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lt was ‘the purpose of this study to deternune the effects ol‘ lmee positron and‘

f *movement velocity on the ﬂexor extensor (F E) ratio of the knee ln an effort to promote a

o more complete understandmg of the F: E ratro the sub purpose of the study was to ex@mne
the ef fects of veloctty and posttion on each of the muscle groups that compnse the F:E rat,ro

Usmg a sample ol=‘ 30 physrcally actrve male subjects the torque of the. lrnee flexors k

and extensors was: measured wrth a two channel waex 11 rsokmetrc devrce Mean torque

'values' of the l'lexo_rg_and extensors were recorded for peak torque and angle specrf ic (30 45,

'60 '75. and ?0‘) torque at velocities of 52, 1.05, 2. 09 3. 14 and 4.191/s. The F E ratio (‘5;) .

o was calculated usmg these. values Angles of peak flexor and extensor torque were also Co

Ve

recorded

s

Repeated measures of both posmqn and velocrty were used for the analysrs of‘ ‘

%
variance (ANOVA) of the angle- speclftc measures (F E ratro flexor torque and extenéor :

torque) Because of the concern that repeated measures for posmon may have mfluenced the

results, an additional analysrs which randomly grouped subjects according to posmon was

also conducted As the results of the two analyses were very similar, f urther drscussron of ‘the

results was based on the- f trst analysrs -which ysed repeated me&gures for both posmon and .

N veloc.ﬂ'y Repeated measur’és were also used for the analysrs of vanance of the peak measures

(F E rano ‘flexor and extensor torque and angles\ of peak 'l‘lexor and extensor torque) All :

analyses aceepted srgmfrcance at the PSO 05 level ol‘ confrdence Srgmfrcant contrasts

‘g (PSO 05) were deterrmned usmg the method of Scheffe.

Tt

froxn ﬂemon to extenston Increased velocrty also acted to rnfluenee the angle specrfrc F:E

ratxo although not as drstmctlyt .

oo

‘At 45' the F:E ratto was observed to approxrmate 100% at all velocmes Therefore it

s recommended that especrally when ttme is. a consrderatron the posmon of 45‘ be used to L

evaluate the F E ratro (

[

A

Test resﬁlts demor{strated that the: angle spectflc F E ratro "l‘creased as the leg movedf



a the flexors and extensors decreased as veloctty mcreased

N
‘1 Q‘

Angle specrfrc torque of both ‘the ﬂexors and extensors decreased as veloctty

'

‘ mcreased Posmon also mﬂuenwd both muscle groups flexor torque mcreased as the leg was

1)
extended whereas extensor torque decreased as the leg extended

The peah F E ratto mcreased as veldcity mcreased In contrast peak torque of both

0
.

[

As velocrty was mcreased the angle of peak torque or both the fléxors and extensors

.'" shrfted in the dtrectron of the movement - the angle of peak extensor torque became smaller

in contrast to the mcrease in the angle of pea“k ﬂexor torque (the extended position is zero

. degrees), L
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Chapter 1
INTRODUCTION ‘,

' The Problem
Sports injurieslearewa multiple risk phenomenon with variable jnteraction ‘of risk“
factors at any given time (57). Identification of risk factors is necessary so as to allow those
individuals responsible for the care of athletes to take measures‘ whicfr reduce or eliminate the.
rish of injurv. Table 1 identifies some of these factors and categorizes them into extrinsic and
intrinsrc factors, In the oast, most .a.ttemion was foc'used on the role of extrinsic factors in
sports injuries, A"lthough these factors still reoeiv‘e consigeration,‘ the focus is now mainly on’
intrinsic factors (57, 104), . | |
) Of these intrinsic factors, physical fitness, or perhaps more‘ appropriately muscle
frtnesr\ as received considerable attention, The knee joint and its supportive muscles have
;irobably ken given the most attentnon The knee has the hnghes)t mctdence of disabling injury
in sports ( 0. 49) and thus elicits concern frorn those responsnble for the prevention. and/or
treatment of mfunes |
As the bony conf: iguratiorr of the knee does n’ot provide arry.real stability to the joint,
stability ‘must be provided by the muscles and ﬁ'game_n'ts. (8; 16, 20, .47.&4.9, 60, 81. 93)',
Although the role; of both the ligamentr: and muscles in providing stability has been
mvesugated the role of the muscles appears o have reeetved more attention in recent years, A
It is possible that the muscles have been given more attennon because it has been recogmzed
that an individual has more control over muscular strength than hgamentous strength and
therefore is better ahle to mﬂuenee jomt stahrhty .

Vanous studies have tndrcated that the contractton of both the knee ﬂexors and

extensors serve to reduee the degree of abducnon/adductton of the stressed knee (28 60, 76

-;")
JaR



Table 1

Risk Factors of Sports Injuries

Extrinsic Factors ' Intrinsic  Factors
Exposure ' Physical Characteristics
Type of spotts, rules ' * Age -
Playing time Sex
Position in the team * Somatotype
Level of competition 1 _ Physical fitness
. Previous injury
Training Muscle tightness
Joint instability
Environment : Structural anomalies
Playing surface : . ‘
Wheather conditions - .~ Psychosocial Characteristics
Time of day '
, Time of season = -
_Equipment
Protective equipment
Footwear

Adapted from Lysens and associates (57)
injurjes that do occur, and accelerating /the rehabilitation and return to activity af ter an injury
(1, 71, 81). | :
The relationéhip between the opposing muscle éroups of the knee \has also re‘ccived
considerable attention as a factor in the prevention of injuries to the vknee jbim and its
supporting musculature (6, 7, 25, 29, 36. 45, 47, 48, 49, 52-54, 61, 102). In describing the
_relatiqnship betweeﬁ the 'th ml;scle groups, the torqué/of the knee flexors is ‘usually
expressed as a pe;ceﬁtége of the toi'quc of the knee extensors. Expressed in this maxin~er, the
felationshix; .is ébmmonly referrqd to'as the hamstri’ng:quadricep ratio, although it may be
rﬁérg apﬁropriate to declare it the ﬂéx‘or:extensor (F:E) ratio as other muscles assist the

action of the hamstrings and quadriceps.

-
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Although the F:é ratio has been reported to range from 43% to 90% (2, 5, 11, 15, 20,
23, 24, 26, 38, 40, 45, 59, 63, 66, 7(5, 71,73, 74, 77. 78, 82, 85, 90,103), one value, (60%), is
most often advocaled as a goal for injuﬂry prevention (26, 45, 52, 70, 83,), However, there
does not appear to be any real basis t;or the use of this value, other than convention, which
began through the worAk of Karl Klein (70). |

Beginnipg with Klein's ‘work (45), a“tlitempls to correlate dcviatio‘r‘is from the
recommended F:E ratio with the océurrence of injury ﬁavc produced mixed results (6, 21, 24,
31, 45, 102,), The lack of consensus regarding the rcla'lionship betwc;en the FE ratio and
injury leads to three possible conclusnons (1) no relationship cxlsts between the F:E ratio
‘and injury, (2) there are too many confounding variables to establish a direct relationship,
and (3) dué o0 proccdural errors in evaluating th: F:E ratio, the value of 60% is not reliable
and therefore a relationship cénnot b'e‘.ac}nd‘nstrate.d consistently, It is the third possible
conclusion that forms the basis or' the present jnvestigation,

lx\appears the aforcmcntioged procedural errors result ‘from a disregard ‘for the
concept of "specificity of testing"L Although the importance of "specificity of ‘ training” is
, ranrly well documented, the pnncxplc of specmclty of testing” seems to have received less
attention, Sutton (91) explams C o |

Just as spectf icity of training' has been ernphasnwd to_direct’ condmomng
programs to the demands of a particular sport, ‘specifi icity of testirig' should
be emphasized to direct ‘evaluation procedures to simulate conditions that

" cause a specific injury to an athlete in a particular activity. - ‘

Although it is recognized that it is difficult, if not impossible (with present

technology), to ‘ﬁrovide evaluation procedures which simulate: functional -activities precisely,
i )

past methods of evaluating the F:E ratio are open to criticism. The majority of studies which -

have atiempted to mnehte the F:E ratio with injury occurrence employed siatic or isometﬁc
. measuremc'ms‘(6. 24, 45 102). Because sports are &ynarhic byA naﬁxre, it would be more
vapplropriate to assess the F:E ratio under dynaﬁiic conditions. Since the introduction' of
isokinetic testing, which allows for regulation of -velocity, numerous sigg_ieé have evaluated-the

effect of increasing velocity on the magnitude of the F:IE ratio. The gederal consensus of

'
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these studieé is that tﬁe F:E ratio increases as yglocity increases (2, 5, 8, 11, 17, 26, 31, 34,
38, 49, 65, 78, 79. 82, 88, 94, 98, 103), However, only a v.cry small number of thcs; studies
attempted to examine the relationship between injury and the F:E ratio, Capia: (11),
however, reported that the ability to predict harﬁsm‘ng injuries was improved by using the
F:E ratio established at increasingly higher velocities, At velocities ‘of 1,05, 3.14, and 5.24
_radians per sec‘ond (r/s) (60, 180, and 300°/s), prediction success rates were 50, 69, and 64%,
respectively (11). ‘

“Most of the studies lhal'dcmonslrated a signif‘ icant iﬁcrea'se in the F:E ratio used a
relatively large j-incremem» (2.09 '.lo 2162r/s: 120 to 150'/s) between vcloc{tics. Smalier
: inzremcms would allow for a widef spectrum of velocities to be assessed .and present a more
compleie undemtgnding of the relaiionship befween the F:E ratio, velocity, and injury (103).

Most isometric and isokinetic evaluations of the F:E ratio have one lhmg in common;
both assess the F:E ratio using the slrongesl joint positions for each of the involved muscle
groups, Two prpblems, m‘rclauon to specificity of testing , result from the ;ractnpe of using

positions of maximal torque, Firstly, use of the positions of peak torque determines that the

flexors and extensors: are t0 be evaluated at different joint positions, However, during

2 the F:E ratio using angles of peak torque is in direct conflict with the principle of
“test specificity. Secondly, the knee moves through a rapge of motion during activity,
necessitating evaluation at several joint positions in order to satisfy the principle of -test

specificity .

be based upon knowledge of those positions and velodﬁes at which injury occurs, If a,

| significant relat‘ionship between the F:E ratio and the potential for injury could then bc‘

established the F: E ratio would become a much more credible tool in both the prevenuon and
rehabilitation of athleuc m]unes Unfortunately present technology makes it dif fncult if not
' impossible, to determine the joint positions and movement velocities *at which m_;uncs occur.

ld

unctjonal activities the two muscle groups function at the same joint position. Therefore,

Ideally, the specific velocities and positions at which the F:E ratio is evaluated should

o



Assessinent of the F:E ratio, therefore, js limited to a spectrum of positions and velocities,

which may include those at which injury occurs,

The Purpose

Attempts to eétablish a relationship bet‘ween the ’F(:—E ratio_of wthe knee and the |
occurrence :of‘athletic injuries ltave produced mixed results, Evaluation procedures wt;ich do
not accurately simulate conditions at the time of injury may be at least partly responsible for

‘ producmg these mixed results. The dynarmc nature of sports suggests that movement veloc:ty
and knee position may be variables capabIe of mﬂuencmg the F E ratio and thus should be '
‘¢onsidered in any attempts to establish ‘a relationship between the F:E ratio and injury.
Therefore, it was the pul:poée of ’the‘present irtvestigation to (;etemine the effects of knee
position and movement velocity on the F:E ratio' of the knee. In an effort to prombte a more
complete understanding ol’\the F ;E ratio, the sub-purpose of the investigation was to examine

the effects of velocity and position on each of the muscle groups thgtgompﬂse the F:E ratio.

