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(i) Personal Section

IOIl never forget the first time | was introduced to my higoa®s fundamentals in
science research program. Sitting in biology as an unsuspecting &meskim Piccirillo and Ms.
Holmes, two of the defining figures of my high school education, walkedigtclass to discuss
the opportunity to apply to beme a part of Ossining High School Science Research. After
watching their short introductory video, | couldnOt fathom being a pthet pfogram; 10d
always been a strong science student, but 10d never truly had a foaghi®subject in general.
For as long as | could remember, | had wanted to be a paiitivia a scientist. Plus, | couldnOt
imagine working under the guidance of what appeared to be two of therigltriing figures |
had ever come across in OPO and OHolmes.O Neverthelesgtestateal of coaxing from my
parents and teachers, | decided to apply. Little did | know backlethat simple decision
truly changed my life.

While my vocational aspirations still remain in the politiedlm, the last three years |
spent crampedp in room 109 as a science research student truly shaped the parstoday.
As | head off to college as a finished product of OssiningGsckegmogram, | know that | am
truly prepared for any challenge the may come my way. SciencarReses nobnly taught
me the essential skill of how to carry out an extended project, bul$@mgiven me the
intellectual confidence to pursue what interests me, regaafl@gsat those around me may say
or think.

Going into OHS Science Research, | was under the impressiavérgtstudent was
stuck in a lab doinghonotonous test tube work. After being accepted into the program, | knew
that if | was going to remain a research student all through higloktwas going to have to
break the mold | had in my mdl. | was going to pursue something | was truly interested in, not

something that | thought would garner me large accolades as an upgpeaciasVhile | later
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found out the idea | had of what the average research projeckeas iny head was not
entirely true, | knew that type of research was most definitely nangrThus, at my first bi
weekly (the mandatory one-on-one meetings students in my research phageasvery other
week with either P or Holmes), when asked what topic | wanted su@uitwas an easy
decision. OTennis,O | bluntly replied, as Mr. Piccirillo dtatene blankly in confusion.

Ever since my first tennis lesson at the age of 10, the garearo$thas been an integral
part of my life. After reluctantly taking the court for the fitisne as a fourth grader, | was
instantly hooked. Over the years, | had begun playing USTA tournaments, jloen®arsity
Tennis Team as an eighth grader, become a certified tennigctostrand even established a
program in my diverse community promote wider participation in the game. Thus, the topic of
OtennisO seemed to be the perfect category for me. | kneveth@ttours a week being a
dedicated science research student entails would not bother rdeatftitvith something that
was so much a part of my everyday interests. The only problenhatz®tennisO was not exactly
a field of science research on the Intel STS application, bad ho idea what | would pursue.

For whatever reason, Mr. Piccirillo had enough faith in me tavathe to pursue my
interest in OtennisO research. As the weeks went flying byestideemingly ever professional
paper on tennis | could get my hands on, the practicality of thisttegtiinterested me to such a
great extent began to appear dubioushHewe the professional tennis researchers neglected to
respond to my carefully thought out emails, | started to feel muter@re as if science research
just was not for me. Without P and Holmes constantly encouraging meraimtiing that in the
end, hard works does in fact pay off, | do not think | would have madevitere | am today.

As what appeared to be every other student in my grade had alreadiyddgoon his or
her final research topic and secured a mentor, | was stithpting to find a single practical

subject to pursue. One fateful Sunday afternoon, | sat down to reade¢kend edition of the
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Journal News (my areaOs regional newspaper), and was meplegisant surprise. As | opened
up the local section, | saw an image of a teraiget strung in a strange fashion. This intrigued
me, so | decided to read the article. | soon discovered thabbkgears earlier a local woman
named Madeline Hauptman had gatented a diagonally strung tennis racket featuring opposite
pairs of equidistant strings strung in a diagonal fashion. She ddhaeas a result of this
congruency of string length, vibrations are more evenly dispersed folloviamnia shot,
reducing the level of vibration directed onto a given playerOs foegmrmossibly preventing
tennis elbow. The article | was reading was a profilB@ferAngle Mrs. HauptmanQOs small
diagonally strung racket company. | immediately rushed to my computedtout some more
information on PowerAngle. To my excitement, | found out that MesiginanOs diagonally
strung tennis rackets had never been scientifically tested or ceanjpaconventional rackets.

