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THE EFFECT OF PROTECTIVE KNEE BRACES

ON AGILITY AND MUSCLE PERFORMANCE

by

Michael Andrew Polascik

(ABSTRACT)

Thirty-two Virginia Tech varsity football players
served as aubjecta to examine the effect of protective
knee braces on agility and selected isckinetic strength,
power, and endurance measures. Each subject performed
the Semo agility teat in each of three experimental
conditiona: braced with the Anderson knee stabler (B-
An); braced with the Arco knee guard (B-Ar); and
unbraced (Un). The order of agility teatas wasa
randomized. The subjects were than adminiatered a
Cybex knee extension/flexion teat at 60 deg/sec and 300
deg/sec. Each subject performed the Cybex teasta in each
of the three experimental conditionas (B-An, B-Ar, and
Un). The order of Cybex testas was randomized. The test
protocol conaiated of three maximal repetitionas at 60

deg/sec and 40 maximal repetitiona at 300 deg/asec. The

following isckinetic variablea were recorded: (1) peak




torque/body weight ratio of the quadricepa and

hamatrings at 60 deg/sec and 300 deg/sec; (2) average

range of motion for knee extenasion/flexion at 60 deg/saec

and 300 deg/aec; (3) average power, torque
acceleration energy, and endurance ratio of the
quadriceps and hamastrings at 300 deg/sec. Repeated
measures analyais of variance revealed no

aignificant difference (p > .05) in agility test acores
between the three experimental conditiona. Repeated
measures analyasis of variance alao revealed no
significant difference (p > .0S) in the iaokinetic
reaspongses of aubjecta as they were teated within the
three experimental conditiona. The inveastigator
concluded that protective knee braces had no effect on

agility, isokinetic atrength, power, and endurance.
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The knee joint is the largeat and moat complicated
Jjoint in the body. Since it ias extremely unatable in
terma of its bony arrangement due to the amall tibial
plateau, joint integrity ia provided through the firm
support of soft tissueas auch as ligamenta and musacles.

Thia vital joint is commonly conaidered a hinge
joint which performa two principle actiona, knee flexion
and knee extenaion. The knee is more than juat a simple
hinge joint, it is actually a “polycentric" joint where
knee motiona consiat of a combination of rolling and
sliding between the contacting tibial and femoral
surfaces thus allowing the primary movementa of knee
flexion, extenaion, gliding, and rotation. (Izak,
Jackaon, & Townsend, 1987)

In competitive aports, the knee is in the flexed
poaition far more than it is in extenaion. Therefore,
the muaculature of the knee becomes the laat line of
defense against injury. Muscles surrounding the knee
need to be atrong to help prevent injury when excessasive

|
|
|

Chapter I

INTRODUCTION

1
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force is placed on the knee joint. Maximizing muscle
strength may help prevent some injuries, but it will
not eliminate them. The aeverity of a knee injury
depends not only on the atrength level of the ahtlete,
but alao on the amount of satress placed upon the joint.
Unleaa the muaculature around the knee is in a atate
of contraction at the time of impact from an external
force, the muscles can not contract rapidly enocugh to
effectively protect the ligamenta and the reault is
injury to the knee.

The most common knee injury occurs while the
athlete haa his knee alightly flexed, hia foot planted,
and hia upper leg rotated outward. The knee is forced
inward toward the opposite leg and the stress is
primarily received in the ligamenta on the inner aide
of the knee. (Daviea & Wallace, 1980) The force isa
delivered to the lateral aaspect of the knee
resulting in possaible injury to the medial collateral
ligament, and poasibly to the medial meniacus and the
anterior cruciate liagment.

Knee injuriea, are the moat frequent injuries

occuring in football. The average college football team

should expect approximately five game related knee
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apraina, six practice related knee apraina, and two to
three knee surgeries per season. (Powell, 1985) From
13978 through 1983, approxiamtely 75% of the injuries
that occured in the National Football League that
required surgery involved the knee. Almoat S0% of
these knee injuries resulted from blocking and
tackling, while 30% of the injuriea were cauaed
by a teammate falling on another and were termed
"accidental®" injurieas. The other 20% of the knee
injuries occured without player contact. In 1984, a
total of 119 NFL players underwent knee surgery.
(Mihoces, 19853) In 1977, a survey conducted among high
high achool football playera from aix western atates,
revealed that knee injuries accounted for 12.7%
of the total percent of injuries. (Pritchett, 1985)

Knee injury atatiatics for Virginia Tech Varsity
Football from 1979 through the apring of 1985 totaled
138 knee injuries, 28 of which required surgery.
Surgical procedureas consiated of arthroscopic correction
or ligament reconatruction. (Bullock, 1985)

Knee injuriea, easpecially in football, may be

prevented by increasing the atrength and proprioception

of the surrounding musculature of the knee joint, by
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wearing the proper ahoea on the playing surface, and by
utilizing protective or supportive devices. These
protective devicesa or braces have been worn in the paat
to prevent further injury to an athlete’s knee which had
already been injured. There is an increasing trend
toward football playera wearing protective knee bracea
to help avoid an initial knee injury, and to help reduce
the severity of a knee injury should it occur. These
devicea provide medial and lateral support, but do
little for rotatory protection. (Klafa & Arnheim, 1981)

Efforta to reduce the riak of knee injury ahould be
centered around reducing medial collateral ligament
injuriea since thia ligament is the moat often injured
as well as the mosat frequent site for knee surgery.
(Powell, 19835) Surgical repair to a damaged ligament
cosat approximately £3,500.00 and the athlete is loast for
the remainder of the season. If knee braces are shown
to help prevent injuries or leaaen their aeverity
when they do occur, then the minimum coat of the braces
plus the pogsibility of a loas in mobility, outweigh

the coat of knee surgery and the losa of a player.




In the pasat, knee bracea had been worn by athletea
that had previocusaly auatained trama to the knee. Today
the uae of knee bracea haas a new meaning; protection.

Athletes and coaches have expreased their concerns
that the protective knee braces may limit an athlete’sa
functional and muacular performance during activity.
This suggests that their knee range of motion, atrength,
power, and endurace could be limited to aome extent.

There alao exiats the poaaibility of some
paychological implications due to wearing the protective
knee bracea. Some athletea may believe that their
performance ias impaired juast becauase they are wearing
protective devices on both of their uninjured knees.

Thia atudy was deasigned to investigate the effecta
of protective knee bracea on agility and selected
isokinetic parameters of strength and power. The
protective knee bracea that were examined included
the Anderaon knee astabler, and the Arco knee guard.

Muscular function of the knee was measured using
the Cybex II Iackinetic Dynamometer. Specific measures

recorded by the inveatigator included; peak torque of

the knee extensors and flexors, range of motion at the
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knee joint, torque acceleration energy of the knee
flexors and extensors, average power of the knee
extenasora and flexora, and endurance of the knee
extensors and flexora. Agility waas alsoc measured

uaing the Semo agility test.

To delineate the purpose of this investigation, the
following null hypothesea were eatablished by the
investigator:

1. There was no difference in agility when the
Knee wasa unsupported, aupported with the Anderaon knee
atabler, or supported with the Arco knee guard.

2. There was no difference in peak torque/body
weight ratio in isokinetic knee extension/flexion at 60
degrees per second joint angle velocity when the limb
was unsupported, supported with the Anderson knee
atabler, or supported with the Arco knee guard.

3. There was no difference in range of motion in
isokinetic knee extension/flexion at 60 and 300 degrees
per second joint angle velocity when the limb was

unsupported, supported with the Anderson knee stabler,

or supported with the Arco knee guard.




7

4. There was no difference in torque acceleration
energy in isckinetic knee extension/flexion at 300
degreea per second joint angle velocity when the limb
was unasupported, supported with the Anderson knee
astabler, or supported with the Arco knee guard.

5. There was no difference in average power in
iaockinetic knee extenaion/flexion at 300 degreea per
second joint angle velocity when the limb was
unaupported, asupported with the Anderson knee atabler,
or supported with the Arco knee guard.

6. There was no difference in isckinetic knee
extenaion/flexion at 300 degreea per aecond joint angle
velocity when the limb was unaupported, supported with
the Anderson knee stabler, or supported with the Arco

knee guard.

Unpubliashed Studiea by Tedeachi (1984), Johnson
(1969), May, (1971), Hawkina (1977), and Martindale
(1973) were conducted on individuals using protective
knee bracea. Agility, running apeed, and leg muacle

performance of the quadricepa and hamstrings were the

dependent measures investigated by these researchers.
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Tedeachi (1984) did report a amall, but not
atatistically significant, decrease in performance
when wearing the knee brace. The reaulta from thesae
investigationa suggested that agility, running speed,
and leg strength were not hampered by one wearing a
protective knee brace.

Houaton and Goemana (1981) atudied the relationsahip
between athletic performance and knee braces. Iscometric
torque of the quadriceps was measured at 90 degrees of
knee flexion. Velocitiea of 30, 90, 180, and 300
degreea per asecond were used to measure dynamic torque.
Power was measured uasing a short stair run. Mean
maximal iackinetic contractions of the knee extensors
were significantly lowered by 12 to 30% compared to
correaponding valuea without the knee braces.

The data demonstrated that dynamic leg muscle
performance can be impaired by the use of a knee brace.

Athletic departments are apending large aums of
money to purchaae protective knee braces in order to
gain added protection for their athletes. These braces
are worn with the belief that performance will not be

limited by their uaage. The resulta of this

investigation will provide information regarding the
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effecta of protective knee bracea on agility and
muscular function parameters of quadriceps and
hamatring strength, endurance, power, torque
acceleration energy and knee range of motion during

flexion and extension.

Delimitations

The following delimitations were incorporated into
the reasearch deaign:

1. The atudy was reatricted to thirty-two Virginia
Tech varsity football players.

2. The Anderason knee atabler and the Arco knee
guard were the only protective knee braces examined.

3. The muscular function parameters included
quadricep and hamatring atrength, endurance, power,
torque acceleration energy, and knee range of motion
during knee flexion and extension.

4. The performance parameter of agility waa alsao

examined.
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Limitationa

The following limitations were recognized by the
investigator:
1. The aubjects were participating in apring

football practice during the time of data acquiaition.

The following assumptions were made by the
inveatigator:

1. The subjects were not currently participating
in a weight training program for the hip, low back, or
lega during the time of the inveatigation.

2. The subjects were apparently healthy and free

from any physical problems that might affect performance

during experimental teasting.

