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ABSTRACT
L}

Thirty male subjects (22 9 t 0 6 yrs; 75.5 t 1.6 kg;
‘}83.1 + 1.3 cm) were lelded into three experlmental groups
to study the effects of two selected velocities of isokine-
th reSLStance training upon the force, velocity and.time
characterlstlcs of three lsolated muscular performances
One group trained at hign velocities iHVG)r.the secpnd
trairied at a'low velocity’(LVGL, with the third group.act—
ing as .a control\(CQNG).‘ Isokinetic knee extension (IKE)
and plantarvflexion (IPFS_were trained at a 1.0 rad-s~1

9 . .
velocity for the LVG while the HVG trained at 5.0 and 4.0

rad-s~1, respectively, for the two movements. Training !

consisted of 3 sets of 20 seconds work : 40 seconds recovery,
4 times per week for 5'weeks for both groups. At commenée—‘

ment of the study the three groups were matched with re-

.

spect to the height of rlse of center of mass (HTRCM) on
.the crlterlon isolated vertlcal block jump task (VBJ) .
Quantitative’ analyses were done pre and post\ngalnlng‘
on the IKE and IPF performances at seven preselected veloc-
ities utilizing a Cybex II isokinetic dynamometer ‘Ciner

matographic and force platform techniques were applied

.

- to the VBJ performance with selected kinetic, kinematic

{

“and temporal varlableS\beLEg\iifessed No physiologically

N

v



restricted to the high velocity portion of those curvés.

significant difference were noted among ‘theé three groups.

on.the IKE,. IPF or VBJ performance variables 'on the pre

#

tralnlng assessment.

L St 1 gt

? The quantlfled descrlptlons of the three performances
prov1ded information preV1ously unaVallable from the 1itera—
ture. Data for the kinetic, klnematlc and temporal varia-
bles of‘the VBJ performance were similar“to_thoae reported
in the llterature for subjects of similar skill level. ..

Lou velocity IKE training was found to 51gn1f1cantly

elevate both the force-velocity and paggg W' city curves
across all velocities, whlle enhancemengthgrkthe HVG wgrw~

A similar effect was noted from the IPF training, however,

-

the enhancements were limited to the velocity at which _'
the training occurred. Although significant increases
in torque and power productlon were achleved from the two

isokinetic tralnlng programs, no alteratlons occurred im>

the VBJ performance. No pre to post differences were noted

for any of the IKE, IPF or VBJ performance variables in

the CONG. The results support the concepts of a speci-

ficity of velocity.as well as @ specificity of'movement

pattern training effect;' The underlying physiological

mechanisms responsible appear to be+neuromuscular in ori¥

gin, probably centering around the pattern and synchroniza-
Q@ ' i

tion of motor unit recruitment within these movements.

vi \



" Although the performances assessed were closely related
in terms of the muscle groups being utilized, the léck

of relationship between the characteristic parameters of
“the twb modes of performance indicates their independence
and supports' the importance which neural factors appear

to have ip resistance training and skilled .performance.

vii
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INTRODUGTION

" S

A . S a

of force from the muscles of the lower body over a .short

.o

" period of\tlme to produce max1mal ve1001ty of the centre
of mass lS crltlcal to successful performance in numerous

; athletic-events. These relatlonshlps are partlcularly

—’

typlfled by the perform&nce of ellte ath&etes in skllled

\

-y mpulse movements, such as sgrlntlng and jumping. fforts,

-t characterlze, explain and through tralnlng enhance suchj

o)
S

i pulSe performances have been 1n1t1ated by researchers
.in the areas of biomechanics and exercise phy51ology
Cinematographical (Mlller ‘and East, 1976-.Hubley and
wells, 1983i} force-plathrm (Luhtgnen and Komi , 1978
. VBosco andlKomi, 1979a; Tlhanyl, 1984) and electromyograph—
ical (Oka et al., 1976) technlques have been utilized to
descrlbe and quantlfy some of the force-time character-
1st1e§ of varlous skllled lmpulse performances Whlle
such'teChnlques are valuable for 1solat1ng and quantlfylng
‘the force time components of muscular performance, they
thave been used sparlngly for 1nterpret1ng the underlylng
”5neuromuscular mechanlsms (Koml and Bosco, 1977; Hubley
‘and Wells,'l983' Hudson and Owen, 1983), or elucidating
g the effectS‘mhidh specaflc tralnlng programs (Rosentswieg

1

»

The ability. to generate and coordlnate large amounts |

K



and Hinson, 1972; Tihanyi, 1984; Wiater et al., 1984) have
had upon 1mpulse performances ' |
| Furthermore, . %Y‘hough numerous studies ex1st describ-

"~ ing complex performances such as the long Jump (Luhtanen
'and Koml,'l979), high jump (Vlltasalo and.Aura, 1984) and

~ the volleyball spike jnmp (5£a et al., 1976 Samson and
Roy, 1976; Coutts, 1982), little has been done to isolate
and quantlfy the tempora{)relatlonshlps of 51mple impulse
movements llke the statlonary volleyball block jump. Those
- few reports which do sxist on this movement (Coutts, 1978a,b;
‘Adrian a%d‘Laughlin, 1983) arekof limired—value aue to
the'variety of methodologies,used, small sample size and
?Ehe variability noted in the obtained resnlts.

Progre551ve resistance tralnlng programs lnvolV1ng

: plyometrlcs, tradltlonal free—welght exerc1se§ constant
Are51stance, variable re51stance or 1sok1net1c equlpment
have demonstrated 1ncon51stent;andfvarlable-results in-
terms*of effects uﬁon'isolated muscular and skilled impulse
performances (Chui,\lEéO; Berger, 1962a,b, 1963; Pipes
-and«Wllmore,»l975; Pipes, 1978;‘Blattner and‘Noble, 1959}
0 Stevens, 1980; Clutch et al., 1983). Successful performe
‘ance has been found ‘to be related to the force- veloc1ty
and power veloc1ty characterlstlcs of skeletal muscle (Mof—'
froid and Whipple, 1970; Pipes and Wilmore, 1975; Perrine

ca

et al., 1978; Gregor et al., 1979; Miyashita and Kanehisa,
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:1979- Sale and MacDougall, 1981).‘ Isokinetic dynemometérs
allow muscular contractlons to be isolated, controlled
and quantlfled at any selected point along the force- -veloc-
ity curve (Thlstle et al" 1967 Moffr01d and Kusiak, 1975
Perrine and Edgerton, 1978; WlelerCZ et al., 1284).\

Studies utilizing isokinetic training‘programs have
often reported ;onfllctlng results which in many cases
‘appear due to the varlablllty amongst the experlmental
designs used. The majorlty of these studles have focused
upon comoariug isokinetic training to other training modes
' (DeLatePr.et al., 1972;‘Pipes aud Wilmore, 1975; Smith »
and Melton, 1981) or.the physiological adaptations arising
from the epplied ieokinetic training program (éettman et
al.. , 1978; Costill et al : 1979-‘ MacDougall et al. ‘1979,
1980). Objective ascertalnment of the effects of 1sok1net1c
dynamometer training upon elther lsolated muscular (Lesmes
et aln, 1978; Caiozzo et al., 1981, Coyle et al., 1981
Kanehisa and Miyashita, 1983) or skiiled impulse performance
(Wiater et al., 1984) has'been minimal, especially at the
higher angular‘velocities which would aoproach those ob-
Seryed during impulse performances. 'Inconclusive results
have arieen from such studies, especially with respect
to-the effects of‘trainingavelocity upon both the force-,

and power-velocity characteriﬁtics\of the musculature (Adey-

L»"j

anju et al., 1983; vitti, 1984) and skilled performances



(Pipes and Wilmore, 1975; -VanOteghen, 1975; Wilmore,fl979;
Smith and Melton, 1981; Shields et al., 1985). These re-
sults may be due to design factors, measurement and analysis
techniques as well as’tne low training velocities used.
With these points in mind, the purposes of this study .
re: |

ﬂl. to isolate, characterlze, and quantify two- 51ngle—
301nt muscular contractions (knee exten51on and plantar
flexion) and one skilled muscular impulse performance
(a controli?p statlonary volleyball block jump);

2. to quantj atlvely evaluate the effects of two specific
vvelocit'es of 1§§k1net1c dynamometer training for the
isolated knee extensor and plantar flexdt>muscle groups
upon thosefthree performances; and | |

3. to assess the relatlonshlps between selected phy51oli

’oglcal and blomechanlcal characterlstlcs of those three

performances.



METHODOLOGY .

EXPERIMENTAL DESIGN

o i,

ing programs with one group designated to train at high'

velocities (HVG) and the other at a low velocity (LV

The third group acted as a control (CONG). The basig de-
. r A . 5
sign of the experiment is outlined in Table 1.
TABLE 1. Experimental design.
’ ' Group
’ HVG 'LVG - CONG
‘Subjects per Group . 10 10 .10
Training Velocity (;ad-s‘l) -
Plantar Flexion 4.0 1.0 -
Knee Extension 5.0 1.0 —_—3
Training Regimen : . .
Work Time (s) per Set 20 20 -=
Rest Between Sets (s) » 40 40 —_
Sets per Session 3 3 S
Sessions per Week . 4 4 ~~

Duration (Weeks) ' ' 5 ‘ 5 5

~
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‘ &
The criterion muscular performances selected for quan-

titative anal)*'sis were: ﬁ

S, controlled, isokinetic knee ewtension (IKE);

L]

2. controlled, isokinetic plantar flexion. (IPF); and

3. an isolated standing vertical jump (a controlled volliy_

ball block jump - VBJ).

+

' SUBJECTS

& 'Thirty_univeréity age ﬁale volunteérs were ﬁsed as sub-
jects. “fheir age, height and mass (mean * SEM) wore‘22.9
t O.GTYrs., 183.1 + 1.3 cm and 75.5 t 1.6 kg, résbeotivély
at the commenceoent of the project.
The subjects were chosen from the entire volunteer pop-
ulétion (n=43)“baSed upon the criteria,listéd below. ﬂ
Within the pést three yearo they must:
1. bové participatedrtegularly in and trained for some typé
of sport, | v
2. not have been activeiy engaged‘in‘a regular ttéining
progréﬁ specifically designed for, orvhave’rggularly
participated in, a sport in whioH vertical jumping was
a‘major oomponeht, and . " J
3. not have had any significant injury (ie._reéuiring sur-
gery_énd/or prolonged rehabilitation) to the muscula-
ture or joint of either the knees or‘ankles.

4
Informed consent was obtained from each subject after the
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purpoSe of the study and all testing and training proce-
dures had been explalned AN

Inltlally, thlrty 51x subjects met the above crlterla

and choqié:z commence part1c1patlon in the prOJect Dur-

ing the w prior to the initial testing session all sub-
jects participated in a'familiarization session for both

IKE and IPF on the isokinetic dynamometer and received

L.

—.

an orientation to all the testing and traini?g proceduresl

"The subjects were assigned to one of three groups: control

(CONG), low velocity training (LVG), or high velocity train-
ing (HVG). This was done using.a se;pentine method to
equatesthe_groups (n=12 per group) on the criterion vari-
able the height sf rise of centre of mass (HT&%E}. The'
HTRCM determlned from the results obtalned on the 1n1t1al
VBJ testlng ses51on with the mean HTRCM for the three groups
belng HVG = 48.54, LVG = 48.34 and CONG = 48.32 cm. |

During the course of the study, six sub]ects withdrew
(two per group) due to personal reasons or through injuries
sustalned in external sportlng activities. Thus, the study
wasthmbieted‘with ten subjects in each group.
VAéIABLE SELECTION

After reviewihg the litera;ure, the dependent variables ™
listed below were chosen as being.indicative physiologicél'
and biomechanicél parameters forvcharacterizing and'quanti~

fying muscular function in the three criteridn performancés.



Physical Characteristics ‘ .
Mass (MASS). Mass of the subject'Q body in kg. p
-

Lean body mass (LBM). Estimated fat free mass of the

s
Ty

S -
Percent body fat (PBF). Estimqffd proportion of the

subject in Xkg.

subject's body composed gf’storedAfat.
¥ S

Isolated ¥sokinetic Knee Extension and Plantar Flexion

~Relative peak torque (RPT) . The‘maximal torque gener-

ated during the extension movement irrespective of

joint position expressed relative to body mass (Nm-kg'l).

N

Relative peak power (RPP). The maximal instantaneous

power output generated during the extension movement
irrespective of joint position &&pressed relative to

body mass (Nm-kg'l-s‘l).

1

‘Isolated Vertical Block Jump - Cihematogfaphy

.

Height of rise of the centre of mass (HTRCM). The

maximal vertical disglacement in cm of the centre of

- mass, calculated as the greatest Y coordinate for the

centre of mass during the VBJ minus the Y coordinate
of the centre of mass for the standardized standing
position in frame one.

’ ' :
Vertical velocity at take-off (VELTO). .Calculated

from adjacent digitized frames as the vertical velocity

%

of ‘the centre of mass in m-s~! at the point of take-off.

Ground force (GFOR). The maximal vertical ground force
. &



ngerated‘duriné‘the 1oadiﬁg phase of the VBJ as cal-

culated from the vertical velocity of the centre of
' ”
mass data, expressed in N. .

‘Minimum angle (MA). The smallest angle, in radians,

which occurred at a joint during execution of the VBJ.

Mean angular velocity (MAV), Calculated as the average
. s
velocity, in rad's‘lg of a joint from the point in
[ I3
time where MA occurred through to the point of take-off.

Mean angular velocity time (MAVT). The time in seconds

from the point in time where MA occurred to the point

of téke—qff.

~Maximal angular velocity (VMX). Calculated from adja- 5
cent digiéiied frames as the greatest velocity, in
rad;s’l, attained by a joipt from the point in time

where MA occurred throd%h-to the.point of take-off.
Isolated Vertiéal Bloék Jump - Force Platform

First negative impulse (FNI). That portion of the

force-time integration below the body'weight lineuaqd
aboﬁe the ground reaction force curve which éccurred
during the initial unweighting phase of the VBJ, ex-
pressed in N-s. | | ;

First negative impulse time (FNIT). The time interval,

in secénds,‘of the FNI.

Positive impulse (PI). That‘portion of the force-time

integration above the body weight line and below the
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' ‘ground reaction force curve which occurred during the

&9

loading phase of the.VBJ, expressed in N-s.

Positive impulse time (PIT). The time interval, in
seconds, of the: PI.

Second negative impulse (SNI). That portion of the

force-time integration below the body weight line and’
above the ground reaction ‘force curée which occurred
dqring the final unweighﬁing phase‘of-thevVBJ, express-
ed\in N-s.

Second negative impulse time (SNIT). The time inter-

val, in seconds, bf_the SNI.

Total positive impulse (TPI). ‘Calculated as the force-
ﬂ;>me integration of body weight from initiation of

the FNI tﬁrough to the poin£~of take-off subtracted
from the force-time integration ofsthe VBJ ground re-
action force over the identicai time frame, expressed
in N-s.

Total positive impulse time (TPIT). The tihe interval,

in seconds, of the TPI.

Minimum ground reaction force (FMIN). ' The minimum

vertical force recorded during the unweighting phase
of the*VBJ, expressed in N.
Time of minimum ground reaction force (TFMIN). The

w

time in seconds prio;-to’the point of take-off when

the FMIN occurred.

~
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Maximal ground reaction force (FMAX). The maximal

vertical force recorded during the loading phase of
the VBJ, expressed in N.

Time of maximal ground reaction force (TFMAX). The
Lo

‘time in seconds prior to the point of take-off when
the FMAX occurred. )

E. E;planation of Variable ﬁotat@ons
The following prefixes and suffixes were used in con-
junction with the previously indicated vafiaBle nota-
tions to claf%fy the specific cﬁaracteristics of the

variables as measur«<d in this study.

Refers to the hiy joint.:

)
s

N

K Refers to the knee joint

A Refers to the ankle joint.

0, 0.5, 1, 2, 3, 4, or 5 Refers to the angular veloc-
ity setting,;? rad-s-l at which the torque generating

- o
capabilities of the knee and ankle extensors were test-
.,ed on the isokinetic dynamometer.
PRE Refers to the initial testing session.

T

pOST Refers to the testing session which occurred

after completion of the training program.

DIFF Refers to the resultant created by subtracting

the PRE value from the POST value for a variable.

TRAINING REGIMEN

The subjects in the high velocity and low‘velécity
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groups completed a progressive resistgncélisokinetic train-
ing program for pléntar flexio; - dorsiflexion and knee
extension-flexion movements using the Cybex II isokinetic
dynamomefér system as set up for the testin; sessions.

The HVG trained at angular -velocities of 4.0 rad-s~l for
plantar f}éxion - dorsiflexion and 5.0 rad-s~1 for knee
extension-flexion. The LVG perfo;med‘all training at an
angular veloéity'of 1.0 rad-s~l. For all subjects the
ranges of métion were through at least 0.9 and 1.6 radians
to complete extension‘for'the pléntar flexion and knee
extension moVements respectively. Both the right and left
limbs were trained sepa:atély, with tﬁe initial training
limb altered for each successive t#aining.session. qu
all sessions the knee extension-flexion training was done’
first. The calibration of the isokinetic dynamometer re-
cording system was verified and adjusted if required prior
to, halfway through, and at the end of each training day.
Table 1 outliﬁes the design of lhe training program

for Sbth the high velocity and low velocity groups. The

resistance training program was designed to be similg%
. r

<

in intensity, frequency and duration to those wHich ath-
letes involved in 'jumping' sports might have been pre-
scribed at the start of a competitive season. The program
coﬁsisted of three sets of each exerciée done on a 1l:2

. TN .
work~recovery ratio with the work interval being'go seconds.

~3
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Thettwo*traiminq groups were equated with respect to the
work interval and therefore the,totél training time for
each of the muscle greups. The number of contractions
done per 20 second exercise beut were 11 and 6 for the
LVG, and 40 and 24 for the HVG, for plantar flexien and
knee extension respectively. Small differences occurred
in the number of contractions done within the groups due’
to the variability between subjects in the range of motion
executed when performing the movements.

The subjects trainedvat approximately the same time
of day, four days per week for a duration of five weeks
resulting in 20 total training sessions. To ensure all "’
criteria were met, the reseatcher monitored‘ali training
sessions. The subjects received feedback in terms of the
-peak torque output attained upon completion of each work
bout. Verbal motivation “was provided_by the r;searcher'
duriﬁg each training session. ‘ | o

At the/énd of the third week of the training program,
the subjects from the CONG grodp repeated the  testing pro-
cedure'in‘order to maintain.familiarity,with the IKE and

IPF movements. - ‘
SqueCts in all three groups were requested to main-
tain their normal daily activity and dietary patterns and

not to engage in any form of jumping or additiOnal lower

body re51stance training throughout the duration of tﬁ@
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study. The participants were required to submit weekly

¥
activity records.

DATA COLLECTION AND ANALYSIS @ - .

Th? physiological and biomechanical performance assess-
ments detailed below were administered to all subjects
between 48 and 72 hours prior to tlfe initiation of, and
after the completibn of, the trai[ing 9fogram. The se-

quence, equipment .and methodolbg‘

6r both the pre and
post testing sessions were the sp‘ EQr all individuals.
To avoid potential c#rcadian effect gth testing sessions
were gon@ucted.as closely as possible to the same time
schedule.
A. Physical Characteristics
Body mass was determined Fo the nearestFO.l kg usiné
a Healthjo;Meter scale. Lean.body‘mass and percent body
fat were estimated from the determinatio® of body density
through the underwater weighing technique according to
the‘formula of Brozek et al. (1963). The res%dual volume
was estimated as 25% of ‘the measured, underwat;; vital
capacity.
B. Isolated Isokinetic Knee Eétension and Plantar Flexion
The force4Velqgity relationship of the isolated knee
extensqr and plantar flexor muscle groups were measufed

utilizing the Cybex II isokinetic dynamometer system (Lumex

Inc.). Both the IKE and IPF performances were measured ‘P

.



e

15
on the rlght limb at seven praselected veloc1t1es | These
ve1001t1es were 0.0, 0 5, 1.0, 2.0,>3.0; 4‘6 and 5.0 rad-s~1.
'To minimize potentlal order .and motlvatlonal effects across
‘trlals, the order of presentatlon commenced w1th the 3.0
’ rad s -1 veloc1ty settlng for all subjects and was then
randomlzed. However,’ the presentatlon sequence for each
‘individual was identical onwthe pre‘and‘post tests. All
measurements;,except for the (),.O'rad~s”l velocity, consisted
of*one trialdwhich commenced‘with the flexion movement
from the anatomicaljneutral position and.continued throughzi
four attempted maximal extensions. The RPT and RPP value§~~
were determlned from the exten51on movement on which thetl
greatest deflectlon was observed The anatomlcal neutral
.position (0 0 rad-s‘l) was deflned as full extension for
the knee joint and as the p051t10n ‘where the dorsal surface
&'of the foot was perpendlcular ‘to the tlblal line for the
:anhle ' Measurements for the 0.0 rad- s“l veloc1ty con-
51sted of two trlals at a preset angle of 1.57 rad for
IKEAand 0.0 rad for IPF. A minimum of 30. seconds rest
'was\glven between each trlal The IKE angle of 1.57 rad

\
‘was chosen for evaluatlon as thlS angle has been suggested

.
as the p051tlon from which the exten51on movement should
”commencekld order to optimize performance, of the VBJ (Scates,

'1972; Canadian Volleyball Association,‘l978; Bratton'and

Lefroy, 1980). The IKE was evaluated firSt with a minimum



‘mizing potential artifacts arising from excessive b&
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 of 5 minutes rest allowed prior to the 'IPF test. All sub-

jects were encouraged to passively stretch the involved
L . oy ;

muscle groups prior to the testing. When performing each
) ‘ . ' .

“trial, the subjects were verbally encouraged to exert maxi- -

mally.
Slight modifications were made to the standard IKE
and IPF tésting‘protocols (Lumex Inc., 1980) to maximize

d -

isp;afion of the muscle groups being evaldated whilq_minir

P

movement. The test set-up as modified for the IKE and.

- IPF respectively are illustrated in Figures.l and 2. It
} o . \ . } ) ' .

- should be noted that while two isokinetic dynamometers.

‘were used for the training sessions only-one dynamometer,

the same, one, was used for collecting data from the pre
and post training test sessions. 'For'the_IKE evaluations,

tﬁe second dynamometer was used'to stabilize the léft leg

‘with the knee at the 1.57 rad position. - Joint alignment

and length of the lever a:m_werevstandardized within each

gSUbject for all testing and training sessions. The measure-

ments were fécorded at a chart speed of 2% mmes™l with

the dampingrset at > while the torque scale was adjusted

to provide the’ largest tracing. 1In all cases the settings

>Wére identical within subjects for both testing sessions.

The Cybex reéording system was calibrated before . ’each test-

ing session according to the procedureSroé%lined by Lumex
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'Inc, (1980). . The calibration was checked after every tenth

subject and was found to remain constant.

The resultant tracings of the IKE and IPF force-time

curves were placed onto a Bendlx d1g1t121ng board (Model

2425520) Mardwired via a Hewlett Packard 9864A Dlgltlzer

to a Hewlett—Packard 9825A computer. A computer program

was wrltten whlch {alculated directly the previously men-

"tloned dependent v;k;ables from the digitized trac1ng When

i

the first peak of the orce-tlme trace was identified as

4 Y
an overshoot artifact\du \to acceleration ﬁﬁthin the limb-

: ) .
lever system (Sapega @t a*g, 1982) it was excluded from
\ ‘ : , .

N\

% b

. the analysis; L

C. Isolated Vertical Block Jump. -~ Clnematography

The angular dlsplacements of the body segments during

"the isolated standing vertical jump were recorded cinema-

tographically using a Photo-Sonic ' PL 16mm camera. In
or,der to determlne fFame rate and!;chronize the data
from the force platform%and film .for analy515, a Photo- Son—
ics Serles TLG neon timing light generator set at 10 Hz

was connected to both the Honeywell -Visicorder system and
the Photo Sonlc camera. The camera was operated at 100

frames perVﬂecond with an f-stop of 2.2 and shutter angle

of 1. 047 ra&ians resulting in an exposure tlme of 0.00167

s. Kodak Ektachrome 7250 film (400 ASA) was used and pushed

one full f-stop when developed.

i

N
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The camera was aligned in the subject's frontal plane
at a distance of 29.70 m from the éentre of the force plat-
form. lA reference tree was positioned posteriorly in the
subject's ﬁid—saggital plane 80. cm from the cenfre of the
force platform for thé duration of the filming. To ensure
 maximum visibility of the segmental endpoints all.sugjectS'
performed the VBJ dressed only in an athletic’suppofter
with a black curtain used as a bac wund. The placement
of the equipﬁent for the VBJ teééZiZﬁ:essions is shown
in Figure 3. | |

In order to standardize the vertical jump perfdrmance,.
isolate the movement to the vertical axis, and obtain a
éport>related movemént.pagﬁern, the subjects performed
g controlled volleyball block jump. Standardization and
"

control were achieved by limiting the arm swing and prqvid—

"iqg a target upon which thé subjects visuall§ focused through?
out‘;he entire WBJ movement. The arm“swing was limited

by having the hands held initially at head height and allow-
“ing arm4movemént only in the froﬁtal plane. These proce-
dures reduced the cdntfibﬁtion of the arm and pead segments
to’the forces summating-to elicit maximum take-8ff v ldcity
and thereby increased the relative contribution from the

knee extensor and plantar flexor mﬁscle groups to the VBJ

performance (Luhtanen and Komi, 1978). The subjects per-

formed one warm-up Jjump fbllowéd by two maximal VBJ trials.

[
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Trials Qere repeated if the aforementloned criteria were
not met or if exce551ve rotation occurred about the vertl—
cal axis. All subjects were encouraged to passively stretch
the muscle groups involVed prior’to the testing.

The datafllm was projected by a pln reglstered Traid
VR-100 fllm analyzer at a magnlflcatlon 6f 62.5X onto the
Bendix dlgltlZlng board for determlnatlon of body segment
coordinates utilizing the previously described digitizing
system. A computer program was developed.to celCulate p
each subject's centre of mass cQordinaEes based upon e
fourteen segmental moﬁentbmodel'teehnique.‘ The segmehtal
weiéhts and centres of mass iocation werevbased upbn Human-—

-

scale 1/2/3 data (Di

'ent et al., 1974). The program

dlso calculated the ngular klnematlc varlables for the

‘ hip, knee and ankle Jpints as well as the linear and angular
velocities frofm the raw” egmental endpoint data. Eleven’
eegmental endpoints from the head, trunk and right limbs
were dlgltlzed in each frame of fllm ~analyzed. 'As shown

in the pllOt progect, the 1solatlon of the VBJ ‘in the front-
al plane\ coupled with the symmetrlcal nature of the move-
,ment allbwed for the reductlon«of ‘the number of endp01nts
'dlgltlzéd without compromising the data.

TOfdetermlne which ‘VBJ trial would be used for analy-

sis, the successful trials for each subject were assessed

to determine the height of rise of the centre of mass.



9 v
\\VOf rise of the centre of mass for all subjects. The raw .
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4 »

The trial with the greatest HTRCM wa$ used for the subse-
quent complete analysis. All trials were sampled at a
frequency of 33.3 Hz with 46 frames being analyzed per i/

'

trial. 1In all.cases frame 32 was identified as the moment

" of take-off from the force plate. Frame 1 was a reference

- frame in which the subject was standing erect w1th both

arms. fully xtended vertically The number of frames ana-
lyzed allowed for complete execution of the VBJ’ movement
from the initial starting position through the counter-move-

r

ment and take-off phases to at least 0.12 s past the height

_kinematic data (excluding frame 1) waslsmoothed at a cut-

off frequency of 5 Hz using a second order Butterworth

low-pass recursive digital filter procedure (Patrick et

al., 1980; Pezzack et al. l977) - | s ny
Digitizing reliahility was determined through a test-

retest d1g1t1z1ng procedurg using both the X and y coor-

.dinates derived from the 11 segmental endp01nts on one

randomly selected frame per trial. ‘For the 60 triaLS‘aha-"
lyzed the test—retest reliahility coefficients ranged from
0.99981 to O. 99999
D. 1Isolated Vertical Block Jump - Force Platform

The force-time characteristics of the isolated'stand—

ing vertical jump were recorded from a Stoelting Force

. Sensitive Platform (Cat{‘No. 19570) connected to a Honey-

L]
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well Electronic Medical System (Model No. 6793478-1).
The force platform signale were generated through linear
variable differential tranefoymers (LVDT's) with the force
vectors being measured only in the vertical axis as the
VBJ criterion performance was isolated to this axis. The
generaﬁed signals were amplified by the Honeywell_System,
displayed visually on an oscilloscope (Model\8011), with
a permanent‘trace produced by a Model }912 Ultraviolet
Visicorder onto Kodak Linagraph paper (Type 2022 Direct

Print) at a speed of 200 mm-s—1. A standardized static

" calibration of the force platfiorm was done prior to test-

ing and after every §ifteenth subject. The calibration’
was found to be linear and constant.
The resultant tracings of the force-time curves which

corresponded to the asseséed cinematographical trial were

»

vanalyzed utilizing the prev1ously described digitizing
~ system. A computer program was written whlch calculated
'difectly the prev1ously mentloned dependent variables from

‘the digitized trace.

E. Computer Programs X

The various computer programs used for the digitizing
analyses were wrltten in whole or in part by several indivi-
duals,pincludlng the author, associated with the Blomechan-

ics Laboratory -at the University of Alberta, Edmonton,
: ' /

“ Alberta. They are available,upoh.request from the author.
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STATISTICAL ANALYSIS " ' ‘ ‘

A one-way analysis of variance (Winer, 1971) was used
to compare the group means of the previously listed depen-
dent variables from thg inifial testing session to deter-
mine if any group differences existed prior to applicationh
of the training‘program. In ord;r to assess the effects .
of tﬁe training”program, a one-way analysis of variantce ‘
was performed ohxkhe group means of the differential values
(post,_minus pre) éor each dependent variable. In both
" instances a Scheffe multiple comparisonyof meags postihoé.
: proéedure (Winer, 1971) was used to locate significant
differences between'pairs of means. In all cas€s, an alpha
‘level equal to or less than five percent (ng.OS)_was‘re-
.quired fér the acceptance of a significant difference be-
tween means. -

To assess the relationship‘between,the force{ velocity
and time characteristics of the crite;ibn muscular perfor-
mances, correlations were determined between the dependent
variables a§ meas;red in* the initial testing Seséion by
the ?earson product-moment technique (Winer, 1971). The
significance probability of the correlations was calculated
using a t-test for correlation coefficients of dependent‘
samples (Ferguson, 1976). In order to protect the ovérall

alpha level at p<0.05 given the number of dependent vari-

ables of interest and the sample size, the Bonferroni tech-
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nique’ (Morrison, 1976; Morris, 1980) was applied to adjust
the critical r value appropriately.

i

All analysis of variance, Scheffe; Pearson product-
ey,
moment correlation and t-test procedures were conducted '
utilizing the Statistical Analysis Systems software package

.(SAS Institute, 1982).