The following day, | rushed into the research room to let Mr.iftioand Ms. Holmes
know of the good news. They immediately encouraged me t®@cakrAngleneadquarters; it
later turned out that | was calling Mrs. HauptmanOs homenddmy brief conversation with
Mrs. Hauptman | explained Ossining High SchoolOs science researempangproposed the
idea of testing her rackets as compared to conventionally strungsr&mkety research project.
The two of us arranged for a formal meeting, which ended in aeragre that would allow me
to pursue research on her novel rackets free of charge. | fivzallya research project, but |
found myself more anxious than ever. There | was, geb8-old high school sophomore with the
research of a sporting goods company on my shoulders and no professictehessNewly
equipped with half-a-dozen diagonally and conventionally strackgets for the purpose of my
study, | was up for the challenge.

Initially, 1 decided to test the rackets only for the level ofadion brought on to the

racketOs handle, the variable that Mrs. Hauptman designed hés tackduce. However, as
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time went on, | realized that these possible vibration reductmurd oot be utilized in tennis in
the case that they hampered an individualOs ability to play theldaree. thatfor practical
purposes, the possible safety improvements that diagonal stringing i@agaefid not
compromise a given racketOs performance. As a result, | dd@tléesting the overall
performance (ball control and power) of the diagonally strung tennistragaimst the
conventional racket was also necessary.

For the testingf vibrations, | took into account my review of literature to mséeeral
significant novel improvements to a previously used method for vibrgtiantification known
as a piezoelectric disk vibration testing system. This proegssred countless houod detailed,
devoted preparation, and is explained in the research report sediiis mdper. For the testing
of overall performance on the other hand, | did not have the luxury of previodisrn research
to assist in developing my methodology for quantifying ball control and powas, Bfter hours
of careful thought, | drew up a novel method featuring a bggted camera. There was only one
problem: | didnOt have access to such a camera.

As a result, | went about the extensive process of attemptingdorprthe donation of a
camera of this sort. After sending my research plan to a nushBeurcesYision Research, the
largest high-speed camera company in the world, sent me an ettiragl ine know that they
would be willing to lend me a cameii@ an extended period of time. Normally, renting a high-
speed camera can cost thousands of dollars a week; in the eond, Résiearch was generous
enough to allow me to use the camera for over a year. A few ftaysezeiving this email, |
went out to New Jersey to spend the afternoon at the companyOs chgmmigtearters to pick
up the camera and receive training on how to use this advanced equifsietitove back
home across the George Washington Bridge at the end of the day, | khéve ttmethodology

of my project was finally all set.
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Given that | had no professional research mentor, | decided towvdek the loose
guidance of my A.P. Physics teacher Mr. Scinta in the back othgofs Physics classroom.
While this was not the most professional of settings, | made ¢ise shwhat | had, keeping
track of every minute detail to make my research as valssble. Over the course of my
Junior year, | spent many long hours in that lab area. Thousanddofatiea, | had truly
completedan independent science research project. In the end, | showéswertAngle
diagonally strung tennis rackets can reduce vibrations by roughly 40% (39.@éxadbpwithout
compromising a given playerOs ability to play the g&nuen these findingst can be inferred
that diagonal stringing holds potential for combating tennis elbow assweih the game.

As | look back on my research project, | can unquestionably statettha¢ no regrets.
While the numerous accolades 10ve received for my project éie, t€dwe found the most
satisfaction in all that science research has taught meni@gSicience Research has truly
turned me into the person | am today, having afforded me the opportunityatdgth
personally and intellectually. | can only hope that all the young studesise if science
research is right for them, the position | was once in three lcangag®, choose to take
advantage of such an amazing opportunity as | did. No matter who youvenereryour
interests may lie, sciencesearch is for you. That is, as long as youOre willing to vewck of

course.
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(i) Research Report
Introduction

Lateral epicondylitis, commonly known as tennis elbow, is the secondcomasnon
injury of the upper extremity of the body (Haahr & Andersa®02; 2003). The injury occurs in
the common extensor origin of the elbow, most frequently in the tendon knawve Estensor
Carpi Radial Brevis (ECRB). Tendonitis occurs in thiseagrausing pain in the lateral aspect
of the elbow elicited by movement of the arm (Paolini, Appleyarturell, 2003; Ingraham,
2004).