. Limitations A | )
1. All subjects were volunteers without any historyl of significant injury to the right
lower extremxty; |
2. 'A given subject s motivation to perform with ma)umal effort could not be
controlled. However. through standard -verbal instructions given by the test’ '
'{administratorv. subjects were encouraged to prodtxce a maximalc,ef fort.
‘Delimttations " " 7 |
1. 'Tmrw healthy male athletes 18 30 years of age attendmg the Umversny of
Alberta volunteered to act as subjects. . |
.2. Five joint posmons (30, 45 '60, 75, and 90° of flexlon) were: exammed

'3. 'Five veloques _(.52. 1.05, 2.09, 3.14, 4.19r/s; 30.60.120,180. and 240°/s) were



examined,

Definitions | o | R
TORQUE A force which acts about an axis o( rotauon It 1s~ t“e product of force

times its perpcndlcular distance f rom the axis of rotauon (64), e »

/
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Factors Influencing Torque Con ‘ ‘ . o j SR N

i i wouldyseem reasonable that because the F:E ratro symbolrzes the relatronshrp

between the flexors and extensors those factors whrch act to alter the torque capabrlmes of

»

the flexors and extensors would also to some degree, alter the magmtude of the F E rauo

Therefore, a brref overview of some O f the factors whrch effect the torque capabrlmes of o

muscles is approprtate

R The amount of torque a muscle is capable of producrng is not constant’ varymg from

'

individual to rndrvrdual as’ well as wrthrn a grven mdmdual Some of the factors which ' ’

produce variation in torque include gender (27. 29, 38, 62, 78, 103), body size (27~ ‘38, 94),
age (26 27, 29, 44, 62, 66 67, 74, 94 100), frber type (32, 37 58 69. 75 95), and
cross-secuonal area (30, 69. 87). Other factors such as the partrcular muscle bemg consrdered

‘(4 14 51, 103) the number of’ Jomts a muscle crosses (18, 19 30 33 35, '56, 69), the

movement velocrty of the limb (3 '30, 32 50, 63, 64 68, 69 72, 75 1, 83 88, 89 92, 95,

103), and the posiuon of. the jomt (3 4, 9 10, 12 14, 18, 19 33 39 42 51, 83, 86 92, 100)

also ef fect the amount of torque a muscle can produoe A

' lt ts not wrthm the scope of the precent study to dtscuss all of the aforementroned o

: factors Only the latter two. movement velocrty and jomt posmon wrll be drscussed further

K

Position Angle of Pull and Lengtlt-tension Relatlonshtps e

As the positron of the ]omt changee changes occur in both muscle length and the TR

angle of pull of the muscle (37 42) The muscle length rnfluences the muscle tenston or -

»foree and ‘the- -angle of pull deterrmnec the length of the muscle moment arm (3 42 98) As‘ '\
torque is the product of foree ttmes 1ts perpendrcular drstanee from the axis of rotatlon'.’

(moment arm)(64) lt rs apparent why the length and angle of pull of the muscle is -
i

| rmportant.
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~In the human ‘bady, the total range of length changes a muscle can undergo is limited N !
and. vanes from roughly 70% to 140% of the resttng length (3 96 98) ln general the optlmal

. ’length for producmg tensron ts;,slrghtly greater than restmg length - appertmately 120% to
130% (3, 30, 96) Muscle lengths above or below the opumal length :esult in less tenston betng
| produwd (3. 30, %, 100).. L - \ T ,";‘ |
| ' ' An angle of pull of 90' corresponds to the larges:t’ muscle‘lever arm, and thus the'

. ‘ ‘greatest mechamcal advantage (3 42, 98) Angles of pull smaller and larger than 90' represent
'smaller lever arangths and thus a lesser mechamcal advantage (3 98)
thhams and Stutzman (100) descnbe the relatronshrp between angle ol’ pull and o

‘musclelength ‘. X S T

‘ As the Jom?t moves: through its arc the 'prime mover' muscles become
shorter; thereby declining in their ability to exert tension; at the same time
the-angle of ‘application of the muscle force or foroes usually becomes more

‘ advantageous " .

B . | : ) N

The preceding statement would seem to imply that length and a’hgle of pull ‘alt to of fsel each )

. other and thus, cause Jornt torques to be constant through the’ range of motton Several

i

. studl’és however demonstrated that joint torques are not m fact, constant through the range o

mofmouon(4 9. 1, 12 14, 18 19 33, 39 42, 51, 83 86, 92, 100) R

R

) o The ee extensors for example exhtbtt mcreases in torque as the leg moves from

1

‘ “"flexton to extension, reachmg a maxrmum between 50’ and 70 (9 14 17, 33 53 SS 64 73‘ L
R 100), wrth the 60", to ¢65 range betng the most frequently reported (9 53 55, 64 97) L
&N ter reachmg the angle of peak torque the torque begtns to dechne and reaches a minimum

' at full eetensron (9 14 33 100) thure 1 1llustrates the changes 5lﬁ extensor torque whtch | o

occurasaresult ofchanging Jomt posrtton . : g o ”'--"J ‘."‘ '

ln contrast to the knee extensor strength curve whtch has a dtstmct marumal pomt

t,he ‘lmee flexor curve reflects a more gradual change tn torque and thus the point of $

/

q maxrmal torque is. not as drstmct (63 67) ’I‘he range of values reported for pcak l'lexor T
torque 1s 10 to 45 (10 14 17, 53 54 59 64 73 97 100) Values appear to be farrly evenlyf,v i
| dtstrtbuted between approxrmately 10 30 and 45' (10 14 17 53 54 59 64 73 97 100)

ol

Lol o U Lo e
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Figure 2 is representattve of a typrml knee flexor strength curve .

Both the knee flexors and extensors oontatn muscles whtch cross the mb jomt as well

!

as the knee joint. As a'result, the posmon of the hlp is lmportant in determtmng the overall
o ,length of these muscles and thus the magnttude and angle of peak torque (13 18, 19 33
.35, 56) Discrepencies in the angles of peak ‘torque, particularily for the knee flexors may

* therefore be partly a result of researchers ustng dtfferent hip posmons while assessmg the |

. — |
\ ' ’ e R {

- knee. . S ; e

As both the knee flexors and extensors exhibit the least torque when the muscles are

shortest (51 100) and for the most part demonstrate mcreased torque with, lengthemng of

the muscles, the length-tensron relatronshrp appears to dominate over the’ angle of ‘ pull (51

86, 100). 'Howeyer, it is important to remember that(fhe torques produced at the knee joint,

‘ both in fl;Xion and extension, are 'the result of sevetal muscles acting' as a group. Therefore,

L

torque curves are reflectrye of the combtned ef f ects of the muscle length and angle of pull of
the vanous mvolved muscles (3) As a result the relatrve tmportance of muscle length and
° angle of pull at any specrf ic pornt can only be determmed through detatled analyses (51)

‘ Mov'ement' Vel‘ocity

"

jgrven muscle or muscle group The results of past 1nvesttgattons mdtcate the amount of torque o

' a muscle 1s mpable of producmg decreases as the movement velocnty mcreases (7 30 69, 72
‘ ‘_ ‘75 79 83 92 95 103) thhards (79) Scudder (83) and Thorstensson et al (95) all

‘ reported that the effect of velocrty on knee extensor torque was angle specrftc. the dif fi erences
' \.'were greatest at the begtnnmg of the’ range of motxon tested when the muscles were nearest

.thetr normal r;esttng length chhards (79) and Scudder (83) also reported stmtlar fmdmgs for

| “the knee flexors However Scudder (83) drd not mdrcate 1f the dtfferences found fq,r knee e

.l"fflexton were s1gn1fteant thhards (79) found the effects of veloetty on torque to be less o

L

dramattc for knee flexton

Velocrty is another factor to consrder when evaJuatmg the torque output of a -

oy )
Lo
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ln additton to causmg torque output 0 declme mcreasmg velocity also results in a-

| 'shxft ‘of the angle at whrch peak torque occurs (72, 73 83 92 95) Generally, as veloclty

mcreases the angle of peak torque shtfts m the drrectton of the movement the angle of pealr

extensor torque becomes smaller in contrast to the 1ncrease m the angle of peak’ f]exor torque

‘ (assumtng the extended posmon rs zero degrees) (0%) (72, 73 83, 92 95)

L) W]

Q

’

Flexor: Extensor (F E) Ratro R S o

For approxrmately the last 25 years those mdtvrduals mvolved wrth the preventton

‘_:and rehabrhtatron of sports related m]unes have asserted that the knee ﬂexors must be a

-~

- mrmmu'm of 60% as strong as the extensors if rn]ury and/or fe- 1njury is to be prevented (26

: vfor all postures the magmtude of the F E ratio dlffered between postures The dtfferences "f )

. ')-f

' : ratlo to be approxrmately 60% (45 47 48)

o

[dramatreally drfferent outcomes T L

)

45, 52 70, 83) Although research concemmg the F E ratio had been conducted pnor to that
of Karl Klein (45-48), the lrterature seems to mdrcate that it is Klem s work that forms the

basis of the aforementioned assertron (70) S o \1

; ‘
~Klein (45 47, 48) used cable tensrometry for his research involving football players as’

‘subjects The flexors were tested wrth the subject lymg prone’ wrth the knee flexed 157,

. contrast the extensors were evaluated wrth the subject seated and leamng back on extended

Lo K

In an earher study, Houtz Lebow and Beyer (39) used stram gauges to assess the

| effect of posture on the strength of the knee flexors extensors and the assoctated F E rauo

A

: _'(15 30 s, 60 75, %, and 105) Generally, the F: E Tatio Was greatest at 15 and became

; progressrvely smaller as t.he knee was flexed to 105‘ Although the same general pattern exrsted

‘between the three postures at each Jomt posmon 1s represented graphtcally in thure 3 It ean

) be readtly seen that assessmg the F E ratto at dlfferent knee and/or hrp posrttons can result tn

"
, :
A .

[

" arms and the knee flexed 10 an angle of 65 Under these condmons Klein' found the F E .

.
v

fSub]ects were exammed m three postures (seawd suptne and prone) and seven knee posmons “ ‘L
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' . Figure 3: Flexor:Extensor Ratios of D'i;f‘fefent{!?.cé stures
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The mtroducuon of 1sokmeuc testlng in the’ late 1960 s allowed researchers to exarmne '
¢ K
.muscular performance under dynarmc oondmons which more closely approxlmated f uncuonal "
acuvmes Scudder (83) used normal male sub]ects 0 compare the F:E ratio at six difrerent |

velocmes 0, 31 94, 1.26, and 157r/s (0 18 36 54, 72 and 90/s) Usmg these

‘velocmes the F E 1atio’ was found to be qulte constant at approximately 62% lt is posslble a

,srgmflcant dlfferenoe was not found because the velocmes Scudder (83) chose fell. wuhm a
relauvely small range espectally compared to those thought to be" requlred for funcuon’al '
acuvmes o . ‘, . L
N ‘ ‘ o

antt and Edwards (103) exammed knee funcuon at 1.05, 3. 14 and 5. 24r/s (60 180 N
“and 300 /s). An equal numbcr of males and females were used in thelr study,’ No sngmf 1cant‘ N
.dlfferenoe in the F:E rauo was found between the two groups At 1.03, 3. 14 and 5 24r/s .
. | (60 180 and 300‘ /s) the F E ratio was l‘ound to, be roughly 1%, 78% and 84% respﬁvcly.‘ l‘

The mcreases in the F E ratio w;th mcreasmg velocrty were found to be sngm{ icant. . ;o
Whereas Wyatt and Edwards (103) used non- athletes as subjects Morris et al (65)
| used 12 male colleglate middle distance and dtstance runners Subjects were tested both '
' lsometncally and 1sokmeucally The knee angle for 1sometr1c tesung was 50’ for both l’lexlonf
| "and extensxon Peak torques(were used for isokinetic testmg at velocmes of 52 105 3 14 i

g..