RESULTS

The results are presented under the following-six
headings: Physical Characteristics, Trai?ing Régimen,
Isolated Isokinetic Knee Extension End Plantar Flexion,
“Isolated Vertical Block Jumpv—ICinematography, Isolated

Vertical Block Jump - Force Pla{form, and Relationships
: )

o

Between Selected Variables. Group means with the standard
error of the mean .are tabulated and/or graphed. The raw
data fog all subjects are recofded in Tables 12 through
23, Appendix D. Suﬁmariés of the stati;tical analyses
(Analysis of varianée tables, Scheffe multiple comparison
of means, Pearson prgduct—moment'correlation matrix with

t-probabilities) are contained in Appendix E, Tables 24

through 138.

PHYSICAL CHARACTERISTICS

Table 2 contains the group means for descriptive ph?—
sical characteristicsuof the subjects prior to and after
completion of the training program. " No significant Qiffer-
ences (Tables 24, 25, 2% and 23, Appendix D) were noted
between the three éroups for any of the characteristics
prior to commencement of the study. No significant alter-

ations were noted either between or within groups after

26 N
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TABLE 2. Physical characteristics of the three groups
(X + SEM):
(
Variable Group
b 'HVG LVG CONG.
AGE (yrs) 23.0 + 0.8 21.8 + 1.3 23.9 t 0.6
BODY
MASS (kg) ;
Pre 75.0 * 2.9 74.7 £ 2.6 76.1 + 2.9
Post 74.8 £ 2.5 74.8 * 2.6 75.8 t 3.0
LEAN BODY
MASS (kg) &
Pre 66.7 £ 2.2 65.9 * 2.3 .65.9 = 1.7
Post 66.7 + 2.0 66.2 + 2.2 65.6 + 1.8
PERCENT BODY
FAT (%) :
Pre 10.8 + 1.6 11.8 + 1.2 13.0 ¢+ 1.5
Post 10.2 = 1.4 11.3 *+ 1.3 13.1 £ 1.5
* Significantly different (p<0.05) from CONG
§ significantly different (p<0.05) from LVG
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application of the training program (Tables 26, 28 and
30, Appendix ﬁ). Complete data for each group on these

parameters is contained in Table 12, Appendix D.

TRAINING REGIMEN
The activity profiles for all subjects are located
in Table 11, Appendix C. The activity summaries suggest

that there were no dramatic alterxations in the mode and

¢
A

volume of physical activity engaged in by the subjects
in all three groups immeqiately prior to and throughout
the study:

Subject adherence to the,training program was excel-
lent with threg subjec£s in both the LVG and HVG missing

one training 4 ion each. All CONG subjects attended

.“ A ‘ ki 0 Y ' 13 - . .
the mid-traiilley program maintenance familiarization ses-

. ©
sion.

ISOLATED ISOKINETIC'KNEE EXTENSION AND PLANTAR FLEXION

Complete data on the relative peak torques and rela-
tive peak powers.of'the three groups fér both IKE and IPF
may be found in Tables 13 through 16, Appendix D. The
Statistical analyses are summarized in Tables 31 through
82, Appendix E. The results of £he training prbgram upon-

. l4

IKE and IPF are illustrated graphically in Figures 4 through

7 with the data expressed as the percentage difference

between the pre and post training means within each group.

2
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No significant dikgerences were noted between the
groups at any velocity for knee extension prior to applic-
ation of the training program (Tables 31 to(~7 and 59 to

~.

64, Appendix E). Similar results were eviden

“ﬁpr plantar
flexion except for the 3 0 rad-s~1 veloc1ty (‘Tables 45

to 51 and 71 to 76, Appendix E). At this veloc y, both

~ the relative peak torque and power of the ankle plantar

flexors were signifioantly lower for the control group

(Tables.49 and 74, Appendix E). o - %
Significant inoreases in force generation for knee

extension‘were noted in both the HVG and LVG aftgr applica-

tion of the training program (Tables 38 through 44, Appen—
r 3

dix E) No differences were noted at any veloc1ty within

the control group As evidenced in Figure 4, the training
resulted in aﬁ‘increase across.all velocities for the LVG
with the greatest enhancement occurring at the 1. 0, 0.5

4
and 0.0 rad-s”1 velocities The HVG demonstrated Signifi—
cant increases only at the 3. O, 4.0 and 5.0 rqﬂ s~1 veloci-
ties. A comparison betWeen the two training groups re-
vealed that the relative peak torque generated by the HVG
on the post test was significantly lower than the LVG at
velocities of 1.0 and 0.0 radfs'l, however»it was signifi—i
cantly higher at the 5.0 rad-s~1 velocity. |

Similar results were noted with respect to the rela-

tive peak power production of the knee extensor muscle
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"group (Tables 65‘to 70, Appendix E and-Figure 6). At .all
;elocities, the CONG group demonstrated no change. ,Signif—
icant increases were seen at all velocities for the LVG.
after training with thefmost pronounced effects arising
at 0.5 and 1.0 rad-s~l. only at the fastest two velocities,
4.0 and'5.0 rad-s‘l, were 'increases attributable to train-
ing noted in the HVG. The LVG demonstrated a 51gnif1cantly
“higher relative peak power than the HVG at 1.0 rad-s™1
with the converse‘occurring at'the‘S.O rad-s~l velocity.
'Significant preito post training‘effects were noted
for‘relative peak torque of the'plantar flexors at three
velocities: 0.5, 1.0 and 4.0 rad-s~1 (Tables 52 to 58,
Appendix E). As~illustrated in Figure 5, at the 0.5 and
1.0 rad-s } velocities only the LVG demonstrated a signif-
icant_increase with training. The analysis of variance
‘also revealed a significant difference at the 4.b rad-s"‘l
velocity, however, the post hoc analy31s failed to reveal
which group means were different (Table 57, Appendix E).
The effects of training upon the relative peak power
w v
output of the plantar flexors is shown in Figure 7. - The
statistical analyses (Table 77 to 82, Appendix E) identi-
fied only one, training related alteration, that being an
1ncrease for. the LVG at the 1. 0 rad- s‘l velocity. Again,h

a difference was shown at the 4.0 rad s—1 veloqity but

AR
W

the location of the difference remained unidentified (Table

"

[}
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81, Appendix E).

ISOLATED VERTICAL BLOCK JUMP - CINEMATOGRAPHY

+

The raw data‘from the cinemanpg%aghical‘Enalysis of
the VBJ is located in Tablestl7 through Zi, Appendix D.
Tables 83 to 112 ih Appendix E summarize the statistical
‘analyses for the chosen kinetic and kinématic variables. .
The pfe and post training means for the three g;oﬁps~are
présented in Tables 3 énd 4.

There were nd significant differences between the
three g;oups on any of the VBJ measured variablgs prior
to commencement of the tfaining program. The training
,4program did not feéult.in‘any significént altegipions in
14 of the 15 varié%les‘studied within the thre; grqups,
including the HTRCM criterion’pérformance variable. The
one difference was noted in the HVG where a significant

" pre to post decrease was seen for the mean angular velocity

of the hip.

ISOLATED VERTICAL BLOCK JUMP - FORCE PLATFORM

Tables 22 and .23 (Appendix D) contain the raw data
froﬁ the force platform analysis of thelpfe ahd poét train—.
ing VBJ performances, Summaries of the statistical analy-
sis for the select:- impulse characteristics are présentedv
in Tables 113 througr 136, Appenaix E. The pre and post

training means for = “hree grbups are presented in Tables
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TABLE 3. Cinematographically assessed kinetic and kinematic ' -
characteristics for the three groups on the isolated
vertical block jump (X t SEM).

Variable o Group
HVG LVG CONG

HTRCM (cm) | .
Pre 48.54 £ 1.16 48.34 t 1.47 48.33 t 1.91
Post 48.90 t 1.23 47.53 + 1.46 48.83 * 1.39

. ‘4'»_' ] /

VELTO (m.$™1) - ' /o |
Pre 2.84 £ 0.05 2.76 + 0.06 2.82 t 0.08
Post  2.78 t 0.05 2.73 + 0.06 2.80 t 0.06

GFOR (Nm) ’ . . y
Pre 1246.36 + 59.29 1144.22 + 87.95 1194.15 * 71.34
Post ~ 1286.61 * 83.90 1171.80 + 78.55 1320.22 *.89.07

MAH (rad) : ‘ '

- Pre , 1.47 £°0.09 1.38 + 0.06 1.47 -+ 0.07
Post 1.47 £ 0.10 1.46 + 0.05 1.53 ¢ 0.07

MAK (rad)

Pre 1.38 + 0.06 1.29 * 0.07 1.35 £ 0.04
Post 1.43 + 0.07 1.30 £ 0.07 1.41 * 0.04
41 ‘

MAA (rad). .~ N
Pre 1.46 + 0,04 1.41 + 0.04 1.41 £ 0.02
Post 1.50 % 0.0 + 0.04 1.41 t 0.03

* Significantly different (p<0.05) from CONG
§ Significantly different (p<0.05) from LVG
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TABLE 4. Cinematographically assessed angular‘kinematic
characteristics for the three groups on the iso-

lated vertical block jump performance (X * SEM).

! L]

, Variable J Group

HVG LVG CONG

. MAVH (rad-s"l)

Pre £ 4.80 t 0.19 4.92 .+ 0.15 4.65 + 0.11
Post 4.48 + 0.16*S  5.05 * 0.18 4.80 * 0.13
MAVTH (s)
Pre 0.28 + 0.01 0.29 + 0.01 0.29 + 0.01
Post 0.28 + 0.01 0.29 + 0.01 0.27 + 0.01
VMXH (rad-s‘l)
Pre 8.94 + 0.34 9.58 + 0.28 9.09 *+ 0.25
Post 9.01 + 0.47 9.50 + 0.24 9.17 *+ 0.33
'MAVK (rad-s~1) s
Pre 6.15 + 0.34 & 5.80 £ 0.24 6.11 + 0.31
Post 5.86 + 0.21 5.93 + 0.15 6.15 t 0.25
MAVTK (s)
Pre 0.23 + 0.01 0.26 + 0.02. 0.24 + 0.02
Post 0.23 + 0.01 0.26 + 0.01 0.23 + 0.01
VMXK (rad-s~1)
Pre 11.87 + 0.31 11.94 + 0.32 11.77 + 0.23
Post 11.53 + 0.40 12.12 + 0.26 12.01 + 0.22
MAVA (rad-s“l)
Pre 4.62 + 0.40 3.96 + 0.38 4.63 + 0.32
Post 4.05 + 0.35 4.24 + 0.35 4.32 + 0.19
MAVTA (s) . .
Pre 0.22 + 0.02 0.27-% 0.03 0.22 + 0.02
Post 0.23 t 0.02 0.25 + 0.02 0.23 + 0.01
VMXA (rad-s—1) . . '
Pre 9.25 + 0.42  9.15 * 0.30 9.33 + 0.19
N Post 8.38 + 0.42 9.37 + 0.33 8.91 + 0.21

* gignificantly different (p<0.05) from CONG
§ Significantly different (p<0.05) from LVG
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5 ané 6.
There were no significant differences between the
HVG, LVG and CONG on any of the méasured variables before
the start of the training program. For the three gtoups,
no significant changes were noted in. any of the selected’
impulse éharécteristics due to the training program. Figure
"8 provides an i}lustrationl@f the force~time curve and
impulse characteristics of the VBJ performance ﬁtilizing

the mean pre training data from the LVG.

L]

RELATIONSHIPS EETWEEN SELECTED VARIABLES

The Pearson product-moment correlations matrix for
the dependent variables measured in the initial testing
session is presented in Table 137, Appenaix E. Application
of the Bonferroni te;hnique to retain the experiméntwise
error rate at p<0.05 resulted in a critical value of r>0.647

being required for acceptance of a significant correlation.
a

‘Within both the isokinetic dynamometer and VBJ performances,
signifidant correla;ions were found only between variables

- which exhibitéd prima facie commonality. Therefdre, high
correlations were seen between such groups of variables

as the different velocities assessed at a given joint with-
in‘the isokinetic performances. However, there were no
significant correlations of note between the isokinetic
dynamometer and}VBJ performances. w

In conjunction with the identification provided by.
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TABLE 5. Force platform assessed impulse characteristics
of the three groups for the isolated vertical block
jump performance (R t SEM). P

Variable Group
HVG LVG CONG
FNI (N-s) ‘
Pre 76.51 + 6.83 71.75 * 7.26 80.34 *t 6.20
Post 71.20 * 8.29 74.40 + 4.71 76.76 + 4.00
FNIT (s)
Pre - 0.35 + 0.03 0.40 + 0.03 0.35 + 0.03
Post 0.31 + 0.03 0.36 + 0.03 0.34 + 0.03
13
PI (N-s) . -
Pre 210.60 * 10.36 223.48 + 9.41 227.73 + 10.61
Post 233.11 + 12.19 214.54 * 9.30 238.06 * 15.89
PIT (s) _ ‘
Pre 0.39 + 0.03 0.42 *+ 0.03 0.41 + 0.02
Post 0.38 + 0.03 « 0.41 *+ 0.02 0.37 + 0.02
SNI (N-s)
Pre 13.47 + 1.36 ©13.43 + 1.20 13.26 + 1.15
Post 12.61 + 1.22 14.74 + 1.23 12.78 + 1.22
SNIT (s)
Pre 0.03 * 0.00 0.03 + 0.00 0.03 + 0.00
Post 0.03 + 0.00 0.03 + 0.00 0.03 + 0.00
TPI (N-s) ‘
Pre 175.78 + 7.85 185.15 + 13.78 182.90 * 11.91
Post 184.10 * 9.24 177.61 # 7.28 179.48 ¢ 7.76
TPIT (s)
Pre 0.76 + 0.05 0.85 * 0.04 0.78 + 0.05
Post 0.72 * 0.05 0.80 .t 0.04 0.74 + 0.04

{ o

* Significantly different (p<0.05) from CONG
§ Significantly different (p<0.05) from LVG
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TABLE 6. Force platform assessed kinetic characteristics
of the three groups for the tsolated vertical block
jump performance (& t SEM).

Variable Group

‘ HVG LVG CONG _
\ 8 i
\§m1N (N)
Pre 301.75 + 43.27  363.17 + 48.89 :.236.18 * 69.25
Post 287.23 + 63.92  309.42 * 43.17 “%.245.76 t 66.27
TEFMIN (é)
Pre 0.54 + 0.04 0.61 + 0.04 0.58 + 0.05
Post 0.52 + 0.04 0.56 *+ 0.03 0.51 £ 0.04
FMAX (N)
Pre 1788.08 * 62.11 1784.84 * 109.90 1798.19 £ 76.30
Post - 1872.77 + 70.04 1757.93 + 76.20 1872.8L * 91.13
TFMAX (s) A )
Pre 0.21 + 0.02 0. '9 t 0.02 0.20 *+ 0.02
Post .21 + 0.02 0.22 + 0.01

0.: £ 0.02

* Significantly different (p<0.05) from CONG
§ Significantly different (p<0.05). from LVG

-

N
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the initial correlational assessment, 24 key variables
were §elected for their theoretical relatedness to the
successful optimization of the criterion performances.
The intercorrelgﬁioﬁs amongst these variables are shown
in Table 138, Appendix E. Table 7 summarizes the correlé—
tions (p<0.05, r>0.355) of note between the isokinetic

(IKE and IPF) and VBJ performances.
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"~ TABLE 7. A summary of the significant correlations’ between

" the isokinetic (IKE and IPF) and VBJ performances.

\ ‘Variable | ' Correlated\with . r value*

HTRCM . . ~ vELTO .8838
o  MaH | . -.4386
Lo T PI . g .4327

D xrp73 2 L3751
KRPTS - .5079
ARPTI .. .3698

S
h

PI , o SR 3917
. ‘ _ . ., MAH R . -.4001
PR o . . RRPT3, - S ~.4330
B TR LV R KRPT5 LY '~ .4606

CRR . Mass .4813
S ' GFORCE '~ .5943°
. MAVK . ‘ - .4812
PI e S ,4886
. TPI . T .6981

TPI . wmass e .5091
R ' PI - .3968
MAK . . -.5377
MAVTK . .3589

] . ~N . . . . B
-~ KRPTO - . MAH . .3615
: . - . MAVTH SRR .3861
ARPT1 ‘ .3554°
" ARPTO . maE -.4666 .

ARPTL -, e - MaR- ©-.4319

ARPT4 " MAH . - -.4405

_ * Significant correlation at <0.05, r>0.355



DISCUSSION

The discussion is presej h-under the following,sixc

headlngs. fhysical Chara d ‘tics, Traininq Regimen,
Isolated Isoklnetlc Knee Exten51on and Plantar Flex1on,
\Isolated Vertlcal Block Jump, Relatlonshlps Between" Select—
,ed“Varlables, and Summary and quclu51ons. Tables 8.and -

10 provide comparative data from studies which have ad-

dressed either 1sok1net1c tralnlng or tralnlng for a stand—-

TR

1ng vertical jump performance and have been 1ncluded to
- -assist with the interpretation of results from the present
study.

i

PHYSICAL CHARACTERISTICS
~The physical characteristics of the three groups were

.similar to those expscted'for a young, athletic adult male

'population. While the three groups were equated on the .

fo

criterion'variable HTRCM,,it waS'found that they were also
similar With respect'to all physical cﬁaracteristics ﬁea—
sured“at the commeneement‘of the study.
| No alter%tions to body mass,qlean body mass or per-
; cent body fat were found after completlon of the 1sok1ne—
th training program. These results are con51stent with

studles of 51mllar, or longer, tralnlng duratlon and sub-

44



 tman et al., 1980). 9

“ed was the specrf1c1ty of_”'

ks

. \ . ' )
ject population (Lesmes ajual., 1978 Coyle et al., 1981;

WX

1Petersen et al., 1984)j“ Further clarification is hindered

o
as the majority of the 1sok1net1c tralning research has

not explored this relatlonship (Johnson, 1980; Caiozzo

et al., 1981; Kanehisa and Miyashita, 1983; Jenkins et

“al., 1984- vitti, 1984). When body comp051tion changes

have been noted from isokinetic training programs, they
Yo
have occurred from programs of longer duration which in-

volved exercises .for all the major muscle groups of the

\
Body (Pipes and Wilmore, 1975; Gettman et al., 1978; Get-

TRAINING REGIMEN - S

2

The\purpose of the training regimen was to. furtheru

quantify the 1sok1net1c trainlng stimuli by attempting

to oreate groups which were both distinct and equ1table

thus prOV1ding for a clearer understanding of the effects

produced by 1sokinet1c training programs Also address— ¢
*

b}

ining pr1n01ple in terms of

movement veloc1ty within the 11mits of the currently avail—

able and commonly utilized modes of re31stanoe trainlng.
ThéselpurpoSes appear to have been aghieved.'°The two ex-
perimental groups undertook training whieh was identical
1n mode and muscle 1nvolvement but distinct in tralning

|
velocity. A type of equality was achieved through the

-

3 ’ ’ R



4€
use of identical #work intervals and consequently total
training time for both groups. As evident in Tahle 8 this'
approach to equating training volume,- or a similar strategy
of'proportionally adjusting the number of contractions
as the movement velocity increases, has been used previous—
ly (Moffr01d and Whipple, 1970; Kanehisa and Miyashita}
- 1983; vVitti, 1984) . |
Resistance training’programs‘have‘been consistently
‘undertaken with the assumption that the effects garnéred‘
frém such endeavors would enhance athletic performance.
Attempts to optimize‘thfs implied relationship have ledn
to the design of numerous types of re51stance overload
apparatus 1nclud1ng those Wthh stabllize the body and
isolate a specific muscle group. VA quantified assessment
of these assumptions was achieved through de51gn1ng the
;”training program to use;an apparatus (Cybex I 1sok1netic
‘dynamometerl.which progressihely‘overloaded‘in an 1solated
mode'those muscle groups which have been shown as major’
-contributors to a SpelelC skilled performance (Luthanen‘)
and Komi, 1978; Hubley and Well, 1983). As well, several"
authors have 1nd1cated that optimal trainlng effects Wlth
respect to enhanCing a- skilled performance should occur
R
when the SpelelClty of trainlng pr1nc1ple is’ applied to

the movement velod%ﬁﬁgof the muscle groups being trained

(Pipes- and Wilmdﬁz, 1975 Counsilman, 1976; Sale and Mac-

A
B

9
hmf@”
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'Dougall, l981; Grimby, 1982). With these points in mind
the training regimen design approxlmated a velocity com-
monly-prescribed for athletic training pxograhs and‘ap—
-proached the'mean angular Jjoint Qelocity for a aiilled
performance within the limitations of the isokinetic equip-
’ ment. For this study, these training velocities were,
respectlvely, 1.0 and 5.0 rad-s -1l for the knee extensors
and 1.0 and 4.0 radfs‘l for the plantar flexors. These
eelected‘velocities were labeled low and'high with respect'
to the limitations of the isokinetic device (max 5.24 rad-s”1).
~ As eviden£ from Table:8, huﬁerous researchers have
reported 'low' training velocities of l.OS rad-s~1 or less
for IKE (Moffroid and Whipple, 1970; Pipes and Wilmore,
1975; VanOteghen, l975;'Johnson, 1980; Co?le et al., 1981;
Kaﬁehisa and-Miyashita, 1983; Jenkins et al., 1984). How—
" ever, only Coyle et al. (1981) and Kanehisa and Miyashita
(1983) have used a high veloc1ty (5.24 rad-s‘l) as a dis~
tlnct training stlmulus. Several authors have reported
the use of- 'high' tralnlng velocities which were in fact
substantlally lower in absolgle)terms (3.14 to l 6 rad s'l)
(Moffroid and Whlpple, 1979; Pipes andvWilmore, 1975; Van-
Oteghen, 1975; Adeyanju et al.,'l983; Johnson, l980f Peter-
"sen et al., 1984) ~and/or uhquantifiedi(VanOteghen,‘l975}
%Blattner and Noble, 1979; tevens, l980; Wathen, 1980;
Wlater, 1984%5 Others have combined Several velOC1t1es
» y
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wiehin a single training group (Smith and Melton, 1981;
vVitti, 1984)'Qr er imposed COﬁcurrent’modes of treining.
(VanOteghen, 1975; Stevens;}1980; Wathen, 1980) which has
obfuscated 1ntenpretatlon of the effects reported.- No
studies have been found in the 11terature involving IPF
training.

~

One of the important design aspects of this study
was the eliminatibn of specific coneurrent training pro-
grams whicﬁ;dgy have contributed to the enhancement of
the muscle groupe primaril§ iivolved with the criterion
skilled performance. At the same'time, to allow for‘eom—
parlson and application of the results to an athletic popu-

Com

latlon, “the sub]ects were ebosen based upon their involve-

ment in non jumping sporﬁé and were dlrected to maintain

this involvement throuahggt the_duratlon of the-study.
A review of the activity profiles indicates that this was

achieved (Table 11, Appendix C). Thére were no major dif-

ferences between the three groups with. respect to activity

levels.either prior to'or.throughout the program. Also,
no dramatic:changes in activity leVels occurred,wifﬁin

anw group during the treining program. This observation
is supported by the pre to post ‘training consistency found,
fbrﬂthe physical’characteristics of the subjects. As il-

lustrated in Tables 8 and 10, few studies have followed

such an approach. Very few studies have used athletically ,

7l
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tralned subjects and those which have are of iimited inter-
pretlve value due to having superimposed 51m11ar neuromus-
cular training (Thorstensson et al., '1976; Stevens, 1980;
Wathen;.l980- Clutch et al., 1983; Viitasalo and Aura,
1984). Only two studles have utilized isokinetic training
with athletic subjects in an effort to establlsh ‘the ef-
fects of the training upon skilled performance. Unfortun-
atelyzfthelresults of VanOteghen (1975) are clouded by
the aforementioned factor,twhile thoée of Melton and Smith
(1981) suffer from an inadequate number of sybjects for

statistical analysis. -

ISOLATED I’SOKINEiTIC KNEE EXTENSION AND PLANTAR FLEXION
Although the éroups were equated based upon the HTRCM
eriterion pefformance, the control and experimental groups
were found to be’equal with respect td all force aud power
measurements across tWe velocities tested at the outset
of the study. The lone exCeption noted;was‘that,of IPF
torque’and power output at 3.0 rad-s~1 where the controi
group values“were slightly 1ouer. Further observation
suggested that this flndlng was more of an anq@g&y than
one with a phy51ologlcal basis which would affect inter-
pretation of any training results (see Table 15, Appendix
D, Subject 24). S |

The IKE force- veloc1ty curve Q§% found to rise in

ecrea51ng veloc1ty,
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plateauing at 0.5 rad-s”1. The responée pattern was simi-
lar, with the Magnitude of the torque values being greater
or equal, to those reported previously (Gregor et al.,
1979; Caiozzo et al., 1981; Yates and Kaﬁon, 1983; Wick-
jewicz et al., 1984).. The poger output increased with
mo&ement velocity through to the fastést velocity of 5.0
rad-s~1l. This power—veiocity relationship closely matched
that found by Greéor et al. (1979) for an athletic group
with greater than 50% fast-twitch fibérs but did not demon-
strate the plateau, oOr drop-off, which has been indicated
at higher velocities {Perrine and Edgerton, 1978; Osgternig
et al., 1983). -

The fofce—velocity relationship demon§tra£ed by the
IPF was similar £o the iKE, although a continual rise was
noted through to the O.O_rad'-s‘l measurement; Fugl-Meyer
et al. (1979) described a comparaBle force-velocity rela-
tionship through a 1ihitéd velocity fange of 0.0 to 3.%4
rad-s~1 for isokinetic plantar flexion. Wickiewicz eg’
al. (1984) noted simi_laf finaings through to 4.61 rad-s™1
but with a substantial drop-off at the isometrically loaded
condition. The discrepancy is attributable to the differ-
ent isolation angles used at the hip and knee joints by
the two studies for the plantar flexion assessment. The
torque values in the present study are also similar to

those reported by Falkel (1978) at velocities of 0.0 and

P
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0.52 rad-s~1l. fhe IPF power outputs rose rapidly with
increasing velocity to 2.0 rad-s~1, peaked at 3.0 rad-s1
and then dropped quickly displaying a parabolic relation-
ship. No reports on the power-velocity relationship of
the plantar flexors exist in the literature. It may be
speculated that the observed drop in power developmengt
at the higher velocities was due, in  part, to the inability
of the plantar flexors to cdtch-up to the preset velocity
of the dynamometer, particularly given the small range
of the movement (about 0.9 rad).

The control group demonstrated no significant pre

to post differences for IKE with the observed variations
ranging frem -2.6 to 3.3 petcent for the seven Velocities
tested. This finding was consistent with the literatﬁre
as the observed variance range was similar to (Johnson,
1980; Caiozzo e% al., 198l; Coyle et al., 1981; Kanehisa™
and Miyashita, 1983) or smaller than (Moffroid and Whipple,
1970; Pipes and Wilmore, 1975; Smith and Melton, 1981; ’
Vitti, 1984) these.ﬁoted by other reeearchere:
' Training of IKE at the low velocity of 1.0 rad-s~1
was found to increase the torque eﬁd power generated across
all velocities from 0.0 to 5.0 rad- -s~1 with the greatest
enhancement occurring at the tralnlng velocity. Compari-
son with those studies whleh have evaluated a similar,

singular, training velocity revealed that this finding
4
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was in close accérd wiéh the results of Kanéhisa and Miya-
shita (1983) and similar t%'thOSe of Caiozzo et al., (1981),
Carr et al. (1981), Coyle et al. (1981) and Jerikins et

al. (1984). All except Carr et al. (1981) and Kanehisa

and Miyashita (1983) noted no enhancement at the highest
test velocity of about 5.0 rad-s~1, although interestingly,
Jenkins et al, (1984) actually reported the largest per-
centage improvement for thefi low velocity’training group
at this velocity. The IKE training at 5.0 rad-s™! resulted
in significant increménts only from 3.0:through 5.0 rad-s~1,
with the largest increase also being noted at thé‘training
velocity. This pattern compares favorably with data re-
porgedvby Kanehisa and Miyashita (1983) and Caiozzo et

al. (1981) for groups trained at 5.24 and 4.19 rad-s~1
respectively. However, improvements across a full ranée

of velocities have been noted by Coyle et al. (1981) and
Jenkins et al. (1984) after training at velocitieé of 5.24
and 4.19 rad°s‘1‘resbectively. Otﬁef studies utilizing
similar training velocities support the observed results
but are limited in interpretive usefulness due to the use
of variable training vFlocities within a group and the
small-numbgr of velocities assessed (Smith and Melton,
1981; vitti, 1984).

’ | Formulation of a cleaf respoﬁse pattern for velocity

-

specific training is clouded further from the results of

A



of 3.14 rad-s~—l. Reports have 1nd1§ated 1mprov§henté at ;
and below this training velocxty (Lesme; et al.,*A97§), T
only at that velocity (Petersen et al., 1984)ﬂ as &;}}ﬂ%mu
as across all veloC1t1es (Kanehlsa and&M1yash1ta, iSé%&

The results of the present study, and those" more recently
cited, support the éxisténce of a training speC1f1c1ty

related to velocity.' However, these recent results also
provide substantial e;idence to refute the initially staﬁed,
dft.quoted and utilized, specificity of véloéity training
principle which was that traiglng at a'giQen velocity would
rééult in improvements only at and below that specific
velocity (Pipes and Wilmore, 1975: Counsilman, 1976; Sale
and MacDougall, 1981). The argument gains further support
from a re-evaluation of the.initial reports whiéh proposed
this principle. The 'high' training velocities used by
previous researchers were actually relatively slow in terms
of both human movement and isokinetic dynamometer capaﬁil*
ities (Moffroid and Whigple,'l970; Pipes and‘Wilmore,ll975;
Lesmes et al., 1978; Johnson, 1980). While interpretation
of the available data supports a training specificity re-
lated to velocity, nb generalizations regarding the effects
produced by"specific velocities appear warranted due to

the discrepancies noted. The explanation for the diver-

dénce of results .observed throughout the literature remains
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unclear but may be related to experimental design factaxrs ¢

Y. -

P

(subject characteristics, training regimen, testing proto-

o~

cols) 8@ neuromuscular considerations (motor unit recruit-
(".v. A
ment pattern, specificity of movement pattern, fiber type

and size). The aforementioned neuromuscular considera-

J . L i . ld
tg‘ : . #

tions and their interrelationships will be discussed in

order to help clarify the results prquced by the present

. . ,
b b

study.