It has been estimated that approximateis68(Qpercent of all tennis players suffer from
some degree of lateral epicondylitis due to the repetitive nattine game of tennis (Roetert &
Brody, 1995). The high prevalence of lateral epicondylitis among tenmisrpleesults from
vibrations streaming from the tennis racket when contact is madeheiball (Pallis, 2002).
Although a racket is in contact with a ball for only Brs duringa shot, it continues to vibrate
for approximately the next 40 ms (Hatze, 1976). During this extended pétiote, the racket
oscillates between 150 and 250 times, and these vibrations arermrehsinto the human
forearm, causing tendonitis, pain and swelling (Brody, 1979; Hennig, Rosen&auitani,
1992). It has been suggested by several studies that tennis rackehdsesagtirect correlation
to the amount of vibration generated during a tennis shot (Brody, 1981; B, Hatze,
1991, 1992; Tomosue, 1991; Brody, Cross, & Lindsey, 2002; Hauptmar), 20@4sponse to
these claims, prior research has been conducted to better unddrstpraperties of the racket.

Research has attempted to reduce racket vibrations through aticaitefahephysical
properties of the tennis racket (Pallis, 2002). In 1981, Brody edtalithat striking the ball at a
location known as the Osweet spotO can reduce the pain and disceodi@teaswith vibrations

in tennis by allowing for the optimum dispersal of vibration. It has beported that the Osweet
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spotO is located approximately 16 cm from the tip of a racket (Bt®8¢). However, off-center
ball impacts outside of the Osweet spotO can cause 1.9 toe3. frig@ter levels of amplitude of
vibration, thus failing to adequately prevent lateral epicondyliten(@sue, 1991). In 1997,

Brody proposed the concept that an increase in thedizaaf a tennis racket would increase

the size of this Osweet spot.O Although these oversized rackessmokarger Osweet spotO than
standard tennis rackets, the increased size does not compenbkatadaorerror. The average
player is still incapable of consistently hitting this spediigweet spot,O showing only minimal
improvement over the standard rackedl(B, 2002). Grip bands were also suggested as a
possible method of vibration reduction, however it was later founetest the highest quality
bands are only capable of reducing vibrations by up to 5% (Hatze, 1991).

Another proposed method for the retian of excessive vibrations is altering the pattern
of stringing. An innovative stringing method known as diagonal stringing haslegeloped in
an effort to reduce the vibrations of the racket (Hauptman, 200-godaastringing imolves the
stringing of a tennis racket with opposite pairs of diagonal stringgudl length (Fig 1.1). With
this congruency of string length, it has been purported that vibratidnsewitore evenly
dispersed, reducing the level of vibration directed onto the playee@si. In conventional
stringing, strings of varying lengths vibrate at several diffefrequencies, thus poorly
distributing vibrations (Brody, Cross, & Lindsey, 2002). These uneven digpsensiay lead to a
larger force of vibration being placed upiwe elbow, contributing to the pain and injury

associated with lateral epicondylitis.
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Conventional Stringing Diagonal Stringing

Hauptman, 2006

Figure 1.1Diagonally and conventionally strung tennis rackBisigonal stringing consists of opposite pairegfiidistant string
strung in a diagonal fashion, while conventionalrgiing incorporates horizontal and vertically pasigd strings of differing
lengths. It has been suggested that this discrggaratringing method can cause an alteration iellef vibration.

Although several public claims attest to the advantages of diagongirsirover
conventional stringing, research supporting this concept has yet to be cdr¢Haaiptman,
2001). If research confirms that diagonally strung tennis rackets pradaeer level of
vibration, such rackets may greatly aid in the prevention of latprebredylitis.