419, and s. 24T/S (30 60, 180, 240, and 300’/s) lsometnc testmg l'ound thé F: E ratno to be B

74% thtle dxfference was found between 52 and 105r/s (30 and 60’/5) However as the L

' lvelocxty was mcreased to 3 14 4 19 and 5. 24r/s (180 240 and 300’/s) the F E ratno

l
v

maeased to 76 83 ‘and 87% reSpectlvely i

Hagerman and Staron (34) studxed seasonal vanauons among physxologrcal vanables»z' s

L

| ““m nme ehte oarsmen The F E ratro was evaluated usmg srx velocmes ( 50 1 10 2, 10 3 20
,“ and 4. 20r/s) The respecuve F E ratlos were approxrmately 69 72 75 82 92 and 114% ‘

. i Rankm and Thompson (78) startmg thh the 1976 77 school year routmely tested all‘ L

U"mcommg athletes (freshmen and transfcrs’( male and female) m all sports at chhxgan State l

; Umversxty Angular velocmes of 1 05r/s and 3 14r/s (60'/s and 180’/s) were used for the 7..; 1

Voo
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en%ﬂwy &ﬁd 5. 24r/s (3007/s) begxnnmg with the 1979- 80 school year, At velocrues of
) 05r/§*af\' 5. 24r/s (60‘/5 and 300‘ /8). no significant difference was found between males and

Sr/s (60°7/s). the F E rauo was approxrmately 62% at 5.241/s (3007s) the F:x

fernales.’

"ﬁ

ratio waﬁ%pmxmately 82% At 3 141/s (180‘/5) males and females differed significantly;
’females hatt@ B E rauo of 71% and males had an F:E ratio of 76% Means and standard
deviations, aecordmg to gender and sporl. for each of. the three test velocmes are given in
Figure 4. In general, the F:E ratio mcreased as veloclty mcrcasedﬂl A

‘ Six’ty varsity footl;all players w‘iere"‘subjects in a study by Stafford and Grana (90).
Thr\ee dlfferem velocities of 1.57. 3. 14 and 5.24r/s (90, 180, and 300/s) were used to
measure the F E rauo Measurements were taken from both the dominant (leg, used to kick

&
soccel ball) and non dommam legs The dominant leg was found to have a significantly lower

F:E ratio at. all velocmes Changes m Lhe F:E rauo were s:gmf icant for both lrrnbs however,
At 1,57. 3.14, and 5. 24r/s (90 180 and 309 /s) respectwely, the values of the F:E ratio were |
(dominan/nih- dominant) 67/68, 73/75 and 82/85%.

Berg and associates (5) exammed muscular fithess of thrrteen members of the 1982 83
women's basketball team al the Umversny of . Nebraska at Omaha Both the ngm and 'left
limbs were evaluated al velocmes of 1.05; 2.09. 3.14, 4.19, and 5.24r/s_(60, 120, 180. 240,
and 300'/s). T:h?‘}‘&gpsecuve F:E ratios were (left/right) 67/63, 71761, 74@76, and
84/79% 1 It's interesting to note that the F:E ratio was lonver inj the rig ."ﬂee forv' all
velocities; it was not reported if this drf f erence was srgmfreant " gm .

Although oonsxderable recwch exists concerning the F E ratio of the knee very little
research exammes the effect of knee posmon on the magnitude of the ratio. However, the
mformauon that does exrst mdreates that the F: E ratio is srgmfrcamly altered by changing the
posmon of the jornt (39, 66, 68) The ma]onty of the literature deals with the effect of]
velocxty on thé F: E ratio (determmed using peak torque of the flexors and extensors) Only
Scudder (83) and Srtfér (85) determmed that the F:E ratio was aot s1gmfmntly altered b)J‘

changes in- veloclty The. rernarmng researchers found that t.he F:E ratio was s:gmfrcamly

. Al :
, . Ph A . . ,
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altered by alterations in movement velocity (2, 5, 8, 11, 23, 26, 31, 34, 38, 40, 65, 66, 68, 73,

|
78, 79, 82, 88, 94, 98, 103), With the exception of the data of Fillyaw et al (23), the F:E

'

ratio increased as the velocity was increased,



Chapter 111

METHODOLOGY

'

‘ Subjects

Af ter obtaining informed consent, thirty male athletes (volunteers) were assessed to
determlrre the effect of knee position'and velocn(y on the F;E ratio.of the knee. The age range
of the subjects was 18 to 30 Years of aée. with a mean age1of 23.5 )}ears. A summary of age
and’ sport/activity‘erraractcristjcs of the‘sample is contarned in Appendix A. Because maximum
effort was rcquired‘ to ensure the accuracy of the test results, individuals )with‘an athletic
background who could be'motivated to perform maximally were select‘ed,r; As well, all subjects
were without any chronic or acute injuries that may have effected the f unction‘of the knee,

- and thus, the accuracy of the measurements,

Measurement Apparatus
The Cybex. Il ( Plate ‘l)l measures . muscular torque output in foot-pounds ‘at
r)re-selected velocities from isometric contractions - (0r/s) to faster fdnctional velocitiés
(5.241/s; ’300’/5). The un'iquc featu.re of the Cybe)r Ii is related to ns' ability to control the
velocity at which the lever arm moves. Onoe a velocity is selected, the lever arm cannot be |
~ accelerated bey%nd that velocity, regardless of the input torque Therefore increased muscular

output encounters an equal counterforce rather than increased accceleratnon as would occur

in c})nventxonal exercise machmes (63).

. Using a heated stylus, a dual channel recorder provrdes a pnm out of torque and
‘ posmon (Appendlx B) dunng the entire range of motxon The Cybex II has been reported to
provrde both valid (r= 0999)(64) and rehable (r= 0 995 to 0.998) (64, 84) measuremems
Yalrdxt; was assessed using known loads applxed .to the Cybex 1 lever arm at speerf ied angles
| in the range of motion (64). Cybei I meastrrements lieve also oeen’deter"mined ’to be relia‘ble'

- (r=0.93 t0 0.99) when‘taken over a period of dayst‘(43‘).

18
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Ustng the procedure outlmed in Appendtx C. the torque channel was calibrated at the

begrnmng and at the end of each test day, Usmg the procedure in Appendix D, cahbratton of

the eléctrogoniometer, which records joint posmon, was also conducted bef: ore and af ter each‘h

testday.

. Ceneral Proce'dﬂures »
. )

Subjects were' requtred to be available for two sessions, separated by no more than
one week. The first session was used to allow sub]ects to practice and ‘become famtltar wrth
rsolrmetrc exercise and to allow the researcher to screen subjects for any prevtously ,
unrecognized pathologles that may have put the subject at risk and/or prevented accurate
measurement of torque output Measurements requrred for data-analysis were taken from the

|
second session only All subjects were asked to refrain from partrcrpatmg in- any strenuous
physical actlvrty on the day of thetr test. All sub]ects were requrred to warm' up pnor to
commencement. of the actual test procedure The warm-up consrsted of stretchmg and other
: exercrses of the subject S chorce as well as a standard warm- up on. the test apparatus The

standard warm- up conststed of three repettuons at each of the five test velocrtres The order 5

of veIOcmes was standard 209 3. 14 4, 19 1.05, and .52r/s (120, 180 240 60 and 30 /s)

: Positionin'g' and Stahiliiation N

Each subject was seated in the test chatr wrth the chatr baclt mamtarned at an angle of

100" to the seat. Back spacer pads were utrlmed 1f necessary. to ensure the relatronshrp" .-
between the back support and the seat was mamtamed tf the sub_rect nwded to be moved :
forward for correct ahgnment and posrttomng of the knee The axrs of rotatron of the knee o

‘was ahgned wrth that of the dynamometer The nght leg of each sub;ect was tilxed and locked"-; ‘,‘

| - rn the start posrtton of zero degrees (0’) of ﬂexron (Plate 2) as measured vra manual

gomometer by turnrng the velocrty selector eontrol to zero radrans per second (Or/s)

o

‘AReferenee pomts for determtmng ze10 degrees 0) ﬂemon rncluded the greater trochanter .

.
' . Y . !
. /

O
/o
o0

s
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| lateral femoral condyle and lateral malleolus

| B Stabtltzatton of each sub]ect was achieved by using the shtn pad and thtgh straps

‘ B (both- thtghs were secured) provrded by Cybex II As well an adjustable shoulder harness and L

I‘seatbelt ‘was used for upper body and htp stabrltzatron For comfort, football thrgh pads were
placed under the straps at the hlps and knees A folded towel was placed under the shoulder

: straps Subjects were asked to grasp the side. handgnps for further stabtlrzatlon and to ensure .

consistent hand positioning.

. “ ’l‘estmg Procedure

Once the sub]ect was posruoned and stabrllzed the standard .warm-up was conducted

" Each’ subject was then allowed a three minute rest pnor to begmmng the test Dunng lhls'
time, any necessary adjustments in posrtron and/or stabrltzatton were made

- At the end of the three minute rest pertod the subject was asked to assume the start

posruon The Cybex ll Dual Channel Recorder was checked to enSure that the approprlate,

‘ torque and posrtron scales had been selectedr Wlth the velocrty selector set at one. of the five .

test’ velocmes the order of whtch was randomly assrgned and the chart recorder. set at

R 25mm/s each subJect was asked to perform flve maxrmal leg flexron and extensron‘ o

B movements At the completron of frve repetmons the subject rested for two mmutes prror to

» v,,,contmurng 0 the next velocrty Peak torque and torque output at 30 45 60 75 and 90" were N e

o ‘measured from the torque curves on the prmtout uttlrzmg the Cybex II Chart Data Card

C (Appendtx E) Torque output was not rneasured at zero degrees (0‘) because most subjects,f L

)
’

‘ 'could not- reach thrs posrtron at the slowest velocrtres Measurements were not taken at 15
: ' because of‘ the presenee of the torque overshoot phenomenon durmg flexron The mean of o
" all five. repeuuons was. ‘used for data analysrs See Appendrx F and Appendrx G for samples of iy

"data record sheets S R



6

: DataAnalysls -

. Mean torque values of the flexors and ertensors were converted to Newton meters o
‘ (Nm) and were recorded for peak torque and torque at 30 45, 60 13, and 90" at velocmes of B

52 105 2 09 3.14, and 4, 19r/s (30 60, 120, 180 and 240'/s) The F:E ratro was{,hen

calculated ustng these results Angles of peak flexor and extensor torque were also recorded

The effects of knee postuon and angular velocity on angle specific flexor torque

B extensor torque and the assocrated F E ratros were analyzed using analysrs of varrance'

/T

(ANOVA) statrstical programs wrth repeated measures Peak flexor and extensor torque peak

F:E rattos “and the angles of peak flexor and extensor torque also used ANOVA wrth

repeated measures to examrne the effects of angular velocrty

o effects th t may obscure the true meamng of the results (22) In the present mvestrgatron

»‘randomrza ion of the order of test velocttres was utthzed to surmount the potentral problem of .

