~fell comfortable with the two

: aiflect for the study wore both
upper, insole, midsole, and
‘ sequence (Eils et al., 2004;
Girard, 2007) and wa @ mint > th est. Tennis players ran and hit

tennis balls behind the bas Ii "::.:fr.::f_ )ndition that the researcher created. A

; Jin
ﬂib')‘g,«*

player hit a ball untj earing each type of the tennis

—-—'—'v‘%'- right shoe. A video

camera waL, reSerd movements of the

= i -
players and baﬂﬁirections andto'eed

shoes. Planiglap

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Figure 3.5 (é) Teng O b BN Y -- %ipgbone) and (b) Tennis

shoes Adidag#firand#ll (ille

Table 3.1 Materials ofjihe :

Adidas Tirand Il

Synthetic leather

)

raiaiw System, Adiprene,

] | Alb

rene plus

The tennis player sto?i at the starting pomt behind the baseline then ran

qRIANT SUURIINYINY

figure 3.6. The balls that were produced from the ball machine (Figure 3.7) must drop in
the 6 ft x 4.5 ft box. The player must try to control every shot to the backcourt. When the

ball machine shot a ball to the right side of the player then he had to hit the ball with a
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forehand topspin and when a ball was shot to the left side he had to hit it with a
backhand topspin. The duration between each ball was 2.8 seconds. A rope was

stretched out 8 ft above the court surface (Figure 3.8) to help the player decide how

were the ball passingzbell s e net anc
player had to changere G the%ht o] ball 3 consecutive shots. It
was concluded Ol isted off. sUndstioke shots. One successful trial

meant that the laa®machi . & second afi, Feeal|s into the box and the

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ
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Figur 36[?9 am of m

QW’]Mﬂ‘iﬂmW]’mFJ']ﬂEJ
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UL Ny 5
QAR TN INENAY
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Plantar pressure data

Insole plantar pressure distribution was recorded using the In-Shoe

System (Tekscan, Inc., Boston, USA) (Fig|

/ each player before starting data
i/ ptop computer (Figure 3.11).

ed %50 L _ al., 2004; Girard, 2007;

e 3.9). A sensor was placed in the right shoe

collection. The data

Plantar pressures

——

Chuckpaiwong, 2008)-Q0n z 3 i the second shot of every

successful trial was apai¥

|.
Figure 3.9 Tekscan Pressure Measurementgstem

ﬂUEJ’mElVﬁWEHﬂ'i
QW’]Mﬂ’a’ﬁUﬂJ‘W]’mEHﬂEJ
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R4

Figure 3.11 Set—ﬁ cuff cable for datﬁnsferring .u

NITUANTINEIN

33
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A regional analysis of the foot was performed utilizing the objects dialog
box section on the F-Scan Research 6.31 Software (Tekscan, Inc., Boston, USA) (Figure

3.12). Only peak pressures on the pivot point area was calculated (Figure 3.13). The

pivot point area box was assi .i' r of 2 (left), 8 (right), 16 (top), and 22
(bottom) on the software pi\ ///
% - / =
— N R

e spat = hiveok) - Prak)
nHsw ]

Ll

i,

e
T o

igure 3.12 F-Scan Research 6.31 Software meleJ‘Window

AUINENINYINg
ARIANTUNAINGIAE

, —
=
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Data analysis

)1. sssures (P ) nf:a pivot area were
expressed%. [CattaSD -’

= el- point area between
\
wearing the Ei‘gwis shoes wit

herringbone patte'\NH pivot point were deter n d by the unpaired t-test.

AUBINEAINEINT -

test Alpha level of 0.05 was used to determine statistical significant. All analyses

| . .
erringbone pattern anl e tennis shoes with

were performed on the Statistical I:Q’Ckage for the SocidiE@giences version 10. O

Q‘Wﬁoﬁ*ﬂﬂ‘iﬂiﬂ%’]')ﬂﬂﬂﬂﬂ



CHAPTER IV

RESULTS
Characteristics of Subj c\\\‘ ////
A total of 5 t who were ed by NTRP criteria, were in
the study. The succes ‘r|als Were > 7m all the players. Table 4.1

provides the base Lrlg_ : stic: ‘. ' 6. male tennis players), such as

Player 1 10.5

Player 2 10.5

Player 3 —‘“‘ oo 178 10.5

Player 10.5
A

Player §, 7 10.5

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU
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Plantar Pressures without Normalization

All plantar pressures on the pivot point area were collected from the tennis

s There were 2 strokes of turning steps:
j s were performed with open stance

o2 types which were square

players wearing both types of te

|gure 4.1c).