Testing the overall performance of the diagonally strung tennis rag&igisathe
conventional racket is also necessary. As established withingsastrch, changés the
physical properties of the tennis racket can have adverse effexteonis racketOs overall
performance (control and power). For practical purposes, the possibie isnprovements that
diagonal stringing may offer cannot compromise a given racketOsymerter. If research shows
that diagonally strung rackets can perform at the same or reyasivalar levels, such rackets
can be used interchangeably in the game of tennis without compromising qtiplay.
Statement of Purpose

The purpose of this study is twofold:
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1. To assess the diagonal stringing method by the following criteria:
a. Level of vibration of the tennis racket.
b. Overall performance (ball control and power).
2. To statistically compare these values to thossakentional stringing.
Methodology
The Rackets
Two rackets were used during testing, each with a head size of#82&8length of
68.5 cm, a strung weight of 322 g, a balance of 12 pts. head lighihgeight of 290, a
stiffness of 63, and a beam width of 19 mm (Tennis Warehouse, 20@6)adkets were strung
with aGammab003 stringing machine usiienn Topspin Plustring at 60 Ibs of tension. The
control racket was strung conventionally, while the experimental rackestrung diagonally.
These values were measured péically during testing to ensure consistency.

Level of Vibration

A piezoelectric disk vibration testing system was constructethéoanalysis of
vibrations(Fig 3.1). In this system, the racket was supported as a freelyngipendulum by
two 134 cm ropes attached to a metal frame. The ropes wezleeattat two fixed locations a
distance of 45 cm away from one another tontte¢al frame, and tied the racket at the bottom

of its handle and at the three oOclock position on the racketOs fa

Em Ty
Three OOcloc '
 Position

Figure 3.1 The piezoelectric disk vibration testing systemduisetesting. Arrows point to the bottom of the tenand the three
oOclock position of the racketOs face where ragpesatiached.
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A piezoelectric disk was used as a force gauge in this expertment&hen vibrated, a
piezoelectric disk generates a piezgnal in the form of voltage that can be measured by a
voltage sensor (Brody, Cross, & Lindsey, 2002). To measure vibratiprezaelectric disk was
attached to the handle of the racketdeling the location from which vibrations are transferred

onto the arm during a tennis shot.

Two thermal-set plastiblocks were employed to attach a piezoelectric disk to each
tennis racket (Fig 3.2). ldentical blocks were molded for eagpective racket to fit firmly over
each racketOs handle and attach this disk; these blocks wéredattagach racket through the
use of two 30 cm plastic wire wraps. A piezoelectric disk @@sxyed to one side of the blocks
to prevent movement during testingllBwing this attachment, the disk was connected to a

voltage sensor at its two electrical terminals by standactriel wire.

Piezoelectric Disk

Figure 3.2The thermal-set plastic block used for the attacttroéthe piezoelectric disk to the tennis rackating testing. A
piezoelectric disk is found underneath a piecaaridard electrical tape at the location indicatgdhe above arrow.

In order to simulate the interaction between the ball and strngstandard tennis shot,
a tennis ball was mounted on a rope as a pendulum on the sameanetsh$ the freely moving

tennis racket. This experimental design is similar to the sksgribed by Brody, Cross, and
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Lindsey in 2002. During each test, the ball was dropped towarddket@s face from a fixed
location directly perpendicular to the racketOs strings along artatiplane. The ball was
mounted as a pendulum in order to standardize its speed and impaohldaaing each test. In
order to control impact speed, the ball was moved an éegigtit and distance off of the strings
by a mechanical stop. Following the tennis ballOs contact withcite, rievel of vibration was
measured. During each piezoelectric vibratiest, the ball made contact witke Osweet spotO

of each racket, exactly 16 cm from the racketOs tip.

Piezoelectric testing was repeated on both the diagonally and conviyistmeng
racket for 100 trials. During each test, level of vibration wasrdehed through the use of
PASCOData Studio software (Data Studio CI-685%8eptember 2006yraphs were generated
by the voltage sensor attached to the piezoelectric disk on the haedlhdennis racket. The
highest voltage value during each test was recorded as the levietaifon during testing, as
this peak amplitude value has the greatest impact on the argiveiatennis player (Brody,
Cross, & Lindsey 2002). The first positive peak in the piezo sigredsdisregarded while
calculating vibration values, as this value is mostly a resulteoflexation and rotation of the
handle, rather then the vibration of the strings (Brody, Crossnéidely, 2002). Following the
identification of each vibration amplitude, mean values were eéaifor both diagonal and
conventional stringing. Data underwent a t-test throbgluse oStatistical Program for the

Social Sciences (SPSS Version 13.0, September 2004).