. carry over effects wrth respect to velocrty The nature of testmg, however drd not allow for

the same measures to be taken to prevent possrble carry -over effects of posmon Therefore

m order to determme 1f carry over effects may have been operaung, two analyses were '

: f‘ficonducted on the angle specrfrc data The frrst analysis used repeated measures for both'

» Wrth repeated measurement destgns there is concem that performance under prior

s ‘'may effect performance under subsequent treatments resultmg 1n carryrover,

velocrty and- posrtron and was. desrgnated as the repeated measures anals’srs of vananee .

. ; (RMANOVA) The second analysts randomly grouped subJects accordmg to posrtton and used

o ‘repeated measures on velocrty only Therefore it’ was desrgnated as tl\e grouped analysrs of . RN

vananee (GANOVA) All analyses mcludmg those examrmng peak vanables accepted: L
srgmfrcanee at the PSO 05 level of confrdenee Scheffe s method of multiple contrasts was o

UL

e used to determme where srgmfreant drfferenees occurred Srgmfrcanee was acoepted at the, L

":']f,PSOOS level ofconfidenee O S

Tt

w fsf'
iy
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o L "ChapterIV

. RESULTS AND DISCUSSION

Repeated measures analysrs of var.@nce (RMANOVA) and grouped analysrs of“

Al

vananee (GANOVA) both revealed srgmf icant main and mteractlon ef fects for both the knee

‘flexors and extensors (PSO 05) However the number of srgmf 1cant posrtron and mteracuon
contrasts ‘was reduwd when GANOVA was used Repeated ‘measures analysrs of vanance '

‘ ‘(RMANOVA) of the ﬂexor extensor (F E) rauo rcvealed that both main and interaction

"

| mteractron effects remarned srgntftcant whereas veloctty effects dnd not. The number of

posmon and interaction contrasts was substanually reduced when GANOVA was used to

‘analyze the data The only srgmftcant velocrty contrast usmg RMANOVA (1. OSr/s vs' "

'4 191/s) was insrgmfrcant when GANOVA was used.

The means of both' analysi are represented graphtcally in’ Figures 5.6, and 7. lt canj

B ‘be “séen that the means of the two analyses are’'very srmrlar As the sample size per group

! and therefore the degrees of frwdom for GANOVA (n 6) v.Ps consrderably smaller than

' results of the two analyses was due to carry over, effects or - the 'dtfferences in sample‘

,y"sxze/degrees of frwdom ¥ e . o

to occur Therefore provrded movement dunng testmg rs contmuous the use of RMANOVA‘ RS

may be more appropnate as 1t reflects t.he actual order of events m funcuonal acttvmes lt“ sy

U

| not be present in the GANOVA Consequently, the drscussron of the results will be based

o upon the results obtamed usmg RMANOVA The means and standard devrattons of the

GANOVA data arefoundmAppendtxH PR o

i

] . oy U o
. . T e .
s Ve R .
t . . T
0 ’oe ! v o

| effects were srgmfrcant (PSO 05) In contrast the GANOVA rcvealed that posmon and

o ‘that of RMANOVA (n 30) rt is not possnble 10 deterrmne wrth certamty 1f the contrastmg :

The order of the posmons through Whlch the knee passes is: determmed by the: e

\structure and funct:on of the knee and therefore cannot be altered 1f contmuous movement is ..

does however mtroduce a degree of dependence among the repeated measures whrch would R j, .
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C S .
(" The remainder of the results and discussion ‘are ‘presented in three" majOr sections~ '

Torque of the Flexors and Extensors Angle Spele ic l’-‘lexor Extensor (F E) Rauos and Peak

[

F E RaUOS ‘ \ i‘ i ’ )

» Y AR t :
. R T . '

Torque of the Flexors and Extensors R , | e

The torque output of the knee ﬂexors and extensofs was exammed at‘ 15° mcrements‘
as the lcg moved at velocmes of .52, 1 05 2 09, 314 and 4 19r/s (30 60, 120, 180 and
2407 /s) The respectwe means and standard devtauons are uresented in Table 2. A graphtc

presentatton of the results for the ﬂexors and extensors are illustrated in thures 8 and 9,

S respectrvely, o ‘

"

thures 8 and 9 1llustrate that torque ‘output varies consrderably with ' the posmon of g

the Joint and the velocrty of the movement Repeated measures analysns of vanance'

(RWOVA) confxrmed that mam and interaction effects were stgmf icant (PSO 05)
: Multrple contrasts of veloctty and posmon mam ef fects revealed '

¢

1, Srgmf 1cant drfferences ex:sted between all velocmes wrth the exceptton .

T . ,1,,,.,;-)

s.»*that 52r/s (30‘/s) was not dtfferent from 1 05r/s (60'/s) for both the :
N ‘flexors and extensors -

- [ . . . . . . o
— . n L o oL ; i

2. ﬂemn all posmons were’ srgntfrcantly dtfferem wnh the exception

\ o that 30‘ was not drfferent from 45 ‘j‘ S AT g b?
o RS " 3. 'In: extensron 60 was not srgntfreantly dtfferent from 90 all other N
S o ‘ contrasts were srgmftcantly dlffefent.

The results of the mteractton contrasts for’ the ﬂexors are presented in’ Table 3 The

large number of srgmfrcant contrasts makes detarled dtscussron tmposstble However some “ l

L 1mportant features mclude T ! ff e

v g ; .‘ All contrasts between 45 and 90‘ are stgmfmnt

2 At velocmes less than 2 09r/s (120'/s) changes in torque resultmg from

an mcrease in’ veloctty are mtmmal and wrth a few exoeptrons are not n |

. N I . !
tw - .
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0 Table 2
+ Means and ‘Standard Dc;/iations of the Khee Flexors and Extensors
Velocity Position " Flexors - Extensors
(17s) (Deg.) Mean . SD Mean - ‘ SD
i ' .-—_—— ‘\ \ ' ! '
Cor 30 - 129.17 26,38 79.60 2454
s 122,72 22,01 128.22 31.07
52 60 . 109.89 18.33 169.31 ©36.82
75 94.53 16.77 191.77 38.52
% - 1520 . 15.05 173,65 36.69
’ 30 124.35 24 .48 - 83.45 21.75
ST kR4S 121.86 20.94 12878 - 27.36
1.05 - 60 10.93° 18,06 . 167.75 . 31.51
' 75 96.22 . 16.37 187,58 32.22
90 M2 15.28 166,14 24.40
oy 30 10875 : 2281 798 21.70
\ s 114.70 $*18.77 . 12091 26.41
2.09 60 107.35 . 16.80 151.83 £ 26.89
o 75 95.12 14.86 ° ' 159.91 25,90
%0 77.36 - 13.94 . . 139.67 26.12
30 94.13 2064 . 69.09 21.90
45 11094 « . 1797 104.63 25.45
'3.14 60 97.04 15.58 129.29° 24.56
& TS . 86.19 13.37 134.03 21.94
*90 67.64 13.00 116.51 21.60
| 30 .. B4 1774 58.96 22.08
. ‘ 45 88.68 . 16.29 . 90.28 . 23.76
419 , - 60 84.75 1450 . 111.6] 21.97
o 75 0 7489 . 13.90 11422 20.20
.90 . LUs6 2 15.58 ¢» - 100.48 1928 .
”vr“l <, ' . . , . : ‘ : s "‘
n=30 ‘ J N ‘. ‘:» . ' ’ . . . ' .
Torque is in Nm a . , " K : o »
. P : ' [
N .
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Labt A

' .
Camtiana «})\hm‘v Fheamn Forque at Selested Jonm Angles and Angalas Nebng N \/\

Pos n A (81} . ) 7 ‘N

'
1

Pov Vel 1ON20% V1A 409 82 1oy WM VLA A Y N2 10N 2 VA ATy Qo LA A0 A LN Y V)4 A

A . a - - ‘\- - . . . - a - a - o - - - . - -
104 “ - - . ‘. Vv - - ‘- - - - - . - .. . - - . - -
w209 s s e e e S T
314 - ot . - . . . - . - . . . - -
a19 . s e e e o e e e e e . e « e
1 u
l()ﬂ - Toe .. - - - - » - . - - - - - ’l 3
45 209 - \. . . . - - . ‘. . - - . . -
314 ) \ . . . e e e a4 e »
9 . - - - - . - - - -
4.1 ) \
\ /
“"'\ \ N - . . - - - - - - - - -
l.o\ . \ L) - - . - - - - - - - -
o 2.9 ) . . o - - - - - - - -
. 314 - . ) . - - - . - . -
4!9 N . . . 3 3 . L] -
W
'5.1 . - . T le - . » .
| LY J . . . . . - .
N 2.0 e 4 e e e .4 e
3.4 ' . e e e e . s .
19 ot
52 ‘ ) " .
1.05 . e
9% 209 . i
3.4 \ .

1 Velocitics are in radians per second
*Significam difference (PSQ.05) !
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'signlficant.l In contrastT at “velocities greater than 2.09t7s (120'/5).1
_ decreases in torque were more dramatic and rvere significant. |
3* As the leg is flexed, the ability of the muscles to produoe torque is
‘dtmrmshed wrth the largest decreases oecumng between posruons of
greater flexion (ie: 75" and 90' ).

lnteracuon contrasts for the knee extensors are presented in Table 4 The rmportant

features evident in Table 4 and thure 9 mclude

—

[

' 1. Witha few‘exceptions torque at 30" is significantly less.thanltorque at
. all other posruons evaluated |

2,0 Decreases in torque wrth mcreasing velocity are evident <alrnost
'irnmediately - at all posiu'ons torque begins to decrease at ‘\ielc')cities
greater than 1.05r/s (60°"/s).” The decrease .in torque however is more .
pronounwd and produoes more significant dtfferences at the posruons
of greatest flexion. ‘

3, As the leg -extends, the ability of the muscles to produce torque is
dir'ninished, with the largest 'decreases‘occurring. between positions of
greater extension (ie: 45" and 30“)‘ | | 1 !