(c)

are stance backhand (c) The open

Figure 4.1 (a) The open sta

stance bacﬁam A
|

ﬂLlEJ'JVIEJVITNEI’]ﬂﬁ
QW’]Mﬂ’a’ﬂJﬁJ‘W]'JVIFJ’]ﬂEJ
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Mean and standard deviation of peak pressures, which were raw data, on the
pivot point area of the forehand steps, the square stance backhand steps, and the open

stance backhand steps from wearing the tennis shoes with herringbone pattern and the

tennis shoes with herringbone jithli tgpoint is presented in table 4.2.

ringbone with pivot point

Forehand (KPa)s 5 866.82 + 233.52

Backhand sq 115.61 £ 82.79

Backhand ope Wo11.76 £ 174.22

e i 3
Table 4.3 shdWs ilatitheréswashstali e lysionllicant difference (p<0.05) in
y - . %
peak pressures onfhe pifot poi l;,t"-; f 1l ehana i""-. epsStbetween wearing the tennis

shoes with herringbongfpat :v':ﬁ.!:;.ﬁz.'i’!r'~ ten 5 Withl herringbone pattern with pivot

Table 4.3 l@ ¢

between W@ .

herringbone pﬁrn wi

‘ 4=, Herringbone

J)

point.

of forehand steps

the tennis shoes with

HBihgbone with pivot point p-value

760.54 + 25317 866.82 £ 233.52 0.032*

For_d.(Ka)-

ARTRINIWAATINGTNE

* Significant difference between both types of shoes, p<0.05
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Table 4.4 presents that there was no statistically significant difference (p>0.05)
in peak pressures on the pivot point area of the square stance backhand steps between

wearing the tennis shoes with herringbone pattern and the tennis shoes with

herringbone pattern with pivot

\‘k’y/
|
Table 4.4 Mean differe res %ot point area of square stance

backhand steps be i thq&nni@rringbone pattern and the

tennis shoes Witrn th pivatRolr
- f R

i

0.925

Backhand Squatg P
i

j:“z | is%hoes with herringbone pattern
s ‘

'%e -i;:-"‘ / RO "'ili Si npaffed t- test Statistics.

Compared peak presglires g tlh' PIVO
and the tennis sho€S with R€rrir
* Significant difference @etw e

g

Table 4.5 demonsfigies: that ther 0 statistically significant difference

(p>0.05) in peak pressure ﬁd'W' the open stance backhand steps

between w@ tennis shoes with

— e
Table 4.5 Meaibﬁiifferences he pivot @Ft area of open stance

backhand steps between wearing the tennis shoes with herringbone pattern and the

te

Compared peak pressures on the pivot point area between the tennis shoes with herringbone pattern
and the tennis shoes with herringbone pattern with pivot point using Unpaired t- test Statistics.

* Significant difference between both types of shoes, p<0.05
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The 3D view of plantar pressure measurement shows that there was statistically
significant difference in peak pressures on the pivot point area of forehand steps (Figure

4.2). The tennis shoes with herringbone pattern with pivot point produced higher plantar

pressures than the tennis shoesy oge pattern did. On the other hand, there
were no statistically signi |/essures on the pivot point area of

’ ﬁﬁce backhand steps between

Figure 4.2 (a) Peak pressuge 4 JRiel -yﬂgr; @f&a, of forehand step from wearing the
tennis shoe@h ' pivaf point area of forehand
step from wl ;

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Pivot Point Area

'.;_:@@‘a”i;. }

L T e, A N .
R

Figure 4.3 (a stance backhand step

from wearing the g@hnisgeh ' s_.' orri 1 N 3ak pressure on the pivot

point area of squage e tennis shoes with

herringbone pattg wi,'

Autd

Flguﬂﬁl 4 ) Peak pressure on the p|vot point area of open stance backhand step from

Qﬁ%ﬁﬁ%ﬁ”&“ﬁﬁ”ﬁ%ﬁ%

pattern with pivot point




42

Plantar Pressures with Normalization

When dividing peak plantar pressures on the pivot point area with the player’s

square stance backhand steps ¢ e backhand steps from wearing the

tennis shoes with herriggberte {ter % hoes with herringbone pattern
with pivot point after 1zt -' is p.sent@Due to limitations of the F-
Scan Research W 3D fiew of ot

measurement could not

Table 4.6 Mean are the ot "Beint B@aafter normalization with

\ rringbone with pivot point

Forehand (KPa/kg). 12.90 + 3.39
Backhand square (KPa 1.63+1.14
Backhand open (KPa/kg) ..#5 17, ; 784 8.15+2.98

Tab nfgifference (p<0.05) in

-
ation ijﬂf players’ body weight

of the forehand st?s between wearing the tennis shoes with herringbone pattern and

th Nisy S it i i Wi [ ' atistically
sidhifi§an ffEeles p>0. )Im Ip k| pregssurngés t P ﬂin %rea after
norntallz

or ation with the players’ body weight between wearing the tennis shoes with

QRTINS AN
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Table 4.7 Mean differences of peak pressures on the pivot point area after normalization
with the players’ body weight of forehand steps, square stance backhand steps, and

open stance backhand steps between wearing the tennis shoes with herringbone

pattern and the tennis shoes wi ng pattern with pivot point

with pivot point p-value

Forehand (KPa/kg) <244 3. 0 9 (n=50) 0.015*
Backhand squargsf® 3/ 813 ( 0.770

Backhand opeps 42 72001004\, e 18 2 %8lln=17) 0.788

Compared peak prgSuresfon e |
i |

between the tennis shogs vyi) h ingloon &' n the gl pes with herringbone pattern with

ot poin 5 % wmalizatiomWith the player's body weight

pivot point using Ung eql t; s»rr atlstlc *r}"