3. Each subject gave maximum effort during each of

the experimental testing seasions.




Definitiona of Terms and Symbols

AGILITY: The ability to change directions of the
body or body parta rapidly while maintaining control of
the body poaition and posature.

ANDERSON KNEE STABLER: Protective knee brace
deaigned by Anderson which consiata of a double hinge,
with a center support bar made from lightweight ateel.

ARCO KNEE GUARD: Protective knee brace designed by
McDavid which conaiata of a asingle hinge and is made
from hard plaatic.

PREFERRED LEG: The leg which the athlete prefers
to uae when kicking a football or soccer ball for
diastance.

ENDURANCE: The percentage of change in work from
the initial teat repetitona to the terminal teat
repetitiona.

PEAK TORQUE: The greateat torque produced during
extenasion and flexion of the knee joint.

TORQUE ACCELERATION ENERGY (TAE): The amount of
work performed in the firat 1/8th second of torque

production for the knee extensors and flexorsa.
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AVERAGE POWER: Work per unit time - the total work
done in the test repetitions divided by the total

contraction time.

Injuriea to the knee are serioua and frequent in
the course of aports, easpecially in football. To
prevent knee injuries, an athlete can astrengthen the
muaculature around the knee joint and alac wear a
protective knee brace.

Knee braces have previously been worn by those
individuals who had suatained trama to the knee.
Currently, there ias a trend toward placing a brace on
an uninjured knee for protection.

A ligament injury in football moat often affects
the medial collateral ligament. Protective knee braces
may help prevent this type of ligament injury. While
providing protection to the knee, these braces may limit
aspecific muscular function and muascular performance
parameters.

Several researchers have inveastigated the effect of
protective knee braces on agility, running speed, and

leg atrength, and have suggested that these parameters
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are not hampered by the use of a protective knee brace.
(Tedeschi 1984, Jochnson 1969, May 1971, Hawkins 1977,
& Martindale 1973)

Thia atudy waas intended to inveastigate the effects
of protective knee braces on the selected muscular
function performance parametera. The experimental
variablea included: atrength, endurance, torque
acceleration energy, and average power of the knee
extenaora and flexora. Range of motion and agility
were alac examined. The protective deviceas used in
this astudy were the Anderson knee stabler and the Arco

knee guard.




CHAPTER II

REVIEW OF LITERATURE

Thias chapter has been organized into the following
sections: 1) agility, 2) muscular atrength, power, and

endurance, 3) and knee braces.

Agility

The Brace’s Motor Ability Teat, the Cozen’s
Athletic Ability Tesat, and the Oregon Teat are known by
educators as popular motor ability tests. (Kirby, 1971)
Each teat is different, yet each teast makea an attempt
to define motor ability on the basis of certain apecific
motor akilla. Theae skilla are agility, strength,
balance, eye hand coordination, etc.

O0f these different aspects of motor ability,
agility is conaidered as the most important component of

motor ability. Agility can be defined as the “"ability

14
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of a performer to change directions quickly and
accurately." (Kirby, 1971) This change in direction
ia neceaaary for aucceaaful participation in all
athletica. Coachea are spending asignificant amountsas
of time attempting to improve their players agility.

Cozena (1928) measured general athletic ability in
fourty-one college men at the Univeraity of Oregon. The
Dodge Run was used as the change of direction test for
the purpose of meaauring the speed of leg movement and
the ability to change directiona. Cozena auggested that
the ability to change directiona quickly was a quality
important in all typea of athletic eventa. (Gates &
Sheffield, 1940)

Alden, Hoten, and Caldwell (1932) used a forty yard
maze run to measure agility in three hundred-eleven
college femalea while Gatea & Sheffield (1940) used a
forty yard maze test to measure types of motor ability
in 7th, 8th, and 9th grade boya. May (1971) used a
forty yard maze teat to evaluate running agility in
a atudy utilizing protective knee braces. The forty
yard maze run haa been used by inveatigators in the

past aa a change of direction test. In 1937, Young

used the Howe Test, the Zig-Zag Run, and the Figure
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Eight Teat aa change of direction teata for the
evaluation of leg strength and its effects of agility.
According to the results of the atudy, general body
atrength and leg atrength do not have significant
effecta on the change of direction. (Gates & Sheffield,
1940)

Change of direction testa are valuable tools that
can measure agility, but these tests are also very
important because they possesa the feature of
adaptability. Other variables, beaidea agility, can be
correlated and compared while agility is being measured.

Mohr and Haveratick (1956) correlated agility with
Volleyball gkills. Agility was measured by using a
change of direction teat, the Scott Obstacle Race. The
study indicated that change of direction testa are not
only a valid measure of agility, but can be used to
measure variables which may affect sport performance.

Hilaendger, Straw, and Ackerman (1969) examined the
relationship of agility to speed and atrength. Change
of direction teasta were uased to compare agility to apeed
and strength. The researchers concluded that agility

waa a unigue factor and was not due to the interaction
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of apeed and atrength. This atudy alao demonatrated the
adaptability of a change of direction test.

Kirby (1971) developed a simple teat for meaauring
agility for high achool and college malea. Thisa agility
teat waa called, the Semo agility teat and was validated
uaing the AAHPER Shuttle Run, and the Dodging Run.

These teats were selected by Kirby becauae of their
general acceptance by the profeasion as general
measures of agility.

The Semo agility teat is composed of many movement
patterna which are required by an individual to use in
an athletic event. Thease movement patterns are
aide atepping, back pedaling, and aprinting. The
agility teat was first deasigned to utilize the free
throw area of a basketball court, with dimensions of
12 feet by 19 feet, but can be used on other surfaces
which have adequate running space around the marked
off dimensiona.

The reliability of the teast was reported to be
R = .88 and the validity eastimates between the Semo
agility teat and the AAHPER Shuttle Run, and the
Dodging Run were reported to r = .63, and r = .72

reapectively. The objectivity coefficient between
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two teat adminiatrator’a scores for the Semo agility
teat was reported to be r = .97. According to the
data reported by Kirby, the Semo agility teat was a

reliable and highly objective measure of agility.

Muacular atrength ia the ability of a muacle or
muscle group to exert maximal force in a single
voluntary effort. Strength ia also recognized as a
major component of succeas in athletic participation.

Athletes need atrength to varying degrees depending
on the sport in which they participate. Strength is
needed not only to be a aucceasaful athlete, but to also
avoid from suastaining an injury during athletic
participation. Wilmore (197S) defined strength as the
ability to apply or reaiat force. Thia ability to
reajat force may help an individual avoid injury.

Dynamic muacular strength haas been commonly
measured by the amount of weight that can be
succeasasfully lifted once (one repetition maximum: 1RM).
This ia the amount of weight an individual can lift one
time. Lifting weights in this manner is a form of an

isotonic exerciae. In an iaotonic exercise, maximal
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tenaion is only placed on a musacle during a small
portion of the range of motion during the exercise.
Therefore, the total work done in this type of exerciae
ia aignificantly leasa than when a maximal tension is
required throughout the range of motion, as demonstrated
in an iaokinetic exercise.

Iaocokinetic devicea are now being uaed for musacle
atrength teating and training. These devices keep the
apeed of the movement constant and allows an individual
to maximally locad hia muaclea throughout an entire range
of motion. With isockinetic devices, the amount of
torque that can be generated ia measured at various
apeeds since the teaster haa the ability to control the
velocity of the muscular contraction.

Peak torque ia expressed as the higheat recorded
value on the torque curve produced in the entire range
of joint motion in an exercise on the isokinetic system.
Thia ia the most commonly used parameter as a measure of
strength on an iasockinetic ayastem. Peak torque can also
be expresased as a percentage of bodyweight. This ratio
haa become a tool for inter-individual comparisons, and

also for evaluation of one’s functional atrength.




20

Endurance ia a function of one’sa atrength over tinme
or repetitiona, and can be accurately measured using an
isokinetic ayatem. The endurance ratio of a musacle
group is calculated as the muscle becomes fatigued
during exercise. Predetermined number of repetitionsa
are sampled at the beginning and end of an exerciae
teat. The percentage of change in work from the
initial to the terminal repetitons is computed to
represent the endurance ratio. Thia ratio expressaea
the degree to which an individual fatigued during
the iaokinetic teat. Cybex recommends sampling 20% of
the total preselected endurance repetitons to provide a
conaistant asample for reproducible data collection.
(Cybex, 1983) An endurance tesat consasisting of 40
repetitiona has been suggeated by Davies to be used to
evaluate the endurance ratio of high performance
athletes. (Daviea, 1984)

Muscular strength, muacular endurance, and muscular
power are all aaspecta of muacular performance.
Isokinetic deviceas such as Cybex have the capability to
measure muscular power that is needed in sporting

activitiea. Torque Acceleration Energy, or TAE, is the

period where an individuala force ouput ia accelerating
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the moat. In the firat 1/8th second of torque
production, the amount of work performed is calculated
and expreasaed in ft-lba of work. Thia measure of the
initial power haa been recommended to be evaluated at
the faatesat test speed available, 300 deg/sec joint
angle velocity. (Cybex, 1983)

Studies have asuggeasted that isokinetic training
procedures may produce significant atrength and power
gaina. (Pipea & Wilmore, 197S) Iackinetic devicesa
allow for maximal dynamic loading throughout the entire
joint range of motion. The resiastance experienced by an
individual exactly matchea the force produced by an
individual throughout the entire range of motion.
Therefore, maximal resistance occurs throughout the
range of motion in order to keep the velocity of the
exerciase at a conatant rate.

Another important factor of the isokinetics is the
ability to approximate training apeed. Most functional
activities occur at faat contractile velocities. As the
body preparea the leg for weight acceptance during gait,
the knee extenda at a rate of 233 degreeas per second.
(Anna, Edwards & Wyatt, 1981) During running, the

velocity of movement at the knee joint is approximately
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400 degreea per asecond to 1200 degrees per sasecond.
(Davies, 1984) Therefore, to be functionally
rehabilitated for walking only, the quadricepa need
to be exercised at speeda between 200 degrees per second
and 300 degreea per aecond. (Anna, Edwarda, & Wyatt,
1981)

Rockwell revealed from football injury atudies that
the medial collateral ligament sustained injury when the
knee motion waa at a velocity of 320 degrees per second.
(Rockwell, 1984) Slow training speeds will not develop
the muacles power and strength needed to protect the
knee joint when forcea occur at high velocitiea. Not
only could it be possible to prevent injury by training
the musculature around a joint at aspeeda where specific
skilla are employed, but it might be possible to
influence athletic performance by training the muscles
at speeda approximating skill speeda used in sports.