Overall Racket Performance

Racket performance was determined by measuring ball control and [BaNerontrol
was defined as the amount of time that the tennis ball stayesiact with the racketOs strings

during a given shot, while power was defined as the speed of the batifiollowing contact
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with the tennis racket. Both ball control and power were measuraagthia novel method

featuring aPhantom?7.0 highspeed video camera. During testing, each racket was clamped to a
set table, exactly 1 m above the ground. Four metal clamps veeedd cm and 4 cm from the

top and bottom, respectively, of the grip of each racket during tesiog.@)j, keeping the

racket still and eliminating outside sources of vibration.

Figure 3.3The method used for the clamping of tennis raciating testing of both ball control and power. Folamps were
placed 1cm and 4 cm away from both the top andbotif the grip of each racket.

PennATP Extra Duty tennis balls were projected upon both the diagonally and
conventionally strung rackets using @bsterModel 3 tennis ball projection device while the
rackets were securely clamped to the testing setup. These lbalis were projected at 72 km/hr
from a distance of 2 m away from the apparatus. The ballsaireesl at the Osweet spot,0
exactly 16 cm from the tip of each racket. The flight of thesgepted tennis balls was

perpendicular to the strings of the tennis rackets employed in telSting.4).
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Figure 3.4The path of the tennis balls projected during #sting of both ball control and power. The tennidsbmade contact
with each racket exactly 16 cm from the tip, at@mveet spot,O perpendicular to the strings ofithéstrackets.

A grid of 1.44 mMin size, showing values of 1 cm horizontally and 5 cm verticallg, wa
constructed for the purpose of distance quantification (Fig 3.5). Duroigleghspeed video,
this grid was used for the standardization of distance. Thdsagrs placed perpendicular to the

tennis racket, parallel to the path of the tennis ball during eadh tri

|

e
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Figure 3.5The distance quantification grid employed in testidg.exemplified by the arrowia the image, this grid shows
values of 1 cm horizontally and 5 cm vertically.

ThePhantom?7.0 highspeed camera utilized in testing was then positioned exactly 1 m
in distance away from the tennis racket (Fig 3.6). The vieWweohigh-speed camera was

positioned parallel to the tennis racket, and perpendicular to both thefhe projected tennis
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ball and the distance quantification grid (Fig 3.7). The high-spaeei@ was placed at identical
visual settings during all tests. The camera was sesam@le rate of 500 us and an exposure

time of 470 ps.

Figure 3.6 ThePhantom?7.0 highspeed camera used during testing.

Figure 3.7 The view of the higlspeed camera during testing. The cameraOs viepositisned parallel to the tenmiacket, and
perpendicular to both the path of the projectediteball and the distance quantification grid.

During each test, the higgpeed camera was triggered prior to the projection of the tennis
ball by the tennis ball projection device. High-spe@eos of the ballOs motion prior to contact

with the racket, while in contact with the racketOs strimgsfailowing contact with the racket
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were then recorded for data analysis. 100 high-speed videos were takethfdiagonally and

conventionally strung rackets.

Distance Quantification Grid

High-Speed Camera Projection Device

/

Tennis Ball |

Tennis Racket

Figure 3.8 The compete setup utilized for the quantificatibrowerall performance. Arrows indicate the tennisketc
tennis ball projection device, distance quantifaagrid, and high-speed camera used during testing

Through the use d?hantomhigh-speed video measurement analysis software, ball
control and power were recorded (Phantom Software Version 650, JanuaryB40gyntrol
was defined as the amount of time the ball spent on the stringstofacket. Tis value was
determined based upon the number of frames that the ball visuallyneshmaicontact with the
tennis racket during each higipeed video. By multiplying the number of frames of contact by

500 (the number of microseconds within each individual frame), ball cemiolecorded in ps.