*Significantdiﬁerence een bol

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ



CHAPTER V

DISCUSSION AND CONCLUSION

\\\W//

nal a alytlc
— 3
different tennis sho - s on Iant

Conclusion

ch aims to examine effects of

Thai male tennis _pl_a ehanoi N Bhiting groundstroke shots. All the
tennis players leyél 8.0 Iag. fi - ating Program (NTRP)
criteria and h o-ha@hdgl jbackhan €\ play \ e and and two-handed
packhand gro_und fOke JOPS i sho i e &lindikvery player had to collect
20 successful##fals y ari‘ o ten ', -.o-. pattern and the tennis

shoes with herrin ONe | tt nW|t n“'t’

The results g m tr% \;‘ NEreaw: : t | significant difference in the
peak pressures on the. pivot pQintal fea of and'stéps between wearing the tennis
ot 3
shoes with herrmgbone patteérm an ne-ter s with herringbone pattern with pivot
. . o ar 'q L ;
point. The tennis shoes wit JeHlelino!
plantar press erf did (760.54 + 253.17
(¢l zdfen the e shoee 5

KPa (herrini

3, with pivot point produced higher

hand, there were no

differences in ﬁ eenﬁaring the tennis shoes
|
L]
with herringbomepattern and the tennis shoes with herringbohe®pattern with pivot point
when performlng‘tﬁquare stance bacud steps (117.80 + 109.42 KPa

FuEImE e
q ERTbTIL IV @ik |1 ab}]

forehand steps between wearing the tennis shoes with herringbone pattern and the
tennis shoes with herringbone pattern with pivot point. The tennis shoes with the

herringbone pattern with pivot point produced higher plantar pressures than the tennis
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shoes with herringbone pattern did (11.24 + 3.35 KPa/kg (herringbone); 12.90 + 3.39
KPa/kg (pivot point)). There were no differences in the pressures on the pivot point area
between wearing the tennis shoes with herringbone pattern and the tennis shoes with

DQIN’

herringbone pattern with pivot pg

=ffogming the square stance backhand steps

pivot point)) and the open stance

98 KPa/kg (pivot point)).

(e i fy theNpteraction between the two

! k! 1
Dlays "".i iMmBprtaglrole in tennis (Miller and

’ \ I'!.
le ’o'». tS 1"\.1 s performance and injury.

!
Tennis movemen ple '\ involving forward, backward,

sideways, and rotati@nal of "speeds (Stussi, Stacoff, and

Tiegermann, 1989). Tean ﬁgd:fﬁ =r. on footwear and tennis shoe tread

patterns mt@e
DueLt .
=

pressures Canm t be ca

e, average plantar

jm
nly peaK |plantar pressures were
L]

reported. Performi? forehand steps, players applied higher peak pressures on the

piv oj eanWhe € i it ri n tt with pivot
poﬁrﬂi%jnt |$i|: wt mnyﬁnﬂﬁion. Peak
plé_nﬂ p.ressurés were ap-plied mosﬂy Lmder the 1% mretataréalr afea while peak
essures_at the other metatarsal are er duce le 26, see in per' B).
ARTAASIAREIN Y

There were no significant differences in peak pressures on the pivot point area

between wearing both of the shoes when the players performed the square stance
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backhand steps and the open stance backhand steps. Performing the square stance
backhand, the players tended to stand on the lateral part of the foot so it did not affect
the pivot point area which is on the medial forefoot area and mostly under the e

metatarsal (Miller and Cross, 20 )3
pressures of the square stal backh

pes of shoes. When comparing peak

e open stance backhand steps, it

standing on t tics and peak plantar

pressures of the .' enof players with different

select appropriate tennis
shoes. The rese 8L . o ces with the open stance

\ L}
should consider th I'_ pone p ‘u\ eriiilith pivot point. Gheluwe and

Bt the Jiflg *”"‘""—
1' ;;J’:‘m

Deporte (1992) fo nd th en :"'ll_ antar pressure increases. This

means that tennis sha®s wil igbone ith pivot point help to increase the

pressures on the pivot pOL

slipping or@g : tsL\
Homkv

game while Weiﬁa ing bo

ayers change direction well without

: ght occur during the
eved thI itla high peak pressure,
together with a nu ber of repetitions, could lead to chronic injury (Wong et al., 2007),
play, . dons and
AU ANENINGING

play may include stress fractures, plantar fasciitis, blisters, and abrasions or tenms

fractures result from failUre of the ostru of bone in an area ive
Q a rifg fisec ﬁtres ak ﬂ;hinlo 9ﬂ
Moreover, it is believed that too much friction while turning can transfer rotational forces

from the shoe-surface interface to the menisci and collateral ligaments of the knee