The consrderable vanauon m torque output of both the knee flexors and extensors as

illustrated through thures 8 and 9 demonstrates the angle of pull and length-tenswn‘

| relattonshxps dtscussed earlter These relauonshrps. as well as the: force velocrty relauonslup -
are also depicted when angle specific torque ts expressed as a pereentage of peak torque L
(Frgures 10 and 11) Peak torques and the angles of peak torque at each velocrty. for both the |

'flexors and extensors are presented m Table 5

Both the ﬂexors and extensors produee the most torque near the begmmng of. therr‘ "

reSpecuve range of mouon (1e 0" for the ﬂexors and: approxrmately 105' for the extensors)

. ir?dltaung that thb length tensron relauonshxp is the domrnant factor m determmmg torque |

through the Tange of motion. 'As,a'result,'as the\leg moves through a range of mouon, one' \

-’
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r~ ‘
AR .
' 4
' ’ Vot [
(4 ' 0
» ‘ ‘ "' Tabke 4 "
. o
, Contrasts of K.ncc Extenston Torque at Sclected Joint Angles and Angular Yelovities '
' . : 4
Pos, - ) as. : 60 75 : 0

’ [ '

i

Pos. Vel, 1,05 2.09 3,14 4,19 .52 1,05 2.09 3,14 4,19 52105 209 3.14 4.19 .52 1,05 2.09 3.14 4,19 52105 209 314 4,19 _

.52 . . e .v‘ ’ . L] L] - . - - - - L] . - . .. -
1.05 - - - . ‘ . . 3 . . ., e . . . c e . - . . . L]
30 2.09 . . - . - . . . . - . . « e . . . . . .
3.14 - - L] . - - L] L - - L] - . . “. ) L] L . L] -
4.l9 L3 . . . - . . . - LI Y . . . . . . . . .
\52 . - . . L . - - . - . - -
l'os ! - - . ‘. o' . L] - . . . L] -
45 2‘09 . . . - . ‘. . K] . . - . .
3.14 , . . Io LR 3 LY . . L . . .
419 . . . ‘e . .‘ - . . . o‘ . . .
[ ‘ . .
.52 . L - . L] . 0( . ., . .
l,os - - - . L . . N L] . Ll
‘,ﬂ 2.09 - . . - . - . LI - .
3.14 . . . . . . . -
4.19 . . L S . L] . L]
.52 ' . . . . . . e e .‘, ’:
1.05 R L. . . . .‘ ‘e ..
750209 : R £ e
].l‘ X Ll L] . . *
a1y s
. " vl .

3

1 Velocities are in radians per sccond o . : . T
*Significant dif ference (P<0.05) o T o !
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Table 5

P

Peak Torque and Angle of Peak Torque -
‘ of the Flexors and Extensors I

‘Velocity ... - Flexors’ R . Extemsors . - .

‘ Torque‘ ' f - Angle ' L Torque. - : Anglei'
Mean =~ SD *  Mean SD . Mean - SD Mean SD

Sa/s 13602 ‘26 18 S 3L 73" 805 " 20040 B 3787 75‘.6_3“ 174
oss 1961 . 76‘ 3 28": ‘"6.'6‘4“ 19281 31 7538 686
209175 1920 1995 049 754 16389 2625 ns 6.
) 31drss - - 10459 18.51 .4‘4;46 s “137 81 2361 . TIA9 549
- 4.191/s §' 9294 © 17.19 4541 10.24 ,\111 61 2210 70.57 7.47

tTorque is m ‘Nm'
: Angles are in Degrees

w0 .
by

T' "muscle group becomes stronger whrle the other becomes weaker Therefore 1t is expected that :t
‘ the F: E ratxo would favour the flexors at one end of the range of motron become neutral tn )
| “ ,mtd range and fmally favour the extensors at the opposrte end of the range of motton‘ |

| Figure 12 compares the absolute torque output between the flexors and extensors at"' B

- each of the fxve test angles The changmg relatronshrp between the flexors and extensors 1s ey
- very apparent Some notable features found in Frgure 12 mclude | L
\

’1'., At a posruon of 45' torque of the flexors and extensors s

S ‘.appmxrma‘tely equal the F E ratxo 1s approxrmately 100%

,,V'At all posmons. the deerease in torque of W muscle groups 1s
:approxxmately parallel from 2 09r/s (120'/s) to 4 19r/s (240‘/s) As the .
‘ v,;r'ileg moves towards extensron there 1s also a tendency for the decrease in . o

o :l?]torque from 521'/s (30 /s) to 2 09r/s (120'/s) to become more parallel ‘jv
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3. The effect tncreasing veloqty has on torque appears to be
' angle spectftc espectally for the knee extensors. In general ‘the greater
decreases are seen at those angles productng the greatest torque '
. 4. As suggested earlier, the relattonshrp between the flexors and extensors' .

[

L favours the ﬂexors in the _most extended position, beco. e neutral near. “

| the mrddle of the range of motron (45) and frnally favours the '
.'extensors -at the posmons of greatest flexton "

Although the precedmg results mdtcate that both posrtton and veloctty act to mfluenoe '

‘the torque of both the flexors and extensors it appears that posttton plays a greater role tn e
' productng dtfferenoes in the F E ratto The changes in the relattonslnp between the muscle
- groups as the leg moves through the range of .motion’ are easrly seen upon exammatton of
‘ thure 12 Although changes tn the relattonshrp between the muscle groups do occur as the

‘ veloctty 1s tncreased they are not as dtstmct and 1t is questtonable as to whether or' not the ‘

) differenees are srgmf teant.and' would produce changes in the F :E ratio.

" '
ot

) Angle-speclftc Flexor Extensor (F E) Ratios o

" ln general rt ean bc satd that the F E rauo tncreased as, the knee moved from flexton | O

" to extensron for all veloctties evaluated Further w1th the exeeptxon of 30 there was a K

*'f‘with sucoesswe velocmes reachmg a mtmmum at 3 14r/s (180 /s) before rtsmg to a second‘ : o

) . general trend for angle spectftc F F2 rattos to gradually mcrease as movement velocrty was :

‘:‘ ,,‘tncreased At 30' however the F E ratto was largest at the lowest velocrty and then decreased |

t.,peak at 4 19r/s (240’/s) The, aforementtoned trends can be recogmzed m Frgure 13 Table 6" e
; f“;i‘,'.summanzes the means and standard deViattons of the data N ‘ ' ' ‘ . ”

‘ . The RMANOVA of the data revealed that there were srgmftcant mam effects as well”. s
| lﬁlr‘.‘as stgmfrcant tnteractton effects (PSO 05) When oonsrdertng velocrty mam effects Scheffe s: o
f}:}‘;method of multtple contrasts revealed 1 05r/s (60‘/s) and 4 19r/s (240‘/3) 0 dlffer;f LR
'stgmf lcantly (PSO 05) MuIUple contrasts of posmon maln effects revealed all but one of the“ i i

) W AN
. Al Ce " ' A . N
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) Table 6

Means and- Standard Devxauons of the Flexor; Ergtenor (F E) Rano

.w .
Velocity - Position . F E Ratio
(x/5) . (Deg.) . Mean .S |
v N ) - . "‘ . , | W ' ‘ ] l

T 30 v 17846 . 4908

. 45 9945 . 19.26

2 60 67.17 13.63
. . Lo1550.38 268 =
o o 9 ‘ 4516‘,,] 1084 Vf\

S 300 - 15586 L 3490
. o 45 . '96.37 . 16.70

. y K ,‘1‘05 S, - 60 ' . 6762 . - 1l. 21
e s hos212 0 838

| | 0 . 47543"‘4"‘841 IR
S JEERN 773 VR X S

N S s 9803 ' 1948 . |
C209 60 S 7212 0 164
75 6029 . T 9,00
o 56000 _836_
30 14383 36.47 :
: r45 - 99.74 © 19:86 .
K U 60 - 7649 12.08-
L 75 . - 6512 ©9.16

0 . BM 1140

30 . 15688 . - 5493 .
L as T 10256 2329
al9. 60 T30 . LT
T 6632 1047
EE I A 1678

. ,‘;f“possrble oontrasts to be sxgmfmnt . 90‘ wa; not dxfferent froim. 75 - | B
Interacuon effects produwd a large number of mulnp!e contrasts the results of whrch
arp presented in Table 7 Some of the more notable contrasts whrch are suggested through
" "'.,‘&ammauon of Fxgure 13 can be summanzed as follows | - - i

: ‘ ‘L‘.'_ Regardlws of velocxty. 30‘ is sngmfxcanﬂy drfferent from the remalmng

Lo g ) . i
[ -':' . .
! [
v, h
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four postuons at all frve veloctues with a few exoeptrons 45" is also
signif ramtly dif ferem from all other positions ataall velocttles
2. Onmly 30 demonstrates any difference with velocity - .521/s (307s) ls
different from 2.09%/s (120°/s) and 3;19r/s (180/s). |
3. I\Yhen eontrasting 75; with 90", only one contrast (75" at 4.191/s " or
240" /s vs. 90" at 52r/s or 30‘ /s) is srgmf mmt
Figure 13 rllustrates that changmg .joint posmons produces ‘distinct changes m the F E
rafio, ln contrastl. changes in velocity produced 1nstgn;l" icant changes in the F:E ratio at all
positions exoept 30°, It s irtteresting. therefore, * that very few studies report on the
relationship between position and the F~E ratio; most deal only with the effects of velocity on
FAE rauos whrch have been determined using peak torque, |
) Houtz Lebow .and Beyer (39) are one of the few research teams that have considered
posntton (both hip‘and knee) when evaluatmg the F:E ratio. Three postures (seated, supine,
and prone) and seven kneelposiuons (15. 30, 45, 60, 75, 90, and 105) were exammed. In “
general the trend for all three ~post'ures was for the F:E ratio to increase as the knee moved

N

from a position of. ﬂexion 10, that of extensron Figufe 14’ compares the results of Houiz et

. al(39) with the results observed at 52r/s (30 /s) of the present mvesttgatton

' As the presertt study emplOyed a scated posture one would expect the results to ‘most’
closely reeemble the sented posture of Houtz et al (39). However as Figure 14 demonsuates
the results from the two studtes were not sumlar However the results from the present study
resemble those of the prone posture of Houtz'et al (39). Differences in sample charactenstxos.

L £
‘as well as lesting prooedures may be responsrble for the drfferenoes observed between the

' scated postttre of I-loutz et al (39) and .the results of the present mvestlgatton Particularily,

the different results for the seated posturee may be related to two factors
'1- Different velocittes were used in the two studxes Houtz et al (39) used
isometrtc testmg (Or/s) and the present study used a veloeity of .52r/s

(30'/s) Velocrty effects. the shape of the torque curves l'or both the
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ﬂexors and extensors (72, 73, 79, 83, 92, 95) and, therefore, these
‘dlf ferenoes may be reﬂected in the F;E ratio,

2, Although both studles used ‘seated postures, ‘the hip angle was not
_reported in the study by Houtz et al. (39) Therefore, dtfferent hip
angles may have been,nsed, Wthh may be responsible for'producmg‘ ‘
different results, .= l : Co

Two addruonal studles one’ by Patncra Murray et al (66) and the other by Sarah

Murray et al (68) examined the effect of velocity on angle specific (30" and 60°) F:E ratros

Although the F:F ratios of the two studies were considerably smaller than those reported for

the present study, particularily at 30°, similar trends were observed for all three studies. In the

present study, as iwell as that by Sarah Murray et al (68), a small, but insignificant, incrense .

in the F:E ratio at 60" was observed with increases in velocity. Patricia Murray et al (66) did

not indicate if the increases observed in their study were significant or not. At 30", the present

study and that of Patricia Murra‘y et al (66) both reported a decrease in the F:E ratio as
velocity increased. In contrast, Sarah ‘Murray et al (68) reported the F:E ratio increased as
velocity incréased. | |

Although a number. of variables may be responsible for the dlscrepencres between the/
three studtes one of the more important consrderauons particularily wrth respect to the' '

- magnitude of the F:E ratio, may be that the results of the present investigation were not

corrected for. the effects of gravrty Recent evidence has- shown that gravrty correction
slgmfncantly alters the rnagmtude of the F:E ratro (2 23, 80 82, 101), asa result of extensor
torque .belng /underesttmated and flexor torque bemg overestﬁnated. Furthermore, the degree |
to which gravity correction effects the F:E ratio is dependent on the positidn ‘being considered_'»‘
(23 41 101), which may also explam why the drfferences between ‘the studies were relanvely
small at 60" and extremely large at 30’ Tszle 8 demonstrates the drfferenoes between corrected _

and uncorrected flexor and extensor torque, as well as the assocrated F:E ranos

o



Table 8 | ,

Comparison of Gralvity Corrected (GC)
 and Nongravity Corrected (NGC)
Peak Torques® and Flexor:Extensor (F:E) RauosT

Velocity Flexors ~ Extensors} " F:E Ralioi
- - GC NGC GC NGC GC - NGC

‘l.OSr/s 83119 95120 156 129 149128 54£10 | 64120
3.141/8 ‘ 63112 73+12 105+17 94116 60110 79+13

4.191/s 4112 63312 89416  77+14 61410 84413
s24r/s 4814 - S1kl2 78413 67211 6013 84420
*ft-lbs )
tAdapted from Appen and Duncan (2)
$Mean £SD .