Muscle fiber characteristics have been shown to have

N
e

. . ,‘ \"“
an influence upon the mechanics of muscle function. In
4

4general, muscles with a higher proportion of fask—twitch

fibers have been shown to produce greater force at any
given velocity (Thorstensson et al. 1976 Komi énd Karls-

, gon, 1978; Gregor et al;, 1979). A 51m11ar effect has

X

been noted in muscles which possess fibers of larger size

(Thorstensson et al., 1976; Sale and MacDougall, 198Y;
Houston et al. '1983)

The utnllzatlon of these characteristics to produce
vﬁseful contractlle force is, however, dependent upon the

rate and timing of muscle fiber recruitment w1th1n,’hg1ven
‘tl

fmoveﬁeﬁt. The basic assumption for voluntary contractions
has been that motor units are recruited according to their

nslze, thus slow-twitch flbers will be recruited first (Henn-

man.and Olson, 1965; Desmedt and Godaux, 1979; Komi et

al., 1982). Evidence has been presented however, which

L
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., 1nd1cates that fast- tw1tch flbers are preferentiallyrfe—
o Q)
cru1ted durlng high ve1001ty, low ten51on contractlons

(Deumedt and Godaux, 1979; Grimby, 1982).; ?herefore, 1tv

would be pos51ble w1th1n a group whlch was homogeneous

0]

‘o

Q ‘ w1th respect to fiber type to expect 1nnrements in fqrce

productlon at spec1f1c veloc1t1es based upon the above

factOr., Albelt, such an effect may not be detectable W1th—

L . »

in a heterogeneously flber typed group Whlle these re-
: Crultment patierns may be exhlblted durlng 1soton1c con—""

tractlons where the forces generated throughout the mqye—

* ; o
N

: o
ment are varlable, a 51m11ar pattern may not occur - for

o

f 1sok1net1c contractlons Although glycogen depletlon stud—
1es support the dlfferentlal flber type recrultment pat-

o tern concept (Grlmby, 1982), the data from EMG studles

:~°has shown that both flber types contrlbute to force pro-

1f veloc1t1es (RosentW1eg et al., 1975 Barnes,“

duction at
and MacDougall 1981) Thls recrultment pat—v

'; rn seems to occur due to the voluntary forces elng max—g

throughout the 1sok1net1c movement. Such results

may hv.p resolve the apparent mlsconceptlon that fast tw1tch v

u\flbers abe only 1nvolved 1n~fast contractlons and slow— ,

te

)W i A

tw1tch £: bers w1th slow contractlohs7(Coun31lman, L876y

v‘ )
B e RS

Sale and MacDougall 1981)
Low veloc%ty tralnlng has been shogp to cause hyper—:-f

trophy in all flber types if . the duratloﬂ of the: tralnlng



' :gresults also lend support to the concept of neural adapta—h
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' program is long enough (Thorstensson et al., 1976 MacDoug-
y .

all et al.) '1980; Hakkinep et al., 1981; Komi et al., 1982).
High YElocit& training has failed to prbduce a similar
contractile adaptation (sale and MacDougall, 1981). One-

,lxgged training models.: have 1nd1cated that the untrained

e

limb can produce increased force,Without demonstrating‘

contractile alterations, such as hypertrophy, thus suggest-

1ng a neural adaptatlon (Lesmes,‘197$h Costill et al.,

- 1979; Krotkiewski et al., 1979; °Houst39 ety l,,ﬁ1383)

\ R , S
Also, reSistance training studies have nofed that neural’

factors appear to account for the early enhancements in

k]

h‘~f0rcelyhile later gains seem mbre.related‘to_hypertrophic
- e . s . .

alterations (Morltanl and DeVries, 1979; Hakkinen et al.;
, "L ke

~

;'ll98l Komi et al., l982~ Houston et al., '1983). These’

v_tions produc1§g tge opserved effect : hnle the explic1t
b

gnéﬁ%&fﬁadaﬁkgﬂgoiiremaiﬁs to B% eluc1dated, ghp0551ble

'mechanism was suggested from the study of Milner Brown\a‘ : ‘>g
al. (l975) which descrlbed an enhancement in the synchro—
S
A ‘ .
t s during welghtliftlng after completion of a re51s—

.tance’%raining program. Similar eVidence has recently,
: ',“uy,
been reported by Roy et al. (1984) They noted{s1gniflcant

]

i o
alterationé in the alphamotoneuron exc1tab11&t¥ of the " s

quadriceps muscle Wlth an lncreased mot@r unlt recruitment S
. " ' %;ﬁgq EA -. ¢
_ : . . . ‘ B Yoy G

e e s ,, @

t ( L . T . I I
\J : '3 \-/Q S [ < R %& o oas ’% :

; : C . AR 7~ . "

A : o T
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‘after a tenzmeek, low velocity (1.07,rad-s’l)'isokrnetic? |
training program , Additionally, it has been suggested
that the Select;ve hypertrpphy of fast twitch. flbers which

occurs early in hlgh re31stance, low veloc1ty tralnlng

- w1ll reduce the time requlred to achieve a set force level

'man a dynamlc contractlon (Bosco and Komi, 1979a; Koml et

cal., 1982; Hakklnen and Koml, 1983) - However, it is lnter—-
estlng to note that prolonged heavy re51stance tralnlng,
'espec1ally when u51ng an eccentrlc mode, has been shown

J

to reduce the force-~ tlme characterlstlcs of muscle as well

as skllled performance (Hakklnen et al., 1981 .Komi et.

> w

-_al % 1982 Hakklnen and Koml, 1983)

8}

| These flndlngs.havqyled -to the suggestlon that to
optlmlze the tralnlng effect for: the enhancement of power
Lor torque at hlgh veloc1t1es, a tralnlnggﬁkogram should
prov1de a comblnatlon of low: ve1001ty tralnlnq for the
contractlle component and’hlgh velocity tralnlng for the
neural factor (Sale and MacDougall 1981).' Further research
w1ll be requlred to conclu51vely determine if the Byper-

‘trophy of muscle flbers is a’ pre ‘or co- requ1s1te for neural

' adaptatlon w1th1n the neuromuscular system This low/hlgh

vglgklty training contentlon is partlally supportéd by

. the results of 1§ok1net1c tralnlng programs conducted through

a range of yeloc1tﬂes Coyle et al - 1981; @mlth and Melton,

t . \

_19817‘V1tt1, 1984) as well as those where concurrent traln—“?

B S

#
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' used This MoV

to the movemeCL ‘pattern at each ’locrty

- 60

“

ing using another mode at'uncgntrolled:velocitiesvoccurred

(Pipes and Wilmore, 1975; Kanéhiﬁa;and’Mlyashita; 1983).
While increments have been shown, they have not exceeded
those produced through training at a specifiC'velocity.
The ex1stence of a. spec1f1c1ty effect for movement
patterns has heen demonstrated on numerous occa51ons.

In these 1nstances, the force generatlon improvements ob-

‘served on related non-specific tests (identical or 51m11ar

pattern but dlfferent mode) have been less than those ob- @j

tained from measurements of the specific test - (ie. tralnlng

task) (Gettman et al., 1980; JohnsOn,vl980 MacDougall

et al.,‘yg§0) ' Support 1s also provxded from the biome- -
‘ };a’f‘ % :
chanlcalgﬁﬁf

1yses prov1ded by Hay;et al (1983) They

the mode (1e.\ ove~ent pattern) of re51stance exerc1se
spec1flclty effect @as cornoborated
from the results of the present study which found the Ereat-
est improvements eXhibited within the two groups corre-
spdnded to the tralnlng Veloc1ty used even though the gen-

eral movement pattern was identical across all tes velo—
, * 3

-

c1t1es The neuromuscular factor which varled to produce

the results would have to be the motor unlt recrultment
pattern'(synchronlzzglon and/or number of flbers) spec1f1c

-,

- ! 'b

1
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No signlflcant pre to p
for IPF in the control group.
5 7 to -10.3 percent, was la
the IKE evaluatlon. For the

loc1ty of 1. 0 rad-s -1 resu

ments in torque at and just
14

: power was improved only at t

"at the high veloc1ty of 4 0

city_; This latter conclﬂo

ment of the results as the a
‘ A

the exrgfence of SLgnlflcant

but the com@ervatlve post ho
‘rm
to ‘deliniate Ehe locatloaﬁof
A3
%r
and Tabﬁe 574 Appendlx EJ.

b Comparlson w1th the 1if

no previous reports have eva
for the. plantar flexors. Th

of bd&h the v —spec1f1

pattern t:Zdnlng concepts and are explalnable by the d@uro—

ncepts odutlined u

JIKE train;ng ults. Unlik

over of the tralnlng effect

larity was noted in the resp

itles\tested Thls flndlng
L4

N

~
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ost dlfferences were found

' The range of varlatlon noted;
rger than that observed for

‘ankle, training at the low

ted in sxgnlflcant 1mprove—
below thlS velocity while. peak
he tralnlng veloc1ty Training’

rad s™1 resulted in 51gn1f1cant

'Tenhancement of torque and power only at the tralnlng yelo—

n is based upon a V1sual assess-

naly51s of variance lndrc&ted
dlfferences at this velocity

c: test which wgl# usel falled

[
cthe SLgnlflcance (Flgure 5

d

% o
erature?@s nothF0551ble as -
luated this moge of tralnfhg o
ese results are supportlgf

c and spec1f1c1ty of move&ent

[

¢

nder the dlscuSS1on of the

e the IKE, 51gn1flcant carry—

dld not occur although a simi-

P

onse pattern acros$ the\veloo—

may be related to the duratlon
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of the trainino program (With thevattendent neural and
hypertrophic adaptation ima}ications), the initial level
of trainlng, or the 1nherent neuremuscular characteristics

of the plantar flexor muscle group (Fugl—Meyegket al.,

%4979; sale and MacDougall, 1981; Clarkson et al., 1982).

ISOLATED VERTICAL BLOCK JUMP o
The quantitative biomechanioal:analysis,of standing

vertical jumps has been sketchyp While_several

1&

authors have prov1ded bits j '{on,’it”has been

Wf limited use in térms of ‘ ﬂty to, training pro- -

'ib grams or'ski, thletic perifiiince due to the fragmenta-.

is LDesibres, 1976; Coutts, l978b), the.
'ldifferent;. '?ljumps’aSSessed‘(Martin‘and‘Stull, 1969;
Coutts, 193:: \orian and'Laaghlin, 1983), sample size .v

 (Desipres 1976; Millet and East, 1976; Davies et al., 1982),

‘or characteristics (age, sex, skill, levei) of the sample

(Desipres, 1976; Cout 978a, Adrian and Laqghiin,vl983) >

A! v

In: order to prov1de fu‘ﬁ:her 1nformation in > this- reqf
a cinematograph@b*and force platform analysis was,conducted.
g The kinetic, kinematic and temporal characteristlc - of

‘,Lfian athletic male sample (n—30) w1thout expertise in‘jump—“-

y - - . L o

Px‘Lngnwho~performed vertical volleyballhblook jumps.from

ta

a statlonary position are summarized in Table 9. As no
) diff@?ences were noted between the three groups on - any

| 1; the mea@ured variables at the start of the study, the:'

3
o 3

@ . . - N ‘
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1 Represents
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%, RN
LA

the pooled data (n=30)

_h‘ ; ¢ . . <
S

from the pre test ses-
‘sion- - :

A

~TABLE 9. Kinetic, kinematic and temporal characteristics
' ~ of the vertical block jump.
Characteristic Mean <, SEM " Hapnge
- : E e Minimum Maximum
. ‘Kinematic oL .
HTRCM (cm) 48.40 .86 . 37.44  59.94
VELTO (m-s~1) 2.80 ~ .04 . 2.46 -, 3.23
MAH  (rad-s™1) - 1.44 .04 .94 1.85
MAVH (rad-s~1l) 4.79 .09% - .0 4.00 ¢ .5.90 " .
VMXH (rad-s™1) 9.21 W17 7019 "1Qae8 ¢
_ MAK  (rady 1.34 .03 v .84} 61
MAVK (rad-s~i) 6.02 .17 Ce 42350 08 T
 yMXK (rad-s~1) 11.86 .16 1836 1898, %7
" MAA (rad) * 1.43 .02 ¢ 1.27- AR5
. .'MAVA (rad-s~1) 4.40 .21 1.97 - - 6.727
VMXA, (rad-s”1) 9.24 Y} 7.03 '11.20 -
: i S A
Kinetic ‘,Kug.u :
GFOR (N) 1194.91 41.84 - 790.34 1562.74
FNI  (N-s) Lo 1§20 3.83 13.49 119.63
PI - (N-s) 220.60, . .81 157.90 275.87
SNI ~ (N-s) - 13.39 .69 7.94 20.97
TPI (N-s) o 181.28 6.42 « 127.47 283.41
© FMIN (N) ®09.37 31.5% ©67.01 '808.95.
FMAX _ (N) 1790.37 - 47.45 117%.90 2306.98
.Temporal i . '
~ TPIT '(s) .80 .14 .51 1.06 .
FNIT (s) y .36 .03 .21 .60
_PIT  (s) .4l- .01 .27 .59
“SNIT (s) .03 .00 .01 .04 .
TFMIN (s) .58 .02 _ .38 7 .91 -
TFMAX (s) .20 0N .06 3]y F
MAVTH (s) ° .29 .01y .21 .36
MAVTK (s) .24 .01 .15 .36
MAVTA (s) ) .24 .01 .15 .42
» Y- [

~



. data was pooled for this desoription.
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At 48.40 cm, the HTRCM was comparable to that repofted
for 31m11ar pépulations (Chui, 1950; Ball et al., 1964;
Plpes and Wllmore, 1975; Bosco and Koml, l§79a; Bosco et
al., 1983; Shields et al. ‘wleasg -and slightly lower than .
those values found for skilled athletes (Komi and Bosco,
1978' Clutch et al.; 1983; Vlltasalo and Aura,,1984) who
performed th@isame ba51c style of jump .Similarly, the

mean vertlcal veloc1ty at take -off (2 80 m-s -1l) is w1th1n

45; the range reported in, the llterature (2.48 to 3.03”m-s“1)

(Desipres, 1976 Lamb and Stothart, 1977; Komi and Bosco, -

1978; Luhatanen’.and’ Kpmlk 1978 Dawlés Gtuals » 1982) . S

24

The mlnlmum angles noted at‘the hlp and knee were smallér

iy

(about 0.3, rad) than those of Eckert (l968b), whose_skllled'k

subjects used an unrestrlcted arm sw1ng, and were theﬁefore

indicative of a .more crouched p051tlon‘dur1nq the unwelght—
ing ohase. The MAK of 1.34 rad was similar to the 1.42
rad measurement obrained by Adrian and Laughlln (1983) -

v

on skilled fEmale subjects. 'However, it was much smaller
q 4 . . . : ay -

A}

K
than thbse minimum angles (1'57 and €f83 rad) commonly

recommended for skilled athletes (Scates, 1972 Bratton

-

and Lefroy, 1980;,Card1nal,and Pelletler,-l983) , These

differences may be due to the use of unskl}led subjects
4 . ‘T '

- "in the present study or be suggestive of the need for quan-
o L )

titative assessment to accurately detﬁrminethis relation-
+ . i & » “

]

LR e
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ES

ship, especially .as it applies to optimizing performance.

Fem\Studies havebreported the angular velocities a—‘

chieved b& the joints of the lower limb during a. vertical

jump performance involvino an unweighting phase. Cinema-
tographically, Eckert (1968b) found mean%angu}af velocities

for the hip, knee and ankle of 5.8, 7;5 and 5.9 rad-s~1, ??’

’ respectlvely, whlle the present study determined values

* o of 4 79, 6.02 and 4.40 rad- s‘l De51pres (1976) found:

| ‘“aagular veloc1t1es at the knee which ranged from 6. 71 to:

<

%? 36 rad s‘1 and decreased with 1ncreasxng age. Interest-
1n$¥y, Bosco et al. (1981) determined an angular VelOClty E@;;r

" %ﬁgor the knee of 4.4 rad-s~1 using an electrogonlometer.d

‘/;1? should be noted that this was the mean angular velocity

"g“J%bserved through the 'prestretch phase' of the movement v‘f

whlch‘ls slmllar, but not identical to the phase measured

Ay

M s y in the present study.
S AV

- “ t R ’ . ) ! v A . :
\fm 0 The mean angular knee-and ankle Veloc1t1es of 6.02

iir Nﬁ@”and *4.40 . rad s’l, respectlvely, are slightly above the
) ‘hmw‘tralnlng veloc1t1es used for IKE (5.0 rad-s~1) and IPF

”14}@‘nad-s‘l) by the hlgh veloc1ty group. The closeness‘ K

‘dof these velocities would sugdest, according to«the‘soecif—
icity of training drinciple, that an enhaneement in per-
fo}mance could be expected from such trainihg. This was.

not the case as no changes were noted in the VBJ perform—

" ance after iompletlonvof_the_tralnlng.program: Thls may,

N -
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;fled the kinetic parameters of the standlng Vertlcal jump

‘1
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in part, be due to the VBJ performgnce being a ballistic
movement composedfof acceleration and deceleration phases
while the training was isokinetic. When the maximal angu-
lar velocities noted for vertical jumps are considered,

. the comparability changes dramatlcally. The maximal anéu—
lar velocity at the knee has been reported as 16 0, 22,"

11.24 or 11.86 rad-s-l by Eckert (1968b), Adrian'ahd Laugh-

lin (19837, Bosco and Komi (1979h3 and the current study,

@

respeCtlvely The W1de varlatlon of the values may be

attrlbutable to the types of jumps’ asseSSed as well .as

the dlfferent methodologles used to calculate thlS varlable:

¥

However, in all cases the recorded ve1001ty ea51ly exceefed

“

the capabllltles of 1sok1net1c dynamometers commonly usedf

)
for tralnlng (maximum of 5. 24 rad-s~1).

Jﬁ Very . few reports exist whlch have defined and quantl—

X

The values obtained in the present study (Table 9) are

‘.S

in general agreement w1th those reported in the literature.
. »

The FNI at 76.20 N-s is comparable to the values reported

by Mlller and East (1976) for women,b69 N-s, andeBosco
] . . ’ '
and Komi (1979a) for.men, 118.8 N-s. ' The positive impulse,
- .
(220 6 N s) falls within the values determlned by Davies

et al. (1982), Mlller and” Easg 1976) and Bbsco and Koml

" . .
" (1979a) which were 154, 232 and 335.5 N-s respectlvely. j

At 1790.37 N the FMAX was greater than those® observed

@

B



Coutts @l978-a) and the present study

4 b
determlned by twd commonf& utlllzed.methodologlgg The
' .

67
by most researchers {1005 to 1162 N) on similar jumps per-
formed by males of comparable mass (Coutts, 1978a; Luhtanen
and Komi, 1978; Bosco andvkomi, 19%79a; q§vies et al., 1982).
Nevertheless, Bosco et a&ihll98l) have reported a value
of 2484.64 N. Interestingly, both Miller andanstv(1976)
and Adrian and Laughlin (1983) have determined relatively
high values, lSOO‘and 1871.59 N respectively,lfor female
subjects of substantially lower mass (61.0 and 63.6 kg).

Similar relationships exist with respect to FM%B with forces

" reported at 29.5, 175 or 309 37 N by Miller and East (1976),

i

The dlscrepanc1es noted are most likely due to the
variability of assessment methods and subject characteris-

tics. Even within the present_sgidy, a large differenoe

was noted between the maximal reactlon force as

3'? ¥ «

<

value determined by dlrect force platfo}m measvmementmyas
1790.37 N while a force of 1194.91 N was caloglated cine-
matographicallyJ Given the methodological procedures e | o
1owed and that all othet caoematographical and force plat-
form data closely paralleled previous reports; no apparent
reasqs was evident for this result A SLgnlflcant measure-

ment_&?%crepancy has been shown prev1ously between "these

two mMéthodologies for the assessment of a vertical jump

variable (Lamb and Stéthart, 1977).
: &

.
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The temporal analysis of the performancegifable 9)
was coneistent with those identifiable portiens df‘similar
data provided in other studies (Eckert, 1968b; Miller and
East, 1976; Coutts, 19785). The quantif}catigp of the
VBJ provided by the present study should aSSEEttQith the
design of future studies and be of valde to coach’gtin e
their pursuit of more efficient training methods;

The three groups were matched on the criterioﬁkger—
formance variable, HTRCM, at the commencement of the study.
No significant differénces were found on any of the bio-
mechanical parameters measured at the pretest. As detailed
previously, both experimental groups trained two of the’
muscle groups identified as major contributors to vertical
jump performance utilizing an isolated mode 51mllar to ;ﬁ

®

those COmmonly fdund in many tralnlng faéllltles. After
completion of the tralnlng program, no significant dlf— o
ference was found for HTRCM, nor any of the other biome-
chanical variables measured, eithet within or-between the
three groups. The lone exception was thelmean'angdlarA
telocity of the hip-which decﬁgased in the HVG.

The present results contrast with the literature as

virtually all previous studles have demonstrated 1mprove— b,

ments in the HTRCM after undertaklng a resistance trainin

program (see Table 10). No studies have assessed the ef-
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terlstlcs of the vertlcal block - jump The. results are.
also 1nterest1ng cGh51der1ng that 51gn1f1cant enhancementw

of tbe force»and power capabllltles of the lnvolved muscle.
s . " .

- groups were ound for both 1sok1net1c tralnlng groups.

The explana ion for these frndlngs may lie in the neuro-

¢ . T

muscular physiology realm. ’

Exceptl - for- the report of Komi et al. (1982), stud-

"
ies which

e

ave utilized an isotonic or iSOkinetic training
mode w1th5a movement. pattern 51m11ar to that of a vertical
]ump (quats, plyometrlcs, jumplng) ‘have. con51stently Shown

1ncrements in performance (Berger, 196§ Thorstensson et

’

al., 1976 SElsenman, 1978 Blattner and Nob&e, 1979; Clutch

| . ) |
‘et al. , 1983;7 Hakklnen and "Komi , 1983 Wiatér et al., 1984).

It is dlfflcult to make inferences from the study of Smith

”

and Melton (1981) due to de51gn factors._ However, it is

~— 7

the sole report which tralned a muscle group (the knee
extensors)‘ln anxlsolated manner. Their sample of athletes’
and non- athletes demonstrated an increase 1n the vertlcal
jump after the 1sok1net1c training, although an n of three

per qroup negated statlstlcal treatment of the data. The
present study also trarned the knee extensors'\Soklnetlc—
i ~ ;
allyaln an 1solated manner but found no, enhancement of
AR \

b1 ertlcal jump performance. While the methodology ensured
j:that the subjects underwent a minimum of 1 6 radlans of

'extensiqntin the isokinetic training, the kinematic anal-

e

~*
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ysis of the VBJ'performance revealed that ‘the auerage ex-
' tension movement was through l 8 radians. It is'not known,
however, whether the results documented above were, due |
to the resistance training applled or the pattern of move-
ment or a‘combination of those two factors. |

Cumulatlvely, these results sSuggest that. performlng

-

the ba51c movement pattern of the Sklll may ‘be an 1mportant
factor for the enhancement of that skilled performance:

through a resistance training program. ' This suggestion

- -

would imply that a neural component related to tﬁe recruit-
ment of the motor units involved is, at-least.in part,
. responsible for the increaées noted from such training
\programs . The contentlon that performlng the skilled move-

'ment pattern affects the tfaznlng effect is compatable\ '
with the variable performance results noted where concur-
Y “ . . s

rent: physlcal act1v1ty was E$ther superlmposed over the

-

tralnlng program or not controlléd (Plpes and Wllmore,
1975; VanOteghen, 1975' Stevens), 1980;vWathen,vl980; Smith
and Melton, 1981; Clutch et al., 1983; Viitasalo and Aura,

1984)7 Further ev1dence has been provided by the elbow

o

extension studies of Macbougall et'al. (1979, 1980). They

demonstrated that the addition of an isokinetic dynamometer
. : \

practice component to aspreviously used weight proqram

resulted in no further enhancement of arm girth or weight
. 4

1ifting strength, but it did increase significantly the

<
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1sok1netically generated torqhe thus 1mp1yxng a spec1f1c1ty

of movement pattern tralnlng effect .Viitasalo and Aura
(1984) have also shown that over a ten month perlod the

time course of an incréase in the 1sometrlc strength of

the leg gxtensors does not. match the 1mprovements seen

[ for-a vertlcal jump performance in Skllléd athldtes. The -

concept 1is also supported by Ehe neuromuscular relatlon* L
shlps pertalnlng to the spec1f1c1ty of tralnlng effect
for velocrty and movement patterns as outlined previously

. ,
in the 1sok1netlc tralnlng sectlon. "
R The concept of requlrlng practlce of the movement
pattern of a skill in order to achleve performance incre-
ments would explain the results foundlin the’ present study,
While the extensor muscle groups demonstrated as being
magor contrlbutors to the VBJ were.trained isokinetically,
at a velOC1ty approachlng that observed in'theqskilled |
VBJ performance, care was taken ‘in the design to ensure
that- 1) the isokineticd training of the muscle\groups was
in an lsolated m0vement pattern, 2}.the subjects chosen
were not familiar with the vBJ movement  pattern, and 3)
the subjepts dld not practlce the VBJ movement during the'

“

duratlon of the tralnlng program. Given these conditions,

-1y

the results obtained followed closely what would have been

, predicted from the specificity of_velocrty and speclf1c1ty

of movement pattern-training concekts.
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RELATIONSHIPS BETWEEN SELECTED VARIABLES - ‘

The 1nterrelationsh1p amongst force, velocxty and

7

time characterlstlcs of the criterion mqscular performances

were determined. - ‘Both’ body mass and lean body mass have
A}

‘been previously{shown to be positively_related‘to'the force

and power production'of,the knée extensor and plantar»flexor
musculature (Thorstensson, 1977; Falkel, 1978; Beam et

al., 1982). The lack of any significant relationship be-

tween these variables\in this study.was expected since

. ) c, !

the force yand power outputs of the knee ,extensors and" planc
.\ , .

tar flexors were expressed relative to body mass . 'Consist4

_ent with the literature, néither body mass or lean body

mass were found to be related to HTRCM,!but MASS did demon—

'strate a significant positive relationship to FMEX and

TPI (Costill et alf$‘l968;“Eisenman; 1978; Genuario and
Dolgener, 1980). |

The force and pow/; outputs of the knee extensors
and plantar flexors demonstrated significant c0rrelations
both within and between themselves. The strength of these
relationships was fairly consistent across; the range Of

velOC1t1es tested. Additionally, the closer the velocities

were to each other the greater the strength of the relation—'

-

ship. These findings parallel those of Bosco et al. (1983).
As demonstrated by previous research (Perrine et al.,

1978; Bosco and Komi, 1979%a) significant correlations ex-

‘A
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isted amongst HTRCM, VELTO and‘gu although the strength
- of the relationships were lowertthan expected from a theore-
gtlcal perspective (Hay, 1978) ) in part, the reduced cor-
relatlons'would be expected af~the part played by body ‘L
mass was not considered in these relationships. Also, P
some error would be attrlbutabie to the sensitivity of
the measurement 1nstrumentatlon (Lamb and Stothart, 1977).
The hlgh correlatlon between VELTO and HTRCM (r=0. 8838)
._indlcates the accuracy ?f the fllm riductlon methodology.

Contrary_to the llterature (PerrlneQZt al., 1978;
Bosco and Koml, 1979a), no significant relationships were
found betwéen the HTRCM and several of the kinetic vari-
ables which character;zed the different phases of the(VBJ.
This finding could be due to the efficiency of movement ,
-as those reports demonstrating significance used subjects
famlllar with the VBJ movement pattern'while the current
study used individuals who were unskilled in thlS pe;fofm—
ance. It is known that the efflClency of a vertical Jjump
performance is affected by such factors as the utilization
of stored‘elastic energy (Asmussen and Bonde-Petersen,
1974; Komi and Bosco, 1978;'Bosco et al., 1982b), the re—
flex potentlatlon of muscle actlvatlon (Bosco and Komi,
1979b; Bosco et al 1981; Bosco et al., 1982a), muscle

fiber‘characteristics (Bosco and Komi, 1979%a; Hakkinen

et al., 1981; Viitasalo et al., 1981), and the_synchroniza—
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"tion of the segmental contribution (Hubley and Wells,ﬁl§83;
Hud;on and Owen, 1983). o

While ﬂhe minimum angles achieved during the perform—
“ance of a vertical block jump have been'suggested as being
critical for the successful'execution of this skill (Brat-
ton and Lefroy, 1980; Cardinai and Pelletier[ 1983), no.
relatlonshlps were found between the minimum angles or, . .
angular velocities of the knee and ankle jOlnts w1th HTRCM.
However, both HTRCM and VELTO demonstrated a negatlve re-
Jlationship with the ﬁ&n}mum angle at the hip.. Thls flndlnq
is interesting as it ma& reflect the. importance of the '
correct sequencinélof the inertial contribution of the
,body,Segments to a eucoessful VBJ performance {Luthtanen .
and Komi , l97é;lHubley and Wells; 1983; Hudson and Owenf
;933

The literature has 1nd1cated no conclusive relation- .
ship between the isometric strength of the leg extensors '
and vert1cal~]ump performance The correlations reported
have been negative (Costlll et al 1968), positive’(Berger
and Henderson, 1966; McClements, l966; Eisenman, 1978),
or non—signdficant (Viitasalo et al., 1981). Viitasalo
and Aura (1984) have shown high correlations between HTRCM
and isometric force production of the knee extensors (r=0.91)

.and plantar flexorg\Tr=Q{§2) in elite high Jjumpers. The

present study demonstrated no eignificant correlations
f
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bewteen HTRCM and isometric knee'extensidn'(r=—0.0i),or ‘
piantar flexion,(r=0.27).i‘These differences may be due
to the*variafion in methodology (angles of measurement
and‘stabilization) as well as the skilll}evel of the sub-
jects. A positiQe relationship between'HTRCM and -isokin-
eiic torque production of the leg.exteesers hds been re—‘
ported by Perrine et al. (1978) at an undefined vélocity.
Gendario and Dolgener (1980) found signifiéant reiat}on—

ships between HTRCM and both 1sok§pﬁmtq“ ee extension

and plantar flexion at a velocity 08’3 ih rad-s~1. @r””ﬁ'

éver, measurements conducted at 0. 52 rad-s~1 were fouﬁdﬁg

to be non-significant. " A similar significant positive

‘relationship has been reported by Bosco et al. (1983),

.buﬁ‘only at isokinetic velocities from 2.0 te 5.2 rad-s~1l.

- The present study demonstrated a positive relationehip

between HTRECM and IKE enly at the 3.0 and 5.0 rad-s~1 veloc-

ities; A similar relationship was found for IPF solely

at 1.0 rad-s~1l. While the force producﬁioﬁ of.tﬁe leg

and knee extensors has been shown to be related to HTRCM,

it has been noted that the increases in force production

were notirelated to increments in VBJ performance (McCle- .

ments, 1966; Viitasalo and Alra, 1984). This independence

of the training effecﬁ}from the relationships noted between
-] '

muscular force'production and the performance of a skilled

movement was ‘found in the present study. These findings
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corroborate the concept of a movement pattern specificity

effect with gespect to resistance training.