Original atudies on isckinetics conducted muacle
teata at speeds of 120 degreaa per second or slower.
(Davies, 1984) Studies are currently reporting data
from teatas utilizing speeds of 180 degreeas per second to
300 degrees per asecond. (Anna, Edwardas, & Wyatt, 1981,

Daviea, 1984)
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The Cybex II, an iaokinetic ayatem which was
introduced in 1970, has asasumed the role as the leader
in muscle strength teating, athletic screening, injury
evaluation, and athletic rehabilitation. McMorria and
Elkinas (1985) deacribed iaokinetics as regulation of the
movement apeed. Isockinetica will allow a muacle group
to produce maximal torque while the movement apeed is
kept conatant.

Several atudies have inveastigated the reliability
and validity of the Cybex. Hart, Barber, and Davis
(1981) used a microprocessor which recorded an analog
signal from the Cybex II to improve the accuracy in the
measurement of torque produced during exercise. The
eatimated reliability for thias ayatem waa reported as
R = .99.

In 1982, Richardas and Cooper interfaced an Apple
microcomputer to the Cybex II dynamometer and computed
inatantaneocus values for torque, power, and work.
Intraclasas reliability coefficienta for the measured
parametera were reported to range from R = .991 to

R = .999.
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Johnaon and Siegel (1978) inveatigated the
reliability for the mean of the laat three ocut of six
teating trials for knee extension to be R = .98.

In 1988, Suaan Earlea-Price reported the atability
reliability (teat/reteat) eatimate produced on the Cybex
by the knee extensora ranged from R = .75 - .92 for the
meaaureas of peak torque and work.

In 1982, Mawdaley and Knapik investigated
isokinetic contractions of the knee extensor muscles of
malea and femalea. These inveatigators reported no
significant difference was found in peak torque acrosa

trials.

It is estimated that over 70,000 protective knee
braces are currently used by football players.
(Mihocea, 1985) The objective of lateral protective
bracing is to lower the frequency and severity of knee
injuries. Coaches and trainera are requiring their
healthy athletes to wear theae protective devices
during practice and competition. Thease braces could
serve as the "technological breakthrough in the war

againat the ultimate football injury." (May, 1985)
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Today, a college football player haa a higher
probability of austaining a aports injury. Even playing
aurfacea have been changed to allow the game to continue
an eliminate natures influence on the games velocity.

Data recorded by the National Injury Reporting
Syatem revealed that the medial collateral ligament of
the knee has the higheat rate of injury over the
apecific ligaments of the knee. (Powell, 1985) Game
conditiona alao producea a higher frequency of injury
than practice conditions. ( Powell, 1985) The NCAA
is currently considering making the use of protective
knee bracea mandatory in the near future, eapecially
for game asituationa. The San Franaico 49era were
the firat National Football League team that made the
use of protective knee bracea mandatory for all of their
linemen. (Caraska, 1985)

Knee braces have been designed to provide needed
support and protection for the knee. Lateral protective
bracea also provide this support and protection, but do
thias with the idea of not compromising an athlete’s
mobility. Profeaasional playera have been reported a=s

dialiking protective braces because they fear the brace

will reduce their apeed and agility. (FitaGerald, 1984)
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Nwaobi (1980) examined what effects bracing,
elaatic taping, non-elaatic taping had on medial knee
atability in twenty male athletes. Lateral deviation of
the tibia on the femur waa measured before and after the
application of the elastic, non-elastic tape, and the
hinged metal brace.

Thia atudy reported a significantly reduced lateral
deviation prior to activity, but only the metal brace
and the non-elaatic tape significantly decreased lateral
deviation of the knee after activity. After activity
the elaatic tape had lost 39.6% of itas effectiveness,
the non-elaatic tape loat 38.7% of ita effectivenesas,
and the metal hinged brace loat only 17.6% of its
effectiveness. It was concluded that a frequently
used metal hinge brace before or even after activity
ia effective in reducing lateral deviation of the
knee.

Anderson, (Omni Scientific, 1984) deasigned a knee
brace which waa a double hinged, asingle sided brace with
a center support bar made from lightweight ateel. A
hyperextension stop ia alaso a feature of the brace.

This brace was initially designed to protect football

players, but haa become the moat widely used lateral
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knee brace for all aporta. The Anderson knee stabler is
usualy worn on the lateral side of the knee in order to
protect the medial collateral ligament and the medial
capaule of the knee.

Another lateral knee brace on the market is the
Arco knee guard deasigned by McDavid. (McDavid, 1985)
Thia brace ias a aingle axias hinge brace made from a
lightweight polycarbonate. This plastic ia designed to
give under atress absorbing kinetic energy like a ahock
abaorber. Thia brace is alac equipped with a
hyperextenaion stop.

Moat often these protective braceas are uased by
football lineman. These athletea are often exposed to
lateral blows to the knee. But there is still question
on how theae braceas effect running apeed, agility, knee
range of motion, power, atrength, and endurance.

Houston and Goemana (1981) studied the relationship
between athletic performance and knee braces. Seven
male athletea were given a battery of teats on the Cybex
II iasokinetic dynamometer. Isometric torque was
measured at 90 degrees of knee flexion. Velocitieas of
30, S0, 180, and 300 degrees per second were uaed to

evalute dynamic torque. Vertical velocity (power) was
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measured using a short atair run. Blood lactate wasa
alsoc measured before and after an endurance test using a
bicycle ergometer. isokinetic contractiona of the knee
extensoras were significantly lowered by 12% to 30%
compared to corresponding values without the knee
bracea. The data demonsatrated that dynamic leg muacle
performance can be impaired by the use of the knee
bracea. Performance on the astair run without the knee
brace waa aignificantly (p > .01) improved. These
reaulta auggeat that potential benefitas of aupport
bracea may come at the expenae of performance. Each
aubject had previouas knee injury and had either worn a
Lenox-Hill brace, a Toronto brace, or a Kelly brace
prior to the study.

Tedeachi (1984) examined the effecta of the
Anderaon knee stabler on various components of knee
function, agility, and strength. Six male varsity
football players were selected for the atudy. An Semo
agility test was administered to each subject with and
without the use of the Anderson knee stabler in the
braced condition. Velocitieas of 30, 90, 180, and 300
degreea per second were used to evaluate dynamic

torque on the Cybex II Iackinetic Dynamometer. At
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300 degrees per asecond, there waa a aharp decrease in
torque production when the knee brace was worn. The
reaults of the agility test reported a amall decrease in
performance when wearing the knee brace. However, none
of the results were reported as atatistically
significant.

Johnaon (1969) examined the effecta of the Arco
knee guard on agility. A forty yard maze run was used
to evaluate agility. Fourteen graduate atudenta were
aubjecta in the atudy. Each asubject was timed in the
maze run with an without the Arco knee guard. The brace
was applied to the left leg of the aubjects during the
teating. No aignificant difference was reported between
the braced and the unbraced subjects.

The effect of the Arco knee guard upon agility was
alao examined by May (1971). A forty yard maze run was
adminiastered to thirteen graduate students. Each
atudent wore the knee guard on the right knee during
teating procedurea. No asignificant difference was
reported by the inveastigator.

Hawkina (1977) examined the effect of the Arco knee

guard on running speed. Running apeed was determined by

timing subjects in a thirty yard sprint. The Arco knee
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guard waa worn on the knee of the subject’a dominant leg
during testing. No significant difference was reported

in thia inveatigation.

Kirby (1971) developed a aimple teat for measuring
agility. Thia teast, the Semo agility test, was reported
to be a reliable and objective measure of agility which
could be used on any running surface that haa adequate
running aspace. This agility teat is composed of many
movement patterns which are required by an individual in
athletic competition.

Nohr and Haverstick (1956) correlated agility with
Vollyball skilla. Hilaendger, Straw, and Ackerman
(1969) examined the relationship of agility to speed and
atrength. These inveatigatora concluded that change of
direction teats are a valid indicator of agility.

Tedeachi (1984), Johnson (1969), May (1971) and
Martindale (1973) examined the effecta of protective
knee braces on individuals agility performance and
concluded that these braces did not alter ones agility

performance.
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Muscular strength, muscular endurance, and
muscular power are components of succeaaful athletic
participation. Theae muacular parameters can be
measured by iackinetic devicea auch aas the Cybex
Isokinetic Dynamometer. Theae parameteras are highly
reproducible and can be uased for both within and
between aubject comparisons.

Iaokinetic devices are superior in producing
greater atrength gaina than other traditional methods,
and allow one to approximate training apeeds. (Pipes &
Wilmore, 1975) Moat functional activities occur at
faat contractile velocitiea. The Cybex allowa one to
train and be teated at the apeed which these functional
activities occur.

Traditionally, athleteas have worn functional knee
bracea only for asupport due to ligamentoua laxity. Now
individuala are wearing knee braces to avoid injury to
their knee. According to the manufacturer of these
protective knee bracea, the bracea not only protect the
knee from contact loading and medial collateral ligament
injuriea, they also provide lateral, rotational,

anterior, and poaterior atability without having an

effect on one’s mobility and sapeed.




32

Two popular protective knee braces available to the
athlete are the Anderson knee stabler and the Arco knee
guard. Tedeaschi (1984) examined the effects of the
Anderaon knee stabler on agility and muscular atrength
in aix college football playera. Agility was tesasted by
the uae of the Semo agility test. Muscular atrength was
measured as peak torque on the Cybex at apeeda of 30,
30, 180, and 300 degrees per second. It waa reported
that there was a sharp decreaase in torque production at
300 degreea per asecond. However, no aignificant
differences were reported for agility and muscular
atrength when examined in ita braced and unbraced
conditionsa.

Johnson (1969) and May (1971) examined the effects
of the Arco knee guard on agility by using a forty yard
maze run teat. Subjects were teated with and without
the Arco knee guard. The brace waa worn on one leg
during the braced condition. No aignificant
difference wasa reported between the braced and unbraced
conditions.

Hawkina (1977) examined the effects of the Arco
knee guard on running speed in a thirty yard sprint.