Of the three siudies onls' that of Sarah Murray et al(68) reported the F:E ratio at 30°
to increase as velocity increased. As the mformauon base regardmg the effect of velocuy on
angle- specnf ic F:E rauos xs extremely llmlted it 1; impossible to delermme 1f the F:E ratio
would be expected tp, mcrease or decrease as velocity is mcreased. However, 1( is mteresung 1o
‘ notethat.‘ of the five positione evalqated in the ‘present Study. 30 is the only one in. which ‘ I,
there was a trend‘fbr ihe 'F'E ratio to ‘deeréa;se as the velocity inérea'sed The question,
btherefore can be raxsed as to whether or not ‘the observeé re;.ﬂff at 30° are truly reﬂecnve of
the relanonshlp between the muscles as velocxty is mcreased or if - expenmental error- has‘
'mﬂuenoed the results. .

Two observations, made at the time of testmg, mdxcate that expenmemal error may
have, in fact, inﬂuenced the results. Firstly, at the slowest velocme'.. parﬂculanly .52/

(30‘/s) subjects had dxffxculty reachmg full extension, and, thus, may not have been workmg .

‘manmally ‘due. to dxscomfon If such wete the case, the maxlmal eapabxhty of the extensors
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would not have been reflected in the F:E ratio and the F:E ratro would have been
overestimated'. Secondly, at_the hlgher velocities (2.091/s to 4.19r/s: 120°/s to' 240°/s), some
} subjects ’had dlfficulty keeping up to‘b the "lever ’arm of the test apparatus durlng the flertion
* movement, partrcularrly at the begmmng of the movement Therefore instead of the subject
usmg his own muscular effort to pull the lever arm down he subconscrously would allow the
| lever arm to be pushed down by the force of gravrty Assummg that the subject was allowing |
gravity to move the lever arm dunng flexion at the hrgher velocities, the torque value
produced at the posrtron of 30° may reflect the»ef}ects of gravrty only and not the effects of -
both gravrty and muscular effort as seen at the other positions. Thus, the maxrmal capabrhty
A of the flexors would not be reflected in " the F E ratio and the F:E ratio would have been
underestrmated lf in fact the slower velocities overestrmated the F E rauo and the higher.
velocrtres underesuma/te}the F:E ratio, then it may be that the actual values of the F:E ratro o
) .at 30° gradually increase with increasing velocity as seen wrth the other positions, as well as
iwrth other studies. |
The limited number of investigations drscussmg the effects of posmon and velocity on |
the F:E ratio make it drffrcult to ascertarn if the results of the present mvestrgatron verify the
‘results of prevrous mvestrgatrons However ‘on the basrs of - what research was avarlable 1t"

- appears the F:E ratro 1s srgnrfrcantly altered by the posrtrdn of the Jolrrr"_d‘ to a lecser .'

;degree the velocrty of the movement As wcll the effect of velocrty appears to be. dependent .

- ;o
.on the positron of the jomt Only iurther research using standardrzed methods however can

| _'detemune with any degree of oertamty the relatrve effects of posrtron and velocrty on the F E

ra'tioi,

Peak FiE; Ratios o |

: | ln oontrast to the paucrty of mformatron avarlable .on angle spectfrc F E ratros m the‘
last three to frve years consrderable rnformatron regardmg peak F: E ratros has been made ‘»
available Although the author does not beheve the use of peak F: E rauos to be appropnate
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rt is thought the prevalent use of peak data necessitates a discussion of the effects of velocity |
,on peak F: E rattos .

Repeated measures analysis of vanance (RMANOVA) of the peak F: E rauo data
revealed that srgmfrcant differences between velocities extst. Scheffe's method of multiple
contrasts revealed .52r/s and 1.051/s (30°/s and 60°/s) to be vdifferent‘:from 2.09, 3.14; and
4.19t/s (120, 180, and 2407s). Additionally, 2.091/s (120"1/3)" wa‘s\di‘r‘rerem from 4,191/s
(240°/s). With one exception (1 05 /s v 2.091/s; 60'/s vs 120l‘/s')l. adjacent veloeities were not -
signifieantly‘ different. perhaps indicating that an incremen't'of ‘1.05‘r/s (60°/s) or less is not

 suff; lcient to pr‘oduee significant dif ferences in the F:E ratio ' It may be possible' that the same

increment between 105r/s and 2.091/s (60° /s and 120° /s) 'was significant as it represented a -

dtsunct shtf t from those velocities consrdered to be slow to those considered to be f ast

In the present rnvestrgatton the use of peak torques to determme the F E ratto
' produced results almost identical to those obtamed at 60° (thure 15) The angles of peak
flexor torque ranged from approxxmately 32 to 45‘ dependmg on the velocity. In contrast, ‘
- the angles of peak extensor torque ranged from approxtmately 71 to 78 agam dependtng on.

. % v
velocrty Therefore it is very dif ) 1cult to explam how peak F: E rattos can, dupheate ,

' angle specrfrc EF: E rattos SO accurately Further rnvesttgatton of the results however revealed

' that at velocmes of 2 09r/s to 4 19r/s (120 /s to 240'/s) the torque of both the knee flexors -

'and extensors at 60‘ dld not drffer sngmfrcantly from those angle specrfrc torques most snmrlarﬁ

to the angles of peak torque for each ol‘ the muscle groups (30' and 45 for the knee flexors' .

75 for the knee extensors) At -.52r/s’ and 1 05r/s (30'/s and 60/s) the srmtlanty between the =

; peak F E ratro and the. F E ratio at 60‘ can only be explamed as a comcrdenee whtch may a

| also be the actual explanatton for the sumlantles observed at the three htghest velocmes
s ‘ As already menttoned a. vast number of studres extst whtch have mvesttgated the
.effect of veloctty on the peak F E ratio. The results of several studtes mvesttgatrng peak F E ‘s
“ ranos have been summanzed m Table 9 Only those mvesngatxons wluch used a mtnlmum ol‘ L "

two of the veloemes utthzed in the present mvestrgatton have been tncluded

1
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As can be seen from Table 9, eonsrderable vanatton extsts at each test velocrty. with
the exeeptton of 2 09r/s (120‘/8) The reeults of the present mvestrgatron are in the mrd to "
! upper range of the results presented ’I'he smaller range of. values observed at 2 09r/s (120‘/s)»_“
s ltkely related to the comparatrvely small number of studtes whrch used 2 09r/s (120‘/s)gp‘.
‘”evaluate the F E ratio The largest range of values - 51% to 91 94% is found at the hrghest ?‘ :

ot
e

’ ’velocity (4 19r/s 240‘ /s) |
Gravity correctton was. used in at least one study at all velocmes except 2 09r/s
( 120’/s) In all mstances tn whrch gravrty oorrectlon was’ used the lower limit of the range
'_was a gravrty corrected value At 52 1 .05, and 3. 14r/s (30 60 and 180'/s) the Tange was .
E 'not dramatically tnl'luenced by the use of gravrty correctton However at. 4 19r/s (240°7s), the
" lower limit of the range tncreased from 51% to 66% when gravrty corrected values were not
| lrncluded thereby reducmg the overall range of values s . ‘ | i '

The mﬂuence of gravtty correctton on the F E ratio is only one @ample of the many |

' varrables whrch can act to obscure the meamng of any companson of the vanous results o '

L .summartzed m Table 9 Apparently srmilar results ma.y actually be very dtfferent Therefore o

‘one must be eareful not to draw steadfast conclusrons based on the results of dtfferent

‘-.‘tnvesugatrons However some of the sumlarmes and/or dtfferenoes between the studtes are 7

- B f-noteworthy and may provrde msrghts for future research

Wrth the exceptton of the data of Ftllyaw and assocrates (23) the F E ratro mcreased"f o

- ,'as veloc1ty mcreased Although the srgmfrcanee of a large proporuon of the data was not o

- 'reported, the consrstent ftndmg of an mcrease m the F: E ratto wrth mcreasmg velocrty rsi" Lo

f,;;enough to suggest that the F E rauo rs not a ftxed value Further research using standardtzed" .

o methods however rs necessary to oonfrrm thts fmdmg as well as. to allow for an enhanwd" o

understandmg of the meamng ol‘ this fmdtng

RN

lt is mteresting that only the data of Ftllyaw and assoctates (23) demonstrates ‘a 8 j';

decrease m the F E rauo as velomty ts mcreased Beeause Frllyaw and assocrates (23) used ,. ;

gravrty oorrectrou tn thetr mvesugatron rt 1s temptmg to suggest that gravrty correctron may ‘

i 0 .



v

be res&onsrble for the oppostng trend of thetr results However Appen and Duncan (2)
= chhards (79) and Schlmkman (82) also used . gravrty correction and wtth the exception of

magmtude did not generate results dxfferent from tltose studres that dtd not use gravity'

‘ ‘correcuon Subject drfferences as well as dtfferences in. the velocrtes selected for evaluauon |
' may be responstble for the drscrepenmes between the vanous studres using gravnty correctibn
Consrdenng the mvesugauons summanzed m Table 9 used subjects of dlf fi erent ages -

gender and actrvrty groups ‘the. results of the various. studtes are remarkably srmtlar The :

o sxmrlanty of the results' may bc explamed in part by the con 'stent use of the Cybex Il as the‘ s

measurement apparatus Further standardrzauon of test pk ' “\'res (1e velocmes assessed

' Y

hrp and knee posmons assessed use of gravuy correcuon lunb evaluated) however is
, ¥ v

neoessary m order to determme the.actual effects of such varrablesi as age gender velocnty,

:

| and sport/actmty on the magnltude of peak F E ratros




' o Chapterv | |
w SUMMARY AND coN‘cwerNs |
'I'he role of the knee flexors and m parncular the knee extensors ‘m preventtng |
“]mjurtes 10, the knee has been the object of consrderable research in the past Reeently, ,
however attentton has been focused more on the role of the relauve strength of these musclestw '
’ 3 ‘m prevenung mjurres to the knee )omt and its supporttng musculature |
The earltest research to examine the role of the flexor extensor (F E) rauo in tnjury'

’ "-preventton mdrcated that .the flexors must’ be 60% as strong as the knee’ extensors to ensure

: 'mjury drd not oocur (45). Rurther attempts to correlate devratrons from the recommended‘

L IF E ratio wrth the occurrence of mjury have produced mtxed results (6 ll 21, 24, 31, 45, '

“ . 102) The lach of consensus regardmg the relatronshrp between the FﬂE 1atio and mjury may RN
mdtcate that such a relattonshrp does not erust or cannot be demonstrated consnstently as a
) result of the tnﬂuence of confoundrng vartables Another possrble explanatton for the lack of

\

"'»conststent fmdmgs lS that the methods used to. evaluate the F B rauo may not be appropnate

;e ‘u"and therefore unrehable ‘

s The present mvesttgatron was prompted by the author s contentron that past research
l prowdures were inappropnate and unrehable as they’ used evaluatton procedures whrch drd not
5 ;‘Jadhere to the pnnctple of spectfrcrty of tesung Imttally, , research utthzed staue
fj ‘measurement techmques and assessed each muscle group at dtfferent Jomt posmons wrth the .