SUMMARY AND CONCLUSIONS .
:Thé purposes for which this study was designed were

achieved as: |

1. two single joint muscular contractions (knee extension
and plahtar'flexion) and one skilled muscular impulse
éerformance (a controlled, stationary vertical block
jump)‘were isoiated and characterized quantitatively;

2. 'the effects of two specifié velocities of isokinetic
dynamometer training for the isolated. knee e#tensor
and‘plantar flexor muscle dgroups upon thesevperfof—'

N

mances were QUantitatively evaluated; and ’

3. the relationships. between selected‘physiological and
biomechanical characteristics of these performénces
were assessed. | '

The results were discussed in light of the related 1itera—

ture with aﬁ emphésis placed upon interpretatiop"from a

neuromuscular perspective to clarify, Qhere possibie, the

underlying mechanisms.:

Accomblishment of the initial purpose provideé the
addition of previously unavailable qﬁéﬁtified descriptions
of the three performances to the liéeraﬁun@. iow’vélocity»

isokinetic training of the knee extensors was found to

'significantly elevate both the force-velocity and power-
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velocity curves‘across-all velocities,,while enhancements
from high velocity training wérg restricted to the high
velocity portion of these curves. *A similar effect was
noted from the isokinetik plantar flexion training, how-
\ever, the enhancements were limited to the velocity at
Which the training 6ccurred. Although significant in-
creases in torgue and power production were achiev?d from
the two isokinetic trainiqg programs,; no alferations.occur-
red in the per formance of the VBJ skilled performance.
These fesults support the concepts of‘k specificity of
velocity as well as a specificity of mpyement pattern train-
: ihg effec;. The'uﬁaerlying physiological mechanisms re-
sponsible appear to be’neuromuscular in origin, probably
centering around the pattern.andﬁ§¥nchronizétion of motor
unit rec;uitment within these movements. Although the
performanées assessed were closely related in teﬁ?s of ]
_the muscle groups being utilized, the lack of relationship

.

between the characteristic parameters of the two modes
-

of fperformance indicates their independence and supports

‘the importance ‘which neural factors appeér to have in re-

sistance training and skilled performance.

i ~

-
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REVIEW OF LITERATURE

Understanding the interrelationships amongst neuro-
musculé& physiology, res}stance training and skilled per-
formance in athletic events and how they interact to im-

, prove performance is‘a complex conceptual task. The pur-
pose of this literature review is to provide a unified
perspective upon a selected areé of this topic. The review
provides a progressive examination of the relationships
and interactions between the three aforementioned areas
with specific emphasié ugon muscle characteristics (struc-
tural aéd functional), isokinetics (concept, measurement’
and training), training velocit§ and standing vertical
jump performance. During this synthesis, care has been
taken to note confounding factors.in the reported research
which have masked a clear understanding of.the area for
the researcher, coach and athlete.

The term isokinetic refers t6 a muscular contraction
which is at or near maximal in fofce generation thrbughout
the rapgétof joint movement with the angular velocity of

“the 1imb being constant except near the extremes of the
range of motion where acceleration—deceleration phases

occur (Thistle et al., 1967; Hinson et al., 1979). The
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ﬂ(Lumex Inc. ), has beenﬁdlscussed by several researchers s

" rather than' force may be considered as‘the independent

variable.
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‘design;vvalidity and‘capabilities‘of a dynamometer employ-

‘1ng thls pr1nc1p1e, the’ Cybex 11 1sok1net1c dynamometer‘

A

e ¥

' ¢
(Hllep and: Perrlne, 1967 Moffroid et al.,-1969; Rothsteln

- et al\J 1983) From the perspectlve of studylng the force-

',veloc1ty relatlonshlps of human muscle, the unidue charac-

terlstlc offered by an 1sok1net1c dynamometer is that of

~

controlllng the‘movement veloc1tyawhlle allow1ng the force

\ . »

to vary throughoutv range of motlon. Therefore, veIOC1ty . .5

7
4 o
/.

Dynamic evaluatlons have shown the measurement: .charac-

teristics of the Cybex II system to be essentlally llnear

thrOughout itS‘angular and gelocity ranges with slight

“increases in variability occurring at higher velocities

. _ o . : :
or smaller torques (Moffroid et al., 1969; Murray et al.,

'1982) . Repeated calibrations have indicated'that'the.sysj

tgm remains accurate within approx1mately £+3% (x5 N m)

):_

‘;pf its measurement range (Thorstensson et al.,- 1976 Coyle

et al., 1981). Commonly reported test retest rellablllty

4 .\ -

values for the Cybex IT 1sok1net1c dynamometer, ‘as deter-

“mlned under Varlous load and veloclty condltlons, have.

ranged from’r 0. 930 to 0.998 (Moffr01d.et al., 1969 Thors-—

tensson et al., 1976; Johnson and Slegel 1978; Sherman -

et al.; 1981). Several studies have also been conducted’



investigating subject reliability under a variety“of veloc—
ity, sequencing,‘timevand fatigue tonditions for both con-
secutive and rand@mazed trials YThe variation within sub-
jects has -been conSistently reported as being between 3

and . 10 percent with the differences noted being non- signifi-
cant when conSidered as grd&péd data (Thorstensson et al. o
'l976;~Lesmes;et al., 1978; Molnan‘et al., 1979; Sherman
et al., 1981; Mawdsleyléhd Knapikivi982; Fleck et al.,
”1984) In‘general these results have_indicated that for <
inexperienced sub]ects peak torque data may be measured

- with confidence on an isokinetic dynamometer across all
‘velocitieS'from a small number of trials on a repeated
basis over time. | |

1+‘; Recently, questions have arisen regarding potential
inherent sources of error within the Cybex %} isokinetic
dynamometer system and what potential effects they wonld_
ihave~upon the interpretation of  the generated data. .Upon
initiation of. movement the accelerating 1imb must in es-
sence - catch up to the preset ve1001ty of the dynamometer.
”When the preset velOCity is attained a ‘large initial tran-
Sient torque reading, with subsequent compensatory oscilla—
tions, lS generated and is espeCially noticeable at higher
rveloc1ties (Perrine and Edgerton, 1978; Murray et al.,

1982). It ‘has been determined that this initial reading R

is an.electromechanical overshoot phenomenon Within the
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dynamometer caused by the inertial force of.the suddenly
decelerated 1imb ahd is not an accurate reflection of ten-
sion development_from the assessed muscle group (Sapega
‘et al., 1§82); It ma; thereforelbe concluded that this
portion of the tqrque curvelshould becremoved or smoothed
for’ana1YSis purposes. The Cybex II*systemrdoes contain
ah:electronic daﬁping=cir¢uit to remove OX supress erron- I
eous torque input such as overshoot (Lumex Inc., i980).

It has been found however, that use of the damping circuit,’
especiaily beyend aSetting of two, results in significant
e_suppression of the amplitude of the entire toreue\curve | B
as well as ereating a time delay in the‘torque‘trace with
both effects being magnlfled at hlgher angular Veloeitiés‘
{Sapega et al., 1982; Slnacore et al., 1983). K\"I‘his last"\
ﬁactor may be a con51deratlon when testlng at hlgher veloc-
1t1es as it has been shown for the knee extensors that
"tgefang;e at which peak torgue occurs 1ncreases w1th ve-
'-locity (Perrineuand-Edgerth, 1978: Gregor et al., 1979).
‘Teehniques whiéh-may be utilized to avoid these éotential
errors include sampllng data past the pdint where the ini-
tial oscillations occur, max1mlzlng the artifact-free sec—
tion of the torque gurve by lncrea51ng the range of limb =
" moVement, and ensurlng that all recordlng damplng factors
are 1dentlcai when con&uctlng repeated tests over time.

When the Cybe;\II system is used with the 1evertarm

)

-
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moving in the vertiéal plane the muscular contractions
of "the iimb‘being tested are either Opposed.or aséisted
- by gravity. Gravitational errors occur due to bqth the
weight of the lever“a}m and the .1limb. The magnitude of
the regorded torques are erroneously low for contractions
against gravity while those with gravity are high, with
the error occurring across all velocities and baing up
to 43 and 510%, respectivaly, in terms of mechanical work
,(%inter et al., 1981; Roush, 1984). The errors -are great-
est ea;é?he end df extension movements (i.e. agaiﬁst gravf
ity) {and at the initiation oft flexion around joints such
as the kﬁee and §§y~rasul£ in a misintarpretation of muscle
function. Winﬁer‘et al. (1981) reporﬁea'resolution'of
this pfablam:through a technical (aceelefqmeter) apprbach
whereas Ne%aon and Duncan (1983);appiiedla maﬁhamaéical
formula. Some resear¥xchers have chosen to avoid potential
grav1tatlonal errors by alterlng a commonly used testing
protocol to alIOWuavaluatlon of the moveméhtsbln the.horl—
zontal plane‘(Tihaayi‘et al., 1982).Q_ﬁhile the gravita-
tional ihfluence often produéea‘inéorrect absoluteitquﬁe
_ data. from the Cybex I{ system, this type of error would
not affect the compargglllty of unattenuated data from :
studles utlllzlng a test-retest de51gn

One of the advantages of fered by the 1sok1net1c dynamo-

meter is that of evaluatlng the functional performance

*
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of an isolatedvmuscle gronp. To ensure adequate isolation
of the muscle group, approprlate positioning and stablllza—
tion of the body must occur The protocol recommended
by the Cybex II system manufacturer (Lumex Inc., 1980)
has indicated that only the hips and tested limb be stabi-
i. 1ized for assessment of knee extension or plantar flexion.
Richard and Currier (1977) found that stabilization of
the back significantly enhanced,the'peak torques measured
in knee'extension. Stabllization of the nontested ‘kimb
did not effect the torque generation of the knee’ extensors_
at’ ueloc1t1es of 3.14 rad- s~1 or less (Patteson et al
1984). ; Fugl Meyer et al. (1979) determined that peak plan-
‘tar flex1on torques measured at velocities ranging from
.0 0 through 3. 14 rad-s~1 were 51gn1f1cantly greater when
the knee Joint was positioned at 0.0 versus 1. 57\rad1ans
They attributed this phenomenon to the more Optlmal length—
tension relationships for both the}gastrocnemlus and soleus
muscles. o “

The application of the isokinetic exercise concept,
and the 1sok1net1c dynamometer,, has been most extensive
in the areas of musculo skeletal injury evaluation and
rehabilitation (Moffr01d et al., 1969; Goslin and Charterls,
"1979; Sherman et al., 1981). Recently, appllcatlons have
extended.toqelite athlete profiling 1Thorstensaon et al.,
1977; Gregor et al., l979; Smith et al., 1982), use as

a training methodology (Pipes and Wilmore, 1975; Lesmes

3
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; 4 .
et al.), 1978; Jenkins et al., 1984), and%}he in vivo evalua-
tion oL‘the force-velocitX and power—veloc%ty relationsﬁips
of §keletal muscle (Perrinejand-Edgerton, 1978; Caiozzo"
et al., 1981; Wickiewicz et al., 1984).

The theoretlcal and- exper1mental basis of the force-
"veloc1ty relatlonshlps of skeletal muscle has been docu-
mented by Hill (1970). In—jitro experiments utilizing
isolated amphibian.and mammalian‘muscle preparations have
shown that an inverse exponential relatlonshlp exists be-
tween. contractlle force and contractlon veloc1ty with the
force of contractlon being maximal when the velocity is
zero while the contraction veloc1ty is max1mal when the
resistive force is zero. A similar relationship has been
suggested-fof-human ékéiéfal muscle loaded isometrically .
. and igotonically'inlvivo (Wiikie; 1950; TihanYi et al.,
1982). _Recent in-vivo invgstigaﬁions utilizing isoki-
netic.dynamoﬁetefs ha?e revealeéd that human skeletal muscle
appears to follow th%s{félationship quite closely (Komi,
19735 Jorgenéen, 1976; Thorstensson et al.;‘1976), except
a When nearing'thé fofce and velocityfextremes wherefén‘asymp-
toticbeffect may appear possibly due ?o protective-neuro—
muscular inhibition,(Perrine and Edgerton, 1978} Caiozzo
et al., 1981) |

Isokinetic dynamometer evaluatlon of the force-veloc-

ity'relationship of the’knee extensors have shown that
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as the velocity of movement increases the angle at which
peak torgque occurs, approximately 1.15 radians, decreases
slightly (Thorstensson et al., 1976; Grimby, 1982). The
reasons for thls shift include the greater time for and
range througn which acceleration occurs, the changing angle
of pull, and the‘length—tension relationship of muscle.
Two nethodologies have - been used to/asseSS force—.and power -
velocity relationships. The most comfmon has been to meas-

, | A

ure peak torque as generated within the teSted range of

motion (Thorstensson et al., 1976; Lesmes et al., 1978;

Coyle et al. 1979). The joint position dependent method

has. involved measurlng the torqgue generated at a constant
angle, usudlly 0.52 radians (Perrine and Edgerton, 1978;
Gregor et al., 1979; Caiozzo et al., 1981). These authors
have suggested that this method possesses more validity

for maklng*comparlsons to Hill's classic force velocity
relatlonshlp by ensurlng completlon of the acceleratlon

phase and quletenlng of the initial measurement osc1lla—

_tions. Por tlons of thelr reasonrng have been questloned

by the results of Thorstensson et al. (1976) who demon-
strated that the time lag dde to acceleration does not
affect peak torque measurements; Coyle et al. (1979) who
determined that the peak torque method was a more reliable
measure; and Yates and Kamon (1983) who found that both

methods produced force ve1001ty curves Wthh were basic-
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ally identical, varyiﬁg only in magnituﬁé, for a heterdgeh—

o
eous population.  Yates and Kamon (1983) did note, however,

¢

that only the constant andlevapproach elucidated,a diver-
‘ e o S .
gence in the force-velocity curves between homogeneous

’ W .
groupings based upon muscle ®aber composition. From the

literature it would éppeqﬁ that both methodologies are

- . .
valid and reliable, and .any choice for use should be based

upon £he pugéose of the study. )

The fOrce—véloéity—power capabilities of human skel-
etal muscle are very imggrtant Whene;ér movements requirigé

a range and coordination of force and velocity are required.
Many sports activities require that 'maxim%x' contractile
forces be combined with 'maxfmal' contréctioh velocity

in order for the generated forces to be optimally trans-
formed;to méchénical power for successfulAperforméhce (Thors-
tensson et al., 1976;'Perrine et al., 1978; Bosco and Komi,
1979a). The detérminationﬁof the ébwer—velocity relation-
ship of human muscle has been studied isokinetically, usu-
:ally through the determination of instantaneous power from
the pioduct of peak force and velocity (Pérrine and Edger-.
toﬁ, 1978; Gregor et al., 1979; Osternig et al., 1983).

The instantaneous power output of the isolated knee exten-

-

sors has been shqwn to increase in a curvilinear manner’

i

peaking at 4 to 5 rad-s~1 (Perrine and Edgerton, 1978;

Gregor et al., 1979). A recent report by Osternig et al.
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7(1983)- has sdpported tnis basic relationship, but a further
‘linear increase up to 7 rad-s~1 was observed after the
initial glateau. They used a constant angle measurement
technique and attributed the further power increases to
the increased velocity as the torques produoed were found
to rernain fairly constant.-:' while evidence from isokinetic
studies seems to cYntradict some of‘the classic isometric
and isotonic findings, the generalization that the peak
mechanical power output will be produced when'both1the
force and velocity of a contracting muscle-are between
Aapproximately 30% to.60% of their maximum stillbseems ac-
ceptable (Perrine and Edgerton, 1978; Davies et al., 1982;
Osternig et ai», 1983). ’

The'importance o{ thlS concept has "pbeen corroborated
by ‘evidence obtained from cross-sectional studies on elite
athletes involved in sports where skilled power or impulse
performance was critical to success (Thorstensson et al.,
1977; Campbell, 1979; Gregor et al. 1979). In géneral
the studies have demonstrated elevated force -velocity and
power-velocity relationships for such athletes whenvcompar—
ed,witn either sedentary‘or enduranée'trained individuals.
Elevated force-velocity and: power—velocity relationships
have also been positively correlated to the proportional
fast-twitch fiber population in heterogeneous groups (Thor-

stensson et al., 1976, 1977; Coyle et al., 1979; Gregor
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et al., 1979;'Ivy et al.,01981)." As well, Larsson et al.
(1979) hqve noted correlations for both étatic and dynamic
strength with fést—tWitch,fibér area but, interestingly, .-
not Qith fast-twitcfi fiber population. They also demon-
.strated tﬁat knee extension velocity was correlated with
the fast-twitch fiber populafion. The numerous reports
- which have demonstratéd positive relationships between
muscle fiber characteristics and force-velocity relation-
ships has often led to the inference of é causal relation-
shib.l However,'this genéralizatiqn is not warranted from
such data. Several confounding factors exist including
the populations tested (athletic versus non—athletic),
the known limitations of muscle fibér—typing, other muscle
characteristics (fiber length, motor unit recruitment),
and the measurement velocities utilized (Fugl-Meyer et
al., i979;‘Wickiewicz et al., 1984). With respect to meas-
urement velodity it is interesting to note that the com-
monly used CybexLJI'system operates at velocities up to
5. 24 rad-s~1 while peak instantaneous velocities for ‘knee
extension have been reported at nearly ll.O‘rad.-s_"l on
a mbdified‘dynamometer (Larsson et al., 1979) and :appear
to réach the_lZ to 22 rad-s‘% range in skilled athletic
performances (Eckert, 1968b; Adrian and Laughlin, 1983).
Progressivé overload resistance training has been

shown to alter the force-velocity and power-velocity rela-
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tiénshfps of human skeletal muscle. Support of a specif-
icity of training concept has been suggested from studies
which demonstrated that traditional high resistance, low
velocity/re@etition‘training enhanced the force-velocity
curve only at low velocities (Lesmes et al., 1978; Anderson
and Kearney, 1982). ’However, only minimal effects were ,
elicited”ﬁpon either the power-velocity curve or the maxi-
mal mechanical power output from such training programs.
The importance of the velocity component of the force-ve-
locity relatiénship, in terms of training to optimize mus-
cular performance ca acities, has been expressed by several
researchers (Hénry and Wﬁitley, 1960; Moffroid and Whippie,
1970; Pipes and Wilmore, 1975). Few Quahtified studies
exist which have focused upon éhe velocify component of .,

a resistance training program. Clarke and Henry (1961)
found that'égﬁtonic resistance training of the shoulder

and arm musculature increased both arm strength and the
speed of arm movemént. Hellenbrandt and HouEz (1958) found
‘that the power-velocity curve'for arm Sgpination was sig-
nificantly increased by progressivély overloading either
the applied resistance or rate of limb movement within

the isotonic training program. A combined isometréc—iso-
tonic training program for the arm musculature was:found

by Smith and Whitley (1965) to produce a significant in-

crease in strength throughout the range of motion. However,



/ 109

the program increased the speed of movement only near the

end of the range of motion and actually resulted in a de-

crease at the mid-range.

| Further research on the velocity component was not
evidenced in the literature until the advent of isokinetic
dynamometers .which allowed for easier quantification of
the force-velocity relationships in isolated muscle groups.

Initial research efforts were aimed at gathering evidence

7

to support or refute claims of a superior training effect

from isokinetic exercise due to its velocity spec1f1c1ty
This was attempted tbrough comparing the effectiveness

of isokinetic training methods to traditional isometric

and isotonic training programs. Studies measuring the
force, wqu and power capacities of lower -body muscle groups
have indicated a euperiority when compared to either iso-
metric (Thistle et al., 1967; Moffroid et al., 1969) or
constant resistance isotonic (Thistle et al., 1967; Mof-
froid et al., 1969; Pipes ahd Wilmore, 1975) training pro-
‘grams. In contrast, Stevens (1980) demonstrated greater
vlmprovement from isotonic tralnlng, while DeLateur et al.
(1972) showed no significant difference between the results‘
obtained from a constant resistance isotonic versus isokine-
tic d?namometer training program. Smith and Melton (1981)
and Shields et al. (1985) found no significant differences

in the strength and endurance gains achieved from training
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" on eith@r%isokinetic or variable resistance isotonic trgin—
ing programs. Several studies have noted a specificity

of training effect in that while ﬁo clear superiority was
evidenced between training modes, significantly greater‘
increments were seen when the evaluation was'conduqted
utzlizing the training apparatus (Gettman et al., 1980;
Johnson,_1980; Smith and Melton, 1981; Shields et al.,
1985). The differences noted may also be attributable

to experimenfal design, the volume of training or the pro-
portional muscle fiber composition of the subjects.

The first isokinetic dynamometer research efforts
directed towards evaluating the specificity effect of veloc-
ity in training indicated that isokineti& training at rela-
tively high velocities elevated that portion of the force-
‘velocity curve at or below the training velocity. Similar
effects were found for maximal power output and the power-
velocity curve. For examplé, the effects of isokinetic
dynamometer training velocity were explpred by Moffroia
and Whipple (1970) at 0.63 and 1.88 rad-s~1, Pipes and
Wilmore (1975) at 0.42 and 2.37 rad-s~1, and Lesmes et
al. (1978) at 3.14 réd-s‘l. In all cases, the significant
increments in force generation were noted only at or below
the velocity at which the training occurred. They concurred

that these findings supported the concept of a training

specificity component for muscular contraction speed at-
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tfibutable’to either muscle fiber composition or motdr
unit recruitment.

More recent research hasuproduced divergent results.
‘In contrast to previous reports, Caiozzo et al. (1981)
found that high velocity training (4.19 rad-s~l) resulted
in significant improvements only at velocities greater
than 2.5 rad-s~1, while low velocity training (1.68 rad-s“i)
produced gains at all velocities up to, but not includingf
5.03 rad-s—l. Comparable results were found by Smith and
Melton (1981). They reported gains at both a low and high
velocity for a group trained at a variety of low speeds
but gains only at a high velocity for a high speed'training
group. Jenkins et al. (1984) fiound that a group trained
at 1.04 rad-s-1 6nl§ showed peak torque increases between
1.04 and 4.19 rad-s~—l inclusive, while a group trained
at 4.19 rad-s-1 demonstfated increments across all veloci-
ties tested. Utilizing a protocol inw;hich the total work
.performed'during training was equated for each group, Coyle
et al. (1981) observed that slow velocity training (1.0
rad-s~1) produced gains only up to 3.14 rad-s~1. The peak
torque output was increased across all velocities (0.0
to 5.24 rad-s~l) for subjects who trained at the 5.24 rad-s~1
velocity. Intereséiﬁgly, a similar effect across Q}l ve-

locities was demonstrated by a group trained on a mixed

velocity pretocbl, one-half of total work at each of l.'



4

" and 5.24 rad-s”l. Kanehlsa and Mlyashlta {1983) trained
‘groups of subjects at Ve1001t1es of 1. 05. 3.14 or. 5.24
rad S l After training, both the low and 1ntermed1ate
veloc1ty groups demonstrated 1ncrements in power output

at all velOC1t1es tested  (1.05 through 5. 24 rad-S‘17.
Enhanced power output was observed only at the hlghest

two test veloc1t1es in the high velocrty group. Carr et
~al. (1981) conducted a study in Wthh sub]ects trained .
;'one leg at a slow, velocity (0.84 rad-s -1) and the other
'ileg at a hlgher welocity (3.35 rad-s~1), with training. .
equated in terms of total work. Bothbiegs‘showed signing'vfL
cant 1ncreases in strength and’ reductlon in time to peak |
torque ‘at all veloc1t1es tested. They cqncluded that the‘
‘gains noted were related to the total'work performed ‘rather
than a veloc1ty spe01f1c1ty in tralnlng. ~Adding further
confu51on are the studles of Petersen et al‘ (1984)'and'
:Vlttl (1984) Petersen et al. (1984) reported an lncrease
fgln peak torque at 3.14 rad s'l for a group tralned at that
‘,veloc1ty, but noted a decrease at a slower (l 04 rad-s»l)
'test veloc1ty; Vlttl (1984) found no’ dlfferences between
vgroups'trained at a. comblnatlon of low veloc1t1es (1.0

‘to 2 5 rad-s~1), high velocitles (3.Sgto 5.0 rad-s l) or
’ all yeloc1t1es (1.0 to 5.0 rad S 1); In all cases an en-
hancement of peak torque occurred at-a hlgh test veloc1ty'

L=t

(4 0 rad s l) but no change was observed at a- 1ow veloc1ty
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(1.0 rad-s~1). The’resﬁlts of-these'studies would seem
to indicate that‘a specificity factor does exis§~with res-
pect‘to’the velocity of .training. This interpretation |
has led many researchers to recommend that athletes'ﬁnderr
take‘resistance training programs at'velocities approxi-
matlng or exceedlng thOSe experlenced in their sport (Pipes
and Wllmore, 1975; sale and MacDougall 1981 Grlmby, 1982)
";V“However, creatlng any. generallzatlons regardlngﬁe speci-

ficity of veloclty for appllcatlon to training grams

" must be done'with care dde to the‘great'variations in:meth—
odology, control and quantlflcatlon of both the training
and evaluatlve technlques exhlblted by these studles. o
Also,'the’theoretlcal considerations proylded through our
understanding of neuromoscular architecture and functioning
must‘bedaddressed.:

In order.to designfresistance training programsffor\
.the purpose of optimizing skilled athletic performanCe
.lt is necessary to understand what relatlonshlps ex1st
,between skllled performance and both skeletal muscle char—' )
'acterrstlcs and re51stance tralnlng'reglmens,‘

iSeveral 5~ _es have demonstrated a positi&e corre-.
lation between fastftwrtch fiber COmposition and both strength
and high tension'and/or’speed performances in athletic =

. groups as well as for heterogeneous p%gulations (Thorstens—

son et al., 1977; Gregor et ai.,vl979;-Clarkson et al.,

K
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1980; Ivy et al., 1981). Conversly, other authors utiliz-
ing similar populations and measurement techniques have
found no relationship (Thorstensson, 1977; Komi and Karls-
son, 1978; Campbell et al.( 1979). ;The lack of consensus
would ﬂndicatevthat generalizations regarding performance
solely from fiber composition data are unwarranted.

Few studiesuhaﬁe attempted to delineate whether rela-
tionships exist between Vertical ‘jumping ability and neuro-
muscular characteristics. Campbell et al (1979) found
no correlation between fast—twitch fiber"compOSition,and
vertical jump performance in a group of 24 young females.
Six weeks of anaerobic training showed no influence upon_
this observation. In a study involving 34 male phy51cal
education‘students, significant positive correlations were

]
found ‘between the proportional fast twitch fiber composi-

tion of the vastus lateralis and performance in standin;
vertical jumps with (r=0.48) and without (r—0.37)'an un-
weighting phase (Kdmi‘and ﬁosco, 1977; Bosco and Komi,
197%a). Relationships ‘were also shown between the percent:
age of fast twitch fibers and certain force-time charac-
teristics including the»average force (r=0.52), net impulse
(r=0é45) and aﬁag;ge med%anical power (r=0;52) for the
 vertical jump withou@ unweighting. However, only net im-

pulse (r=0.51) demonstrated this relationship in the jump

with an unweighting phase. The explanation proffered for

LA
i3
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these results was tﬁat the intrinsic ﬁechanical properties
of fast and slow twitch fibers coupled with their variable
ability to store and utilize elastic energy is a determin-
ing factor in multijoint muscular performances. vIn,a fur—
ther (study, Bosco and Komi (1979a) determined that‘subjects
uith a higher percentage of fast twitch muscle.:fibers had
a higher rise of center of mass in jumps both with and
without an unweidhting phase. The authors suggested the
results supported the hypothe51s that individuals possess—
1ng a higher percentage of fast twitch fibers are able
to recruit their motor units in a more exp1051ve manner.
The myoelectric activity of five lower limb muscles
was studied by Viitasalo and Bosco (1982) during different
‘vertical jumping conditions. The six male subjects were
divided into two groups based upon the percentage distrib—
‘ution of muscle fiber types ('; ‘or <50% slow twitch fib-

N

ers) ‘in the vastgs%%ateralis: ﬁo differences were found
betweeu the two grdups for the;indiuidual or integrated’
myoelectric activities Within the five muscles in the vari-
ous jumping conditions. . The tuovgroups displayed similar
results with respect to the height jumped in the various
conditigns. However, the >50% slow twitch fibers group
demonstrated a higher relative rise of the center of mass
in jumping conditions which involved either an unweighting

phase or a drop condition as compared to a static jump.
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These resé&ts were interpreted as being indicative of a

Numerous studies have been‘undertaken to examine the
relationship between characteristics of the skeletal mns-
culature and performance in standing jumps. The strength
roflles of various muscle groups have been examined with
mixed results. Eckert (1964) found no correlation between
isometric (whole—body) strength and broad jump performance

in a.group of 8 to 12 year old boys. In contrast, McClements

’(1966) demonstrated a 51gn1f1cant relatlonshlp between

the 1sometr1c strength of various muscle groups and ver-

tical jump performance in adults. The same relationship
was found by Berger and Henderson (1966) for both isonetric
and isotonic strength measurements of the knee and hip
rextensors Eisenman (1978), however, noted a srgnlflcant
relationship- between the 1sometr1c strength of only one

Y group, the knee extensors, and the vertical jump. Tihanyi
(1984) corroborated these findings with observation of

a significant correlation between maximal dynamic strength
in the knee extensors and the production of maximal power.
While Viitasalo et al. (1981) found no correlation between
vertical height jumped and peak isometric force of the

leg extensors, they did notice a significant negative cor-

relation with the time of isometric force production.
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This finding was interesting as their subjects were'a group
of elite high jumpers and weight lifters.

Isoklnetlcally, 51gn1f1cant correlations have been
found between peak torque of the knee extensors, knee flex~
ors and plantar flexors at 3.14 rad- s~1 and vertical jump
performance (Genuarlo and Dolgener, 1980). Bosco et al.
(1983) also foundva strong correlation between’maximal
isokinetic torque in the knee extensors and verticel jump
performance. The highest correlations occurred at speeds
between 3.14 and 4;2 rad-s~1. They found tﬁé relationship .
1ntr1gu1ng since the contractlon executed on the isokinetic
dynamometer represented an unnatural muscular act1v1ty
from a functional point: of view. They also noted that
the eiectrogoniometrically determined angular velocity
for the knee during vertical jumping was.4.4~rad-s‘1, which
was similar to the isokinetic velocities of significance.
This observation led to a suggestion that the likelihood
g% a correlatlon ‘would 1mprove as the speed of the isokine-
tic contraction approached that observed in the balllSth
movement .