The Arco knee guard was worn on the subjecta dominant




33
leg. No significant difference was reported between

the braced and unbraced conditions.
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ABSTRACT

Thirty-two Virginia Tech varaity football players
served as subjects to examine the effect of protective
knee braces on agility and selected isokinetic strength,
power, and endurance measures. Each subject performed
the Semo agility test in each of three experimental
conditiona: braced with the Anderaon knee atabler (B-
An); braced with the Arco knee guard (B-Ar): and
unbraced (Un). The order of agility testa was
randomized. The subjects were than adminiastered a
Cybex knee extension/flexion teat at 60 deg/asec and 300
deg/sec. Each asubject performed the Cybex tests in each
of the three experimental conditions (B-An, B-Ar, and
Un>. The order of Cybex teasts was randomized. The teat
protocol consisted of three maximal repetitions at 60
deg/sec and 40 maximal repetitiona at 300 deg/sec. The
following isokinetic variables were recorded: (1) peak
torque/body weight ratio of the quadriceps and
hamgtrings at 60 deg/sec and 300 deg/sec; (2) average
range of motion for knee extenaion/flexion at 60 deg/sec

and 300 deg/sec; (3) average power, torque

acceleration energy, and endurance ratio of the
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quadriceps and hamstringa at 300 deg/sec. Repeated
measurea analysis of variance revealed no
aignificant difference (p > .05) in agllity teat acores
between the three experimental conditions. Repeated
measures analysis of variance also revealed no
aignificant difference (p > .05) in the iaockinetic
responses of subjecta as they were teated within the
three experimental conditiona. The investigator
concluded that protective knee bracea had no effect on

agility, iaokinetic strength, power, and endurance.
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INTRODUCTION

Knee injuries remain the most common seriocus injury
occuring in football. The number of knee injuriesa
can be reduced by increasing the atrength and
proprioception of the aurrounding musculature of the
knee joint, by wearing the proper ahoea for a given
aurface, and by utilizing protective or asupportive
devices.

Protective devices or braces are normally worn to
help prevent further injury to an already compromised
limb. However, there is an increasing trend toward
football players wearing protective knee braces to help
avoid an initial epiasode of knee injury, and to help
reduce the severity of a knee injury should it occur.
It ia eatimated that over 70,000 protective knee
bracea are currently uaed by football players in
profeassional, college, and high achool athletics.
(Mihocea, 1985) Two popular protective knee braces
available to the athlete are the Anderaon knee atabler
and the Arco knee guard.

This study waa deasigned to inveatigate the effects

of protective knee bracea on selected muacular function

parameters of agility and the isokinetic variables of
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peak torque/body weight ratio, range of motion, torque

acceleration energy, average power, and endurance.

PROCEDURES

Thirty-two male Virginia Tech varsity football
playera volunteered to participate in this
inveatigation. Each participant read and signed an
informed consent and completed medical screening prior
to participation in the atudy.

Each asubject completed an agility familiarization
prior to the beginning of the Semo agility teating.
Subjecta were teated in only one experimental condition
per day which allowed warm up trialas, and three maximal
test triala with a three minute reat period between
triala. Teating waa conducted in an indoor aatroturf
facility. Agility teating involved an unbraced
condition, both knee braced with the Arco knee guard,
and both kneea braced with the Anderson knee atabler.
Cybex Tesating:

Subjects participated in a familiarization

aession on the Cybex II prior to the Cybex teating

seasions.
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Each aubject completed an Iackinetic evaluation at
60 degrees per second joint angle velocity, and 300
degreea per second joint angle velocity wearing an Arco
knee guard, and a Anderson knee stabler. Evaluation was
alao conducted in an unbraced condition. Subjects were
teated in only one experimental condition per day and
were allowed a minimum of 2 dayas reat prior to the next
teating session. Ample warm-up was allowed during the
Iaockinetic testing. At the 60 degree per second joint
angle velocity teat apeed, peak torque/body weight ratio
of the quadricepa and hamatringas were examined in each
experimental condition. Average knee range of motion
for knee extension and flexion was alao evaluated in
each condition. At the 300 degree per second joint
angle velocity teat apeed, parametera evaluated in each
of the three experimental conditions were peak
torque/body weight ratio, average range of motion,
average power, torque acceleration energy, and
endurance. Theae parameters were examined for both
knee extenaion and knee flexion. Teating data for both
testing apeeds was recorded by the Cybex data reduction

computer.
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RESULTS

A repeated measures analyais of variance was used
to calculate intraclasa reliability for the sacores
recorded from the Semo agility teat. Each of the
conditions produced reliability eatimates greater than
R = .90. A repeated measurea one way analysais of
variance waa used to determine if asignificant agility
timea were recorded acroaas the conditiona. No
aignificant differencea (p > .0S) were found between the
three experimental conditiona in agility acores.
Figure 1. displays the agility test acores.

The Cybex knee extenaion/flexion teat evaluated
apeeda of 60 and 300 degreea per second joint angle
velocity under the three experimental conditions.

The Cybex meaaurea recorded at the teat speed of

60 deg/aec included: peak torque/body weight ratio

and average range of motion. A repeated measures
analyaia of variance was used to determine if peak
torque/body weight ratio and average range of motion
were a function of the experimental conditions. No
aignificant difference (p > .05) waa found between the
three teat conditions for peak torque/body weight ratio

for knee extension and knee flexion. The teat resultsa

are diaplayed in Figure 2.
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Figure 2.
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No aignificant difference (p > .0S) was found
between the three experimental conditions and average
range of motion for knee extenaion and knee flexion.
Theae test resulta are displayed in Figure 3.

The variablea recorded at 300 degrees per second
joint angle velocity included: peak torque/body weight
ratio, torque acceleration energy, average power,
average range of motion, and endurance. A repeated
measurea analyaias of variance waa used to determine if
peak torque/body weight ratio, torque acceleration
energy, average power, average range of motion, and
endurace were a function of the experimental conditionsa.
No asignificant difference (p > .05) waa found between
the experimental conditiona and peak torque/body weight
ratioc for knee extension and knee flexion. The tesat
reaults are displayed in Figure 4. No asignificant
difference (p > .05) was reported between the three
experimental conditions and torque acceleration energy
for knee extension and knee flexion. These reasults are
diaplayed in figure S. No significant difference
(P > .05) waa reported between the three experimental
conditiona and average power for knee extension and

knee flexion. Theae results are diasplayed in Figure 6.
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Figure 4.
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Figure 5.

Torque Acceleration Energy at 300 Deg./Dec.
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Figure 6.

Average Power at 300 Deg./Sec.

Watts

320

300

280

260

240

220

200

180

160

AN

)

Extension Flexion

Test Conditions

48

=
@ Anderson
Z Unbraced




49
No significant difference (p > .05) waa reported
between the three experimental conditions and average
range of motion for knee extenaion and knee flexion.
Theae reaults are diaplayed in Figure 7. No aignificant
difference (p > .05) was reported between the three
experimental conditions and endurance for knee extenaion
and knee flexion. Theae resulta are diaplayed in

Figure 8.




-
g%ggi Anderson
EZZZi Unbraced

Figure 7.
Degrees

O

9]

2]

~

)

)

a

o

3 o200 %0002 5
~ [0S ES

w2 PR00292929.9.029, 2
« L m. o
= ke "
2 b=
- c
o [e]
= O
(- »
; NN
&) 7
b o
S %
< L
05

()

)

«©

r 1 1 1

)

>

<

130

125 —
120
115
110 -
105
100




Figure 8.
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Diacuaaion

Kirby (1971) developed the Semo agility teat which
ia compoaed of many movement patternas which are required
by an individual in athletic competition. He determined
that this agility teat was reliable R = .97, and a
highly objective measure of agility. The reliability in
thia inveatigation for the Semo agility teat was found
to be R = .90.

Straight ahead aprinting ias one component of the
Semo agility teat. Hawkina (1977) examined how the Arco
knee guard affected running speed. He concluded that
the Arco knee guard had no aignificant affect on
running apeed.

Tedeschi (1984) examined the effects of a
protective knee brace on agility uaing a Semo agility
test. There were no aignifieant differences in the
agility scorea reported between the braced and unbraced
conditionsa. But there waa a amall, not significant,
decrease in performance found in the braced condition.
The results of this inveatigation are in agreement
with thoae of Tedeachi. No significant difference
waa found between the braced and unbraced agility

acorea. Thisa inveatigator did note that the agility




33

acorea from the unbraced condition were alightly fasaster
than the scores from the braced condition. This finding
ia also in agreement with Tedeachi’s findingsa.

Johnaon (1969), May (1971), and Martindale (1973)
also inveatigated what effecta, if any, a protective
knee brace had on agility uaing the 40 yard maze run.
The reliability of thia change of direction teat was
reported to be R = .954. (McCloy and Young, 1954) Thesae
inveatigatora reported no evidence to aupport their
hypotheasis that a protective knee brace will have an
effect on agility performance.

Change of direction tests are valuable tools used
to meaaure agility. Both the 40 yard maze run and the
Semo agility test evaluate change of direction. The
findinga in thia inveatigation from the change of
direction teats are in agreement with thosae findings of
Johnson (1969), May (1971), and Martindale (1973).

Houaton and Goemans (1981) evaluated dynamic torque
production from a braced and unbraced knee on the Cybex
II isokinetic dynamometer. These inveatigators reported
significantly lower valuea for maximal torque production
in the braced condition at joint angle velocitieas of 30,

S0, 180, and 300 degrees per second.
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In thia inveatigation, peak torque waa evaluated
in relation to the subjecta body weight. This
inveatigator reported no asignificant difference in the
peak torque/body weight ratio at joint angle velocities
of 60, and 300 degrees per aecond.

The findinga from this investigation are not in
agreement with those findinga of Houaton and Goemansa
(1981). This is probably due to the fact that Houston
and Goemans evaluated torque production from individuals
who had knee ligamentous inatability and wore a
functional knee brace during teating where this
inveatigator evaluated torque production of healthy
aubjecta while wearing a protective knee brace.

Tedeachi (1984) examined the effecta of a
protective knee brace on peak torque produced by the
quadriceps at joint angle velocities of 30, 90, 180,
and 300 degrees per second. The inveastigator concluded
that a protective knee brace did not affect peak torque
produced by the quadriceps at the various knee joint
angle velocities. Torque valuea for the braced
condition were higher than the unbraced condition for
each of the joint angle velocities examined. This was

attributed to the subjects being unfamiliar with the
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Cybex II apparatua. The subjects were teated in the
unbraced condition first, and may have become
accustomed to the iackinetic reaiastance when teating
in the braced condition and a learning affect occurred.