; ':‘.f’extensors usually bemg evaluated at a posmon of 65' as opposed to 15 for the flexors

‘ ,However dunng functtonal actrvmes the muscles of the knee functton at the same posmon at -1 A

te

‘.’any given ttme and are requtred to move through a range of mouon Furthermore the-

. ."f'dynamtc nature of sports requtres the knee to move at a vanety of veloctttes Therefore .

't K

. j} prevrous evaluauon prowdures do not reﬂect the functtonal requxrements of actmty
L The tntroductron of 1sokmettc testmg has enabled reeearchers to regulate velocrty and .

e ',therefore allow them to assess the F E rauo at more functtonal velocmes However most

reeearchers evaluate functton of the knee muscles usmg peak torques. As peak torque occurs';




»at drfferent Jotnt posmons for the two muscle groups. evaluatton prowdures sttll do not
: assess the F E ratto at posmons whrch reflect the f unctron of the knee. Theref ore, it Was the
‘;purposc of thts mvesttgauon to"examine the ef fects of both veloctty and knee posttron on the
F: E rauo ln order to compare results wrth the lrterature the F E ratio was also evaluated ‘
ustng peak torques The effects of velocrtx and posrtron on each of the muscle groups whrch
' compnse the F: E ratto was: also studxed to acqutre a more complete understandmg of the ‘
factors whtch effect the“F E ratto RS

The rtght knee of thrrty male athletes was assessed to determme the effect -of Jotnt
posmon and movement veloctty on the torque output of the flexor and extensor muscles and’
. the assocrated F E ratros Frve Jornt posruons (30 45 60, 75 and 90) were assessed at frve
J - pre- selected randomly asstgned veloctttes - :52, 105 2 .09, 3 14 and 4. l9r/s (30 60 120
’180 and 240‘ /s) Peak torque of ‘the’ flexors and extensors the assocrated F E rauo and
angles of . peak torque were . also recorded Repeated measureS\ analysns of vanance ‘
‘(RMANOVA) was admtmstered on al] vanables (PSO 05) Multtple contrasts were perf ormed
. usrng the method of Scheffe (PSO 05) ‘ ' |
| The results of the RMANOVA revealed the followmg | ‘

1 The angle-speclfxc F E ratto changes through the range of motron As | .
the knee moves from ﬂexton o extensron the F E ratto becomes' Y

srgmfrcantly larger | | | | L _ |
‘ 2 v Usmg“angle spectfrc F E rattos the only sxgmfrcant drfference between\l ‘, -
.‘ LY ‘, | X velotrt;és occurred between 1 05r/s and 4 19r/s (60 /s and 240‘/s) |

’
[} ),'-'4'\

.’ . 5.,9@& angle speclfrc F E ratto demonstrated srgmftcant interactton s

[l h \ “‘
v "‘\" ! ."
o T

C }' ‘,‘bet‘ween veloctty and posmon _ e A
4, The p&ak F E rauo srgmfleantly mcmsed as Velocﬂy was mcreased A“ 8

K of the nonsrgmfteant contrasts were between adJaeem VelOClttes . 52r/s . | ‘
| ”\\-‘;...vs 1 05r/s, 2 09r/s vs..3. 14r/s and 3. 14r/s . 4 19r/s (30‘/s vs. F /s, e

: ,7120 /5 vs.. 180 /s and 1807 vs. 240'/s) perhaps mdlcauns that an



Ny
n . ' '

tncrement of 105r/s (60" /s) or less was not sufflcrent to produoe '
e

‘sigmfteant differenws tn the F E ratxo | R
o 5. An inyerse relattonshtp extsts between veloctty ing t(iri;ue |

(angle spectftc and peak) for both the flexors and extensors. thh the
; exeepuon of the companson between 52r/s and 105r/s (30‘ /s and

‘60‘ /s) torque of both the flexors and cxtensors decreased as the veloctty‘ | ‘

\
’

. was mcreased | | | |
6 ‘. Changes in posmon produeed srgmftcant drf ferences in the torque of the,
' _ﬂexors Multiple contrasts between posmons of the ﬂexors mdxcated all
but one companson 10 be sxgmftcant - 30‘ was not drl‘ ferent from 45
7v, "Ihe extensors also demonstrated only one nonstgmftmnt companson -
' "60‘ was not dtfferent from 90‘ | A
“ 8. | Both the flexors ands extensors demonstrated stgmfteant tnteracuon l
between position and velocity. o o r ! ,

‘9.b ,As velocxty mcreased the angle of peak ﬂexor torque tncreased B

yl_sxsmf:cantly | L EER ";
".10..‘The angle of peak extensor torque srgntftcanu; decreased as veloctty .
“,tncreased P o ‘A,',.,,\v‘ o e
. The results of‘ thel present mvesugauon regardmg flexor and . extensor torque
“ ‘;demonstrated the mteractxon betWeen angle ol‘ pull length tensron and angular velocrty The “

,‘v flexor and extensor data revealed the pattern of torque producuon was drfferent for each}

B

"muscle group Therefore. 1t was concluded that the relauonshtp between the muscle groups S

\

r}-‘.would also be dependent on the posrtlon of the Jomt and the velocrty of ,movement The .

- results of the p;esent mvesugahon confxrm thts eonclusron as they 1tf;cate thait the F: E rauo‘ s

mcreases as the leg moves from ﬂexxon to extenston The same trend was found m the study‘,:; N

reonduéted by Houtz et al (39) although the magmtude of the F E rauo at any gwen postuon o

| ‘I was greater m the present study The only other stuches whxch tnvestxgated angle specrfic F E v
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rauos only reported results for two posmons and used gravrty eorrected values (66 68)
whrch made compansons with these studies less meanmgful However wrth the exeepuon of

the results of Sarah Murray et al (68) at 30°, srmllar trends were demonstrated between

N

studres (68 69).

"y

For peak F: E rauos the results of the present mvestrgatron were in the mtd to upper

’. Tange of those reported by othes researchers (2, 5.8, 11, 17 23 26 31 34, 38 40 65 78. .

l .82, 88 94, 98 103) The number of srgmfrcant contrasts between velocrttes was mcreased '

. consrderably when the F E ratio was assessed usmg peak torque rather than angle- specrfrc

torque, Some researchers have attnbuted the increase in the peak F: E ratto (wrth mcreasrng\

‘ velocrty) to drfferenoes in the ability of the ﬂexors and extensors to produce torque at hrgher K

velocmes 5, 65) due to brochemtcal/physrologrcal drfferenees between the two muscle groups

[

When angle- spectfrc flexor and extensor torque was compared at hrgher velocities, however

the decreases m torque m the two muscle groups appeared to parallel each other However
the magnrtude of the decrease appeared to be dependent on the angle being consrdered (re the
| vdecrease at 60° appeared to be larger than that at, 30 Therefore the rncrease of the peak F:E
ratio as velocrty mcreases may be more a f unctron of the changes in the angles of peak torque “

RE ‘of the ﬂexors and extensors rather than brochemrcal/physrologrcal dtfferences of the two‘

” -.“lmplrcattons and Recommendatrons
Although the present mvesttgation ts not the l‘rrst to, examme the ef fect ol' velocrty on;: '

‘ :"the F E ratm of the knee 1t 1s the fust to use angle specrfrc ratros to do 50. Therefore the

‘ | results ol' the present study‘have contnbuted to the general body of knowledge m the area of -

| FEratrosoftheknee

w

The results of the present rnvestrgatton tndreate that both posmon and velocrty are o

| _tmportant consrderatrons when evaluattng the F E ratzo Changes tn the F E ratro asa result

U

of usmg drfferent Jomt posmons were greater than those observed as a result of rncreastng-

[
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velocity. Ideally, further attempts’ to predict the likelihood of injury using the F:E ratio

should tuse jomt positions and velocmes similar to those at which injuries oocur If a

N
. ‘-«

consistent relationship between the F:E rauo and mjury could then be establtshed trammg

and rehabthtanon programs: could then be designed whtch kwould estabhsh EF:E ratios that

]

promote injury prevention, Unfortunately, ‘present technology makes it difficult, if pot

. . & ‘ \
jmpossible, to determine the positions and velocities at which injuries occur. Until such

technology beoomes avallable the author recommends that any evaluations of the F:E ratio
use angle specific torquec rather than peak torques, and that several veloctttes be used for
the evaluation. As the results of the present mvesngauon revealed that the F:E ratio at 45°

was approxtmately 100%. at all veloc:tles it is suggested that, particularily when time is a ,

e be used to evaluate the F: E ratio,

constderauon the position of 45", rather than peak torv

. Because the F:E ratio at 45, appronmates 100% calcula* ns would not usually be necessary,

allowmg for even more ef f ective use of time.

A

a

, Although the present lnvesttgatton evaluated the F: E ratio under conditions that

Y

stmulated f unctronal .activities more closely than past research further tmprovements in"

| _methodology are necessary in order to gain a complete understandmg of the relationship

‘between the F:E ratio and injury. For instance, the nature of 1soktnettc testmg requires that

the knge ﬂexors and extensors are evaluated in wolauon However, during functional

'acxtlvrttes both muscle groups f unctton tOgether - one as the prime mover and the other as the

: antagonist wluch serves to control the movement of the prtme Inover. Therefore while the

pnme mover may be functioning at or near its maxtmal capabihty. the antagomst is ltkely to

be l‘lmcuomng at a- Smeaxunal level thereby changmg the relatwnshrp between the two

- ‘muscle groups As well, isokinetic testmg does not allow for the muscles to be assessed usmg

eccentric (lengthemng) contractions, whu;h are prevalent in sports Would the relauonshlp |

_ I
) betwwo the two muscle groups be altered if ecoentnc evaluatxon was possrble" Furthermore ;

. 'tsokinetrc testing also dictates that the muscles are evaluated at a constant’ velocxty. whereas '

' the velocity of movemcnt dunng acuvrty is vanable What effect ‘does a sudder change in

4
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vélocity have on the F:E ratio? Is injury mc;re likely to Qccur with acceleration or decelcx:;nion
of the limb? Another notable dif ferénce between isokinetic testing and f uncu‘onal activities is
that most funcuonal activmes are welghlbearmg‘ whercas isokinetic evaluation s’
non- welghtbeanng Would evaluating the F;E ratio under wcnghtbeanng condnions produce ‘

differcnt results? Further research is peeded to answer these questions and pfovide a clear

picture of the relationship between the F:E ratio and injury,

™

e
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Appendices R

| Appendix A,
. Age and Sport/Activity Characteristics of the‘Sé'r'nple‘ ; S R ‘\1
3

Subject - " ‘Age . . Sport/Activity

' (Years) ‘
1 24 Rugby '
2 24 . Distance Runner
3. + 24 " Hockey o
| . 4 26 ‘ : BaSketbau v - v
5 19 Speedskanng o
6 . 260, Spnnt Runner
A 24 General Fitness - : ,
8 - Hockey - Goal, = -
9 - X-country Skung ‘
10 7 Hockey * !