(Miller and Cross, 2003).
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Maaquirriain and Ghisi (2006) found that tennis players had an overall stress
fracture incidence of 12.9% with stress fractures at the foot 5.76%. The incidence of
metatarsal stress fractures was 2.16%, 0.72% at each 1° metatarsal, 2™ metatarsal, and
4" metatarsal. Due to force and i ’f hip, players who have an injury at 1%

h herrmgbone pattern with pivot

hould be ers with an injury at other

——
metatarsal areas. E-_W_ :ﬁ
d_‘__pﬁ

preferences.

an select shoes by their

e considered when using

these 2 typ hould have different

materials that m is study, the researcher

attempted to find s upper, insole, midsole, and

outsole parts b agiufact o] ) \ e. The 2 types of tennis
) | -y f?’.i' ﬁ i'i. ) )
shoes in the study h € sest material : gscarCher could find at that time.
/ : '.'
Further studies ~focus-on-the e Offtennis shoe tread patterns on

another surface besides the harg=striace;= &s clay. Ball speed is slower on the clay
surface. The frictional.coeffic ay is lower than the one between

shoes an er surfaces. Players frequer

(Miller, 200&.

A0 ecfoss the clay court

'@ad patterns on plantar

|
pressures on ” clay essure ‘ﬂfracteristics might be

expected.

A 5NN ﬁ;?e‘!;ﬂ’fimih:'::

of male players because of gender‘m‘erences such a yS|caI performance

qWIANIIN MIINLIAY

such as modified herringbone pattern and versatile pattern. These tread patterns might

cause different plantar pressure characteristics.
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Screening Visit
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APPENDIX E

Tennis Shoe Materials

adidas Barricade CLS Me

Price: 79.95

The original Barricade thaT Started
the CLS. Offaring the = 2l
more comfort Engin

shne is still well-suit
upper offers classi

& Upper: Leather U
tennis shoe fai

# Linming: Te
for increased blis
Inlay: Molded
Midsole: Torsj
during agg i
insart in the haal{
on tough landing
maintains forafg

* QDutsole: =diV@ERR 5
compound in a herrj
on all court surface;
Colors: White / B

Weight: 15 ocunces (Si

Price: 49.95 o

Offering the log
comes in 2t a =3
III may not offa

the Barricade V.4
midfoot support™s

= Fit: True to for [2
with & mediu =ight arch sSOPpP
& Upper: adiTWFEF for superior abrasion resistance in

the toe area. adiTUFF for abrasion resistance in
the toe area. S',.r etll: leather upper for light

weight and clur
E fo ig |'| c j

nion Elrlcl protect the heel upon |rr||:lE||:t.
REME+ insert for forefoot propulsion and
efficiency.

Dutsole: adiWEAR aumule for incredSed durability

Vi

Source: www.tenniswarehouse.com
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APPENDIX F

Baseline Data

—_.__; Ar“e R .- #eton (degree)

Tennis Playe orS| ion_ | ersi Eversion

-f"‘_f 5% %'&\ |
77/ TN
»* /' AN

Rt. Lt.

3 4
3 4
4 5

Table 2 Quadriceps angle;iic ,, jde

K eg Length
h Differenc

(mm)

Ten&ns ye
i




APPENDIX G

Collected Trial Data

The first tennis player

Table 3 The collectee ‘-—:%‘_q;,;_ orehand s
the tennis shoes@ patt v q
-y
Trial all Mac ootin ; , yer Hitting Area
Herringbone 3 t . 1 2 3
1 , ( 0 @)
2 A 14 \ (out) X (out)
3 1 % X (out) X (out)
4 @) @)
5 (sh@rt) 0 @) 0
6 i >3 X (out) | X (out)
7 X (short) ] ——— 0 0 X (out)
8 o) rt) | X (short) | X (short)
o)
1 @)
11 1 @) @) o)
12 1 2 1” X (short) | X (short)

50ut)

X (out) X (o&) X (short) | X (net) O

oarm o |
QWIﬂﬂlits ) oDy | A«
q 18 2 3 2 @) @) @)
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Table 4 The collected trial data of backhand steps of the 1¥ tennis player from wearing

the tennis shoes with herringbone pattern

Trial Ball Machine 0 rea Tennis Player Hitting Area

Herringbone Rt. : ) ¢ o 1 2 3

1 e’ 0 0

2 —— ) & ——ne 0 o)
3 Tlon / AR 0 X (out) | X (lob)
4 (lo @) X (lob)

5 (1 O @) O

6 1 @) O
7 A 2 3 (@] X (short)

8 _ 1 @) O

9 I b &N X(ou) | O

10 | Nzl X(et) | O

11 . @) @)
12 2 L Keut— 0 0 X (out)

11_3» ‘ O

14 0

@)

O

@)