Thia inveatigatora findingas are in agreement with
thoae of Tedeachi’a. The Anderson knee atabler doea not
affect torque production at the joint angle velocity of
300 degrees per second for the quadricep muaculature.
Thia inveatigator also concluded that the Arco knee
guard doeas not affect torque produced by the quadricep
muaculature at the joint, angle velocity of 300 degrees
per aecond. Torque production of the hamatring
muasculature was alao evaluated at knee joint angle of
300 degrees per asecond and the quadricepa at 60 degrees
per aecond. It waa concluded from the results that
that neither the Arco knee guard or the Anderson knee
atabler had an affect on torque produced by the
hamstring and quadricep muaculature.

Other muacle performance parametera were
inveatigated in this study. It was concluded from the
resulta that neither the Anderaon knee atabler or the
Arco knee guard have an affect on knee range of motion,
torque acceleration energy, average power, and endurance

of the quadriceps and the hamstring muaculature.
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Thia investigation examined the effects of the Arco
knee guard and the Anderson knee satalber on agility and
selected muacle performance parametersa. This
inveatigation produced no aignificant difference between
the acorea of the two braced conditiona, and the
unbraced condition for the Semo agility, or for the
isokinetic variablea meaaured by the Cybex.

Thia inveatigator’s findings are in agreement with
Tedeachi (1984), Hawkina (1977), Johnaon (1969), May

(1971), and Martindale’s (1973) reported findings and in

disagreement with thoae of Houaton and Goemans (1981).
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CHAPTER IV

SUMMARY OF THE STUDY

Thia atudy inveatigated the effect of the Arco knee
guard and the Anderson knee stabler on agility and
selected muacle performance parameters. Thirty-two
Virginia Tech varsity football playere volunteered to
perform nine agility tests in an indoor asatroturf
facility, and three knee extension/flexion teasts on the
Cybex II iasokinetic dynamometer. The Semo agility teat
protocol conaiated of three trials in the Arco braced
condition, three triala in the Anderaon knee atabler,
and three trials in the unbraced condition. Teat
protocol for the knee extenasion/flexion teat consasiated
of 3 maximal repetitiona at 60 degreea per second joint
angle velocity, and S maximal repetitona at 300 degrees
per second. A 40 maximal repetition endurance teat was
alao performed at 300 degreea per second.

The following parameters were recorded by the Cybex
data reduction computer: 1> peak torque/body
weight ratio of the quadriceps and hamatrings at 60

59
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degrees per second; (2) average range of motion of
knee extenaion/flexion at 60 degrees per sasecond:; 3
peak torque/body weight ratioc of the quadricepa and
hamatringa at 300 degreea per second: (4) average
range of motion for knee extenaion/flexion at 300
degreea per second: (3) average power of the
quadricepa and hamatringas at 300 degrees per asecond:
(6) torque acceleration energy of the quadricepa and
hamstringa at 300 degrees per second: «7) endurance
ratio of te quadricepa and hametrings at 300 degreesa
second second.

A two-way repeated meaasures analyais of variance
across each experimental condition was implemented to
determine the criterion acore. A significant difference
existed between the agility triala, therefore, the best
score wasa aelected as the criterion ascore for each
aubject in each experimental condition.

A repeated measureas analysis of variance was used
to calculate intraclaas reliability for the agility
teating scorea. Each of the three conditions produced

reliability estimates greater than R = .90.
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A one-way analyais of variance waas used to teat the
hypothesis of no difference in agility or in the
muacular parametera examined acroas the three
experimental conditiona. Resulta of the one-way ANOVA
allowed the inveatigator to conclude no atatiatical
aignificant difference waa found in the agility acores
between the braced and unbraced condition, or the
agility acores between the two braced conditions.
Resulta of the one-way ANOVA allowed the inveatigator
to conclude no astatiatical significant difference
was found between the braced and unbraced condition,
or between the two braced conditions for any of the
muacular performance parametera examined at 60 and

300 degreea per second joint angle velocity.

The resultas of thias astudy indicate that the Arco
knee guard and the Anderaon knee atabler do not hinder
a football players agility, running speed, musascular
atrength, muscular power, knee range of motion, and
muacular endurance.

Since both the single and double-hinge deaign were

inveatigated in this study, it is concluded that other
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protective knee bracea with the zame deaign
specificationa may not hinder ones performance.

The conclusaions from thia study suggest that
individuala who use theae protective knee braces should
disregard their concerns regarding detrimental effects
on performance. They ahould direct their concernsa
toward these issuea: 1) do these bracea decrease or
increase the injury rate of the knee joint? 2) are
individualas and athletic departmenta spending large sunms
of money on a product that does not work? 3) are other
ligamentous atructurea of the knee pre-loaded by the use
of theae bracea? 4) are we outweighing the importance
of protective knee bracea over conditioning and
strengthening of the muaculature surrounding the knee in
order to decrease the injury rate of the knee? 5) are
we giving these athletes a falae senae of security by

wearing a protective knee brace?

The following recommendationa for further study

are suggesated:

1) A long term investigation of the injury rate of

the knee, ankle, and hip among college, profeasional,
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and high achool football players to provide information
on the efficacy of these braces.

2) Inveastigation of the injury rate among athletes
of other aporta who uase protective knee braces.

3) Biomechanical studiea uaing protective knee
bracea which inveatigate the posasaibility of pre-loading
the medial collateral ligament or other ligamentsa by
uaing a protective knee brace.

4) Inveatigation to determine which type of brace

best abaorba and distributea contact forces.
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METHODOLOGY

Selection of Subjects

Thirty-two male Virginia Tech varaity football
playera volunteered to participate in thia
inveatigation. The following criteria waas uased for the
aelection of the aubjects:

1. The aubjects muat have worn a protective knee
brace during the football season.

2. The subjects muat not be currently
participating in a current weight training program for
the hips, low back, or legs.

3. The aubjecta muat not have any prediaposaing
orthopedic condition of the knee, hip, low back, or
ankle (eg. prior corrective surgery or extreme laxity of
the ligaments or tendona asurrounding the knee, hip, or
ankle joint).

4. The aubjecta muat have completed and passed a
aubject acreening evaluation. The acreening form is
found in Appendix B.

5. This inveatigation waa approved by the
Department of Physical Education Human Subjects

Committee at Virginia Tech. Each participant read and
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aigned the informed conaent form prior to their
participation in this study. The informed consent form
ia found in Appendix C.
Football players representing different team
poaitionsa participated in this inveatigation. A

poaition summary ia diaplayed in Appendix D.

Agility Teata:

Each aubject asigned an informed conaent form
and completed the medical acreening prior to being
adminiastered the Semo agility test.

All subjects were given the agility familiarization
drill. The protocol for the familiarization drill and
teat are displayed in Appendix E.

The Semo agility teat was used in this
inveatigation to measure a change of direction. The
movement patterna required to complete the agility teat
were the cross-over atep, back pedaling, and forward
sprinting. Since the aubjects were football players,
the inveatigator aubatituted the crosa-over atep for the
side atep. The crosa-over atep ias eapecially important

for pulling guards and running backa. Investigators
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have determined that when a lateral movement in which
maximum speed is needed, as in football, the croas-over
atep may be the technique to use. (Chandler, Langley,
& Blair, 1967)

Prior to the beginning of the agility test, each
aubject had been randomly placed into one of the three
experimental conditions for each teating seasaion. These
conditions consiasted of having the subject either wear
the Anderaon knee atabler on both knees during the
agility teating, wear the Arco knee guard on both kneesa
during the agility teating, or not wear any protective
knee brace during the agility teating (unbraced).

The Anderaon knee astabler worn during the entire atudy
waa model number 101W, and waa manufactured by Omni
Scientific Inc. (Omni Scientific, Inc. 1984) The Arco
knee guard utilized in the atudy waa model number M102,
and was manufactured by McDavid. (McDavid, 1985)

All protective knee braces uased in this invesatigation
were new and had never been worn prior to teating.

The Semo agility test waa performed in an
indoor aatroturf facility. Cones were used to mark
the agility courase. Once the subjecta had reported to

the teasting site, they were informed as to which
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experimental condition they were assigned. Each brace
waa placed on the asubjects by the inveatigator according
to the proper procedure recomended by the manufacturer.
(Omni Scientific Inc., 1984, & McDavid Knee Guard Inc.,
1985) All subjecta were required to perform the agility
test in either turf ashoes or tennia shoes. Each aubject
waa timed in the agility teat and the ascores were

recorded to the neareat hundredth of a second.

Cybex Testing:

Each subject was adminiastered a Cybex
familiarization test sesaion on the Cybex II Iackinetic
machine. To initiate the Cybex familiarization
procedure, the aubject was positioned in the Cybex
teating apparatua. The Cybex dynamometer was aligned
and poaitioned by the inveatigator according to the
recommended procedure by Cybex. (Cybex, 1984) The
aubject’as aset-up position variables were recorded and
uaed throughout all Cybex teating seaaiona. With the
hip positioned in 90 degreea of flexion, the subjects
were inatructed to perform knee extenaion and knee

flexion exercises uaing the preferred leg. The Cybex
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familiarization and teat protocol for knee extension
and knee flexion are found in Appendix F.

Once the asubject waa poaitioned properly, he wasa
secured in the teating poaition by the uase of velcro
stabilization strapa. The atabilization straps included
the upper toraso atrap, the pelvic atrap, and the thigh
atrap. Theae atabilization atrapa aecured the aubject
and helped eliminate muacle substitution. The subjecta
were inatructed to keep their arms croaaed during the
teat. A towel waa placed between the thigh
atabilization strap and the subjects quadricep to keep
the velcro atrap from irritating the aubject’a leg
during the isokinetic teats.

The subjects were randomly assigned to one of three
experimental conditionsa. If the aubjecta teating
condition for that particular day required a protective
knee brace, the inveatigator positioned the brace on the
subjects preferred leg. All warm-up trials allowed
prior to teating were performed in the asaigned teating
condition.

The moat common recommended isokinetic teat apeed
to meaaure atrength is 60 degreea per aecond. (Cybex,
1984) Thia speed was selected as the slow test apeed

for thia inveatigation.
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Velocitiea at the knee joint during running usually
occur between 400 degrees per second and 1200 degrees
per aecond (Daviea, 1984), and moast medial collateral
ligament injuriea in football occur when the angular
motion of the knee joint ia 320 degrees per second
(Rockwell, 1979) therefore, the inveatigator aelected
300 degreea per aecond joint angle velocity aa the faat
Cybex teating apeed. Three hundred degrees per second
ia the higheat rate of apeed posasible with the Cybex
ayastem.