Power was defined as the speed that the projected tennis btiklédice of the racket in
each video over a 5 cm interval. The number of frames necesség foall to travel this
distance, based upon the distance quantification grid in each high-spezdvadaised to

determine the amount of time involved in each trial. Power findinge rezorded in km/hr.
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For both ball control and power, data was compared using a t-test thheugde of
Statistical Procgam for the Social Sciences (SPSS Version 13.0, September 2068dipriPand
velocity graphs were then formulated through the us@A8COData Studio software (Data
Studio CI-6859C, September 2006).

Results

Level of Vibration

Diagonally strung rackets were found to have a mean vibration amplit@d&3&42
volts (V), whereas the conventionally strung racketsO ameplitude was 0.22630 V (Fig 4.1,
4.2, 4.3). Following analysis, diagonal stringing was shown to reduce theleaeration on

the rackehandle by 39.72%, a difference that was strongly significamalje = 0.000).

Figure 4.1Comparison of amplitude of vibration data for diaglly and conventionally strung tennis rackets. Aitaple of
vibration was defined as the peak voltage (V) vakmrded during each of 100 piezoelectric diskatibn tests. Diagonal
stringing was found to have a mean amplitude of ® X3while conventional stringing was shown to haveean amplitude of
0.225 (pvalue = 0.000). Error bars show the range of amgétfindings.
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Figure 4.2 A sample vibration graph for diagonal stringingmplitude of vibration was defined as the peak \g#téd/) value
recorded during each of 100 piezoelectric diskatilon trials. A peak amplitude of vibratimf 0.137 is evident within the above
figure. An arrow indicates the location of this peanplitude.

Figure 4.3A sample vibration graph for conventional stringiflymplitude of vibration was defined as the peakage (V)
value recorded during each of 100 piezoelectrik dikration trials. A peak amplitude of vibratioh @220 is found within this
graph. An arrow indicates the location of this paaiplitude.
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Ball Control

Video analysis found that the tennis ball remained in contact witthidigenally strung
tennis racket an average of 10.62 frames during each test, whilalkiséayed on the
conventionally strung tennis racket an average of 10.54 frames (FiJ Het®fore, the tennis
ball stayed on the diagonally strung tenrasket for approximately 5310 ps, and on the
conventionally strung tennis racket for roughly 5270 ps. Although a smetkegasncy was
shown between the two different stringing techniques, tasttshowed that there was no
significant difference in the data, suggesting that both stringingatdgetperform at a similar

level (p-value = 0.336).

Figure 4.4Comparison of ball control data for diagonally ammhventionally strung tennis racket$is value was measured as
the amount of time the ball spent ¢retstrings of each racket and was based upon theeruof frames that the ball visually
remained in contact with the tennis racket duriaghehighspeed video. Diagonal stringing was found to havawerage of
5310 ps, while the conventionally strung tennikedavas recorded as having an average of 5270 ual(e = 0.336). Error

bars show the range of ball control findings.
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Power
A tennis ball leaving a diagonally strung tennis racket was shown tcaneseerage of

10.86 frames to travel 5 cm dag the high-speed videos, while a ball leaving a conventionally
strung tennis racket was shown to need an average of 10.95 fraghds/|F herefore, diagonal
stringing caused the tennis ball to travel at an average speed of 88sl#hile conventional
stringing brought about a speed of 32.877 m/s, a difference that wastisttatly significant

(p-value = 0.431).

Figure 4.7Comparison of power data for diagonally and coneeraly strung tennis rackets. This variable wassueed as the
speed that the projected tennis ball left the face of theked in each video. The number of frames necedsaiye ball to travel

5 cm based upon the distance quantification grielich highspeed video was used to determine this speedobé@gtringing
wasrecorded as causing the tennis ball to need a wfeBEN.86 frames (33.149 m/s), while conventiortidahging caused a mean
of 10.95 frames (32.877 m/s) (p-value = 0.431). Ebars show the range of power findings.
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Discussion
Within the present study, levels of vibration and overall performahnthe diagonally

strung racket were compared to those of the conventionally strung feickss first time. Prior
research involving the testing of vibration and overall performantenais rackets has ignored
diagonal stringing as a variable in experimentation (Hauptman, 2001).thbussults found in
this study warrant further investigation into the potential of diagdanabsg in alleviating the
condition of lateral epicondylitis in tennis players.