LE

i long short
_—

ARAINTUANINGTAY



Table 5 The collected trial data of forehand steps of the 1% tennis player from wearing

the tennis shoes with herringbone pattern with pivot point

9

Trial Ball Machine 0'.‘ Tennis Player Hitting Area
Pivot Point Lt. \ 11 1 2 3
1 o O O X (short)
2 e o i 2 (oL @) X (out)
3 @) @)
4 3 @) X (out)
5 @) @)
6 0 0 @)
7 A 2 - (net) X (out)
8 O X (out)
9 X (e - ) X (lob) -
10 @) @)
11 @) @)
12 1 g ) @) O
13 o X(short) | O
1 _ 0
1 @)
16 X (lon short) O (@)
17 1 1 O @) @)
8 @) ‘
EO
20 ©) X (out) X (lob)

67
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Table 6 The collected trial data of backhand steps of the 1¥ tennis player from wearing

the tennis shoes with herringbone pattern with pivot point

Trial Ball Machine 0 rea Tennis Player Hitting Area

Pivot Point Rt ¥ ' / 1 2 3

1 t @) @)

2 ——2 X (long)- 1€ 0 X (net)

3 = t - X (out) | X (short)

4 O O

5 3 lo X (net) O

6 0 ( O O

7 1 3 rt O @)

8 @) O

9 " - (short) O

10 ¥ 3 J lo X (net) X (out)

11 t) @) @)

12 2 _ = 0 X (out) | X (short)

13 @) @)
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The second tennis plaver

Table 7 The collected trial data of forehand steps of the 2" tennis player from wearing

the tennis shoes with herringbone pa

Trial Bal i : nnis Player Hitting Area

Herringbone . —

t. ' 2 3

—_—

) @)

X

>
@
=
>
=)
®
=

hof | P s

© (o8} ~ (o2} ()] L w N
—
—_
o

-
o
>

=

N
O|lo0|lO0|O0O|]O]O|0O0O|0O| O
>
=)

o

RN
=
—

—_~
o
C
—

=

22 3 X (out) | X (short) (@]

@]
23 3 X (out) 1 O O O
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Herringbone Lt. Rt. Lt. 1
24 2 2

25 2

1
: |4 ©

— J e

Table 8 The CO||WbaCK rand swms player from wearing
the tennis shoes with heg efn ! ?\
Trial Il Mac o) J e layer Hitting Area
Herringbo 4 J “ _ ' . 2 3
1 [shomt 1 | (net) 0
2 @) @)
3 " r X (lob) O
4 2 O O
5
6
7
8&3.
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Herringbone | ¢ Lt. Rt. 1 2 3
20 3 1 2 O O O
Table 9 The collectedgttial« - :' : orehand s@ennis player from wearing
the tennis shoeSW pattesn wﬁh@
Trial Bl i ooting'A , layer Hitting Area
Pivot Point t 2 3
1 O @)
2 1 1 O @)
3 1 S (n O X (net)
4 . - ) 0 X (net)
i‘
5 (I O @)
6 X ( ) ut) | X (short) | X (net)
7 3 — - X (net) @) X (out)
8 X (long) LA S out) O X (net)

shon

X
19 X (short) 1 1 X (out) O O
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Pivot Point Lt. Rt. Lt. 1 2 3
21
22 _ : @)
Table 10 The colleg_’e-:;f" rf bao—fhand @nnis player from wearing
the tennis shoes with hega e
Trial all _ h g ‘ T‘ layer Hitting Area
Pivot Po t. : \ 2 3
1 | i 2 1 , (net) X (net)
2 1 Y ¢ RN 0 X (net)
3 X (ghortd [« X = o) X (net) O
4 2 ff | X ghoriy \ X (out) 0
5 @) @)
6 3 e 0 X (short) O
7 LA (net) O
- o~
Bl Segpo) | O
9 A 7 ,\_JD X (net)
10 il 2 (out) :I—I-X (out) | X (net)
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Pivot Point | gy Lt. Rt. 1 2 3
20 @) @)
21 @) @)
22 @) @)
23 @) @)

The third tenni

Table 11 The

the tennis shoes

Trial

Herringbone

1

\rea

player from wearing

n layer Hitting Area

3

@)

X (net)

C|lOo|O|N

O
(‘fwort) X (net)

short)

(net)




Trial Ball Machine Shooting Area Tennis Player Hitting Area
Herringbone | ¢ Rt. Lt. 1 2 3
16 1 X (lon ‘2 @) X (lob) @)
17 2 \ | | X(net) | X(net) O
18 et) X (lob) X (lob)
19 —— @@HOr) | X (short) | X (net)
20 ; - S X (net) X (net)
21 ) @)
22 @) O
23 ) , O O
)
Table 12 The collg@ted jifal gata of ste nis player from wearing

i
the tennis shoes with Jierrighe QE
of of

Trial B achi __' i
Herringbone Rt. =
1 LA
2
AV
4 2

nnis Player Hitting Area

1 2 3
O X (lob) O
_ 0

i) et) o)