Each asubject’a leg was weighed during the Cybex
teata and all data were gravity corrected. A variation
of plua or minuas one ft-1b was conaidered normal and was
used as the criterion measure for gravity effect torque
(Get). (Cybex, 1983)

The encouragement provided by the investigator
during Cybex teating waa standardized by using
predetermined atatements of verbal encouragement.

For the 60 degrees per aecond knee joint angle
velocity teat, the Cybex data reduction computer
calculated the measurementa of peak torque/body weight
ratio of the quadricepa and hamatring muaculature, and

the range of motion of the knee joint during extension

and flexion.
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Meaaurementa calculated during the 300 degreea per
second teat included: peak torque/body weight ratio for
the quadricepas and hamatringa, average range of motion
of the knee joint during extension and flexion, torque
acceleration energy of the quadriceps and hamstrings,
average power of the quadriceps and hamatrings, and
endurance of the quadriceps and hamatrings.

When teating athletes such as college football
playera, an endurance teat that requires 40 repetitiona
of knee extenaion and flexion is recommended. (Cybex,
1983) Of these 40 repetitons, a sample size of 20% of
the total repetitiona performed waa uaed. The Cybex
data reduction computer was programmed toc asample the
total work during the firat eight repetitions during the
endurance test, and compared them to the total work of
the laat eight repetitiona of the endurance teat. The
percent difference was recorded as the endurance ratio.
(Cybex, 1983)

Torque was meaaured acroas three trialas in the 60
degreea per second Cybex test, and across five
repetitiona in the 300 degrees per second Cybex test.
Torque waa recorded in Ft-lba and range of motion in

degrees. Maximum values were aelected as the subjects
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criterion acore for the variablea of peak torque/body
weight ratio and torque acceleration energy. Average
power (watta) was recorded aa the total work divided
by the time required to perform thia work.

The subjects endurance ratio was recorded as the
percent change in total work from the firast 8
repetitions to the laat 8 repetitiona in a 40

repetition test.

Semo Agility Teat:

Each aubject waa adminiatered three trialas under
each experimental condition (repeated measures). The
order of testing waa randomized. The Statiastical
Analyais Syatem (SAS, 1982) wasa uaed to analyze the
experimental teat data.

A two-way repeated measurea ANOVA was conducted on
the three trial acorea from each experimental condition
to determine whether aignificant differencea exiated
between trials. A significant between trial difference

was found at the .05 level. Therefore, the beat acore

was selected as the criterion acore for each subject in
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each experimental condition. Table 1. provides the
deacriptive atatiatica for the agility teat adminiastered
under the three experimental conditions.

Repeated measures analyaia of variance was used to
calculate intraclass reliability for the acores from the
agility teating. (Ary, Jacoba, & Razavieh, 1979)

Table 2. providea the intraclasa reliability eatimates
for the three experimental conditiona. Each of the
three experimental conditiona produced reliability
eatimatea greater than R = .90.

A one-way analysis of variance was used to teat the
hypotheaia of no difference in agility acrosa the three
experimental conditiona. The ANOVA reasulta appear in
Table 3. and indicate no significant difference was
found between the aubjecta aa they performed the agility
teat in the unbraced condition or the braced Arco or
braced Anderaon condition.

Peak Torque/Body Weight Ratio:

ANOVA was uased to teat the hypotheais of no
difference in peak torque to body weight ratio of knee
extenaion at 60 degrees per second joint angle velocity

acroass the three experimental conditiona. The ANOVA

reaulta appear in Table 4. and demonstrate that no




Table 1.

Deascriptive Statiastica for
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the Semo

Agility Teat

Anderson

Unbraced
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Table 2.
Intraclasa Reliability Eatimatea of the Three
Experimental Conditions for the

Semo Agility Tesat

Arco Condition R = .92
Anderaon Condition R = .91

Unbraced Condition R = .92
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Table 3.

Analyaia of Variance Source Table for Agility

Source DF SS MS F - Value P > F
Conditiona 2 .1608 .0804 .58 .585
Error 93 13.8627 .1490

Total 95 14.023S
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Table 4.
ANOVA for Peak Torque/Body Weight Ratio for

Knee Extenaion at 60 Degrees Per Second

Source DF SS MS F - Value P > F
Condition 2 336.27 168.14 .70 .498
Error 393 22267 .47 239.44

Total 95 22603.74
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aignificant difference was found between the
experimental groupa.

To teat the hypotheais of no difference in peak
torque to body weight ratio of knee flexion at 60
degrees per second joint angle velocity, the
inveatigator utilized analyaia of variance. The resulta
appear in Table 5. and indicate no aignificant
difference waa found between the experimental
conditionsa.

Peak torque to body weight ratio of knee extension
and flexion‘were also atatiastically analyzed at speeds
of 300 degreea per asecond joint angle velocity. The
ANOVA results appear in Table 6. and 7. No aignificant
difference waa found in peak torque to body weight ratio
in knee extenasion or flexion at apeeda of 300 degreas
per aecond.

Torque Acceleration Energy:

ANOVA was employed by the inveatigator to teat
the hypotheais that no difference in torque acceleration
energy of the knee extensors and knee flexors at 300
degreea per second joint angle velocity occurred between
the three experimental conditions. The statiatical

reaulta are found in Table 8. and 9. No asignificant
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Table 5.
ANOVA for Peak Torque/Body Weight Ratio for Knee

Flexion at 60 Degrees Per Second

Source DF SS MS F - Value P > F
Condition 2 91.93 45.96 1.03 .36
Error 93 4142.71 44 .55

Total 95 4234.64
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Table 6.

ANOVA for Peak Torque/Body Weight Ratio for Knee

Extensionas at 300 Degreea Per Second

Source DF SS MS F - Value P > F
Condition 2 3.06 1.53 .03 .97
Error 93 4898.34 52.67

Total 95 4901.40



Table 7.

ANOVA for Peak Torque/Body Weight Ratio for Knee

Flexion at 300 Degrees Per Second

Source DF SS

Condition 2 36.18
Error 93 3515.21
Total S5 3551.39
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Table 8.

ANOVA for TAE in Knee Extenaion at 300 Deg/Sec

Source DF SS MS F - Value P > F
Condition 2 40.78 30.39 .41 .66
Error 93 4597.01 49.43

Total 95 4637.79
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Table 9.

ANOVA for TAE in Knee Flexion at 300 Deg/Sec

Source DF SsS MS F - Value P > F
Condition 2 41 .39 20.69 .89 .41
Error 93 2171.26 23.34

Total 95 2212.65
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difference in torque acceleration energy of the knee
extensoras and flexors were noted across the three
conditiona.

Average Power:

Average power of the knee extensors and flexors
was alao meaaured at the aspeed of 300 degrees per
aecond within each experimental condition. ANOVA
waa used to determine if there waa a aignificant
difference between the three conditiona. Tablesa
10. and 11. diaplay the sta#istical analyaia.

No significant difference was found in either knee
extenaion or flexion between the three experimental
conditiona.

Average Range of Motion:

ANOVA was used to teat the hypothesia that no
difference in average range of motion in knee extension
and flexion at 60 and 300 degreea per aecond joint
angle velocity occurred between the three experimental
conditiona. The atatiatical reasulta are diaplayed in
Table 12. - 1S. No significant difference was
found in the average range of the knee extensors or

flexora acrosa the three experimental conditions.
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Table 10.
ANOVA for Average Power in Knee Extension

at 300 Deg/Sec

Source DF Ss MS F - Value P > F
Condition 2 989.43 494 .71 .19 .83
Error 93 24224.18 2647 .57

Total 95 247213.61
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Table 11.
ANOVA for Average Power in Knee Flexion

at 300 Deg/Sec

Source DF SS MS F - Value P > F
Source 2 3681.27 1840.63 1.35 .26
Error 93 6714.06 1362.51

Total 95 130395.33
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Table 12.

ANOVA for Average Range of Motion for Knee

Extenaion at 300 Deg/Sec

Source DF SS MS F - Value P > F
Condition 2 60.81 30.40 .66 .52
Error 93 4311.81 46 .36

Total 95 4372.62



Table 13.

ANOVA for Average Range of Motion for Knee Flexion

at 300 Deg/Sec

Condition

Error

Total

4385.21 47.15

4443.73
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Table 14.
ANOVA for Average Range of Motion for Knee

Extension at 60 Deg/Sec

Source DF SS MS F - Value P > F
Condition 2 27.14 30.40 .33 .72
Error 393 3869.81

Total 95 3886.95
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Table 15.
ANGOVA for Average Range of Motion for Knee flexion

at 60 Deg/Sec

Source DF SS MS F - Value P > F
Condition 2 15.89 43.84 .18 .83
Error 93 4149.09

Total 35 4164.98
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Endurance Ratio:

The endurance ratio of the knee extenaora and
flexora at 300 degreea per asecond were compared under
the three experimental conditiona. ANOVA resulta appear
in Table 16. and 17. No asignificant difference was
found in either knee extenaion or flexion between

the Arco, Anderson, and Unbraced condition.

The aubjecta were adminiastered the Semo agility
teat under three experimental conditions: 1) wearing the
Arco knee guard 2) wearing the Anderaon knee stabler or
3) in an unbraced condition. The atatiatical analysis
revealed no significant differences in the agility
teat acores between the three experimental conditions.

The subjects were alaoc administered a atandard
Cybex knee extension/flexion teat at apeeda of 60
degreea per second and 300 degrees per asecond under the
three experimental conditiona. The Cybex meaaures
recorded at the test apeed of 60 deg/sec included: peak
torque/body weight ratioc and average range of motion.

No atatiatical difference waa found between the three

teat conditions for either peak torque/body weight ratio
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Table 16.
ANOVA for Endurance Ratio of Knee Extenaion

at 300 Deg/Sec

Source DF SS MS F - Value P >» F
Condition 2 27.58 13.79 .17 .84
Error 93 7580.15 81.50

Total 95 7607.73




Table 17.

ANOVA for Endurance Ratio of Knee Flexion

at 300 Deg/Sec

Source DF sSsS MS F - Value
Condition 2 30.33 15.16 .10
Error 93 13793.00 148.31

Total 95 13823.33
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or average range of motion. Table 18. and 19. ahowa the
mean compariaons for each variable measured under each
of the experimental conditions.