The contribution of muscular strength to successful
vertical Jjump performance 'is clouded by the general finding
that alterations in' strength do not correlate well with

changes in jump’ performance. This is true for several

variations on this theme: both variables showing an in-
*
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crease bjF with ho correlation (McClements; 1966; Eisenman,
1978); nd change in strength despite.ap improved perfor-
mance (VanOteghen, 1975); a gain in strength but .no change

in performance (Ball et al.f'1964;rwiater ef al., 1984)

‘and a loss in strength which was not correlated to decre-

ments in vertical jump scores (Hakkinen and Komi, 1983;

0

Viitasalo and Aura, 1984).‘

Numerous authors have examined the effect of various

types of resistance training programs on vertical jump

performance. An isometric training program ﬁsing a squat
ﬁdsition had no éffgct upon vertical jumping (Béll et al.,
1964). Berger (1963) also found that ‘static cohtractiéns 
résulted'in RO changé, while vertiéal jump training actual-
ly éécreasediéertiCal jump performance. @dditionally,
he noted that two isotonic:foutines of different intensi-
ties produced jﬁmp increases. An‘early study by Chﬁi (1950)
determined that a 12 week f;ogram of.generai isotonic exer-
cises increased the vértical jump. Several further studies
have also shown that‘verfiéal.juﬁp“performance is increased
after completing isotonic training>pro§réms (Stevens, 1980;
Wathen, 1980; Clutch et al., 1983; Shields ef al., 1985),
especially when jump training is'éuperimposed (Thorstensson
et al., 1976; Eisenman, %978;_Tihanxi, 1984).

’Similar results were-domonstrated by Hakkinen and
Komi (1983) in a study which utilized a force platform N

to assess the effects of a 16 week progress;ve'isotonic
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squat program. They noted significant increases im height

jumped, as well as average force and mechanlcal power in -

AN

the p051t1ve work phase of Jumps w1th and without an un—
welghtlng phase. No changes were seen for these later

two variaples in the.unweighting and de%elerating phases

of the jumps. Disagreement is'provided by Pipes and Wilmore

(1975) and Smith and Melton (1981) who showed no quanti-
fiable changes invuertical jumping fromkisotonicqtraining.
Analogous results were feported-by Komi et al. (1982) for
a project which compared the effects of heavy-weight, slow-
speed isotonic training to a program of light-weight, ex-r
plosive isotonic work. Over the 16 week duration of the
program, both programs produced similar significant ine.
creases in 1sometr1c strength but no alteratlon in vertical
jump scores. However, the exp1051ve tralnlng gartlclpants
showed a. marked decrement :; performance mldway through
the program before recoverlng to 1n1t1al levels. It was
suggested that the increased fiber areas demonstrated by
the heavy re51stancefgroup-coupled with the enhanced myoe
kinase activity dispiayed by the explosive‘training group
may have been responsible for this performance difference. -5
Blattner and Noble‘ 19753 and Clutch et al. (1983)
have found that plyometrlc tralnlng ‘produced 1mprovements

in vertical jumplng ability. Clutch ‘et al. (1983) also

noted no dlfference between the effects of a standard plyo—

9
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"metric routine and.one which was combined with i;ofonic
weight training. Programs using vertical jumping as the
training mode either alone (Clutch et al., 1983) or in
conjunction with other training fegimens (Thorsteﬁésoh

et al., 1976; Eisenman, 1978; Viitasalo and Aura, 1984)

hav

een shown to elevate verticgl’jump performance.
Neuromuscu factors which/héﬁgvbeen suggested as being
respon51ble for the vertical jump results observed from
isotonic, jump and plyometrlc training include fast- tw1tch
fiber hypertrophyA(Thorstensson et al., 1976), enhanced
elastic energy component (Viiﬁasalo and Aura,;l984), aug-
© mented neuraleactivation‘and‘motor unit recruitment pattern
(Wathen, 1980; Hakkinen and Komi, 1983). |
Minimal research has been reported concerning the

effects of quantifiable'isokinetic training upon vertical _
jump performance. Both VanOteghen-(1975) and Counsilman
(1976) indicated that both 'low' and 'high' speed isokinetic
£;aining ptoduced similar incréases in vertical jﬁmping.
Blattner and Noble (19795, Stevens (1980) and Wathen (1980)
‘had’subjects complete an equ£<week isokinetic leg thrust
- training program at variable, unquantified intensities.
Both Blattner and Noble (1979) and Stevens (1980) noted
" an increase in Verticai-jump while Wathen (1980) saw no

significant change. For training, all of these studies

utilized the Mini-Gym’type of apparatus which basically
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has either a chain drive or a'pﬁlley system with a mechani-
cal speed governor to aétempt control of the velocity of
movement. |

Pipes and Wiimoré (1975) found isokinetic ﬁraining
of the knee extensors for eight weéks at velocities of
either 6.42 or 2.37 rad-s~1 ta be equally effective ina
increaéing vertical jump performance. 'They used the terms
low speed and high speed to describe the isokinetic train-
inglbrograms and noted significant improvements in three
other skilled performances from the later program. -They
interpreted these findings as being indicative of a veloc-
ity specificity in training, with maxiéal changes obtain- -
able throhgh training isokinetically at high speed. Th{i
stua;;;;emed to proviée the impetus for both the applicé:
tion of and further research on this concept. Unfortﬁnate—
ly, the accuracy gf this study has been questioned due
_to errors inlthe data analysié‘(Wilmore, 1979). 1In cdn—
t;ast, a similar study by Sﬁith and Melton '(1981) found
greater gains in vertical jumping for high speed as opposed
. to slow speed isokinetic traininé. It should be noted
fhat no statistical anélysis was provided due to the small
group size (n=3) and that the isokineﬁic training program
was conducted over a range of velocities. Shields et al.

(1985) also found that ;n improvement in the vertical jump

performance was elicited by a variable isokinetic program
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where the‘speed of joint movement was increased throughout
egch of tbé eight weeks of the program.

The specificity of velocity principle has led several
authors to infer that isokinetic training would be superior
to other training modes in eliciting changes in high veloc-
ity skilled performances (Pipes and Wilmoré,‘l975; Sale
and MacDougall, 1981;. Grimby, 1582). This inference isl
only partially born out with respect to the enhancement
of vertical jump performance. While the studies of Pipes
and Wilmore (1975), Stevens (1980) and Smith and Melton
(1981) support this contention, those of Blattner and Noble

(1979), Wathen (1980) and Shields et al. (1985) do not.

Further study is required to clarify this relationship.

.The ma%ority of the inconsistencies noted ip the re-
ported studies are attributable to differenes and deficien-
cies in experimental desigﬂ. Relevént factors include
.subject selection (age, sex, previous training) quantifica-
tion of the training programs (training volume, velocity
of joint movement, equipment used, and ﬁhe.level and type
of concurrent activity) and utilizing quantifiable assess-

_menp;ﬁethodologies (cinematography, force platforms) }Clutch
et al., 1983; Hay et al., 1983; Tihanyi, 1984). Thelnecegi
sity to eliminat¢ such sources of variancevwas demonstr??é%gj
by Wiater et al. (1984). They used a standard jump and{;jg

-

reach test as well as high speed cinematography to evaluate
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the effects of a ten week,isokingtic (hydraulic resistance
equipment) tréining program upon vertical jdmp perfofmance;
For one group, a significant decrease arose from the jump
and reach test data but a significant increase was demon—
strated cinematographically; which would lead to drama-
tically different interpretations regarding the effective-
ness of the training program. The significant discrepen-
cieé noted between the two assessment methodologiés,led
to a recommendation for the use of more sensitive techni-
ques such as‘BiOméchanical analyses when examining relation-
ships between training programs and skilled athletic per-
formance.i4To date, the application of biomechanical tech-
niques fér such a purpose has been very limited (Hakkinen
and Komi, 1983; Wiater et al., 1984).

There is a paucity of research concerning quantifi-
cation'of the kinetic and kinématic characteristics of
the standing vertical jump as well as the.neuromuscular
mechanisms umrderlying this performance. This is surpris-
ing as the standing vertical jump in alvariety of forms
has been extensively employed for evaluative and pfedicj
~tive purposes in physical education and sport since the
aevelopment of ﬁhe "Sargent Jump Test" (Sargent,>l92l).
The literature which does exist is both weak in design
band lacking in unifying elements. Therefqre, a review

provides discrete bits of information rather than a co-

~

At}
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ordinated body' of knowledge.
From a biomechanica} perspective, the m;ximum displace-
ment which the center of mass can achieve in a vertical

jump is determined by both the vertical velocity (speed

and angle) at take-off and the height of the center of

mass at take-off (Hay, 1975,°1978). The vertical velocity

'Y's dependent upon maximizing the magnitude of the vertical

impulses generated by the various body segments. This

‘is achieved Ehrough the appropriate coordination of the

sequencing of the segments and the forces generated by
their attendant muscle groups. Vertical impulse is the
product of the magnitude and duration of the vertical force
component. The greatest vertical impulse, and consequently
vertical' take-off velocity, occurs when both force aﬁd

time are maximized. ‘The anaﬁqmy{ physiology and biome-
chénics of the humanlbody account for the ultimate limits
to whichlﬁhese two factors may be maximized as well as

the lack of a positive linear relationship between them.
Achieving‘maximum height of the center of mass at take-off
for a two foot standing vertical jump would involve optimél
synchronizétion of motor unit recruitmgnt to allow the
coordination of the body segments so that they would com-
plete extension of thé legs and arms, with the trunk and-

head being erect, exactly at take-off (Payne et al., 1968;
n ‘
K,

'

Hay, 1978). .
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The degree to which the knees are flexed immediately

-

prior to the commencement of leg extension has Been tra-~
ditionally ac;epted as being élosely related to the veﬁ—
tical force generated from the extensor muscles. The de-
gree of knee flexion fof the vertical block jump in volley-
ball has most often been recommended at 1.57 radians with
tﬁe'lack of adequate performance of this skill being at-
tributed to an inability to achieve this degree of flexion
(Scates, 1972; .Canadian Volleyball Association, 1978; Brat-
ton and Lefroy, 1980). Angles of about 1.83, 1.57 and

1.48 radians have also been’suggested for the knee, hip

and ankle j¢iﬁts for this skill (Cardinal .and Pelletier;
1983). Fewgliesearch reports exist which 'describe the angles

@

reached by male subjects who performed standing vertical

jumps from static starting positions of 1.13, 1.57 and
2.01 radiang> of knee extension. Tﬁey found significantly
better performancé from the 2.01 radian startinglposition
and noted that their results may not be applicable to ver-
tical jumps which include an unweighting phase. For an
undefined vertical jump performéd by males, a knee angle
of 1.66 radians and a hip angle of 1.76 radians may be
calculated from the data of Eckert (1968b) when the angles

- at take-off are assumed to be 71.14 radians. Adrian and.
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_ Laughlin (1983) reported that the maximal angle of flexion

at the knee ranged from 1. 05 to 2.09 radians with a mean
of 1.73 radlans for a group of skilled females performlng

a‘statlonary volleyball block jump.‘ Thelr analysrs of

7 thiS‘movement'also revealed that the knee underwent 0.16

radlans of exten51on after take off

Eckert (l968b) studled the ‘effects of added welght

| upon the angular Veloc1ty and range of motion at the hip,

LR
knee and ankle‘joints‘durlng‘vertlcal jumps with, an arm

| swing in a group of "skilled male'athletes. Increasing

‘weight resulted in-increased,ranges and time of joint mo-

tion with consequent decreases in angular velocity. For

r

the hlp, knee and ankle the mean angular velncities were

found to be 5. 8, 7.5, 5 9 rad-*s” l‘WhllSt the max1mal angu-

lar ve1001t1es were calculated at ll 3, 16. 0, 18.7 rad s—1

2

respectlvely ‘A 51mllar study by Eckert (l968a) 1ncluded

A
skllled female subjects and revealed comparable results

‘betWeen the sexes for, the max1mal angular veloc1t1es gener-

A : Ped

ated at each jOlnt. It was noted however, that £he range

of motlcn ‘at the hlp and knee jOlntS was 51gn1f1cantly
smaller for the female subjecta.

 Desipres (1976) analyzed the performad%e of six sub—

jects from. three .age groups (13, 17 and 21 yrs) on a stand—

.ing Vertlcal jump Wthh allowed an unrestrlcted armsw1ng. n

fThe angular velocity at the knee%yas§§bserved to decrease

|

e . . " n i
. . !

i
!
1

A

e B
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(6.71} 6.26, 5.36 radas‘l) with age.. The averageivertical
velocity and.ground reaction force were determined as 2.90
m-s~1 and 1,244 N respectively The kinetics of the sta-
vtlonary volleyball block- jump were characterlzed by Adrlan
and Laughlln (1983) us1ng 15 female volleyball players.
The average peak vertical'force_was,1872 N with the helght
of‘rise of‘centerJof mass being %8 cm. The mean angular "
t velocity of the knee during the extension'phase-was deter?
mined to_be 22vrad-s;l; A dlrect'relationsnip was infered
between leg~extension velocity and both vertical force
and the center of mass dlsplacement.‘ |
Perrlne et al. (1978) compared the 1solated power
- capac1t1es and power transformatlon characterlstlcs of
the leg extensors in vertlcal jumping using ten skllled
and ten unskilled subjects of both sexes. Only_moderate
correlatlons were found between‘jump neight and the force

values generated at the start of exten51on (r=0.65), at

’
i

peak force (r=0.66) and at peak power (r=0. 62) durlng the
pOSltlve 1mpulse phase of the jump performance. The helght'
'jumped was: hrghly correlated to the peak 1nstantaneous |
power (r=0. 85) "and the vertical veloc1ty of the h1p p01nt
(r=0. §7 Also, the peak power output as measured on an
1sok1netlc leg press dynamometer dlsplayed a h1gh correla—

tion (r=0.88) to the helght jumped.

- Coutts (1978a,b) in studying the standing vertical
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jumﬁ with an arm swing (Sargent jump) versus one with a

’restricted armgswing (volleyball block jump ) found ground
reaction forces of 1163 N vs 1162 N and 941 N vs 899 N,

, respectivelyf}for skilled males and females. »No.signifi—
cant differences'Were noted in peak force, positive impulse
time or the p031tive impulse between the two types of jumps .
However, the height achieved in the restricted arm swing
jumpAWas s1gn1ficantly less (3.5%) than that of -the Sargent
jump as determined from force platform measurement of time .
in the‘air. He attributed the difference in jump height
to'a-reduced movement efficiency rather than a decrease
in the vertical impulse. It’was suggested that'moVement
efficiency would be enhanced by reducing both the impulse
time.and ground force during the unweighting phase thus

o allowing a better utilization of stored series elastic

: - : : o Oy
energy. The observed sex difference in vertical jump per- gs

s

formance was attributed to the assumed greater strength

to weight ratio and movement e§f1c1ency of the males.

N

Numerous researchers (Cavagna et al., 1971; Tveit,
l976 ' Kofni and Bosco,'l977, 1978; Bosco, and Komi, 1979a;
ﬁésco\and Viltasalo, l982) have found greater vertical

force, p051tivg impulse, vertical veloc1ty at take -off,
@@’ fntegrated electromyographic activity and height of rise

EE) :
: &” of center, of massgﬂhen a prepatory countermovement (ie.

unweighting phase) was allowed in the vertical jump perform—
; ; ’i;.

;[
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ance. These increments have been ascribed tovthe'oontri—
bution of stored energy by the series elastio componedt

of the muscle (Cavegna et al., 1971; Asmussen and Bonde-

- Petersen, 1974; Komi and Baseo, 1977, 1978). An efficiency
factor has been implied by Tveit (1976) who determined
.that the horizontal‘forces generated in a standing vertical

el

jump were reduced, and therefore the coordination of the

T ‘
performanc@“% fiinced, when an unwelghtlng phase was allowed

He‘el;oggited”that no 51gn1f1cant performance 1ncrements
resulted from a standardized five minute bicycle ergometer
warmeuplprior to jumping.

.Seyeral methodolodical approaches:have been utilized

to deterﬁiae the sequencing and proportional ooptribution

of the various'muscle groups td standing verff
pe:formance. After determining ﬁhe segmental ihertiel
forces in vertical jumps with an arm swing, Miller and
'Eaetz(l976) implicated,the khee and hip extensors as the
major contrlbutors to. the. weighting phase lmpulse. g@%ﬁ
electromyographic¢ recordings De51pres (1976) determlned
that the rank order of muscular involvement during the
positive impulse phase of the vertical jump was as follows:
vasti, gastrocnemlus, rectus femoris, blceps femorls, soleus
and tlblalls anterlor. Both the observed ground reactlo? 5

force (r=0 22) and 1mpulse (r=0.36) were stated as being

correlated to the total liberated muscle potentlal Luht-
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anen and Komi (l978§bnndertook a comparative analysis of
whole body and isolated segmental performances to estimate~
the contrlbutlon of ‘various body segments to the forces
acting upon the whole body center of mass B the standlng
vertical jump with an arm swing; They determiped that

the component contrlbutlons to maximal vertical take -off
'.ve1001ty were as follows: knee exten51on 56%, plantar |
flexion 22%, trunk exten51on 10%, arm swing 10% and head
exten51on 2%. Analy51s of whole body performances revealed
that the average vertical velocity achieved at take -off

was only 76% of the theoretical maximqm_calcu;ated from‘
the segmental analyses. It Jas determined that this sum-

. mation could be increased to 84% through optlmal timing

: e

of the Segmedtal contributions. A work-energy approach

was utilig;d*by Hubley and Wells (1983) to'determine'the
contrlbutrons provided by muscle groups actlng at indivi-
dual ]01nts to vertical jua@ performance. The results
indicated'that for both static and unwelghQEng phase jumps,
the average relative contributions of the extensor muscle
groups for the knee, hip and ankle were 49, 28 and 23 per-
cent respectlvely. Large variations in joint contributions
were‘noted between individuals which'demonstrated that
while the performance may be similar, the summation patterns

used to achieve that performance may be quite different.

A three segment model (head-arms-trunk, thighs, and shanks)
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was used by Hudson and'Oweﬁ (1983) to evaluate segmeﬁtal
coordination-patterns in the vertical jump. Only one sub-
ject exhibited a sequential pattern Whiie six demonstrated‘
a simultaneous.pattern. Hewever, the majority of the sub-
jects employed a pattern which saw additional knee flexion
and ankle dorsi-flexion after the initiation of hip exten-
sion. A significant correlation was noted between the
synchronization of movement and the use of stored elastic
energy. This finding supported their previous study (Hudsen
and Owen, 1981) which indicated that the ability to coordi-
nate body segments rather than'jumping abiiity was related
to the’utiliiation of stored elastic energy. From these
results they suggested that performance ability is a poor
'crlterlon for assessing human movement technlques.

While the review has drawn several pieces of the puzZle
together the picture is far from complete. Further studies
stressing proper design and_quentification must be under-
_taken to provide a clear unde;standing of the interactions
required between‘neuromuscular physiology, resistance trait~
ing and skilled éthletic performance if training programs

and consequent performances are to be optimized.
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PILOT STUDY

A pilot project was ccnducted severai weeks in advance
of the actual study. The purposes of the pilct were to:
1. determine’the efficacy, ccnsiétency and practicality
-of the testing protocols and equipment;

2. determine the efficacy, consistency and practicality

of the training protocols and equipment;k//
3. determine the efficacy, consistency and practicelity

of’the.techniques used for initial data reduction.

Six male atnletes;§ete recruited and subjected to

the proppsed testing and.traininé'protocols on separate
dgyé. Besed,upon an evaluation of‘the results and feed-
back obteined from these sessions, revisions were nade
to the eXperimental procedures. These'changes are noted
below. SubSequently four male subjects who had not partici-
pated inmthe,first stage of the pilot nroject, along with
two sﬁtﬁects who ha? participated, were evalnated using
the revised protocols..  None of the subjects from the pilot-
nroject were used as szjects in the actual study. Where |
‘deemed necessary, a test-retest procedure was used to de-
' termine reliability coefficents.
The following modifications were made to the experi-
" mental procedures and equipment from the results obtained

- on the pilot project: .

Lt



Area 'of Concern

VBJ test set-up

VBJ test protocol

Force platform

capabilities

VBJ data

reduction

IKE and IPF test

protocols

. 134

Modifications

Platférm around force plate; use black
background; place reference tree behind
subject on floor aligned in their mid-
saggital:plane. ‘

Have subjects perform VBJ in an athletic
suppofter to ensure visibility of seément
endpoints} to standardize VBJ the subject
must keep theif head up by looking at the
target throughout the'movement.‘

No modification;'forces produced in VBJ
were within range‘used for static cali-
bration; test-retest status calibrations
at fhe commencement and end of each pilot -
sgssion demonstrated linearity-in-the X
axislwith r=0.986 to 0.993.

Use only right limb segment endpoints
for analysis due to symmetry of VBJ;
test-retest reliability for individual
frames resulted in r values frgm 0.99983

to 0.99997.

For IKE, stabilize body using padded

three point auto racing harness and

second dynamometer;'perform IPF in
»

supine position with padded belts for



- 135
stabilization; damping to be set at 2
for all testing.
IKE and IPF data - Test-retest reliab;lity for digiqfééd
reduction test and calibration traces resulted

in r values from 0.964 to 0.991.

IKE and IPF High velocity training setting for IPF
training reduced to 4.0 rad-s~1 as most subjects
protocols ° could not maintain the production of

measurable force at initial setting of

5.0 rad-s-1 for the duration of the bout .
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TABLE 11. Activity profile summary for the three ‘groups.
Pre-Training Activity During Weakly Volume?
Subject Activity Training Progxam I D F Change llness
1 running running M 60 min JIx/wk
weight lifting weight lifting M 30 min 2x/wk
(upper body) (upper body!
2 soccer soccer H 2 hr Qi%hk
weight lifting H 60 min 1%/wk
(upper body)
3. softball softball L 90 min 2x/wk first 2 cold
running running M 15 min 4x/wk weeks
cycling weight lifting M 60 min 2x/wk (leaque
(upper body) finished)
4 weight lifting weight lifting M 60 min lx/wk
: badminton (upper body)
running running H 15 min lx/wk
5 cycling cycling M 40 min 3x/wk
6 calisthenics weight lifting M 60 min S5x/wk
(upper body)
7 running ‘ . running,’ M 60 min 4x/wk cold
weight 1if<in calisthen: s
judo judo M-H 90 min 2x/wk
8 rdnning cycling L 15 min 3x/wk flu
. weight lifting M 45 min 2x/wk
d (upper bedy) - " y
3 running running M 50 min dx/wk ﬁhﬁmx
- weight lifting weight lifting 1 60 min 3x/wk =
10 cycling cycling M-H 90 min 4x/wk
dryland skiing dryland skiing M 60 min 3x/wk
weight lifting weight lifting M-H 60 min 3x/wk
a

I indicates intensity as being either high (H), moderate (M) or low (L)
in effort; D. indicates duration; F ‘indicates frequency )
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TABLE 11. Activity profile summary for the three groups (continued).
Pre-Training Activity During Weekly Volume@
Subject Activity Training Program I D r Change Illness
11 weight lifting weight lifting M 60 min 2x/wk )
(upper body) (upper body) : ,
run/cycle/swim M-H 30 min 2X/wk
12 running running/ H 45 min 6x/wk reduced injury
) calisthenics volume left
) last 2 knee
’ weeks
13 rugby rugby M 60 min 2Zx/wk cold/
flu
14 weight lifting weight lifting H 30 min 3x/wk decrease
(uppar body) ' in F
cycling running/ M 30 min 4x/wk
cycling
15 ¢cycling basebali M~H 2 hr 5x/wk
) cycling L=-M 30 min S5x/wk
16 training - cycling M 13 min 5x/wk -
variety of running - M~H 66 min 4x/wk
activities interval
17 running running M-H 90 min 6x/wk ,
walking :
18 judo judo L-M 90 min 2x/wk
19 running weight Tifting L-M 60 min 3x/wk
weight lifting (upper body)
Occasionally e
running weight lifting e

20

wedght lifting

(upper body)
runnlng T

a 1 indicates intensity as being elthex hlgh (H), mo. eﬁ&ﬁg (M) or 1ow
in effort; D indicates duratlon, i

F xndxcqtes

freque
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TABLE 11. Activity profile summary for the three groups (continued).
8
Pre~Training Activity During Weekly Volume? :
Subiject Activity Training Program I F Change Illness
21 running/cycling running/cycling H 2 hr 2x/wk
weight lifting weight lifting M 30 min 2x/wk
22 racquet sport running L-M 20 min 7x/wk ' cold
running weight lifting M-H 45 min ix/wk begun in
(upper body) last 2
weeks
23 dirt bike dirt bike M-75 min 3x/wk
racquet sports racquet sports M-75 Min 3x/wk
24 weight lifting calisthenics M 90 min 3x/wk
25 tennis’ tenni’s M 2 hr 1lx/wk
golf golf L 5 hr 2x/wk
26 :uﬂniﬁg running/ M~H 60 min 4x/wk
calisthenics
27 rugby rugby M 90 min 3x/wk £lu
weight 1iTting weight lifting H 90 min 3x/wk
{upper body) {upper body)
28 running running/ M-H 90 min Sx/wk reduced flu
badminton calisthenics volume
o . last 2
) weeks
29 running running M 25 min 2x/wk
30 squash dancing M 3 hr 1x/wk o
dancing !

. o
j A e . . . . .
2 1 indicate§ int,ﬁsxty as being either high (H), modegate (M) or low (L} in

effort; D in%iphges duration; F indicates frequency R
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‘TABLE 12.'  Descriptive ‘physicg cteristic data for the three groups.

AGE LBM (kg) - PBF (%)
Group Subject (yrs) Pre . Post Pre Post Pre. = Post
. ~ Al
HVG 1 21.8 76.7 2 75.8 68.71 69.28 10,42 8.60
2 122.0 , 69.4° 70.0 64,14 64.80 7.57 - 7.43
3 23.0 70.3  70.3 58.12 58.38 17.33 17.02
4 23.3 78.7 © 17.5 66.22 65.45 ~° 15.85 15.55
5. 20.3 73.7 74.2 66.50 66.10 9.77, :10.92
.6 23.1 87.5 85.4 72.44. 72.40 17.21 15.22
7 20.4 60.3 61.1 - $7.77  58.31 4.19  4.56
8 24.0 C71.2 73.0 68.43  69.15 '3.89 5.28
g: 29.5° 92.2  88.8 81.03 79.32 "12.12 10.68:
10 22.8 70.1 71.4- © 63.55 66.44 °  9.35 . 6.95
R 73.0 75.0 .74.8 . 66.63 66.96 10.77 10.22
" SEM 0.8 2.9 2.5 . 2.1 1.97 1.55 1.41
LVG 11 17.4 64.8  65.5 57.91  60.20 10.64 8.10
‘ 12, 23.38 61.6 60.7 - 56.68 36.04 7.99 © 7.68
13 . 21.8 -75.5 . 5.9 . 61.96 61.87 < 17.93 18.49
14 16.2 8§1.8 81.9 ° . 73.63 73.58 9.98 10.16
’15 . 22.0 85.1 ..83.1 . 73.49 74.72 13.65 10.08
16, 20.8° ©72.8  73.1 . 68.07 -68.81 ' 6.49 - 5.87
17 22.1 66.6 66.7. . 59.90 . 59.61 ©10.06 10.63
18 ©31.5 - -76.2° 76.4 64.05 64.79. 7 15.94 15.19
19 © - 20.2 . 71.5 78.8 65.03 65.74 16.09 16.58
20 22.3° 85.5 85.8 77.97 76.63 8:.81 10.67
B 21.8 T4.7  73.8 65.87 66.20 -, 11.76 11.34
SEM 1.3 2.6 2.6 2,29 . 2.23  1.23° 1.30
CONG - 21 24:7 S 77.3 °76.2 - . 65.53  65.40 15.23 14.17
22 23.7 .66.1 . 65.8 57.53 57.27. 12.97 12.96
23 25.73 86.5 87.0 _71.50 72.04 - 0 17.34 17.20
24 22.4 79.5  18.5 66.00 66.24 15.85 15.62
25 21.5 67.2° 66.7 62.92 60.50 6.37 -9.30
- 26 26.8 - 69.4 . 69.6 60.36  61.09 . 13.03 12.23
e 27 24.0 - 94.6 95.1 S 77.14 76.92 18.46 19.12 .
28 L21.7 68.3 . . 69.1 64.88 - 66.39 5.00  3.91
29 27.0 78.3  78.2 65.02 64.15 16.97 17.96
. 30 22.3 73.5 T1.7 67.34 65.82 -  8.39 8.2l
2 23.9 . 76.1 5.8 65.91 65.58 12.96 13.07
SEM 0.6 2.9 3.0 1.79°  1.74 1.52  1.52
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TABLE 13; Relative peak‘torqde data for the knee.at the seven selectéd
velocities for the three groups (in :Nmpkg™l).

KRPTO KRPTO.5 KRPT1 __KRPT2
Group Subject Pre’ Tost Pre = Post, Pre Post Pre Post
HVG 1 3.69 3.80 3.49 4.19 3.17 3.50 2.41 2.57 - @
: 2 3.61 3.68 3.39 3.61 3.29 3.51 2.77 2.92 _
TR 3.03 3.39 13.17  3.32 2.75 2.90 2.33 2.49
STy 4 3.12 3,62 ©3.40. 3.58 " 3.25 3.20 2.60 2.48
5 2.62 2.84 3,260 3.28 2.62 2.57 2.37 2.36
6 2.86 3.17 31.23° 3.37 2.95 3.08 - 2.44 2.50
L7 4.07 3.77 3.21 3.94 2.80 3.41 2.53 2.88 o
. 8 3.50 .3.33 3.73, 4.11 3.24 0 3.33 2.58 2.70
9 3.01  3.27 3.25 3.60° 2.99 . 3.30 2.39 2.56 »
10 3.50 3.33 3.79 3.79 3.18. 3.33 2.87 2.95 ‘
% 3730 3.42 - 3.39 3.68 3.02  3.21 2.53 2.64 -
SEM - © .14 .10 .07 .10 .08 .29 .06 .07
,) B .
LVG 11 3.79  4.35 3.60 3.94 2.60 .3.71 2.432.78,
: ' 12 3.55" 4.62 3.60 1.86 3.39 4.21 2.92 3.15
13 3.12 2.91 3.32 3.56 3.12 13.63 2.59 2.94
14 3.03  3.39 3.85 4.03 3.40 3.60 2.68, 2.79
15 3.38 3.67" 3.41 4,30 3.15 3.82 2.62 2.92
16 3.80 4.31 4.21 ' 4.44 3.77  4.07 3.12 3.22
17 2.94 '3.49 31.69 4.54 2.98 * 3.76 2.44 2.88
18 .2.93 3.4l 2.67 3.64 2.77 - 3.44 2.39 2.63
1 2.69 3.05 3.23  3.43 3.23. 3.37 2:y7 2.3%
20 3.51 4.34 3.77  4.05 3,42 3,99 . 2.96 3.03
% 3.27 3.75 3.53 4.08 3.18 3.76 2.65 2.87
SEM - .12 .19 .13 .15 L1l .09 - .08 .08
. CONG 21 3.37 3.27 - 3.19 2.63 2.64. 7 2.13 2.18
22 3.23 ©3.23 3.58 2.96 3.20 2.42 2.66
23 2.82 3.07 -2.94. - .2.78 2.76 2.35 2.42 ¢
E 24 3.43 2.96  2.94 2281 3.00 2,40 2.43
et 250 3,10 3.06 2.57 2.77 2.64 :  2.27 2.38 ’
S .26 3.74 4.28 -4.38 3.42 3.38 £ 2.85 2.81
27 3.88. 3.38 773,36 © 3,15 2.79 2.39 2.14
, 28 3.74° 3.19 3,45 3,70 3.4F 3.52 2.76 2.67
. 29 4.21 3.84: 3.45 3.58 3.36 3.33 2.53 2.54
30 2.79. 3. 11 2.60 2.80 2.70 2.87 2.43 2.46
% 3.43 3.34 ~ 3.27 3.5 3,007 3.01 2.45 2.47
SEM - .15 .09 (14 .17 .10 10 . .07 .07
/ ’ ) g
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"TABLE 13. Relative - peak torque data for the knee at thé seven selected
velocities for the three groups (id Mm-kg~1l) (continued).