O O O
O
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Herringbone | gy Lt. Rt. 1 2 3
14 2 1 . 1 X (out) X (out) X (out)
15 3 X (net) X (net) X (net)
16 ' @) @)
17 X (short) X (net)
18 X (lob) @)
19 X (net) X (net)
20 O X (net)
21 X (net)
22 O X (net)
23 | (out) X (net)
24 @) X (net)
25 @) @)
26 X (net) (@]
27 @) @)

i 1 i
Table 13 T ‘mm_m_—_._m from wearing
the tennis s# T '
—
Il

|'—"i

Tennis Player Hitting Area

QW
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Pivot Point Lt. Rt. Lt. 1 2 3
8 3 1 g 1 O O X (short)
9 1 | [ 1 O O X (net)
10 — - X (short) 0
11 Sl e O | X(short)
12 — T~ X (short) 0
13 A\ O X (short)
14 i 1 | O X (short)
15 O O
16 : 2 O O
17 #| 4P Xoutls AN ( 0 0
18 ' 1 bt 0 0
19 Y 2 : 0 X (lob)
20 ' O | X(shor)
21 X (Short) O O
22 2 T ' @) X (short) | X (short)
23" F O
2 O
25 o & 0 0
26 - 2 1 1 O O

AU INENTNYINS
ARIANTAUINIINEIAY
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Table 14 The collected trial data of backhand steps of the 3“tennis player from wearing

the tennis shoes with herringbone pattern with pivot point

Trial Ball Machine

Pivot Point Rt

1 1

2 —

3

4 1

5

6

7

8 2

9 I

10 3

11 X (Iogb)

12 X (long)

13

1

tingtAsea Tennis Player Hitting Area

| 1 2 3
X ¢ out) | X(short) | X (net)
— X (s —+——0- X (out) X (net)

o) @)

) iy o) 0

X (net) O
( O X (short)

h @) @)
‘ O X (out)
. o | X(ou
y h X (net) X (net)

b) @) O

X (lob) @) @)

A Y ut) | X (short) @)
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The fourth tennis player

Table 15 The collected trial data of forehand steps of the 4" tennis player from wearing

the tennis shoes with herringbone patie

Trial | Machine _' oting £ ¥ Tennis Player Hitting Area

Herringbone 3

X (slice)

@)

@)

X (net)

X (net)

X (short)




Trial

Ball Machine Shooting Area

Tennis Player Hitting Area

AN

Herringbone Lt. Rt. Lt. 1 3
24 1 X (ou 1 X (out)
25 X (short) . O
H_& 4
a

Trial

Herringbone

S
hEk:
/1.5

d

.

g A

-.,m

W,
L
W,
',
hy
Ty
',
Y .
.
!

AN N

@)

f

X (net)

X (short)

X (short)

O|lo0o|O0O|O| O| O

T 14 3 2 ‘ 1 O X (short)
(sRort (s s
17 2 2 2 X (short) O O
18 X (long) 2 X (long) X (net) X (short)




80

Trial Ball Machine Shooting Area Tennis Player Hitting Area
Herringbone | gy Lt. Rt. 1 2 3
20 X (short) | X (Qut) 2 X (out) X (net) O
21 2 @) @) @)
22 @) @)
¢ ==
| S
Table 17 The collecte efland's . tennis player from wearing
the tennis sho tte
Trial I ﬁ ( nis Player Hitting Area
Pivot Point Rt Lt. 2 3
1 1 O @)
2 X (ShQR. ) W X (net) | X (short)
3 1 @) )
4 X O @)
5 1 ,_; 0 0 X (short)
6 X (Ig ) 1 0 X (net)
%Y By | o
8 &y ' )

o

L N
s
2

2 2 (@)
17 X (long) 3 3 X (short) O X (short)
18 X (long) | X (long) 2 X (out) X (net) X (out)




81

Trial Ball Machine Shooting Area Tennis Player Hitting Area
Pivot Point | ¢ Rt. Lt. 1 2 3
19 X (long) | X (long (long) X (out) O O
20 X (out) ; X (net) (@) (@)
21 X ( \ s X (short) | O
22 ;__ Kl ng) — O X (short)
23 . @) @)
24 0 : X (short) O
25 | X (out) | X (out)
26 7 A, Ty ot 0 0
27 1 e @) @)
N
Table 18 The collegt tri f*‘ K sOhe &' tennis player from wearing
the tennis shoes W"' hegiingbo 3% i ivot p
W
Trial Ball M otin Tennis Player Hitting Area
Pivot Point FNGIN T, 1 2 3
@)

l &_b X (short)

= |}
>
D
=
X
o
o
>
—
o
C
=

A W |DN

X(out)

12 3 2 2 @) X (net)
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Pivot Point | Ry Lt. Rt. 1 2 3
13 2 2 2 @) @) @)
14 2 1 X(net) | X(short) | O
15 Iy @) @)
16 | 7 : 0 0
17 ) @) @)

The fifth tenni er -
Table 19 The ¢ te ! ] st t " {Bnhi player from wearing
the tennis shoes witiiherghg rgb
Trial J Il c'! >SSk INis Player Hitting Area
Herringbone - 1 2 3
1 X (long) e ok X (net) X (out)
2 3 O O O
) E et) @)

4 O

5 == D =X (out) 0

6 1" 3 3 2 O O O

% :
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Herringbone | ¢ Rt. Lt. 1 2 3
15 1 3 2 1 @) @) @)
16 1 ' @) @) @)
17 ' 0 0
— -—--ar