The variablea recorded at 300 degreea per aecond
joint angle velocity included: peak torque/body weight
ratio, torque acceleration energy, average power,
average range of motion, and endurance ratio. No
atatiatical difference was found between the three
experimental conditiona for any of the muacular function
variables during either kneg extension or knee flexion.
Tablea 20. - 24. diasplay the mean comparison of each

variable recorded within each teat condition.
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Table 18.

Mean Peak Torque/Body Weight Ratio of Knee Extenaion

and Flexion at 60 Deg/Sec

Extension Flexion

Condition (N) Mean (Ft-1lba) (ND Mean (Ft-1lbsa)

Anderaon 32 89.18 32

Unbraced 32 89.06 32
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Table 19.

Mean Average Range of Motion of Knee Extenaion

and Flexion at 60 Deg/Sec

Extenaion Flexion
Conditon (N> Mean (Deg) (N) Mean (Deg)
Arco 32 169.8S 32 117.88
Anderaon 32 168.57 32 116.91

Unbraced 32 169.41 32 117.19
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Table 20.
Mean Peak Torque/Body Weight Ratioa of Knee

Extension and Knee Flexion at 300 Deg/Sec

Extenaion Flexion
Condition (N> Mean (Ft-1bsa) (N> Mean (Ft-1l1lbsa)
Arco 32 48.5S0 32 33.78
Anderaon 32 48.71 32 32.98

Unbraced 32 48.93 32 34.43
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Table 21.

Mean Torque Acceleration Energy of Knee Extenaion

and Flexion at 300 Deg/Sec

Extension Flexion
Condition (N) Mean (Ft-1lbs) (N) Mean (Ft-1bs)
Arco 32 44 .97 32 27 .43
Anderson 32 45.30 32 28.19

Unbraced 32 46 .49 32 29.04
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Table 22.

Mean Average Power of Knee Extension and Flexion

at 300 Deg/Sec

Extenaion Flexion
Condition (N Mean (Watta) (N) Mean (Watta)
Arco 32 306.22 32 166.31
Anderson 32 301.34 32 167.28

Unbraced 32 309.13 32 179.91
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Table 23.
Mean Average Range of Motion for Knee Extenaion and

Flexion at 300 Deg/Sec

Extenaion Flexion
Condition (N> Mean (Deg) (N> Mean (Deg)
Arco 32 119.28 32 120.00
Anderson 32 119.22 32 120.00
Unbraced 32 117.56 32 118.34
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Table 24.

Mean Endurance Ratio for Knee Extenaion and Flexion

at 300 Deg/Sec

Extenaion Flexion
Condition (N Mean (Percent) (N> Mean (Percent)
Arco 32 .92 32 .36
Anderson 32 .91 32 .35

Unbraced 32 .90 32 .36
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SUBJECT SCREENING FORM
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SCREENING FORM

Name:

1) Has any aurgery been performed on any of the
following areas? Please anawer yes or no.

a) ankle

b> knee

o) hip

d) low back or abdomin

2D Do you at the present time experience any pain or
have any limitationas in any of the following areas?
Please anawer yesa or no.

a) ankle

b) knee

c) hip

d> low back or abdomin

If you anawered yes to any of the above, please
explain below.

If yea ia anawered to any of the above quesationsa
a range of motion and joint laxity evaluation will
be performed.



active
active
active
active
passive
passive
passaive
pasaive

2) Knee

a)
b)
)
d)

dora
plan
inve
ever
dor
pla
inv
eve

111

i flexion
tar flexion
raion

aion

ai flexion
ntar flexion
eraion

raion

active knee flexion
active knee extension
passive knee flexion
passive knee extenaion

3) Hip

a)
b)
o)
d)
e)
£)
g)d
h>
1)
1
k)
1)

active
active
active
active
active
active
passive
paasasive
passive
pasaive
pasaive
pasaive

4) Trunk

hip
hip
hip
hip
hip
hip
hip
hip
hip
hip
hip
hip

flexion
extenaion
abduction
adduction

internal rotation
external rotation
flexion

extension
abduction
adduction
internal rotation
external rotation

a) active trunk flexion
b) active trunk extension

Findings
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a) anterior drawer atress teat
b) aide-to-aide astress tesat

c) inversion atress test

d) everiason atreasa test

2) Knee

a) valgua atresas in full knee extension

b) arus atreas in full knee extension

c) valgus atreaas in 30 deg of knee flexion
d) varuas stress in 30 deg of knee flexion
e) Lockman’a teat

f) Apley’s compreasion test

g) McMurray’s teat

h) Apley’s distractions

3) Hip, lumbar spine

a) Patrick test

b) Pelvic rock tesat

c) Gaenslen’sa sign

d) Straight leg raise teat

INSPECTION

Each asubject will be viaually inapected for any
ovioua deformities, swelling, and abnormal gait.
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INFORMED CONSENT




HUMAN PERFORMANCE LABORATORY

Divieion of Health, Phyaical Education
and Recreation
Virginia Polytechnic Inatitute and State University

I, » do hereby
voluntarily agree and consent to participate in a
testing program conducted by the peraonnel of the Human
Performance Laboratory of the Division of Health,
Phyasical Education and Recreation of Virginia
Polytechnic Inatitute and State Universaity.

Title of Study:

The effect of protective knee braces on agility and
muscle performance.

Purpose of thia experiment include:

To measure isokinetic peak torque/body weight ratio of
the quadriceps and hamatringa of the subjectsa preferred
leg, knee range of motion, torque acceleration energy of
the quadriceps and hamstrings, average power of the
quadricepa and hamatringa, and the endurance ratio of
the quadricep and hamatring musculature. To also
measure agility performance using the Semo agility test.

I voluntarily agree to participate in this testing

program. It is my understanding that my participation
will include:

1) Cybex isokinetic knee extension/flexion strength and
endurance testing under three experimental
conditiona:

a) knee atabilized with the Anderson knee stabler
b> knee atabilized with the Arcoc knee guard
c) knee not stabilized
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2) Iaokinetic teata apeeda of 60 deg/sec @ 3
repetitiona, and 300 deg/sec @ 40 repetitionsa.

3) TIsaokinetic testing of the preferred leg.

4) Agility teats include:
a) both kneea atabilized with the Anderson knee
atabler
b) both knees atabilized with the Arco knee guard
¢c) both knees not atabilized

I understand that participation in this experiment may
produce certain diacomforts and riska. These
diacomforta and riske include:

1) Posaible muacular fatigue.

2) Posasaible muacular atrain.

3) Local delayed muacle sorenesas.

4) Elevated systolic blood preaaure.

Certain personal benefitas may be expected from
participation in thia experiment. These include:

1) Diagnostic evaluation of the knee extensors and
flexora. 2) Opposing muacle group ratios will be
calculated.

Appropriate alternative procedures that might be
advantageocua to you include:

None

I underatand that any data of a personal nature will be
held confidential and will be used for research purpose
only. I alao underatand that these data may only be
uaed when not identifiable with me.

I understand that I may abatain from participation in
any part of the experiment or withdraw from the
experiment should I feel the activitiea might be
injuriocua to my health. The experimenter may also
terminate my participation should he feel the activities
might be injurious to my health.
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I underastand that it is my persasonal reasponaibility to
adviae the reasearchera on any preexiating medical
problema that may affect my participation or of any
medical problema that might arise in the courae of this
experiment and that no medical treatment or compensation
ia available if injury ia auffered aa a result of this
research. A telephone ia available which would be uased
to call the local hoapital for emergency service.

I have read the above atatementes and have had the
opportunity to aak queationa. I underatand that the
reasearcheras will, at any time, anawer my inquiriesa
concerning the procedures used in this experiment.

Scientific inquiry ia indispenasable to the advancement
of knowledge. Your participation in thia experiment
provides the inveatigator the opportunity to conduct
meaningful acientific observationa deaigned to make
aignificant educational contributiona.

If you would like to receive the resultas of this
inveatigation, please indicate this choice by marking in
the appropriate apace provided below. A copy will then
be diastributed to you aa socon aa the resulta are made
available by the inveatigator. Thank you for making
thia important contribution.

HPL Persaonnel

Telephone

Dr. Charlea Waring, Chairman, Inatitutional Review Board
for Research Involving Human Subjects. Phone 961-5283
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VARSITY PLAYER POSITION

Offense

Guard 4
Tackle S
Center 3
Tight End 1
Quarterback 1

Total Offenaive Players 14

Defenae

Tackle

Noase Guard
Line Backer
End

Back

WOHhWNb»

Total Defensasive Players 18

Total Playersa 32
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AGILITY TEST
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AGILITY FAMILIARIZATION PROTOCOL

Subjecta were inatructed on how to run the Semo
agility drill and were given a demonatration by
the inveatigator.

Each aubject waa then inastructed to jog through
the Semo agility drill pattern.

Each aubject was then inatructed to perform the
required flexibility exercises and was allowed
additional warm-up time if needed. The
flexibility exercisea included: stretching the
gaatroc, hamatringa, quadricepa, hip flexors,
hip adductora, and the low back.

Each asubject was then required to perform five
trialas of the agility teast. Three trials were
aubmaximal trials while the laat two were
maximal trials.
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AGILITY TESTING PROTOCOL

Each aubject wasa teating in only one
experimental condition per day.

The subjects were instructed to jog through the
agility drill.

The aubjecta were inatructed to perform the
required flexibility exercises and were allowed
additional warm-up if needed.

The asubject proceeded to run through the
agility test in the teating condition twice,
the firat practice trial was a aubmaximal
trial, while the second trial was a maximal
trial.

After the practice triala had been completed,
the aubjecta performed three maximal trials of
the agility teast with a rest period of three
minutes between trials.

Each trial time recording began when the
subject moved from hia atarting position, and
ended when the aubject croassed the laat cone of
the agility course. The atarting poaition
required the subject to place hia left

foot in the center of the atarting cone,

and then proceed to move in a lateral

direction to the left uaing cross-over

atepa, and continue through the agility tesat.
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| 1 Ft.| 15 Ft. | 1 Ft. |
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STABILIZATION FORM

Length of dynamometer:

Number of back padsa:

Ship pad position (No. of holes):

Stabilization straps used:

TESTING CONDITIONS

Testing Session 1:

Testing Session 2:

Teating Seasion 3:

124
CYBEX KNEE EXTENSION/FLEXION TEST
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CYBEX TEST PROTOCOL FOR KNEE EXTENSION/FLEXION

60 Degree/second Joint Angle Velocity

O Second general warm-up
Submaximal trials
Maximal trials
Maximal teat trials

Wwww

300 Degree/second Joint Angle Velocity

30 Second general warm-up
S Submaximal trials

4 Maximal trials

40 Maximal teat triala
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TEST INSTRUCTIONS FOR ISOKINETIC TESTING AT 60 AND

300 DEGREES PER SECOND JOINT ANGLE VELOCITY

INSTRUCTIONS PRIOR TO TESTING

Statement 1: "This teat requirea that you provide
maximal effort on every repetition."