KRPT3 KRPT4 KRPTS
T Group Subject Pre Post Pre Post Pre Post
. HVG i1 1:97 2.22 1.70 2.01 1.47 1.75
2 2.05 2.3 1.77,1.95 1.52° 1.70
3 1.90 2.31 1.71 2.10 1.41 1.73
4. 2,14 2.34 1.80 2.05 - 1.50 1.79
5 *  2.07 2.12 1.82 1.97 1.36 1.70
6 2.13 2.16 1.71 1.84 1.42 1.57
7 2.10. 2.31 1.95 2.09 1.60 1.81
8 2.11 2.34 1.69 2.02 1.57 1.80
9 1.87 .2.67 1.82 2.00 1.48 1.79
10 2.05 2.12 1.91 2.21 1.66 1.96°
2.04 2.21 . 1.79 2.02 1.50 1.76
SEM .03, .03 ° .03 .03 , .03 .03
. ) . |
LVG 11 1.93 '2.21 - 1.59° 1.91 1.32 1.44
12 2.31 2.57 2.08 2.12 1.72 1.68
13, . 2.20 2.48 1.89 1.99 1.63 1.80
14 2.17 2.26 1.85 1.94 1.53 1.64
.15 2.03 2.48 1.73- 2.09 1.49  1.88
16 2.53 2.70 ~ 2.00 2.22 1.83 2.02
17 1.92  2.31 1.77 1.95 1.51 1.71 _
18 1.94 2.14 . -~ . 1.50 1.75 1.37 1.64 ' o
19 1.98  2.11 1.65 1.83 1.49 1:54
20 2.29 '2.47 2.10 2.10 1.75° 1.72
} . R 2.13 2.37 -~ 1.82 1.99 1.56 1.71
v ___SEM .06 .06 .06 .05 .05 .05
" eCONG. ¢ 2Y - 1.88 ~1.87 1.59 1.45 1.33 1.33
22 2.14 2.19 1.88 1.90 1.54 1.70
23 1.83 2.01 " 1.65 .1.72 ©,1.35  1.35
24 2.09 2.20 1.827 1.72 .47 1.50
25 1.96 2.01 1.92- 1.84 1.61- 1.58
26 2.24  2.21 1.91 1.94 01.59 1.69
27 1.93 1.83 . 1.68 1.49 . 1ude 1,04
28 12.27 2.28 1.80 1.49 - - 1.47 1.40
29 2.30 2.33 1.88 1.90. 1,667 1.70
30 . 2.23 2.40 1.96 2.04,  ,1.72 1.73
3 2.09 2.13° .81 1.75 ', “7.50° 1.49

‘SEM .05 .06 - o .04 .07 £05 .07
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TABLE 14.  Relative peak power data for the knee at the

]

six selected velocities for the three groups

"’ (in Nm-kg~l-s~
KRPPO.5 KRPP1 KRPP2

Group Subject Pre Post Pre Post Pre Post
HVG 1 . 1.84 2.14 3.30 3.68 4.91° 5.42
- 2 1.83 1.90 3.57 3.68 '5.49 5.90

3 1.62 1.75 2.88 3.07 4.86 5.16

4 1.84 1.96 3.41 3.35 5.38 5.16

5 '1.67 1.84 2.76  2.76 4.75 4.92

6 1.61 1.87 3.07 3.26 4.89 5.03

A 7 1.65 2.09 .3.07 3.69 5.14 5.94

8 1.95 2.27 3.45 3.54 5.26 5.64

9 1.70 1.91 3.29 3.63 5.00 5.35

‘10 1.99 1.95 3.35 3.56 5.96 . 6.05

X ‘1.77 1.97 3.21 3,42 5.16 5.46
SEM .04 .05 .08 210 J12 130

11 1.85 2.09 2.78 3.98 4.88 5.64

= 12 1.87 2.59 3.53 . 4.56 5.90 6.57
13 1.76 1.97 3.16 3.82 5.30 6.09

14 2.00 2.12 3.64 3.81 5.44 5.64

15 01.83 2.73 3.26 3.9¢6 5.32 . 6.06

16 2.31 2.37 4.01 4.29 6.44 6.70

17 1.98 2.39 3.17 3.990 4.92 5.85

18 1.36 1.94 2.81 3.66 4.86 5.44

19 1.70 1.90 3.29 3.62 4.83 4.80

20 1.98 2.28 3.59 4.45 5.89 6.19

p’e -1.86 2.24 3.32 4.00 5,38 5.90

. SEM .08 .09 .12 .10 ,% .17 .18
" CONG 21 1.72  1.66 2.81 2.86 4.38 4.54
’ 22 1.68 1.86 3.06 3.32 4.96 5.51

23 1.56 1.57 2.96 2.90 4.79 4.81

24 '1.55 1.56 3.01 3.18 4.81 4.96

25 1.57 1.33 2.86 2.76 4.66 4.91

26 2.36 2.26 3.64 3.52 5.74 5.67

27 1.74 1.73 3.24 2.95 . 5.02 4.41

- 28 1.80 2.00 3.62 3.90. 5.67 5.38

29  1.78 1.93° 3.57 3.53 5.29 5.09

30 1.33 1.43 2.82 3.05 5.01 4.92

X 1.71 1.73 3.16 3.20 5.03 5.02

SEM .08 .09 .11 .12 .14 .13
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_TABLE 14.
‘ six selected velocities for the three groups
(in Nm-kg“lﬁs' (continued).
KRPP3 KRPP4 = KRPP5

Group Subject Pre Post Pre Post Pre Post
HVG 1 5.99 6.96 6.84 8.07 7.41 8.77.
2., 6.34 6.49 6.95 7.81 7.88 8.57

3 5.99 7.01 6.78 8.50 7.07 8.58

4 6.71 7.16 7.37 8.30 7.52 9.02

5 6.29 6.65 .7.28 7.93~ 6.79 8.58

6 6.45 6.52 6.80 7.33 7.11 7.89.

7 6.66 7.16 7.91 8.31 8.04 9.32

8 6.41 7.13 6.70 8.04 7.81 .9.00

9 5.82 6.31 7.33 8.14 7.50 9.05
10 6.27 6.47 7.66 8.94 8.36 9.88

b 6.29 6.79 -~ 7.16 8.1l4 7.55 8.87

SEM . .08 .10 .13 .14 .15 . .17

LVG 11 5.96 6.76 “6.38 7.71 6.66 7.24
12 7.11 8.17 8.44 8.55 8.75 8.22

13 6.76 8.00 7.50 7.98 8.19- 8.89

14 6.59 6.77 7.49 7.81 7.61 8.22

15 6.25 7.53 6.98 8.31 7.41 - 9.35.

16 7.72 8.29 8§.02 8.73 9.13 10.11

17 5.97 7.07 7.06 7.82 7.59 8.63

18 6.02 6.69 6.02 7.09 6.82 8.10

19 6.13 6.52 6.58 7.30 7.48 7.68

20 7.15 - 7.83 8.46 8.67 . 8.73 8.57

X 6.57 .7.36 7.29 8.00 7.84 8.50

SEM .19 .21 .27 .18 .26 .26

CONG 21 ., 5.66. 5.59 6.49 5.86 6.58 6.67
22 6.53 6.55 7.52. 7.68 7.67 8.44

23 5.65 6.08: 6.61 6.92 6.81 6.72

24 " 6.32 6.71 7.34 6.90° 7.40 7.55

25 5.95 6.15 7.65 7.39 8.00 7.88

26 - 6.91 6.90 7.58 7.70 8.04 8.11

27 5.95 5.81 6.73 5.84 6.42 - 5.30

28 6.90 7.06 7.18 6.16 7.39 7.12

29 6.92 7.10 7.70 7.59 8.35 8.58

30 6.89 7.47 7.93 8.33 8.56 8.60

X 6.37 6.54 7.27 7.04_ . 7.52 7.50

.19 16 27838 .23 .33

SEM .17
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TABLE 15.. Relative peak torque data for the ankle at_the, seven selected
* . velocities for the three groups (in Nm-kg-l).~ :
ARPTO ARPTO.5 . ARPTI ARPT2
Group Subject Pre Post Pre Post Pre Post Pre Post
HVG 1 2.70 3.12 1.78 1.98 1.31 1.59 .86 1l.16
2 2.54 2.44 1.54 1.56 1.11 1.15 .80 .71
3 2.31 2.50 1.0y 1.75 .90 1.29 ‘ .51 .78
4 2.88 2.75 1.10 1.34 1.04 1.36 . 69 98
5 2.47 2.22 1.09 1.15 1.01 1.%7— 82 89
‘6 2.17 2.449 | 1.03 _1.32 .71 '1.03° .72 97
7 2.92 2.84 1.91 1.93 1.34 - 1.48 .99 1.01
8 2.89 3.06 2.04 1.97 1.46 1.43 .91 97
9 "2.81 3.02  1.83 2.11 1.40 1.62 .95 1.13
10 3.11  2.64 2.05 1.96. 1.61 1.44 1.06 99
b3 2.68 2.70 1.5¢ 1.71 1.19 1.36 .83 .96
SEM .09 .10 .14 .11 .09, .06 .05 .04
LvG 11 3.14 3.20 1.82 2.01 1.59 1.65 1.07 1.06
: 12 2.29 2.78 1.27 1.68 1.00 1.41 .67 65
13 2.22 2.55 1.23 1.63 .90 1.36 .79- 1.09
14 2.50 2.45 1.24 1.47 .99 1.30 .71 79
5 2.86 3.1l6 1.79 2.28 1.33 1.54 .95 1.07
16 2.65 3.07 1.76 2.10 1.39 1.65 93 1.07
17 2.33 3.01 1.92 1.99 1.28 1.51 95 1.04
18 S2.57 2.78 1.77 2.00 1.42 1.70 .94 1.12
. 19 2.93 3.10 1.39 1.65 1.12 1.53 .17 93
20 2,81 2.9%8° 1.57 1.86 1.32 1.53 86 1.09 v
b3 2.68 2.91 1.58 1.87 1.23 1.52 .36 .99
SEM .09 .08 .09 .08 .07 .04 .04 _ .08
CONG 21 2.39 2.62 1.70 1.64 1.20 1.17 U710 T8l
22 2.18 2.43 1.50 1.53 1.29 1.34 .86 ,92
23 2.18 2.31 1.43 1.47 1.12 1.18 72 71 o
24 2.04 2.02 1.08 1.15 .80 .88 37 39
25 2.97 3.14 l.46 1.78 1.16 1.25 85 87
26 2.98 3.19° 1.71 1.78, 1.35 1.37 93 98
27 2.48 2.54 }L.35 1.59 1.11 1.15 73 - .70
28 2.80 2:35 1.54 1.58 1.29 1.31 .73, 72
29 . 2.55 2.47 o 1.87 1.27 1.05 1.08 .67 73
* 30 2,48 2.72 1.54 1.71 1.06 1.05 42 61
g 2.50 2.58 1.48 1.55 “1.14 1.18 .70 .74
SEM .10 .11 .06 .07 ., .05 .05 .06 .05
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TABLE 15. Relative peak torque data for the ankle at_ the seven selected
velocities for the three groups (in Nm-kg~1)

{continued).

ARPT3 ARPT4 ARPTS
Group Subjedt Pre Post Pre Post Pre Post
HVG 1 .46 .85 .31 .57 .22 .28
2 .44 .49 26 .34 .13 .17
3 .41 - .51 30 .34 .09 .13
4 .63 .85 .40 "4.56. .27 .34
’ 5 .52 .54 .38 /38 .28 .26
6 .51 .67 .34 40 .19 .19
o 7 .82 .79 50 49 .41 .36
4 8 .73 .70 .37 .37 .28 .25
! 9 .58 .80 .44 .57 .21 .28
10 .83 .64 .54 .45 .36 .31
R .59 .68 . -38 .45 .24 .25
SEM .05 .04 .03 .03 .03 02
.~ LVG 11 L7170 .72 .55 .43 .40 .30
. 12 .48 .38 .32 .28 L1600 .14
. 13 .59 .85 .32 .38 27 .27
R 14 .59 .57 .25 .30 .19 .19
15 .61 .73 .39 .26 .30 .19
16 .65 .75 42 38 .35 .29,
17 . .63 .80 .42 41 .25 .29
18 .62 .73 .31 .40 .28 .26
19 .54 .74 .37 .37 .27 .20
- 20 .58 .62 .29 .27 .17 .19
b3 .61 .69 .37 .35 .26 .23
SEM .02 .04 .02 .02 .02 .02
CONG 21 ° .53 .52 .34 32 .22 .19
22 .61 .75 .47 .36 .30 .30
23 .38 .32 .27 .23 .16 .18
24 .18 .19 .07 .08 .04 .02
25 .49 .48 .41 .39 .32 .26
26 .42 .48 .27 .33 .17 18
27 .40 .31 .30 .28 .19 .18
28 .56 .44 .36 .17 .23 .09
29 .37 .37 .12 .19 .09 .18
30 .38 .29 .27 .22 .09 .08
% .43 .41 .29 .26 .18 .17
SEM .04 .05 .04 .03 .03 .03
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. : N
peak power data for the ankle at the

Relative
six selected velocities for the three groups
(in Nm-kg"l's'l
ARPPO.5 ARPP1 ARPP2
Group Subject Pre Post Pre Post Pre- Post
HVG 1 .94 1.07 1.38 1.68 1.79 2.38
' 2 .78 .80 1.19 1.17 1.63 1.42
3 .50 .96 .96 1.37 /. 1.03 1.62
4 .55 .70 1.23 1.45 1.45 1.99
.5 .58 .61 1.01 1.26 1.65 - 1.81
6. .52 .69 .75 1.08 1.44 1.93
7 1.01 .98 1.45 1.50 2.05 2.05
'8  1.04 1.07 1.48 '1.53 1.81 1.95
9 .93  1.10 1.50 1.71 1.98 2.39
10 1.04 1.02 1.62 1.55 . 2.18  2.07
3 79 - .90 1.26 1.43 ~ 1.70 1.96
SEM .07 .06 .09 .07 .11 .10
LVG 11 .96 1.05 1.73 1.75 2.12 2.16
12 .65 .92 ~1.07 1.59 1.39 1.32
13 .66 .96 .95 1.47 1.58 2.26
14 .62 .74 1.05 1.41 1.43 1.58
15 .92 1.25 1.34 1.62 1.88 2.21
16 .94 1.06 1.50 1.72 1.88 2.20
17 1.01 1.05 1.40 1.58 1.95 2.13
18 .93 1.01 1.48 1.74 1.95 2.34
19 .74 = .85 1.13  1.59 1.57 1.93
20 . 9 .98 1.36 1.62 1.73 2.35
b .83 .99 1.30 l.ié 1.75 2.05
SEM .05 .04 .08 .; .08 .11
CONG , 21 .89 .83 1.32 1.27 - 1.43 1.64
22 .79 .83 1.39 1.45 1.76 1.89
23 .75 .82 1.20 1.17 1247 1.45
24 .54 .58 .86 . .93 #%* 375 .79
25 .74 .91 1.20 1.31 1.74 1.77
26 .92 .96 1.46  1.50 1.91 1.92
27 .74 .86 1.15 1.25 1.50 1.56
28 .80 .84 1.31 1.43 1.47 1.46
29 .73 .64 1. o 1.32 1.47
30 .80 .90 1. .85 1.20
X .77 .82 1.42 1.51
SEM .03 .12

.04

€

.11



149
TABLE 16. Relative peak power data for the ankle at the
. six selected velocities for the three groups
in Nmfkg‘l-s‘ ) (continued).
ARPP3 ARPP4 ARPPS
Group Subject Pre Post Pre Post Pre Post
LN
HVG 1 1.39 2.55 1.25 2.30 1.07 1.23
2 1.33 1.51 1.04 1.37 S .62 .85
3 1.23 1.51 1.21 1.36 .48 .68
4 1.92 2.56 1.62 2.27 1.34 1.68
5 1.58 1.66 1.50 1.54 1.40 1.33
6 1.57 2.01 1.35 1.60 .95 .94
7 '2.54 2.45 2.01 1.98 2.04 1479
, 8 2.21 2.14 1.47 1.50 1.43 1.27
/[i g . 1.82 2.45 1.79 2.29 1.08 1.47
,/*” 10 2.55 1.95 2.18 1.78 1.81 1.56
X 1.81 2.08 1.54 .1.80 1.22 1.28
SEM .15 .13 .11 .12 .15 .12
LVG 11 2.32 2.21 2.22 1.7¢6 2.03 1.51
12 1.50 1.23 1.29 1.16 .80 .68
13 1.78 2.64 1.25 1.48 1.30 - 1.22
14. 1.83 1.78 1.42 1.18 .95 .94
15 1.84 2.23 1.57 1.03 1.52 .98
16 1.96 2.46 1.68 1.52 1.75 1.54
17 1.92 2.44 1.66 1.66 1.25 1.43
18 1.87 2.30 1.26 1.74 1.14 1.32
19 1.61 2.24 1.47 1.54 1.37 .98
20 -1.76 1.86 1.15 1.15 .90 .95
b3 1.84 2.14 1.50 1.42 1.30 1.15
SEM .07 .13 .10 .09 .12 .09
CONG 21 1.61 1.60 1.37 1.29 1.11 .97
22 1.86 2.33 1.89 1.45 1.51 1.50
23 1.15 1.03: 1.06 . .91 .84 .87
24 .55 .57 © .27 .31 .21 .08
25 1.51 1.47 1.64 1.57 1.59 1.33
26 1.30 1.51 1.09 1.35 .88 .92
27 1.20 .98 1.21 1.13 .95 .91
28 1.73 "1.35 .1.43 .70 1.15 .94
29 1.13 1.13 .49 .75 .44 .90
30 1.15 .88 1.09 .88 .45 .40
X 1.32° 1.28 1.15 1.03 .91 .83
SEM .12 .15 .12 .14

.15

.13
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TABLE 17. Cinematographically determined centre of mass data for the
three groups.
HTRCM (cm) GFOR_(N) VELTO (m-s” %)
Group Subject Pre Post Pre Post Pre Post
HVG 1 53.46 52.12 1199.34 1568.05 3.00 ‘E.?T
2 44.43 46.06 1504.02 1246.01 2.70 2.68
3 45.71 45.60 - 1149.62 1776.34 2.62 2.61
4 49.64 49.61 1236.53 1024.43 2.93 2.81
5 47.28 46.69 1056.91 1026.41 2.95 2.88
6 45.75 47.94 1483.68 1292.72 2.71 2.71
7 44.63 43.99 1165.05 1098.50 2.60 2.58
8 50.90 56.64 1399.58 1519.33 3.01 3.09
9 54.97 52.84 1347.71 1320.26 2.98 2.97
10 48.61 47.54 321.12 994.02 2.90 2.68
g 18.54 48.90 1246.36 1286.61 2.84 2.78
SEM 1.16 1.23 59.29 83.99 .05 .05
LVG 11 50.55 47.40 1552.77 1359.58 2.87 2.83
12 50.33 50.73 -790.34 966.50 2.86 2.89
13 41.27 39.46 1142.55 1209.04 2.51 2.40
14 46.06 50.08 1075.64 1101.38 2.76 2.87
15 50.04 53.19 1495.88 1711.17 2.76 2.73
16 56.90 53.35 1324.60 1382.68 3.15 3.06
17 45.28 46.14 853.50 999.99 2.63 2.70
18 45.14 41.73 1005.66 1015.12 2.63 2.48
19 44.82 44.75 839.77 904.95 2.56 2.62
20 52.97 48.47 1351.32 1067.63 2.85 2.75
3 48.34 47.53 1144.22 1171.80 2.76 2.73
SEM 1.47 1.46 87.95 78.55 .06 .R6
CONG 21 46.20 49.08 903.50 1467.69 2.86 2.87
22 52.81 51.87 1404.72 1592.70 3.05 2.85
23 44.07 47.19 1172.29 1174.03 2.46 2.73
24 46.40 46.83 1316.06 1647.72 2.65 2.67
25 50.75 50.31 900.44 752.76 2.86 2.69
26 49.83 50.13 1176.98. 986.49 2.89 2.93
27 37.44 40.25 1180.68 1332.65 2.47 2.47
28 51.11 49.26 950.82 1317.50 2.85 2.81
29 44.70 46.00 1562.74 1347.92 - 2.86 2.75
30 59.94 57.33 1373.23 1382.73 3.23 3.22
g 48.22 48.82 1194.15 1320.22° 2.82 2.80
SEM 1.91 1.39 71.34 89.06 .05 .06
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TABLE 17. Cinematographically determined centre of mass

data for the ‘three groups (continued).

1 d GFOR (N)

Group Number Pre Post
HVG 1 1199.34 1568.05
2 1504.02 1246.01
3 1149.62 1776.34
4 1236.53 1024.43
5 1056.91 1026.41
6 1483.68 1292.72
7 1165.05 1098.50
8 ©1399.58 1519.33
9 134771 1320.26
10 921.12  994.02
r 1246.36 1286.61
SEM 59.29 83.90 -
LVG 11 1552.77 1359.58
12 790. 34 966.50
13 1142.55. 1209.04
14 0 1075.64 1101.38
15 1495.88 1711.17
16 1334.60 1382.68
17 853.50 999,99
18 1005.66 1015.12
19 839.77  904.95
20 1351.52 1067.63
% 1144.22 1171.80
SEM 87.95 78.55
CONG 21 903.50 1467.69
22 1404.72 1592.70
23 1172.29 1174.03
24 1316.06 1647.72
25 900.44 752.76
26 1176.98 ©316.49
27 1180.68 1332.65
28 950.82 1317.50
29 1562.74 1547.92
30 1373.23 1382.73
% 1194.15 1320.22
SEM 34 89.06

71.



TABLE 18.

SEM

jump (in rad).
, MAH _MAR
Group Subject Pre  Post “Pre  Post
HVG 1 1.48 1.75 1.24 1.55
2 1.74 1.64 1.53% 1.63
3 1.83 2.07 1.47. 1.75 « .-

4 1.43 1.46 1.44% 1.49 1.42  1.47

5 1.21 1.29 1.34 1.42 1.39 1.48

6 1.63 1.51 1.39 1.19 1.75 1.70

7 1.83 1.60 1.61 1.55 1.45 1.54

8 1.30 1.13 .98 .99 1.48 1.44

9 .26 1.18 1.29 1.28 1.27 1.33

10 .94 1.12 1.53 1.44 1.44 1.48

X 1.47 1.47. 1.38 1.43° 1.46 1.50

SEM .09 .10 .06 .07 .04 .04

" LVG 11 1.46 1.61 1.47 1.48 1.30 1.34

12 1.31 1.38 1.27 1.24 1.31 1.19

13 ‘1.77 1.83 1.49 1.57 1.34 1.35

14 1.40 1.40 1.35 1.26 1.28 1.28

15 1.13 1.45 1.41 1.45 1.41 1.46

16 1.42 1.47 1.41 1.40 1.39 1.37

17 1.20 1.33 1.40 1.30 1.43 1.39

18 1.30 1.29 1.06 1.03 1.60 1.59

19 1.27 1.34 .84 .91 1.64 1.53

20 1.54 1.47 1.24 1.38 1.38 .1.36

X 1.38 1.46 1.29 1.30 1.41 1.38

SEM .06 .05 . .06 .07 .04 .04

CONG 21 1.35 1.57 1.14 1.48 -1.57 1.59

22 1.54 1.56 . 1.54 1.55 1.39 1.45

23 1.59 1.50 1.30 1.29 1.39 1.36

24 1.63 1.65 1.51 1.52 1.44 1.47

25 1.08 1.22 l1.16 '1.16 1.45 1.29

- 26 1.46 1.43 1.41 1.38 1.36 1.42

27 1.61 1.83 1.37 1.48 1.33 1.34

28 1.36 1.71 1.31 1.44 1.43 1.48

29 1.85 1.77 1.44 1.47 1.41 1.39

30 1.21 1.09 1.32 1.28 1.33 1.33

X 1.47 1.53 1.35 1.40 1.41 1.41

.07 .07 .04 .04 .02 .03




TABLE 19.

v
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Mean angular velocities for the hip, knee .
and ankle joints for the three groups on the ’
vertical bloCk!iiip (in rad-s-1).
‘ MAVH - MAVK " MAVA
Growp Subject Pre Post Pre Post Pre Post
- X g '
HVG 1 4.08 4.21 5.27 6.31 2.49 3.15
2 4.88. 4.22 6.43 5.60 5.34 4.42
3 4.54 3.80 6.88 7.29 5.51 6.51
4 4.00 4.56 5.25 5.30 4.94 3.55
5 4.83 5.08 5.93 5.54 3.70 4.76
© 6 5.04 4.38 6.14 5.87 3.25 2.25
7 4.37 3.86 8.05 5.60 6.72 4.07
8 5.90 5.44 7.35™ 6.46 3.85%y 3499
9 4.96 4.70 5.85 5.18 5.3§§;3.77
10 5.41 4.58 4.35 5.44 5.0l 4.07
b4 4.80 4.48 6.15 5.86 4.62 4.05
SEM .18 .16 .34 .21 .40 .35
[d
- -\“‘ —
LVG 11 5.25 5.37 6.13 6.58 5.36 5.12
12 4.88 5.22 4.98 6.05 3.72 .4.26
13 4.81 4.71 6.53 5.94 4.66 5.99
14 5.21 5.29 6.13 6.60 3.64 3.94
15 5.87 6.39 6.54 6.70 4.74 5.46
16 5.08 5.06 - 6.25 5.72 5.45 4.84
17 4.70 4.71 4.37 5.36 3.84+ 3.62
18 4.69 4.59 5.37 5.19 1.97 2.69 -
19 4.05 4.56 5.29 5.68 2.14 2.97,
20 4.62 4.61 6.35 5.98 4.11 3.51°
bid 4.92 5.05 5.79 5.93 3.96 4.24
SEM ., .15 .18 .23 .15 .38 .35
N . %’ &\ : -
— i W,
CONG. 21 4.15 4.51 5.27 6.04 4.32 4.09
. 22 5.16 4.53 8.08 8.17 61%3 5.28 "
o 23 4.29 4.55 5.26 5.59 4} 4.04
‘ 24 4.93 5.23 6.12 6.30 2269 4.%0
25 4.47 4.85 5.57 5.50 4,45 5.18°
26 4.60 4.17 5.72 5.45 4.95 3.22
27 4.32 4.62 5.37  5.63 4.86 4.00
28 4.69 4.96 5.50 6.27 3.59 4.28
29 4.80 5.52 7.26 6.42 4.97 4.81
30 5.10 5.10 6.90 6.14 5.98 4.06
¢ 4.65 4.80 6.10 6.15 4.63 4.32
SEM .11 .13 .25 #32 19

.31

-~
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TABLE 20.

’&}
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Mean éngﬁlar vélocity times for the hip, knee
and ankle joints for the three groups on the
_vertical block jump (in sec). _

. MAVTH _ _ MAVTK, . MAVTA
“Group Subject Pre  Post Pre  Post Pre Post
HVG - 1 .30 .24 .27 .18 .33 .27
W2 .21e L24 .18 ©.18 15 .15
L3 .24 .21 .21 .15 21 1S
NN .30 .30 .24 ¢ .24 L2100 .27
TR .30 .27 .24 .24 .24 .18
6 T4 - .30 21 .24 .24 .33
. D727 2T .15 .21 .15 .21
B ©27 77030 .24 .27 .24 .24
9 .33 .36 .27 .30 21 270
L 10 .33 .33° 300 .24 co.18 . .21
TR .28 .28 * 23 .22 .22 .23
+SEM 201 .01 .01 .01, 202 .02
Cwve. o 117 - w240 .24 21 - .21 0 .21 .21
S | .30 .27 .30 .27 .27 .27
227 .21 .24 .21 .18
.30 .27 .27 .30 .27
.24 .21 .21 .21 .18
.27 .21 .28 .18 . .21
.30 .27 .24 .24 .24
.33 .30 - .30 .42 :30
.33 .36 .33 .39 .33 .
307 24 .24 24 .27
.28 .26 . .25 ~\3; 27 .25 -
01 - S.02 . .01~ .03 .02
E - 1 —
.24 L .30 .21
.24 18 U150
CU.30. . 2T W27
o2et 21 L
o T334 0 00300 L300

L300 TN Y24 . .24
24 w:n .24
24 o 27 L21
.21 co.18 0 .21
233 ©,21 7, .24
27 0 0 .2& .23
01 - .02, .01 - -




TABLE 2l.

Maximal‘angular velocities for the hip, knee

- 155

.and ankle joints for thg three_ groups on the
vertical block jump (in rad s -1).
& VMXH VMXK VMXA . ¥
Group Subject Pre Post - Pre  Post '+ Pre Post
:i\§;HVG 1 .. 7.20 7.23 10.66 10.23 7.66 7.66
2 8.56°.9.17 11.23  9.87 - 8.83. 6.86 '
3 8.15 6.65 11.55 10.90 11.20 10.51 - -
4 7.60 9.32 10.99 12.25 9.68 10.56"°
5 10.21  9.93 12.59 11.80 8.86 8.55
6 8.94 9.94 11.25 12.00 7.03 6.72
7 - 9.03 7.44" 12.08 10 66 -3'10.96,'7.97
'8 10.21 11.19 - 13.88 1 :gg 9.87 '9.15
9 9.76 10.33 . . 12.46 8- fﬁ . 9.87 .7.80. ,
10 9.78 8.84 11»9&3.r11.»-~aﬂ ,8.50 8s02 -
3 8.94 9.00 11.87 1153~ "9.25 B.38
' SEM ~ .34 .47 .31 .39 L s42 .42
©. w6 - 11 10.34. 9.98 .., 12.26 13.19 9.72 9.03
Lo 12 8.50 9.53 - 11.29 12230 9.25 11.00
‘ C) .13 9.26 8.21 12.86 11.83 10.34 10.51
14  10.68 10.26 13.83 13.11 10.14 9.60
Is 10.20 10.83 11.48 12.97 9.45 9.40
. 16 "9.08 - 9.21 11.27.11.68 9.52 9.40
; 17 8.38  9.37 10.36°10.91 8.89 9.47
T 18 - 9.85° 9.70 - -11.49 1ll.42 "8.17 7.13
Vet 4 LQ‘“ 8- 89‘*9 03 | 11.79 ¥3.57 2 7-11  9.57
'&“T#%‘%aﬁ R %v &10 68.,8.83 ;' ° 12.81 1}.2 8.96 8.60
N - K 9,58 9.49 | 11.94 12.12 9.15 ‘9'37'J
8 SEM .28 244- 32° .26 .30. ' .33
’ ) ‘/v b <)- _.r\;j B
CONG 21 8.87 9.28 - 10.87 11.19 8.68 8.28
.22 10.50 9.17 13.05 12.63 10.36- 9.84
.23 - 8.44  8.92 - ° 11.03 11.59 9.0% "8.83
Yoo .24 9.62 9.99 . 11.76 12:80 9.04 8.20
£ 25 9.40 9.30 12.51 12.15 "9.15. 8.63 ~
¥ 26 . 8.15 6.85 . 10.75.10.73 8.85% 9.76~
27 9.70 -8.20 " 11.74 11.98 . 8.88 -8.21
28 9.61 10.63 12.05 12.58 fﬂwIQ;053_8f48
29 - -°8.12 9.78 '#&2.22'12 sq' *},»9.24ﬂ‘9.o4
N 030 % °8.53 -9.55 ¢ 11.68 11.84.» 10.04 .-9.579
X 9.09 . 97 11;76_15'01 9.33, 8.91
‘SEM "~ . -,25 . .33 " ".23° 22*& .19 21 <
‘ - B K R T . .o_‘.v_ yb "’ f_- ‘4 Q“
5 e
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TABLE 22. Impulse data. for the three groups on the vertical block jump.