The diagonal stringing method was found to decrease amplitude ofosilsraly 39.7%
as compared to the conventionally strung racketaf{pe = 0.000), while exhibiting a nearly
identical level of performance (ball control and power). Thesdagities in the racket
performance of the diagonally and conventionally strung tennis racketspaeially
noteworthy, as they suggest that a given player will be able @ ntzsset strung by this novel
technique without hampering their playing ability. Unlpest attempts by Hatze (1991) and
Brody (1997), which utilized physical alterations such as grip bands andraase in racket
head size to decrease levels of vibration, the present study affeisle technique, in diagonal
stringing, to be used in the game of tennis to significantly redbcations without
compromising a given playerOs performance.

This study improved upon the methodology used by previous research formastessi
level of vibration of a tennis racket. The handle was selest#ltedocation for the attachment of
the piezoelectric disk because it is the location from whiclatidons are transferred onto a
playerOs arm. The thermal-set plastic block utilized duritiggesas specifically molded to
precisely fit the handle of thdiagonal and conventionally strung rackets utilized during testing.
Because the handle of a tennis racket is not perfectly flag@antb the sheer size of a piezo

disk (1/2 in. in diameter, 0.3 mm thick), the attachment cdtssfirface (the thermakt plastic
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blocks) was necessary to achieve stability during testing. The cainbeight of the
block/piezo disk structures was approximately 170 grams, a value rougiNgalent to the
weight of an average human hand, thus simulating the weight placed wgronsaracket during

a given shot (Brody, Cross, & Lindsey, 2002).

Despite the improvements made to the piezoelectric disk vibrasting system, the
thin ropes used to hang the tennis rackets as freely moving pendulunshaereto clearly
impactthe voltage emitted by the piezoelectric disk stationed on thefghie cackets. As a
result of the freely moving nature of the connection wires atthtthéhe terminals of the
piezoelectric disk, the ropes caused an excess stress on thdigkezesulting in an increase in
emitted voltage, artificially inflating amplitude of vibratioimdings. In order to prevent the
tugging of these wires, standard electric tape was placed upositaeaif connection to the
diskOs terminals in an attempt to limit their impact on virdindings. Despite this alteration,
it is possible that results may have been influenced by the fréemadthe rackets following
impact with the tennis ball. Nevertheless, past research hall tipaiea similar piezoelectric

disk vibration setup is a valid setup for the testing of vibrationsdygrCross, & Lindsey, 2002).

Past research has suggested that levels of vibration in the géemaisfare primary
contributors to lateral epicondylitis associated with the sptatze, 1976; Brody, 1979; Brody,
1981; Tomosue, 1991; Hennig, Rosenbaum, & Milani, 1992; Pallis, 2002; Brouks, &
Lindsey, 2002; Hauptman, 2001). A reduction of these levels of vibratigrbenable to reduce
the 40-50% incidence rate of lateral epicondylitis in all tennis pdayat currently suffer from
some degree of the upper-extremity injury (Roetert & Brody, 1995). sepr study suggests

that diagonal stringing can reduce the amplitude of vibrations of ssteaxukiet by 39.72%. It
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can thus be inferred that diagonal stringing may be able to bediiiizbe game of tennis to

reduce the prevalence of lateral epicondylitis.

Although the findings of this study showcase the potential of this nouejisiy
technique in reducing lateral epratylitis, no conclusions can be drawn on the direct impact of
diagonal stringing on the prevalent upper extremity injury. Furtheargsshould investigate if
the stringing method has the potential to prevent lateral epicondyldislleviate its sympins.
As a result, biomechanical analysis of the human arm while usiragganally strung tennis
racket as compared to a conventionally strung tennis racket should be edndihes research
should include a long-term study of the potential impact diagonal stringigdhave on

preventing and alleviating the symptoms of lateral epicondylitis.
Conclusion

The findings of this study suggest that diagonally strung tennis racketseautilized in
the game of tennis to significantly reduce vibrations (39.7%&hout compromising the quality
of play of a given tennis player. From these findings, it camfieered that diagonal stringing
holds potential for combating lateral epicondylitis associated witlgdhee.Thus, the results
found in this study warrant further investigation into the potential of didgtiaging in

alleviating the condition of lateral epicondylitis in tennis players.
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