Statement 2: "You will complete three maximal
repetitiona for the 60 degreea per second
teat and 40 for the 300 degreea per asecond
teat. The computer will count for your
repetitiona. You musat continue until I
inform you to atop.”

ENCOURAGEMENT DURING TESTING

Statement 1: '"Ready? Start when you are ready, and
remember to make every repetition as hard
and aa faat as you can."”

Statement 2: ‘"Hard as you can, keep going, hard as you
can, keep going, don’t atop, hard as you
can, keep going, hard aa you can, keep
going, don’t atop etc."

e i e s s " — —— — - — ———— - ———— — — ———— ———— o —— Tt T o Sy o " T a2 e o e
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PTQ

PTQ/BW

PTH

PTH/BW

BW

AVROM

TAEQ

TAEH

AVPQ

AVPH

ENDQ

ENDH

COND

SUB
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Trial condition uaing the Anderaon knee

stabler

Trial condition using the Arco knee guard

Trial condition using no brace

Peak torque of the quadriceps

Peak torque/body weight ratio
quadriceps

Peak torque of the hamatrings

Peak torque/body weight ratio
hamatrings

Body weight
Average range of motion
Torque acceleration energy of

Torque acceleration energy of

of the

of the

the quadricepsa

the hamatrings

Average power of the quadriceps

Average power of the hamatringa

Endurance ratio of the quadriceps

Endurance ratio of the hamstringsa

Teating condition

Subject
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RAW DATA: SEMO AGILITY TEST

sSuB BW TRIAL AND ARCO UN
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SEMO AGILITY TEST CONT.
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SEMO AGILITY TEST CONT.
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SEMO AGILITY TEST CONT.
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SEMO AGILITY TEST CONT.
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RAW DATA: CYBEX TESTING RESULTS FOR KNEE EXTENSION
AND KNEE FLEXION AT 60 DEGREES PER SECOND
JOINT ANGLE VELOCITY

PTQ/BW PTH PTH/BW AVROM
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CYBEX TEST RESULTS AT 60 DEGREES PER SECOND CONT.

PTQ PTQ/BW PTH PTH/BW AVROM
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CYBEX TEST RESULTS AT 60 DEGREES PER SECOND CONT.

SUB BW CON PTQ PTQ/BW PTH PTH/BW AVROM
14 175 And 179 102 99 57 105
Arco 179 102 103 59
Un 174 99 102 58
1S 167 And 204 122 110 66 115
Arco 207 124 99 59
Un 20S 123 108 65
16 236 And 1985 83 109 46 110
Arco 202 " 86 103 44
Un 189 80 95 40
17 211 And 211 80 96 36 108
Arco 223 84 108 41
Un 229 86 126 48
18 253 And 215 85 139 55 111
Arco 217 86 145 57
Un 205 81 127 S0
19 241 And 200 83 127 53 108
Arco 174 72 130 54
Un 184 76 134 Sé6
20 180 And 204 113 115 64 112
Arco 179 99 108 60

Un 197 109 111 62
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CYBEX RESULTS FROM 60 DEGREES PER SECOND CONT.

SuUB BW COND PTQ PTQ/BW PTH PTH/BW AVROM
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CYBEX RESULTS FROM 60 DEGREE PER SECOND CONT.

PTQ

PTQ/BW

PTH

PTH/BW

AVROM

29

30

31

32

245

279

220

212

Un

And

Arco

Un

And

Arco

Un

And

Arco

Un

And

Arco

Un

290

217

202

167

204

211

176

219

206

186

150

139

138

98

113

83

82

68

73

76

63

10

94

85

71

66

66

133

128

115

124

107

122

95

161

149

137

111

109

122

60

52

47

31

38

44

34

73

68

62

S2

51

58

112

118

116

99
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RAW DATA: CYBEX TESTING RESULTS FOR KNEE EXTENSION
AND KNEE FLEXION AT 300 DEGREES PER SECOND
JOINT ANGLE VELOCITY

PTQ/BW PTH PTH/BW
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CYBEX TESTS RESULTS AT 300 DEGREES PER SECOND CONT.

SuB BW COND PTQ PTQ/BW PTH PTH/BW
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CYBEX TESTS RESULTS AT 300 DEGREES PER SECOND CONT.

SuB BW COND PTQ PTQ/BW PTH PTH/BW



CYBEX TESTS RESULTS AT 300 DEGREES PER SECOND CONT.

PTQ

142

PTQ/BW

PTH

PTH/BW

22

23

24

25

26

27

212

212

202

225

265

226

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

93

93

106

101

1l1le

112

109

129

121

110

103

109

153

121

128

68

91

76

46

44

44

50

46

53

S1

54

64

60

49

46

48

58

46

48

30

40

34

73

64

71

75

61

80

74

80

79

82

74

73

74

105

84

93

26

71

67

35

30

33

35

28

37

34

40

39

42

33

32

33

40

35S

35

12

31

30
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CYBEX TESTS RESULTS AT 300 DEGREES PER SECOND CONT.

SuB BW COND PTQ PTQ/BW PTH PTH/BW




RAW DATA:

CYBEX TESTING RESULTS FOR KNEE
EXTENSION AND KNEE FLEXION AT 300 DEGREES

144

PER SECOND JOINT ANGLE VELOCITY

AVROM

2350

250

255

265

255

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

117

118

123

118

109

112

111

126

124

128

125

124

122

130

128

131

52.03

57.92

55.68

44.75

44.04

47.58

41.07

36.78

45.38

51.07

S51.21

43.89

44.95

51.66

48.24

26.65

34.45

29.23

38.29

36.47

32.61

32.45

31.42

23.26

34.81

28.11

27.56

23.04

23.11

30.68

30.88
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CYBEX RESULTS AT 300 DEGREES PER SECOND CONT.

AVROM TAEQ
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CYBEX TESTS RESULTS AT 300 DEGREES PER SECOND CONT.

AVROM

15

is

17

18

19

20

167

236

265

253

241

180

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

122
133
128
128
117

116
111
128
116
124
119
123
119
112
109
114
124
126

115

44 .20

46.58

52.30

55.09

48.16

47.82

49.83

46.29

49.76

41.76

47.71

34.46

39.10

35.91

29.98

22.92

24.01

20.00

33.96

25.65

31.01

33.76

31.74

31.76

25.62

24,16

27 .44

19.58

22.72

20.00
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CYBEX TEST RESULTS AT 300 DEGREES PER SECOND CONT.

AVROM

TAEQ

22

23

24

25

26

212

212

202

225

265

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

123

122

128

121

104

96

100

122

115

125

120

129

120

114

121

117

31.79

32.03

40.37

41.52

54.14

46.01

42.21

44 .38

48.19

43.13

41.17

48.02

56.92

41.98

44 .28

32.04

21.10

23.31

23.40

25.73

29.12

27.39

29.65

32.7S

28.18

29.64

24.55

26.46

37.22

31.32

33.67
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AVROM

TAEQ

28

29

30

31

32

257

245

279

220

212

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

112

124

125

120

126

116

119

126

125

122

109

116

109

119

125

123

41.04

46 .45

47 .36

44.72

56.21

46 .42

S1.24

52.04

60.42

51.88

51.95

58.91

30.47

30.73

32.51

24.73

30.59

29.12

31.02

27 .45

26.41

27.23

25.53

29.67

31.67

37.93

35.40

37.66

24.52

24.67

30.38



RAW DATA:

CYBEX TESTING RESULTS FOR KNEE
EXTENSION AND KNEE FLEXION AT 300 DEGREES
PER SECOND JOIINT ANGLE VELOCITY

149

ENDQ

2 AND

ARCO

UN

3 AND

ARCO

UN

4 AND

ARCO

UN

S AND

ARCO

UN

6 AND

ARCO

UN

330

266

329

336

251

280

236

301

322

248

369

369

376

253

320

326

146

145

162

186

160

174

172

187

157

179

220

202

224

164

184

174

47

36

37

39

49

44

59

42

42

30

48

47

60

47

55

45

30

27

15

30

37

24

51

36

45

28

63

65

66

15

42

33
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CYBEX TEST RESULTS AT 300 DEGREES PER SECOND CONT.

10

11

12

13

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

339

272

369

280

303

306

288

336

308

347

334

304

350

277

311

304

299

276

328

227

157

245

208

159

136

149

206

185

221

169

147

165

136

171

174

129

115

134

38

5S4

53

43

63

58

84

68

73

56

50

S1

52

45

47

56

43

41

42

28

31

41

45

36

29

44

40

39

36

38

35

25

18

32

47

46

16

33
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CYBEX TESTS RESULTS AT 300 DEGREES PER SECOND CONT.

ENDQ
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CYBEX TEST RESULTS AT 300 DEGREES PER SECOND CONT.

AVPH

22

23

24

25

26

27

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

AND

ARCO

UN

341

253

262

271

322

347

326

285

313

308

249

264

259

474

394

396

292

326

283

229

141

154

165

132

127

104

169

178

155

171

176

184

254

222

228

80

101

119

60

57

58

31

61

60

S4

43

S0

43

48

46

47

62

S8

S5

102

68

71

S0

40

35

40

32

S6

20

27

29

31

S0

33

32

47

SO

37

85

39

22
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|
CYBEX TEST RESULTS AT 300 DEGREES PER SECOND CONT. |
SuB COND AVPQ AVPH ENDQ ENDH

28 AND 351 219 60 37
ARCO 262 159 S1 37
UN 345 213 S3 43
29 AND 308 191 40 22
ARCO 306 133 41 21
UN 345 185 S0 32
30 AND 342 155 42 52
ARCO 406 197 37 34
UN 387 165 43 34
31 AND 352 187 48 18
ARCO 364 199 50 20
UN 374 212 45 21
32 AND 265 115 78 34
ARCO 283 147 53 25
UN 289 149 62 19

|

|

|

|
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