: FNI (N-s) " FNIT (s) : PI (N-s) PIT (s)
Group Subject Pre Post Pre -Post . Pre Post Pre Post:
- HVG 1 . 89.46 "62.92 .36 .21 157.90 -289.85 .51 .32

2 60.23 74.56 s23 .24 214.92 /218706 .31 .32
3 40.90  42.24 .39 .21 181.77 214.05 .31 .24
4 91.56 73.24 .39 .35 218.48 224.39 S .41 .42
S 93.01 -66.15 .34 .30 217.97 174.65 - . .42 .49
6 -Bl.18 '95.77 .29 .29 226.31 "249.18 .34 .40
7 63.94 52.14 .21 .26 189.52 ~194.53 .27 .31
8 69.15 48.59 .52 .51 2238.52 -283.22 .36 .37
9  -115.29 132.07 .36 .32 - 273.08 270.5 .48 .50
10 - 60.41 64.35 .38 .41 187.48 ~ 212.61 .48 .44
R 76.51 71.20 .35 .31 210.59 233.11 .39 .38
- SEM 6.83 8.29 .03 .03 10.3 12.19- .03 .03
s » ) . x >
LVG 117 67.83 -64.63 .30 .27 ¢ 249.12° 198.%6 34 .32
‘ 12 68.21 73.88 .32 .36 195.15 231.5¢9 .51 .45
13 63.40 70.01 20360 .27 198.26 194.30 .34 .35
14 "82.51 9l§i4, .43 .36 200.82 260.55 .43 .44
15 .. 85.X2 81444 T3 .31 © . 263.74 247.85 .37 .32, o
16 72.14 86.61 231 .33 266.30 236.85 .37 .37
17 13.49 A4l1.68 .59 . .54 184.93- 185.72 .44 .37
18 " 96.55 89.40 .41 .37 241.85 225.65 .46 .49
19 . 79.52 79.19 . .45 .43 2%%:33 186.97 . .59 .49
20 88.70 65.79 .4l .39 . 2Mk28 177.38 »39 .46
g 71.75 74.40 .40 .36 223.48. 214.54 .42 .4l
SEM 7.26 4.71 .03 .03 9.41 , 9.29 .03 .02
CONG -21 119363 84.&’ .37 .36 249,10 223.24 .53 .34
: 22 76.07 71.90 .25 .25 211.94 225.74" .30 .29
23 76.53. -93.21 - .34 .44 219.77 253.17 .40 .42
24 74.24 71.23 .29 .23 . 257.74 334.06 - .35 .32
25 75.59 62.62 . 38 .36 -186.08 143.31y .49 . .52
26 76.72 95.82 .31 .32 . 253.87 195.31 .40 .41
27 46'.33 58.56 .60 .50 172.44 238.00 .44 .32
~28 0 82.40 71.Q0 .32 % .27 207.19 237.86 .46, .33
29 .71.68 71.78 L2670 .26 243.27 . 246.99 .31 .33
730 7 104.25 86.60 .34 .39 . %275.87 .282.90 42 % .44
. b4 ~80.34 - 76.76 .35 .34 ' 227.73 238.06 .41 .37
., SEM '6.20 4.00 - .03 .03 10.61 15.(89 .02 .02
- - - —5



»!

TABLE 22. Impulse data for the three groups on ‘the vertical bleck jump

(continued).

B

-

SNI (N°'s) SNIT (s) TPI (N-S) TPIT (s)
Group Subject Pre Post Pre Post Pre Post " pre. Post
HVG 1% 17.19 ° 9.89 .03 .02 161.21 189.97 .90 .55
2 10.58  9.45 .02 .02 186.19 175.55 .56 .58
3 13.37  9.39 .03 .02 167.46 146.31 .73 .47
. 4 16.80 17.72 .03 .03 187.78 233.28 ~ .83 .80
. 5 12.49 14.04 .03 .03 165.26 - 203.90 .79 .82
'5 6 20.97 19.54 .03 .03 182.69 185.56 .66 .72
7 10.48  7.88 .03 .02 137.10 134.05 .51 .59
8 8.04 13.37 .02 .03 177.08 202.77 .90 .91 -
© 9 16.55 10.62 .03 .02 231.82 200.41 .87 .B4¥Y "
: ©10- 8.20 14.15 .02 .03 161.19 169.18 .88 .88
' 13.47 12.60 03 .02 '175.78 184.10 © .76 .72
SEM 1.36  1.22 .00 .00 7.85 9.24 .05 .05
Y . o . . . P . j N
. b v LR . .
VG . 11 =~ 7.94  8.57 .08 .02  '7e0.55 163.24 .66 .61
W 12 9.85 11.14, .03 .03 * 143.65° 193.12 .86 .84
3 14.14° 18.27 .03 .03 166265 178-.09 .73 .65
24 17.85 12,96 .03 .02 169.41 ' 180.37 .89 .82
: 18.15 19.42, .03 .63 203.73 204.73 .78 - .66
11.50 17.73 .03 .03 ‘188.90 20312 L7110 .73
14.35 J0.61 .03 .03 . 127.47 139.24 1.06 .94
13 10.22 13.29 .01 .03 212.07 150.11° .88 .89
e ‘19 11.83 16.70 .02 .03 283.41 163.85 1.06 .95
f{ 20 18.45 < 18.74 .03 .03 195.66 200.23 .83 .88
== 43 14.74 03 .03 185.15 177.61 .85 .80
R ’ SEM ™9 1.23 .00 .00 13.78 7.28 . .04 .04
\ . LT
. - v 7
cone 21 Tz66 18.42 2,02 .03 274.21 196.91 .92 .73
. o-22 9.65 9.68 .02. .02 166.57 164.91 . .56
C23 19.55 17.79 .04 .03 -152.51 191.52 .78 .89
24 13.65  14.43 .03 .03 164.45 215.64 .67 .58
25 -~.12,.61 - B.45_ .03 .02 153.31  153.27 .90 .90
26 11.82 -8.94 .03 .02- .  170.26 134.70 .74 .75
o 27 12,28 16.8%1 .02 .03 212.87 199.25 1.06 .85
28 . 12.42 11.20 .03 .03 . 156.13 173.00 .81 .63
29 19.65 '9.17" .03 -.02 198.27 1706.37 , "-60 .61
30 -8.92 12.90 ..02 .03 180.45 195.23 .78 .86
% 13.26 .12.78 .03 .03 182.90, 179.48 .78 - .74 °
SEM . 1.15"" 1.22 .00 .00 11,91 - 7.76 .05 .04



" TABLE 23.

T

Ground reaction force data for the th
vertical block jump. '

ree groups on the

158

. FMIN(N) FMAX (N) TFMIN(s)  TFMAX(s)
Group Subject Pre’ post Pre Post Pre Post Pre Post
HVG 1 383.13  28:.11 [ 1533.69 2084.01 .78 .40 .31 .18

2 105.90 ~°59.40 2044.27 1994.86 .39 .39 .14 (16
¢3 - 425.09 671.18 1790.40 2233.76 .52 .43 .17 ...15
4 356.12 324.25 '1798.35 1844.78 .55 .62 .22 .23
5 260.81 325.37 1636.91 1673.72 .58 .66 , .20 .20
6 194.89 165.55 1970.26 1837.00 .42 .51 .23 .34
- 7 70.35 146.29 1789.96 1614.19 ° 1.38 .43 .12 .14
8 466923 494.95 1922.88 2014.55 .48 150 .24 .27
9 367.75 236.02 1947.96 1907.06 .67 .66 .29 .29
10 387.34 421.14 1446.10 1523.81 .61 .63 46 .09
%~ 301.76 287 © . 1786.08 1872.77 56 .55 21 .20
SEM . 43.27 W 62.11 70.03 .01 .01 .02 .02
£on &
LVG 11 124.35 171.37 1895.67 1801.41 .48 .4l .24 .21
: 12 176.39 124.38 1295.24 1444.83 .68 .59 .25 .27
i, T3 412.14° 252.73 1741.92 1838.83 .48 .49 .20 .21
L AP 480.21 332.40 1753.20 1738.75 .71 .83 .17 .25
€015 419.69 268.57 2159.84 2284.39 ,EN54 .46 .23 .19
e #%g ©218.89 210.20 1784.70 1889.69 50 .50 .20 .22
Ty . 61688 416,48 1173.90 1476.53 .88 .57 v 06 .25
" ]g+# 307.48. 308.75 . ©1742.65 1628.28" .65 .69 .25 .32
19, ' 390.66 {28.%?% 2306.981627.59 .72 .62 .07 .32
e 20 1485:0% " 580.%2 1994.30 1848.96 56 .667 19 .10
? Te3TT7 “p09.43% . 1784.84 1757.93 . .55 5% .19 23
‘ SEM 4889 43,17 o  109.9C%s . 76.20- .01 .01 .02 .02
: ‘ ‘ e - Ly
.l N g
- - ry - : ;Jﬂw
CONG 21 "207.95. 285.95 2021.92 1973.50 48 G2 23 W
S 56.31 1963.11 1989.84 38 L5, .17 .
438.93 1793.31 1848.18 .60 .27 .27
. . 16.48 1899.37 2178.40 .38 .11 019
364.80 1367.34 1353.65 ' . .74, ‘&8 .29
¢ '108.28 1717.60 1484-.35 .52 .51 o .25
i 703.51 1923.80 2296.02° .91 .48 ¥ Llg.
166.28 1415.02 1837.31 66 .48 .07 d
201.33 2084.35 2003.01 L40 .42 28 .17
“'115.70 1796.83, 1763.80° .54 ° .60 .28 .24,
745.76.. 1798.19 1872.81 55 .56 20 -.21
66.2% 76.30 . 91.13 .01 .01 01

g
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TABLE“24.. 'Summary of the statlstlcal analy51s for subject,
,‘age - Pre (AGEPRE) : E . Sel
o . ‘ " .ét;i
Analys:Ls of Varlance ., - .
Source of ss DF ~ Ms % F P? . sig*
Variation ° ' : : ' ,
_ /
| GROUP 23.0969 2  1l. 5484 12,5* 0.301 N.S.
~»~  ERROR 248.5972 . 27 9. 2073
. . ¥ . R .
* Significantly different at ng.OS:. ;
. 4 \ \ ’ ' “ ,w- . s ,’a)g
TABLE 25. Summary o%{ the statistical analysis for subject
body m,ass @t Pre (MASSPRE).
Analysis of Varlance IR L
 Source of : R : . e - . D
... Variation SS_ : DF M? - ¥ P Sig
e e ﬁ |
. » o - '
GROUP : 9.8847 2 4.9423 0.06 O..940 N.S. ,
y ERROR 2163."0540 27.1' 80.1131 |
: i . . . , }
* Slgnlflcantly different at p<0. Oﬁ , ‘ . -y ‘«
o ' ‘ ;
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TABLE 26. Summary'df the statistical analysis for pre =«
to post differenc® in subject body mass .
(DIFFMASS) .

Analeis of Variance
Source of - V*g_ R : ' . *‘
Variation ,SS ‘gfggﬁ] M5 F P Sig.
" GROUP . 0.6847 2 0.3423 0.25 0.782 N.S.
'ERROR - 17.2850 27 1.3809 |
;  B *hSigpificantiy differegt’at p<0.05.

0w b

TABLE 27;”’gﬁmmari*fﬁ;thefstatﬂgt%ca%wagaiysrggforjé@b' ¢t ow
ary-Qr,tne ‘ Sl tot 28 0 1S

e lean body mass - Pre (LBMPRE). .
Aﬁalysisﬁof‘ban;ahce ‘ o . -
Source of o - : o) ok
e ion SS DF Ms . . F P Sig .

'GROUP  4.2812 2  2.1406 0.05 0.952 N.S. .
ERROR _ 1160.0835 27  42.9661 o
ey |
v .- » R
* Significantly different ats®<0.05.° ' ‘ PR
: g /‘ e



J o 162

TABLE 28. Summary of the statistical analysis for pre to
post difference in subject lean body mass

(DIFFLBM).

Analysis of Variance !
Source of ' / " '
Variation | ss DF MS F‘ / P Slg
,  GROUP 2.6568 2 1.3284 ° 1.06 0.362. N.S.
¢ - 4 . '
" " BRROR" .34.0064 27  1.2595 o
e, o ' - /
- /
. {
. f’SignifiCQntly different at p<0.05. / " ' ‘
éy ‘:’ .} X "" ’ 7 / : ' :
5 ‘M;%‘ e ,f ) . v N o . s
i:;‘ ! / vw N
| ' . S S
% TABLE 29. Summary of the statistical/analysis for subject i
ﬁ{A q percent fat - Pre~(PBFPREy: ) ' o
;3 Analysis of Variance | / : e
Source pfé / | . ke
Variation SS DF . MS F P | ,Slg;
I3 . ' // . i : -
. GROUP 24.0766 2- 12.0383 .58 0.566 N.S.
gL A | o . )
" | ERROR 558.9555 27 ' 2077021
T e siffes /
<,u§»$1gn1f1cantly different at/pS0.0S.
. c . | . A., | ' v//’ ) v

i
/
A



TABLE 30. Summary of the
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B

statistical analysis for pre to

post difference in subject percent body fat

(DIFFPBF).

Analysis of Variance

Source of

Variation Ss ‘ DF 'MS, F ) P Sig
** GROUP 2.4026 2 1.2013 0.63  0.540 N.S.
ERROR 51.4980 27 1.9073
N ... .
) R ' - ‘
* ‘Significantly different

TABLE 31. Stmmary of the
' peak torque of
® (KRPTOPRE) .

Analysis of Variance

at p<0.05.

«

statistical analysis for relative

the knee at 0.0 rad-s~1 f‘Pre

‘Source of

K

#% Variation S8 DF M8 fj'g‘ c P Sig
3 - o - s
kN e < e IR Q"‘\‘
g GROUP 0.1409 .2 . 040705 0.38 0.689 N.S.
ERROR 5.0440 27  0.1868 f
o Significahtlx'different

at ng;OS.

-‘

@

.
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TABLE 32. statistical analysis for relative
peak torque of the knee at 0.5 rad-s~1 - Pre
N “(KRPTO . 5PRE)..
/ | O
\\Qnalysis of Variance .. ¥
e
Source of Lk
Variation ss . DF MS F P sig
GROUP 0.3391 2 0.1696 1.24 0.306 N.S.
ERROR ©3.7017 27 0.1371
* Significantly different at p<0.05. )

@
TABLE 33. ' Summary of the
' peak torque of

(KRPT1PRE).

statistical ana;ysis for relative
the knee at 1.0 rad-s~1 - Pre

Analysis of Variance ) ’

Squrce'of o ) . o™ ) Yk
Variation o'# S8 DF \ﬂf ‘ B - P Srg-
, "~ 3 :
v \\ P A TN
GROUP 0.1992 2 0.0996 :T\{i 0.344 ~ N.S.
ERROR 2.4213 27  0.0897 N |

* gignificantly differept at p<0.05.
, , 0 AS

- ]



TABLE 34. Summary of the
‘'peak torque of
(KRPT2PRE) .

Analysis of Variance

statistigal analysis for relative

e

L
e

,’,1,“ K

A

5y
ol

)
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.the knee at 2.O;rad-s‘1 - Pre

Source of

Variation SS DF MS F - P Sig
GROUP 0.2017 2 0.1008 2.04 ‘&ﬁiso N.S.
ERROR 1.3367 27 0.0495 .

: g

* Significantly different at p<0.05. ‘

TABLE 35. Summary of the

statistical analysis for relative

peak torque of the knee at 3.0 rad-s~1 ~ Pre
(KRPT3PRE). ) L.
Analysis of Variance : e
ource of ‘ Co ok
Variation SS _ DF MS F P Slg
GROUP 0.0418 2 0.0209 - 0.79 0.462 N.S
ERROR 0.7101 27 0.0253
* Significantly"digferent'@t p<0.05.

-«

.



e o

ke
3

TABLE 36. Summary of the statistical analyéis?fob&felaﬁiﬁe“yl

\
peak torque of the 'knee at 4.0 rad-s'l_L Pre .~ ' '~
(KRPT4PRE) . S s
Analysis of Variance ‘ S
- LY N . ."‘ . ' N - *
Source of . ‘ A Cai il
.Variation SS DF MS ? Sig
GROUP 0.0042 2 0.0021. . 0.1¢ | N.S.

"ERROR 0.5975 27 0.0221

* Significantly different at p<0.05.

*® b ‘.

TABLE 37. Summary of the statistical analysis faor relative
peak torque of the knee at 5.0 rad-s~1 - Pre
(KRPTSPRE) .

Analysis of Variance '

Source of - | : . x
Varitation SS DF MS F P L Sig
- ' by
GROUP 0.0377 2 0.0139 0.71 0.502 N.S.

ERROR - 0.5291 27 0.0196

. T w Fi .
* gignificantly different at pS0.0@.
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TABLE 38. Summary of the stqtiétical analysis for pre
G .. to post difference. in relative peak ‘torque
AL ’of the knee at 0 O rad -5~1 (DIFFKRPTO).

N N m M L »

Analysxs @f Variance

CJ I
Source of | j *

Variation 88 DF % MS F . P Sig
GROUP 1.6839 2 0.8419 9.80 . 0.001 Sig.
aQ : .

» ERROR 2.3193 27  0.0959 -~

* SigniFicantly different at p<0.05.

3

Scheffe Multiple Comparison of Means

i
—

Scheffe 1‘mum Slgnlflcant .
Group Mean Grouping™ Difference
' - 5
LVG 0.480 “ A
»
e, 0B 5. 0.339
_CONG. - -0.094 B

* Means with the S’ame letter are not 51gnif1cantly dlfferent\

at p<0 05.

.,
i
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N
=TABLE'39,"Summary of the statistical analy81s for pre to
: . post difference in relative peak torque of the
kneé¢ at 0.5 rad+s~l (DIFFKRPTO.5) .

Analyéis of Var;ance v.
4 - ;;.;‘."» - . - . *
Soﬁrce defn\ . o R R : ;
Gariation SS ‘;'lbDFA ~ Ms ° [F E P Sig’
. N “ ‘ - x‘ : hd . O
GROUP 1.3261 - 2 0.6631. 7.00 . 0.004 Sig.
. ERROR 2.5577 27  0.0447 " | e
* Significéntly different at p<0.05. .
. Scheffe Multiple\Compéfison of Means W
: o2
X ‘ ' Scheffe ~° Minimum Significant -
Group ‘Mean Grouping™® © . Difference
VG ©0.544 A :
. he A ) . t
HVG ©0.281 A B ¥ 0.357
. i ’ 5 - : | ‘ B . . i
CONG' . 0.029 B

* Means ﬁith the same letter are not sighificanfly different
at p<0.05. -

a ) ' *
. B - . v
. e X .

R
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Summéry'of the statistiéal.analysis for pre- to
post difference in_relative peak torgie of the
knee at. 1.0 rad-s~1 (DIFFKRPT1). - L

TABLE 40.

! \
“Analysis of Variance

. Source' of ‘ - ! _— T ek
- Variation SS DF MS F P Sig
. i L
GROUP  1.6605 2’ 0.8302 . 15.55 0.000  Sig.
ERROR -  1.4415 27 0.0534 '
* Significantly different at p<0.05.
| o . \
Scheffe Multiple Comparison of Means s
' ¢ . "
D Scheffe Minimum Significant
Group . Mean . Grouping®’ ; Difference
we . 0.577 A
HVG ) 0.1i89 B § 0.268
Ny i \ B .
- B

CONG —  0.014

*_Meéns with the 'same letter are not significantly different
at p<£0.05. . ‘ :
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"TABLE 41.

P " , : 170

1 ' »

Summary of the statlstlcal analy51s for pre to

post difference in telative peak torque of the
_knee vat 2.0 rad™-s” l,(DIFFKRPTZ)
. _— I3 : . , .
. Analysis of Variance . : Yo
Séﬁrce'of" S AR - "
Variation ss DF . ms F P Sig
GROUP 0.1981 2 0.0990  5.43 0.0l0  sig.
ERROR - 0.4927 . 27 ~0.0182 '
% significantly different at p<0.05.
: SchéffeiMﬁltibiehéomparison'bf Means
. N . Scheﬁfe ) Minimum Significant
Group Mean Grouping® : Difference
LVG 0.215 A
. . : A '
HVG 0.112 A B 0.156
i B
CONG 0.016 B N

2

* Means with the same lettér are not significantly different
- at p<0.05. : SR
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TABLE 42. Summary of the: statlstlcal analysis for pre to
. post difference\in_relative peak torque of the

knee .at 3.0 rad- s‘l (DIFFKRPTB)

Analysis of Variance

Source of

Variation SS DF MS ‘ F‘- P Sig
GROUP 0.2104 2 0.1052  9.60 - 0.001 sig.
N : )
ERROR 0. 2959 - 27 0.0110
- * significantly different at pﬁ?.OS.
Scheffe Multiple Comparison of Means
. : Scheffe Minimum Signiéicant
Group Mean Grouplng ' Difference
_ LVG o, 0.243 A
) | A
HVG 0 0.173 :\ 0.121
CONG = -+ 0.04%. ' B

- 1

* Means with the same letter aré not 51gn1f1cantly different

at p<0.05.

W

‘ .
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TABLE 43. Summary of the statistical analysis for pre to
post difference in relative peak torque of the
knee at 4:0 rad-s”l (DIFFKRPT4).

Analysis of Variance .

B 1 ~ . SO
Source of - - ' TN e ok
Variation .SS . DF MS F P Sigh
GROUP 0.4874, "2 0.2437  19.00 0.000  Sig.
ERROR  0.3463. 27  0.0128
* Signifidantly different at p<0.05.
Scheffe Multiple Coﬁparison of Means
_ v _ ]
F - T _
Scheffe Minimum' Significant
Group Mean .. Grouping™ ) Difference
HVG : .0.236 A
. ) A -
LVG 0.174 A 0.131
CONG , -0.060 B

* Means with the same letter 'are not significantly different
. at p<0.05. '
. b

&
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TABLE- 44. Summary of the statistical analysis for pre to
. post difference in re ative peak torque of the

knee at 5.0 rad-s™1 (DIFFKRPTS).

Analysis of Variance

Source of ’ " ) .k

Variation SS DF MS P Sig

ﬁ : » r
GROUP - 0.3608 2 0.1804 17.63 0.000 Sig.

ERROR 0.2763 . 27 - 0.0102

* gignificantly different at p<0.05.

\

- Scheffe Multiple Comparison of Means

} Scheffe Minimum Significant
Group -, Mean Grouping® Dif ference
Y"’ . B “'
‘ (
HVG 0.261 . A
LVG 0.143 B 0.117

cong  -0.007 C

* Means with the same letter are not
at p<0.05. '
‘ »

significantly different
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TABLE 45.  Summary of the statistical analysis. for relative
: - peak torque of the ankle at 0.0 rad-s~1 - pre
. (ARPTOPRE) . . L

Analysis of Variance
l B

Soufce of - : ‘ - ik
Souree o ss S F . P sig
GROUP 0.2042 - 2 0.1021  1.09 0.351 N.S.

ERROR 2.5325 27 0.0938 ' - .

* Significantlyldifferent‘at p<0.05.

{

>

TABLE 46. Summar& of the statistical analysis for relative
peak torque of the ankle at 0.5 rad-s~1 - Pre
(ARPTO.5PRE) . :

Analysis of Variance

0

Source of : ' C D%

Variation . S8 DF. ',MS i F P S;g |
GROUP ' 0.0488 2 0.0244 - 0.25 0.783 N.S. -
ERKOR 2.6706 27  0.0989 ‘

* Significantly different at pg0.05.
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TABLE 47. Summary of the statistical analysis for relative
peak torque of the ankle at 1.0 rad-s~1l - Pre
(ARPT1PRE) . . C

i

Analysis of Variance

Source of o ? | ' . . %

Variation SSs . DF MS . Fo P Sig
GROUP - 0.0414 2  0.0207 © 0.41° 0.670 N.S.
ERROR . 1.3737 27  0.0509 .

* Significantly different at p<0.05. . .

-
¥ ' e s
‘V“%HHWU

;
4 *
i N

-

. . f&ﬁmu‘

TABLE 48. Summary of the statistical analysis for relative

- ' peak torque of the ankle at 2.0 rad-s~1 - Pre
(ARPT2PRE) . ‘

-

Analysis of Variance

Sourcé of

Variation - SSY D? MS Fo P Sig
GROUP 0.1525 2 0.0762 3.07 0.063 N.S.

ERROR . 0.6698 27 0.0280

* Significantly different at p<0.05.
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'

TABLE 49. Summary of the statistical analysis for relative
peak torque of the ankle at 3.0 rad-s~1 - Ppre
(ARPT3PRE) .

\Analysis of Variance

Source of

variation SS DF MS F P Sig
GROUP 0.1879 2 0.0939 6.33 0.006 Sig.
ERROR 0.4008 27 0.0148

* Significantly different at p<0.05.

Scheffe Multiple Comparison of Means

Scheffe Minimum Significant
Group Mean Grouping® Difference °
LVG- 0.606 A
A .
HVG 0.593 A 0.141
CONG ’ 0.432 B

I

* Means with the same letter are not significantly different
at p<0.05. :
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TABLE 50. Sammary\ef the dtatistical analysis for relative
peak torque of the ankle at 4.0 rad-s~} - Pre
(ARPTAPRE) .

Analysis of Variance

i .

Source of ss ¢ MS F p

Va;iation DF - Sig
GROUP 0.0557 2 0.0279 2.93 0.071 N.S..

ERROR 0.2570 27 0.0095 ~

* Significantly different at p<0.05.

\

TABLE 51. ‘Summary of the statistical analysis for relative
peak torque of the ankle of S.O,rad-s‘l - Pre
(ARPTSPRE) . . .

Analysis of Variance

Source of v ) _—
Variation SS DF M§~ F P Sig

GROUP 0.0375 2 0.0188  2.38  0.11% N.S.
_ ERROR 0.2130 27  0.0079 "

* Sigﬂificantly different at-p<0.05.

-y
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TABLE 52. Summary of the statistical analysis for pre to
post difference in relative peak torque of the -
ankle at 0.0 rad-s™1 (DIFFARPTO).

Analysis of Variance « ' "
4 . .

-
Source of *

Variation Ss DF MS F P - Sig
GROUP 0.2278 2 0.1139 2.32 0.118 N.S.
ERROR  1.3268 27 0.0491

-

* Significantly different at p<0.05.

TABLE 53. Summary of the statistical analysis for pre to
post difference in relative peak torque of the
ankle at 0.5 rad-s~! (DIFFARPTO.5).

Analysis of Variance

v y
v

Source of *

Variation SEE DF MS F P Sig
GROUP  0.2408 2 0.1204 3.74 0.037  Sig.

ERROR 0.8695 27 0.0322

* Significantly different at p<0.05.
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TABLE 53. Summary of the statistical analysis for pre to
" post difference in relative peak torque of the

ankle at 0.5 rad+s~1 (DIFFARPT0.5) (continued).

Scheffe Multiple Comparison of Means

+

Scheffe Minimum Significart
Group ~ Mean . Grouping” Difference
LVG 0.291 A
A .
HVG 0.169 A B 0.208
N B *
CONG 0.072 B

* Means with the same letter are not significantly different
at p<0.05. -

TABLE 54. Summary of the statistical analysis for pre to
post difference in relative peak torque of the
ankle at 1.0 rad-s~! (DIFFARPTI)

Analysis of Variance

Source ot A

Variation Ss DF MS F P Sig
GROUP 0.3104 2 0.1552 9.93 0.001 Sig.
ERROR 0.4221 27 0.0156

* Significantly different at p<0.05.
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TABLE 54. Summary of the statistical analysis for pre to
post difference in relative peak torque of the
ankle at 1.0 rad-s-1 (DIFFARPT1) (continued).

Scheffe Multiple bomparison of Means

-

, ( Scheffe Minimum Significant
Group Mean - Grouping® Difference
- ’ .
/
LVG 0.284 A
A
HVG 0.167 A B - 0.145
' B
CONG 0.035 B

* Means with the same letter are not significantly different
at p<0.05.

TABLE 55. Summary of the statistical analysis for pre to
post difference in relative peak torque of the
ankle at 2.0 rad-s~! (DIFFARPT2).