Trial ﬂ Shaof m& \ _~ n Iayer Hitting Area

Herringbong m\‘\‘\\ 1, 5 3
1 (I g "‘-ﬁ ' 'ﬂ\\& O X (out)
2 ’ @ o) A \\ O | X(short)
3 . Tzl \o 0 X (net)
4 Wz, 0 0
. st
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Trial Ball Machine Shooting Area Tennis Player Hitting Area
Herringbone | gy Lt. Rt. 1 2 3
18 3 1 | X (short) | X (out) X (out) X (net)
19 1 X (out) O O
20 L A O | X(short)
21 - : @) @)
22 O @)

Table 21 The collectg# trigifdata ﬁo ' ennis player from wearing

the tennis shoesgth hgfrin ep 5 th ol n
2
Trial B ine Qi ingArea 1% niggRlayer Hitting Area
Pivot Point t ?\ e d 7, . 1 2 3
1 . , O O
2 X (fong) ¥k , I ' '7 X (short) | X (out) X (out)
3 X (sho 7 O O O
4 @)
5, 0
6 @)
7 @)
8 @)
10
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Table 22 The collected trial data of backhand steps of the 5" tennis player from wearing

the tennis shoes with herringbone pattern with pivot point

Trial Ball Machine ‘Sht ea Tennis Player Hitting Area
Pivot Point \\“H’,m 4 5 3
1 \“ : 0O 0
2 @) @)
3 X (net) X (net)
: N :
S/ /E AN
I TIPBANN | -
7 l F \ \\ N (short) | X (net)
8 X (net) X (net)
9 0 @)
10 @) @)
11 @) @)
@) @)
<9 @)
: @)
154 L X (net)
o Jf i o [ o

Trials under the Shad are successful trials.

ﬂﬁeﬁﬁﬂM§Wﬂﬁﬂi

means that the playe the baseline

x (net)” means that the player hit a ball tfne net.

q RIAINIUURIINGA A

x (slice)” means that the player hit a ball with an underspin shot.
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APPENDIX H

Peak Pressure Data on The Pivot Point Area

Table 23 Peak pressures on 'the "L// iand steps

BAE — 7* mgbw (K “"!_._.LLL oint (KPa)

Aﬁf//ﬂ ‘\\\\
/ /PN
778 NN
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Trial Herringbone (KPa) | Pivot Point (KPa)

24 690 581

1131 763,‘@‘

788 ‘! 899

ﬂu mmmm (871

- 112
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Table 24 Peak pressures on the pivot area from square stance backhand steps

Trial Herringbone (KPa) | Pivot Point (KPa)

1 146

A\wr/.. ,

2

“—

dﬂ =
J///E TN
JIIE PUONN
THTEEUNNNTY
Ve ; ® 4\ \\
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Trial Herringbone (KPa) | Pivot Point (KPa)

28 50 69

RN
7k \\.\\ \
7/ BANN

V4769 \\
£/ ERANN
/77, i N\

Y7185 fah\
f'-*-f_@&

Table 25 Peak ressures ca
i = i-‘/- 5‘{;*-:"

g stance backhand steps
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Trial Herringbone (KPa) | Pivot Point (KPa)

11 - 793

723

| 579
” o 581

_ﬁw_ﬁ
= . 2=
" /Jﬂl’\\

R T .

ﬂUﬂ?ﬂﬂﬂﬁWﬂﬂﬂﬁ
QRIAN TN INAE
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APPENDIX |

Statistics of Peak Pressures on 12 Regions of The Foot

‘ai '
Table 26 Mean differences ’
the tennis shoes with h ern
with pivot point - 9

e — = -
— 1
Foot Region % df t p
Herringbone 0 6. 1
I : -1.329 0.187
Pivot point M 0 6% 1
Herringbone M2 0 +
iF 2.750 0.007
Pivot point of 6
Herringbone M3 §50, _ 35 4
y { | : 3.767 0.000
Pivot point f A
Herringbone M4 Yy - ¥, 16.47
' 4 98 2.384 0.019*
Pivot point M4 50
Herringbone M5 50 - 198.68 5
i o 98 1.328 0.187
Pivot point M5 ‘ L
Herringb8g - 1
0.281 0.780
Pivot poiRtiFil gl
= J—
Herringbone H’| 50 : - m
. 89. 2.493 0.015*
Pivot point T2 g
3 , .
Vot Joi ‘
Heﬂgbone T45

Pivot point MH
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Foot Region n X S.D. df t p
Herringbone LH 50 17.66 39.07 u
82.96 -6.427 0.000
Pivot point LH 50 61.57
Herringbone MF
98 -1.552 0.124
Pivot point MF

Compared between the2 :

* Significant differe:W T
! Significant differen etwi

* Significant differ

' Significant differenc

Table 27 Medh diff

between wearin

herringbone pattern

Foot Region

Herringbone M1
Pivot point M1

Herringbgpe*
Pivot poib v

=i

Herringbone m

Pivot point

Heﬂwgbone M5
Pivot point M5

Hergin e

Pivot point T1

8s 0k sqligre S

5st Statistics.