. Distance Runner, - ey
- Hockey oL :
SpnntRunner A
SOcoer[\
'General Fitness.
Volley&Golf

" Basket R
General thness

. Track - nghJump B R I S
Volleyball T
. Track’- Pentathlete P NS

GeneralFltness T e
L ‘,: DlstanceRunner P TR A
Basketball R e e
Wresthng .
Football Reoenver ST T RN




Appendix B

Example of Cybex Il Leg Extension/Flexion Printout

5
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| Appendix C |
. Cybex Il Torque Channel Calibration

Callbratlon Prowdure .o v

1. Tum on power and allow for f ive mmutes warm-up. |

‘ 2 . "Zero or null out the baselme usmg the followmg prowdure

‘ a. ‘With no load on the dynamometer set dampmg control at zero chart paper at

iy Smm/sec and spwd selector at 30'/s

| . b. Set: foot -pound scale on 180 and zero recorder stylus on basehne usmg the zero '
‘Al

adjust oontrol " "‘ ‘ 1

e 'Checlr to ensure basehne does not | shtft any more than 1/2 minor drvrston when the

foot- pound scale is changed from }80 to 30, If the stylus does Shlf t, ad]ustments can:

4
'

be made ﬁng the, "zero null" potenttometer |
3. Select approprrate scale 'to be calrbrated (360 ft./1b. ) and set the dampmg control at 3.
| 4_: , thh no load on the dynamometer set speed selecmr at 30° /s and zero baselme usrng

" "zer0 adjust control

v

-"5.‘ Add approprlate amount of drsk werghts o the T- bar whrt:h 1s set at the mput arm

length for the scale being’ caltbrated (see chart)

PR B \

6Chart paper speedrsset at Smm/sec ' C L B - c |
g }‘» : 7 "Ltft the wetghted T bar to the vertreal posmon and then allow gravrty to swmg the bar
down unttl the werghts oontact the floor The maxxmal pomt on the curve occurs when
| : the werghted bar is: honzontal and sholud be frve major drvrsrons above the baselme

8 If the chart recordmg is above or below five major drvrsxons the potentrometer for the “ p
: f partx’cular ft/lb scale should be adjusted usmg a small screwdrrver Turmng the o ,l

o 'potenuometer clockwrse mcreeses the torque readrng and counter clockwrse decreases xt

C 9 Once the torque value is correct re-check twroe to ensure the readmg is, consrstent '

v : S o C . Ao



'.(beex b ‘Torque Channel Cétib;adon Specifications Chart =~ * . .« "
P - . .

'

. ' . . . ' \
v ' . PR
' f ) . ) * .

' Scale Selector Lever Arm* ~  Weight o "‘Gxaph Reading Peak

, (fvib) -~ - . - (in) ‘ - (Ib) S
' . - s . : - ‘ . - T
. . 360 . ‘30 . 0 . 5 major divisions o
: ‘ - 180 oo 3 325 - .'5.major divisions®
30 0 33 S0 ' 20 minor divisions
’ ) L A C ‘, DR ’ ‘. : o ' b - I
*Measures distance’ from center of dynamometcr mput shaft ‘to center ‘of cahbrauon
T~ bar cross- ~tube, - ‘ Lo ‘ - o
. . :
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. ", Appendix D “
Cybex Il Position Angle Calibration

)

Two scale settmgs are available (150‘ and 300° ). Because the range of moupn at the.

""9

knee *dpoes not.exce¢d.150°, the 150‘ scale was selected o . Lt
t . ‘ . ' v
Q*Cnm)&tion Promdure ; : o /f
. ‘.‘l. Tum\on 'power and aﬂow apparatus to warm up for five minutes.’
";‘2 | Selectdegree scale (150‘ ) and set chart 'speed at Smm/sec.
N Set the "Input Dtrecuon swntch to clockwrse (CW). i
4, Tum the gomometer dial cloekwtse until the stylus moves to the chart baselme
5. Using the white line undeuhe gomometer as a referenoe pomt rotate the dxal clockwxse
.' 150‘ . Th stylus should trace jaline on the topline of the graph, If not, procwd to step 6
. tomak 'the necessary adjustment | o ' ’
‘ :S h boeate and adjust the Deg Cal screw on the recorder by loosemng the lockmg nlt and
. ; tuming the adjustmg screw unul the stylus rs at the top of the chart, Whtle usutg- the !
scre‘wdnver to mamtam the position of the 'Deg Cal. " screw ughten the lockmg nut
1 ‘Repeat procedure to ensur:e the settmg is correct . L | .
Set the "Input Dtrecuon switch to counter clockwrse (CCW ) and repeat steps 4 through

, Ry

h ,7 tummg the gomometer dral counter clockWtse mstead of clockwrse in steps 4 and 5.

‘-".." . . A



; : . Appendix E_

. “
»

Cybex II Chart Data Card "

' 0 at
i ‘l ‘
. ' ™ 1
A I \
‘ &
2'&3&:&55&5252!*“""": crsrae S R R S R R 8 3R o
o e R T IR 2R TR
—Joc oty ov i ) -
‘ Roy
GRID 8 ~ 360 1. Ibs /150" Scales e
—{® oa ot Minor lines equol 3 degrees on' 150" scale ' o e
—jos o o ! ) . o | . el S
. 1e0
—bet & oc Uses of this cord; ml
1. Find torque at spexific joint ariglels). ) oo ~
- . " Il"
o o 2. Find joint angle for pack torque or other specific torque. . K et mamn
—{08¢ O 0O K 3.. Find octive range of motion for specific movement or . s
' 2 ‘ N . : )
¥ pattemn, . . . 3z 110
401 09 O\ '.‘ . e . R r . = (o t !
58 A Find Time Rate of Tgnsion (totque) Development. . " 3 o o
. —Jort o8 ost X Lo i . ; - . -
, an R 6 -  Instructions for use, ' 3 5; e '
. Joa oty om § : g ) > » >__1
" ~N . 1. Select edge of card with proper Torque and Position 2 Y e
—--00e 05y Ot 3 ? Angle scales for the test being made or evaluated (i e, 3 E ;‘. L
- A0 lwor360h Ibs. wuﬂ\!SOormd'ognnl - )
| 5 2. D«idb hether 0" lor nw'mll joint angle is at boftom 3 5 '
. | T2 line of dégree scale grid on chart paper or ot midline ~ e
e o 4 ", of grid. For example, for knee extension/flexion, ; by 210 130 200}~ ®
o Q.§ | 0 degrees.(full extension! is ot bottom line of grid; for ~ * | g §. :
— = &= o ankle inversion/ eversion, 0 degrees is at midline becavse | w ¥ 190 120 270—
] . 2 | mov in possibl onboﬂ\ udosohhoo 8‘— .
. E; E | nevtral po:iﬁm ‘ R 3 8 150 w0 20—
—=z . : . m‘ R
<« |n | Use middle dogrn scale when 0* bnullnq s '
T . set at midiine.- . Fe w "2, no-—_'
b > .. ) . i A AR )
% ‘ Use innermost scale when 0° baseline is set at third . 8 01s0f—
Y major divislon, =~ . ) ‘. . S
, o o v N . ‘ [ ™ %0 0120
N —f L - . : j o e sof— -
: IR ) . oo .Ofl vo tun&p € (ohbs seuy) Aomw ‘ . .
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NAME:

AGE;

Appendix F .

SPORT/ACTIVITY :

Pos

30
45
60
75
90

30 |
45
60 '
75
90

' 30

45

. 60

75

-‘90

30

.45
60 -
75

30
45
60
75

,
90 -
,

™~

e

Trial 1 Trial 2 . Trial 3

Data Record Sheet

Velocity: .521/s

Trial 4
F EFEF.EFEF EFEF EFEF E FE

Velocity: 1.051/s
F EFEF EFE F E FEF E

Velocity: 2.091/s
F EFEF EFEVF E FEF E

‘\?J ‘."/ . PR
N {
‘\:,‘)0’
: Velocxt
E F:E F E FE F E
AN
* N ' i
o T
# . =

Y

4.19r/s

:E
N

S

F

E.

"F:E

F:E.

F:E"

‘;F:E

-Trial 5

F E FE

F E FE

F

Mean
E F:E
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| Appendix G
Peak Data Record Sh? t

NAME:
AGE:
SPORT/ACTIVITY :

L : ) ‘
Trial Velocity Peak F - . Peak F Peak E .
‘ Torque Angle Torque

Peak E
~ Angle

P&k F:E

S2r7s

Wb N

.
RLANI

1.051/s

v W N =

ool

3. 2.091/s o o
” S :
5. .
1 :
2 ' -
3 3.141/8 . -
5 o

1. . ) ,
2 S :

3 4:191/s .~ -

. 44 .- : v."v »

. B




. "' Appendix H :
Means and Standard Deviations for the GANOVA Data
Pos. Vel - Flexors - Extensors . F:E Ratio
‘(Deg) (1/s) Mean SD ' Mean - SD Mean - SD
52 73.13 18.40 166.65 48.68 £ 46.30 12.09
1.05 ' 76.25 17.86 16444, 38.39 47.21 19.62
0 209 76.21" 17.89 143157 3294 53.93 7.63
3.14 65.54 . 11.77 119.87 29.38 . 56.04' 8.89
-4.19 56.91 11.51 96.55 22.01 59.99 9.40
.52 101.61 _ 12,96 205.73 29.37 49.9 6.20,
1.05 100.21 1818  201.50 34.59 50.5 9.67
320 0 971 195 . 17140 31.69. 59.04  11.21
© 314 9248 17.59 146.54 18.71 63:10 ° 9.07
Y419 - 80.51 19.21 126.0r - 19.54 63.97 12.21
‘ . %520 11413, 15351 155.80° * - -39.64 ° 7762 - 21.54
. 105 117.16 16.94 156.35 | 34.06 ~ 76.59 11.43
S 260 ¢ 209 11241 17.25 148.08 -,  29.00 17.45. 12.39
3.4 10003 130 .. 12254 . 29.74 ,83.41 10.39
, - 4)9 86 47 15 32- 0 110753 2564 81 13 11 95
R '.52; v'.127.87 17,09 12561 - - 2694 .. 10495 . 1745
f 105 012421 /71500 12601 -7 27.47 10163 173
. 45 \209 s T 1154 11774 ©° 24.64° - 9846 16.96. .
©os+3304 10478 0 1361 . 10631 . 2766 - 101.94 17.60.
‘?4 19 87.-37‘ . 1& 13' ' 8787 2886 . 10518 .. 21.94
52, 122 39 "19 63 78.88 27.95 - 182.63
lgg 118.28 .0 18.24- 8696 . 1737 14066 .-
-2 9899 1949 - 8072 02020 . 12647
3 14 894 /. 70 ¢ 733 7 2362 . 12027
4.8 '._\_79..5_0,". SJ151 60,03 2080 ', 14290 - -