nce backhand steps

d the tennis shoes with

t P
-0.244 | 0.808
-0.844 | 0.402

Herringbone T2
Pivot point T2

40
33

160.45
112.31

71

0.123

0.903
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Foot Region n X S.D. df t p
Herringbone T3 40 140.45 78.29
71 -0.295 0.769
Pivot point T3 33 75.14

Herringbone T45 40

\

¥ |
K . 20104
"

71 -2.163 0.034*
Pivot point T45

0.552 0.583

Herringbone LH 4

0.136 0.892
Pivot point R

Herringbone ]

0.771 0.443
Pivot point MF

Compared betwe€n the

* Significant differeng@fbetw

: Significant differénce belwee

r

o
=

Table 28 Mean diffeence of the peak 2s of open stance backhand steps

between wearing the teng ﬁ oes.

herringbon@t R0

pattern and the tennis shoes with

Herringbone @

Pivot point M1

e
w

Herfihgbone M3

Pivot point M4
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Foot Region n X S.D. df t p
Herringbone M5 10 163.80 67.09
_ _ 21.26 -1.829 0.081
Pivot point M5 17 261.24 201.46
Herringbone T1 10 §O.38
25 -0.814 0.424
Pivot point T1
Herringbone T2 169%)
| . — -0.641 0.528
Pivot point T2 218.
Herringbone T3 .| 4ou
. -1.914 0.068
Pivot point 14 4
Herringbone 1 13
5 0.694 0.494
Pivot point T45 4 1
Herringbone*MH /
Y ' 1 -1.910 0.073
Pivot point MH 17, 58.
Herringbone LH [
07 -2.811 0.012*
Pivot point LH 7 .60
Herringbone MF 1
25 -1.432 0.164
Pivot point MF LE 1

Compared b ent
* Significant

W)

Sta%s.

d y

M1 to M5 are deﬁE'd a al are: respectively.
11
T1 1o T3 are defi as the first toe area to the third toe area respectivem

T45 is defined as the ﬁ and fifth toe areas.

ﬁﬂﬂﬂﬂ&lﬂiw g1n73

fmed as the midfoot area.

QW’]&\‘Iﬂ‘iﬂJﬂJW]’JVIFJ']ﬂEJ
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APPENDIX J

National Tennis Rating Program

The National Ten " R ) developed by The United States
Tennis Association (USTad? ~ _%racteristios that tennis players

exhibit in each of.f 1.skill 'veIsiQapen ¢ petitive ability and other

1.0 This ptaVer is jiist

15  This ple¥er nal lirditeg

pe

ball into plgy. ‘: - o rfr
o 5 4Ge% |
2.0 This player heeds on- B -? : . "'.. isplayer has obvious stroke
j e " .
weaknesses butlié familidy .‘:;..ﬁ-; ions II"I singles and doubles play.

-
i e ai
,pt-_-f

25 This player is Iearmn o-jaage-wh

is weak and.e ai !.,JLE? ' 'hok;
abi@ ———————— =
L\

30  This pIW;fr is dium@
i
comfo le with all strokes and lacks execution w

control, de ower Most commonubles formation is one up, one back.

FULINLUNIWEN]. ..

on moderate shots, but stlllfacks depth and vanety This player exh|b|ts more

qAIaN NTUINTING 1Y

4.0 This player has dependable strokes, including directional control and depth on

e.ball is going, although court coverage

players of the same

ced shots, but is not

trying for directional

both forehand and backhand sides on moderate shots, plus the ability to use
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lobs, overheads, approach shots, and volleys with some success. This player
occasionally forces errors when serving. Rallies may be lost due to impatience.

Teamwork in doubles is evident.

4.5 This player has beguf | '/power and spins and is beginning to
r

_ﬁepth of shots, and is beginning
o@er can hit first serves with

[his.player tends to overhit on

5.0 This pla AnticiPation / an outstanding shot or
attribute arq ic affgeme_maybe e MWais player can regularly hit
idhcabut away volleys, can

s, @¥erhead smashes, and has

5.5 This player has fevelopédpewer: con I"'-; ency as a major weapon. This

player can van ---‘f_f'.___ in @ competitive situation and hits

ha btained a sectional
o
orId—CIa§@layers.

Autinemwinens
RN INUNINYIAY

dependable shot", 3

60-70 TheL_ 3 plaver tvoi

-
and/or IHJ[a onal ran

ational tournament
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APPENDIX K

Men’s Shoe Size Chart

Table 29 Us men’s shoe sizi

UsS M ~ : —

- ength= = E
> dard) (wide)

W ; 3.7"

. & 3.8"

74 Vi ' 3.6" 3.8"
75 o i s i 3.9"
’ J f 0 s 3 3.9
854 / &\ Z( 4.0"

o | 1048’ y 9 49"
9.5 5 3.9" 4.9"
10 fo— - 4.0" 4.2"

Source: About.com Guide
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