L}

Anaiysis of Variance

Source of

Variatiom S§ DF MS F P‘ Sig
GROUP 0.0454 2 0.0227 1.88 0.172 N.s.
ERROR 0.3260 27 0.0121

* Significantly different at p<0.05. ' ' .
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TABLE 56.  Summary of the,statisticalbanalysis for pre to
post difference in relative peak torque of the

Ul < ankle at 3.0 rad:s™l (DIFFARPT3).
Analysis_oﬁ Variance - . ' L ’ T
~ Source of 4 - o . ‘ : . %
'Variation""w(ss' ) . DF ,MQ B ,P ) Sig
GROUP -  0.0724 ~ .2- 0.0362 ~ 2.35 -0.115  N.s.
ERROR . 0.4159 27  0.015%

~* Signifiecantly différent’atfpio.dsg

[

el

gt
I
3

TABLE 57. Summary-of the statistical analysis for pre to

L bost difference in relative peak torque of the.
=7 ankle'at 4.0 rad-s”l (DIFFARPT4). :

= Analysis of Variance

Sourcenof R ’ A “;w,'f ' ’ ? o N 3

Variation 85 .DFA i MS : F .. P Sig™
GROUP ~  0.0559 © - 2 0.0280 4.08 0.028 Sig.
ERROR _ _ 0.1851 27 0.0069 0 B |

* Sigﬂificantlywdif%efent at p<0.05.°
L 1S '. o

4.
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NNT TABLE 57. Summary of the statistical analysis for pre to
3 <. post difference in.relative peak torque of the .
ankle at 4.0 rad-s~! (DIFFARPT4) (continued).
:":U’?' » . ) ’ . :
: Scheffe Multiple Comparison of Means
‘ : , . Scheffe ’ Minimum,Significant
Group - ‘Mean quuping* . Difference
HVG . 0.063 - A
: ‘ A S L/
LVG -0.026" A .. 0.096 S
R A . /
CONG -=0.031 A /f
* Means with the same letter are not significantly diqférent
at p<0.05. : - , 7 ~
TABLE 58. Summary of the statistical anélysis,fbr pre to
L _post difference in relative peak torgque of the
ankle at 5.0 rad-s~l (DIFFARPT5). /
- . //
- ' Analysis of Variance . s

Source of , , o _ / o
Variation - - . SS DF MS ? F 519
. / .
R /' ) .
GROUP - 0.0089 2 070045 //1.64 0.212 N.S.
: : o / : ‘
ERROR . 0.0734 27  0.0027 /

* Significantly different at p<0.05.
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TABLE 59.v'SUmmary of the statistical analysis for relative 1!
peak power of the knee at 0.5 rad-s”l - Pre *

(KRPPO.5PRE). .
Analysis of Variance
Source of* o ' . "
Variation 85 - DF M3 F ? ,'Slg
'GROUP 0.1219 . 2 0.0610 '1.21 0.313 N.S.

ERROR 1.3585 27 0.0503

* Significantly different at p<0.05.

TABLE 60. Sumhary of the statisti¢§1ﬁ;¢aiysis for relative.
peak power of the‘knegfatflsbvradjs‘l _ Pre
(KRPP1PRE) . ‘ L AT |

Analysis of Variance

‘Source of o | o fmfﬂ fff o %
Variation . S8 ?F‘ ‘ MstffjjﬁfE;' } ‘P S19
GROUP 0.1408 2 0.0704  0.65 0.531 N.S. .
ERROR 2.9284 27 .0.1085 . |
o ]

* Significantly different at p<0.05.

-
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' TABLE 61. Summary of the‘sfatisticai analysis for relative

/ peak power of the knee at 2.0 rad-s~l - Pre
(KRPP2PRE) .

'Analysis of Variance

Source of | ' . N

variation . S8 DF  MS . F ve,;&p sig’
GROUP 0.6066 . 20,3033 1.47 0.248 N.S.
ERROR 5.5808 27  0.2067 '

\
LW

* Significantly different at p<0.05.

TABLE 62. Summary of the staﬁistical analysis for relative
peak power of the knee at 3.0 rad-s~1 - Pre
(KRPP3PRE) . B :

Analysis of Variance E |
' J
Source of - T ﬁT .
Variation SS DF MS | F P. Sig
T " ~ A}
GROUP 0.3979. 2 0.1989 0.81 - 0.455 . N.S.
ERROR 6.6232 27  0.2453 ’

* Significantly different at p<0.05.

i #
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TABLE 63. Summary of the statistical analyeis forvrelative
' S peak power of the knee at 4.0 rad-s~l - Pre
(KRPP4PRE) .

t

Analysis of Variance

Source of *

Vaq;iation SS DF | MS . F P Sig .
] v . ®
GROUP - 0.0996 .2 0.0498 0.13 0.877 N.S.

ERROR  10.2064 27 0.3780

* gignificantly different at p<0.05.

-

. ‘\‘ '
., TABLE 64. Summary ‘of the statistical analy51s for relative
- peak power of the knee at 5.0 rad-s -1 - pre
(KRPPSPRE)

Analysis of Variance

Y

Source of

Variation SS DF, Ms - F P S}g
GROUP " 0.6097 2 0.304§  0.62 0.546 N.S.

* ERROR 13.2895 27  0.4922

_ * Significantly different at p<0.05.
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. TABLE 65. Summary of the statistical analysis for pre to
. post ‘difference in_relative peak power of the
knee at 0.5 rad-s -1 (DIFFKRPP0.5).

Analysis of Variance “n\”‘

Source of ' .k

Variation SS DF . MS | F P Sig
GROUP 0.6125 2 0.3063 8.05 0.002 - Sig.
ERROR 1.0268 27 0.0380

» * Significantly different at p<0.05.

4 &

Scheffe Multiple Comparison of Means

<

Scheffe ‘Minimum Significant
Group Mean Grouping® Difference
LVG ©0.374 A
' ‘ A
HVG 0.198 A B 0.226
B
CONG 0.024 ~ B

\ ) n

* Means with the same letter are not significantly different

SN
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TABLE 66. ‘Summary of the statistical analysis for pre to

post difference in relative peak power of the
knee at 1.0 rad-s~l. (DIFFKRPP1). '

»

'Analysis of Variance ‘ ‘

Source of C .
Variation S5 ‘,pF _ MS F d Sig

GROUP .2.2223 2 1.111 17.80 0.000  Sig.

'ERROR ~ 1.6857 27  0.0624
* Significantly different at p<0.05. . 4 ~
Scheffe Multiplé Comparison of Means

Scheffe ‘Minimum Significant
Group - Mean Grouping™ . Difference
LVG o 0.681 A
_ ' - :

HVG 0.207 éﬂ%B 0.289
. . L B
CONG ‘ 0,038 B

* Means with the same letter are not significantly different
at p<0.05. - -

!
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TABLE 67. Summary of the statistical analysis for pre to
" post difference in relative peak power of the

knee at 2.0 rad-s~1 (DIFFKRPP2).

Analysis -of Variance

i

.

Source of : J .

. Variation SS DF .MS F P Sig

) y

GROUP 1.4308 ©~ 2 0.7154  7.77 0.002° Sig.
ERROR . 2.4866 2% 0.0921

* Significantly different at p<0.05.

)

Scheffe Multiple Comparison of Means

O

' Scheffe Minimum Significant
Group Mean Grouping® Difference -
LVG 0.520 A
) A
HVG 0.293 , A B 0.352
. - B
‘B

CONG -0.013

* Means with the same letter are not significantly different

at p<0.05. ' .

-



TABLE 68.
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Summary of the statistical anélysis for pre to
post difference in relative peak power of the

knee at 3.0 rad-s~1 (DIFFKRPP3).

Analysis of Variance.

Source of

S

L)

MS

*

Variation S5 DF .F" : P - Si9
’ : )
GROUP »35349.4119 2 17674.7059 5.69  0.009  Sig.
ERROR ' 83913.9272 27 3107.9232

* Significantly different at p<0.05.

a

Scheffe Multiple Comparison. of Means

%
Minimum é&gnificant

» Scheffe
Group Mean. Grouping Difference.
LVG 729.73 A
A.
HVG 672.31 A B g4 64.574
, ) “‘B
CONG 647 .83 B

3

* Meané with the same letter are not significantly diffegent

at p<0.05.

-
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TABLE 69. Summary of the statistical analysis for pre to
post difference in relative peak power of the
knee at 4.0 rad-s~l (DIFFKRPP4).

Analysis of Variance

v &

\s,‘a";igilgfl s DF MS  F P sig*
GRQUP . 8.0785 2 ©4.0393 19.90 0.000 Sig.
O_R 5.4805 27  0.2030 { S

* Significantly different at pgo;osgh’,{_ .

Scheffe Muljps3 leJComparison
S5 P

‘ ta“e; #MEnimum Significant
Group ) Mean Grouping . %Y pifference
‘ ’ ’

HVG 0.975 =]

A ]
LVG 0.704 A 0.522
CONG -0.236 B

* Means with the same letter are not significantly different
at p<0.05. " ' ' : .

3
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TABLE 70. Summary of the statistical analysis for pre to
post difference in_relative peak power of the
knee at 5.0 rad-s~1 (DIFFKRPP5).

Analysis of Variance

Source of s DF MS

_F p Sig

Variation
GROUP 9.0070 2 4.5035 15.80 0.000 Sig.
ERROR 7.6973 27  0.2851

* Significantly different at p<0.05.

Scheffe Multiple Comparison of Means

Scheffe Minimum Significant
Group Mean Grouping® Difference
HVG 1,317 A
LVG 0.664 B 0.618
- CONG -0.025 C

* Means with the same letter are not
at p<0.05.

significantly different

<
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" TABLE 71. Summary of the statistical analysis for relative
’ peak power of the ankle at 0.5 rad-s~1 - pre
(ARPPO.5PRE) .

Analysis of Variance

Source of

Variation Ss DF MS F P Sig
GROUP 0.0168 2 0.0084 0.30 0.745 N.S.
ERROR 0.7631 27 0.0283

-4

o \
* Significantly different at p<0.05.

TABLE 72. * Summary of the statistical analysis for relative
peak power of the ankle at 1.0 rad-'s -1 - pre
(ARPP1PRE) .

Analysis of Variance

Source of ss DF MS F P - Sig

Variation
GROUP 0.0462 2 0.0231 0.41 0.668 N.S.
ERROR 1.5208 27 0.0563

* Significantly different at p<0.05.
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'M TABLE 73. Summary of the statistical analysis for relative
peak power of the ankle at 2.0 rad-s~1 - Pre
(ARPP2PRE) .

Analysis of Variance

‘

Source of

Variation SS DF MS F P Sig
GROUP 0.6292 2 0.3146 3.00 0.070 N.S.
ERROR 2.8357 27 0.1050 X

* gignificantly different at p<0.05.

TABLE 74. Summary of the statistical analysis for relative
peak power of the ankle at 3.0 rad-s~1 - Pre
(ARPP3PRE).

Analysié of Variance

Source of

Variation SS DF MS F P Sig
*
GROUP 1.7202 2 0.8601  6.08 . 0.007  Sig.
ERROR 3.8184 27  0.1414

* Significantly different at p<0.05.
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TABLE 74. Summary of the statistical analysis for relative
peak power of the ankle at 3.0 rad-s~1 - Pre
(ARPP3PRE) (continued).

Scheffe Multiple Comparison of Means

Scheffe Minimum Significant
-Group Mean Grouping” Difference
LVG 1.839 A
A o+
HVG 1.814 ? A 0.436
CONG 1.319 B

* Means with the same Jetter are not significantly different
at p<0.05. :

»
! . -
TABLE 75. Summary of the statistical analysis for relative
peak power of.the ankle at 4.0 rad-s~1 - Pre
(ARPP4PRE) ..
Analysis of Variance
Source of ‘ . %
Variation SS DF MS F P Sig
GROUP 0.9007 2 0.4504 - 2.89 0.073 N.S.
ERROR 4.2034 27 0.1557

* Significantly different at p<0.05.
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“TABLE 76. Summary of the statistical analysis for relative
: peak power of the ankle at S.O.rad-sfl - Pre ’

% (ARPPSPRE) . .
' %’4}: . s " R ‘ A . . ] »
5ﬂ@$y Analysis of Varfance ., ' |
"'r';\’r.i. i . . e ' ¢ ] - N £ .
- ‘source of e e ' _ ' . x
- Variatjon SS' DF MS « PR 519
AN
0 ; — ‘ . . T p L ' ”
GROUP ©0.8409  '2 -0.4204. 2.13 0.139 N.S.
ERROR 5.3331 .27  0.1975 _
e : . \ . {Q —
s * Significantly different at p<0.05.- )
~ ¢ ent at ps .
PR v
TABLE 77. Summary of theﬁstatistical analysis for pre to
post difference in relative peak power of the
ankle at 0.5 rad+s~L (DIFFARPP0.5).
Analysis of Variance:.
\ .
Source of - : ’ S A o w]
Variation ss | . .DF; : MS | ’;F/ ( P Sig
GROUP '0.0642 2 0.0321 2.58 0.094 N.S.
“gRROR ~~ 0.3357 ~ -27  0.0124 ‘

* Significantly different at p<0.05. e
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TABLE 78. ’Summaiy“of the statistical analysis for pre to
E ‘'post difference in relative peak power of the
. ankle at 1.0 rad-s~! (DIFFARPPL). :

o , ‘ V'-?srh'éﬂ:.
Analysis of Varrance
~ Source of S o © sk
o ss ~.pF M F P Sig
" GROUP 0.3280 2 '0.1640 © 9.05 - 0.001 . .Sig.
ERROR 0.4893 27 : 0.0181 ' '
*.S¢gnificantly different at p£0.05.,
Scheffe Multiple Comparison of Means
‘ ) . Scheffe . Minimum’Significant
Group. Mean  ‘Grouping™ * Difference
: ) ;%
e 0.308 A ./
HVG ‘ - 0.173 A B i ' % 0.156
, B | | ,
B

CONG 0.052

* Means with the same letter are not significantlyldifferent
at p<0.05. . 4 | : -
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TABLE 79. ' Summary of the statistical analysis for pre to
post difference in relative peak power of the
‘ankle at 2.0 rad-s™l (DIFFARPP2).

Analysis of Variance

o
':7'GRQUP- - Q,é3s3v 2 0.i181  2.21 0.130 N.S.
ERROR 1.4451\ 27 ;q;pszs
:*significgntly differe;t:éETp§0.05. e
PR

T -

| TABLE'8Q.. summary of the statistical analysis for pre to

fs. .. post différence in relative peak power of the.
-« ankle at 3.0 rad-s~1 (DIEFARPP3). s RN

Analysis of Variance

‘Source of ss . poF  Ms ~ F P sig”*

Variation-

GROUP ~  0.6739 2 +0.3370  2.36 0.114 N.S.

ERROR - 3.8607 27 0.1430

* significantly different at p<0.05.
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TABLE 81. Summary of the statistical analysis for pre to - v
post difference in relative peak power of the
ankle at 4.0 rad-s~l (DIFFARPP4).

Analysis of Variance -

Source of ‘ ! . | : .

Variation 5SS DF, MS F .P Slg
GROUP . 0.8479 l2 - 0.4240 3.68 0.039 Sig.
ERROR 3.1107- 27 - 0.1152 | '

* éignificant%y different at p<0.05. ‘ )

SChsife Multiple Comparison of Means

& -~ Scheffe Minimum Significant
Group . Mean.  Grouping” . Difference
HVG 0.257 A
' A
LVG '—-0.075 A 0.393
_ A -
CONG -0.120 A

* Means with the same letter are not 51gn1f1cantly different
at p<0 05. _ S I

&

&
N
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TABLE 82. Summary of the statistical analysis for pre to

post difference in
ankle at 5.0 rad-s

Anélysis of Variance

relative peak power of the

(DIFFARPPS).

Source of ' ' sk
Variation SS DF MS . F ‘P Sig
" GROUP 0.21172 2 0.1086 1.54 0.232 N.S.
/ , , e ‘
ERROR 1.9023 27 0.0705 - . “ |
* Significantly different at‘p50.05.

v

TABLE 83. Summary of the
- of rise of the

Analysis of Variance

statistical analysis for height .
centre of mass - Pre (HTRCMPRE).

-

- Source of

*

Variation Ss DF MS F ";'P - sig*®
GROUP 0.2876 2 0.1438 0.01 0.994 - N:S.
ERROR  644.3939 27  23.8664 '

**ngnificantly different at p<0.05.
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TABLE 84. Summary of the statistical(anaﬁgsis for pre to
post difference in height of rW¥Wse of the centre’

of mass (DIFFHTRCM).

Analy§fs-bf Variance

Source of ‘ , . P

e ol sS DF MS F P sig
GROUP 10.3170 2 5.1585. 0.86 0.435  N.S.
ERROR 162.1883 27  6.0070

* Significantly different at p<0.05.

JTABLE 85. Summary of the statistical analysis for vertical
velocity at take-off .- Pre (VELTOPRE) .

Analysis of Variance

Source of ' —

variation SS DF MS F P Sig
GROUP 0.0374 2 0.0187 0.47 0.631 = N.S.
ERROR 1.0787 27  0.0400

* Significantly different at p<0.05.
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TABLE 86. Summary of the statistical analysis for pre to
post difference in vertical velocity at take-off
(DIFFVELTO).

Analysis of Variance

Source of

variation SS 'DF MS F P ~ Sig \
GROUP - 0.0113 > 0.0057  0.49 0.619 N.S.
ERROR 0.3131 27 0.0116 |

T

- * gignificantly different at p<0.05.

o

-
L

TABLE 87. Summary of the statistical analysis for ground
force - Pre (GFORPRE). .

Analysis of Variance ‘ v

Source of -
3 Variation

Ss DF - MS F P ‘sig”

GROUP 52164.4657 2 26082.2329 0.48 0.625 N.S.

ERROR 1470583.6007 = 27 54466.70593

* gignificantly different at p<0.05.
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TABLE 88. Summary of the statistical analysis fof pre to
post difference in ground force (DIFFGFOR).

Analysis of Variance

Source of , xwywﬁ e
Variation SSY DF = M8 F - P Sig
GROUP  57422.0622 2 28711.0311 0.54 0.587 °N.S.

ERROR 1427854.3468 27 ;52883.4943

L

* .Significantly different at p<0.05. v

TABLE 89. Summary of the statistical analysis for minimum
‘ angle at the hip - Pre (MAHPRE).

Analysis of Variance

Source of *

Variation SS DF | MS F P Sig
GROUP 0.0492 2 0.0246 0.43 0.653 N.S.

ERROR 1.5309 27 0.0567

* Significantly different at p<0.05.
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TABLE 90. Summary of the statistical analysis for mean angular
velocity of the hip - Pre (MAVHPRE) .

Analysis of Variance
Source of .k
vVariation S8 DF MS . F P \Slg
. ‘ . ! | ’{
GROUP 0.3584 2 0.1792 0.78 0.471 N.S.
ERROR 6.2413 27 .0.2312

*+ significantly different at p<0.05.

TABLE 91. Summary of the statistical analysis for mean angular
velocity time of the hip - Pre (MAVTHPRE) .

Analysis of Variance

source of .

Variation 5S DF , MS F P Sig
GROUP ~ 0.0010 ® 2 0.0005 .0.31 0.735 N.S.
ERROR 0.0417 27 0.0015

* Signifidantly different at p<0.05.
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TABLE 92. Summary of the statistical analeis for maximal
angular velocity of the hip - Pre (VMXHPRE).

Analysis of Variance

Soﬁrce of ' ' ‘ A}

Variatiqn SS ( DF MS F P S]_g
GROUP - 2.2524 2 1.1262 . 1.34 0.279 N.S.
ERROR 22.7096 27  0.8410

, ' ) »
* Significantly different at p<0.05.

TABLE 93. Summary of the statistical analysis for pre to
post difference in minimum angle at the hip
(DIFFMAH) .

&

Ahalysis of Variance

Source of . SS. DF MS F P Sig

Variation
GROUP 0.0255 2  .0.0128 0.57 0.573 N.S.
ERROR 0.6061° 27 0.0224

. * Significantly different at p<0.05.



TABLE 94. Summary of the statistica

205

1 analysis for pre to

post difference in mean angular velocity of the

hip (DIFFMAVH).

Analysis of Variance

Source of

Variation 85 DF MS, F P S1g
GROUP 1.4008 2 0.7004  4.73 0.017  sig.
ERROR 3.9987 27  0.1481

* Significantly different at p<0.05.

Scheffe Multiple Comparison of Means

Scheffe Minimum Significant
Group Mean Grouping” Difference
CONG 0.153 A
A
LVG ‘ 0.133 A 0.446
HVG ~0.316 B
. ey

* Means with'the same letter are not
at p<0.05.

significantly different
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TABLE 95. Summary of the statistlical analysis for pre to
post difference in mean angular velocity time

of the hip (DIFFMAVTH).

Analysis of Variance

Source of

Variation SS DF MS F 3 Sig
Q )
GROUP 0.0038 2 0.0019 1.66 0.208 N.S.

ERROR 0.0307 27 0.0011

* Significantly different at p<0.05.

TABLE 96. Summary of the statistical analysis for pre to
post difference in maximal angular veloc1ty of

the hip (DIFFVMXH) .

Analysis of Variance *

Source of ss DF MS

vVariation F P Sig
GROUP 0.1651 2 0.0825  0.08 0.928 N.S.
ERROR 29.6478 27  1.0981

* Significantly different at p<0.05.
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TABLE 97."Summary of the statistical analysis for minimum
oo e gngle at the knee - Pre (MAKPRE) .

Analysis of Variance

y

Source of

Variation sS DF MS F P - sig”
&
GROUP 0.0383 2 0.0192 0.62 0.545 N.S.

ERROR 0.8332 27 0.0309

* Significantly different at p<0.05.

-

TABLE 98. Summary of the statistical analysis for mean angular
velocity of the knee - Pre (MAVKPRE).

Analysis of Variance

Source of ,\ . *
Variation SS DF MS F P Sig
GROUP 0.7495 2 0.3747 0.42 0.663 N.S.

ERROR 22.2247 27 0.8972

* Significantly different at p<0.05,;
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TABLE 99. Summary of the statistical analysis for mean angular
velocity time of the knee - Pre (MAVTKPRE).

Analysis of Variance

Source of

Variation S8 DF - M8 F P Sig
GROUP 0.0038 2 0.0019 0.78 0.468 N.S.
ERROR 0.0653 27 0.0024

* Significantly different at p<0.05.

4z

er
TABLE 100. Summary of the statistical analysis for maximal
angular velocity of the knee - Pre (VMXKPRE).

Analysis of Variance

Source of

variation SS . DF MS F P sig
GROUP . 0.1593 2 0.0797 0.10 0.909 N.S.

ERROR 22.4320 27 0.8308

* Significantly different at p<0.05.
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.TABLE 10l1. Summary -of the statistical analysis for pre to
post difference in minimum angle at the knee
(DIFFMAK)

A

Analysis of Varlance'

- Source of s | ~ , "

Variation S8 DFE MS N F P Slg

GROUP 0.0120 2 0.0060  0.41 0.671 N.S.
ERROR  + - 0.3987 27 0.0148 ‘

* Significantly different at p<0.05.
; 7 differe |

TABLE 102, Summary of the statistical analysis for pré to
' : post differénce in mean angular ve1001ty of the
knee (DIFFMAVK). : o

l

‘Analysis Qf'Variance

)

Source of . - : } “'z, . N )
Variation _SS : DF ‘-'MS F P Sig
. GROUP - 0.9992 2 0.4996  0.86 0.434 N.S..

"ERROR =~ 15.6726 27 -~ 0.5805 |

L]

* Significantly different at p<0.05.
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TABLE 103. Summary of the statistical analysis ‘for pre to
.post difference in mean angular velocity time

of the knee (DIFFMAVTK) ..
i . -
Analysis of ‘Variance

4

Sourcekof . ” : ‘ . A

Variation_ 55 DE MS F P Sig
‘GROUP 0.004 2 0.0002 0.15 0.864  N.S.

_ ERROR 0.386 27 0.0014 | :

A

* Significantly different at p<0.05.

r

e

~

TABLE lO4.'gSummary of the statistdical analysis for pre to
post difference in maximal angular velocity of-

the knee (DIFFVMXK).

Analysis of Variance

*

Source of : - , ; . ;
Variation 55 DF MS .F, P S}g
_ GROUP 2.0409 2 1.0204  1.59 0.222 N.S.
ERROR . 17.3273 27 0.6418 "

* Significantly different .at p<0.05.
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Sﬁmméry of the statistical analysis for minimum

angle at the ankle - Pre (MAAPRE).

Anélysis'of_Variance

Source of : . 4 fa®

variation ss DF MS F p Sig

GROUP 0.0194 2 0.0097 0.75 0.482 N.S.
.0.3484 27

ERROR

0,0129=‘

- * Significantly different at p<0.05.

 TABLE 106.

Analysis of Variance -

Summary of the statistical analysis for mean
angular velocity of the ankle - Pre (MAVAPRE) .

Source.of SRR S » C ke
Variation. S5 . ?Ev » MS F P Sig
- : B AR -
* GROUP. 2.9277 2 1.4639  1.08  0.353 N.S.
36.2956 27

ERROR

LX)

1.3517

*dSignifigahtly"diffefent'ét‘pEO{OS._‘

BRI 4
»
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TABLE 107. Sﬁmméry of the statistical analysis for mean
T angular velocity time of the ankle - Pre
(MAVTAPRE) . ‘

Analysis of Variance

Source -of | o v .

 Variation S8 DF MS ., F P Sig

GROUP 0.0155 2 0.0078 1.99 0.156 N.S.
ERROR  0.1052 27 0.0039

* Significantly different at p§0}05.

N

TABLE 108. Summary of the statistical analysis for maximal
~angular velocity of the ankle - Pre (VMXAPRE).

Analysis of Variance

*

Source of : ' o
Variation SS - DF ”MS_ B P -S;g

GROUP 0.%¥597 2 0.0%98 0.08 0.924 N.S.
. ERROR 27.326% 27  1.0121 |

* Significantly different at p<0.05.
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TABLE 109. Summary of the statistical analysis for pre to
post difference in minimum angle at the ankle
(DIFFMAA) . - .

Analysis of Variance:

Source of . 3 .k

Variation - S8 DE MS F ? . 519
GROUP _ 0.0175 2 0.0088 2.78 0.080 N.S.
ERROR -  0.0850 ~ 27  0.0031

* Significantly differ&nt at p<0.05.

A

TABLE 110. Summary of the statistical anélysis for pre to
post difference in mean angular velocity of the
ankle (DIFFMAVA).

Analysis of Variance

Source of ' . ) ok

Variation SS DF s F P Sig
-

GROUP 3.7387 2 1.8693 1.79 0.186  N.S.

ERROR 28.1787 27 1.0437

* Significantly different at p<0.05.
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'TABLE 111. Summary of the statistical analysis for pre to
: post.difference in mean angular velocity tlme
of the ankle (DIFFMAVTA).

1

Analysis of Variance

Source of

Variation SS DF MS  F P | Sig
GROUP 0.0062 2 0.0031 1.08 0.355 N.S.
ERROR 0.0775 ~ 27 = 0.0029

\

* Significantly different at p<0.05.

TABLE 112. Summary of the statistical analysis for pre to
post difference .in maximal angular ve1001ty of
the ankle (DIFFVMXA)

Analysis of Variance

Source of

Variation S5 DF - MS F P, Sig
GROUP 5.9248 2 2.9624 3.05 0.064 N.S.
ERROR  26.2065 27  0.9706

* Significantly different at p<0.05.
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TABLE 113:.  Summary of the statistical analysis for first
' " negative impulse - Pre (FNIPRE).

Analysis of Variance

Source of | v .k
Variation SS DF MS F P . Sig
'GROUP 370.9991 2 185.4995 0.40 0.672  N.S.

ERROR  12402.8345 27 - 459.3642

* Significantly different at p<0.05.

TABLE 114. Summary of the statistical analysis for first
negative impulse time - Pre (FNITPRE). -

Analysis of Variance

Source of : ' . %
Variation S8 - DF ‘MS F P Sig
®
GROUP 0.0163 2 0.0082 0.98 0.388 N.S.
ERROR 0.2249 ° 27  0.0083

* gignificantly different at p<0.05.
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TABLE 115. Summary of the statistical analysis for positive
impulse - Pre (PIPRE). o

4

Analysis of Variance

Source of . : ' ' .k
Variation S8 DF MS | W F P 519
GROUP ©1591.7704 ‘2 795.8852 0.77 0.471 N.S.

ERROR  27744.1900 27 1027.5626

* Significantly different at p<0.05.

/

TABLE 116. Summary of the statistical analysis for positive
impulse time - Pre (PITPRE). -

Analysis of Variance

Source of - : 1 - : .k

Variation ‘SS DF MS F P JSlg
GROUP 0.0062 2 0.0031 0.49 0.617 N.S.
ERROR 0.1703 27 0.0063

* Significantly different at p<0.05.

o N
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TABLE 117. - Summary of the statistical analysis for second
/' negative impulse - Pre (SNIPRE).
. , -

Analysis of Variance

Source of

Variation SS DF MS F P Sig

GROUP 0.2395 2 0.%¥97 0.0l 0.992 N.S.

ERROR 412.1133 - 27 15.2635

* Significantly different at p<0.05.

TABLE 118. Summdary of the statistical analysis for second
negative impulse time - Pre (SNITPRE).

Analysis of Variance

Source of

Variation ss DF MS F P Sig
GROUP 0.0000 2 0.0000 0.08 0.919 N.S.

ERROR 0.0011 27 0.0000

* Significantly different at p<0.05.
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TABLE 119. Summary of the staﬁistical analysis for total
positive impulse - Pre (TPIPRE).

o}

Analysis of Variance ,
. §

‘Source of’" ' . .k
vVariation S8 DF M5 F P Sig
GROUP 478.8301 2 239.4150 0.18 0.834 N.S.

ERROR 35397.8694 27 1311.0322 ;

* Significantly different at p<0.05.

TABLE 120. Summary of the statistical analysis for total
’ positive impulse time - Pre (TPITPRE).

Analysis of Variance

r—

Source of | . *
.Variation SS DF MS F A P Sig
GROUP 0.0375 2 0.0188 0.91 0.413 N.S.

. ERROR 0.5543 27  0.0205

* Significahtly different at p<0.05.



TABLE 121.

219

Summary of the statistical .analysis for minimum

' ground reaction force - Pre (FMINPRE) .

o S -
Analysis of Variance
Source of ’ .k
Variation SS ~ DF MS F . P Sig

GROUP 50867.4532 2 25433.7266 0.84 .0.442 N.S

ERROR 815248.9120 27 30194.4041

at p<0.05.

* Significantly different

TABLE 122.

of minimum ground reaction force -~ Pre

(TFMINPRE) .

Analysis of Variance

summary.of the statistical analysis for time

Source of : . *

Variation’ 58 DF MS F P Sig
.GROUP. 0.0275 2 0.0138 0.76 0.476 N.S.

. ERROR +0.4875 27 0.0180

* Significantly different at p<0.05.
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TABLE 123. Summary of the statistical anaI?éis for maximum
ground reaction force - Pre (FMAXPRE).

%

Analysis of Variance .

Source of .k

Variation S8 DF MS F P Sig
GROUP 970.3349 2 485.1675 0.01 0.993 N.S.

'ERROR 1958125.4622 27 72523.1653

* Significantly different at p<0.05.

TABLE 124. Summary of the statistical analysis for time
of maximum ground reaction force - Pre (TFMAXPRE) .

Analysis of Variance,

) L Y
Source of \ .
variation S DF MS F P Sig
GROUP 0.0025 2 0.0013 0.27 0.768 N.S.
ERROR . 0.1281 27 0.0047

* Significantly different at p<0.05.
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TABLE 125. Summary of the statistical analysis for pre to
post difference in first negative impulse
(DIFFFNI).

»

Analysis of Variance

Source of : . %
Variation 85 DF MS F F S}g

GROUP 350.6781 2 175.3391 0.68 0.515 N.S.
. ERROR 6954.5892 27 257.5774

* gignificantly different at p<0.05.

.~

TABLE 126. Summary of the statistical analysis for pre to
post difference in first negative impulse time
(DIFFFNIT). ’

Analysis of Variance

Source of . . x

Variation SS _ DF MS F P . Sig
GROUP .0.0049 2 0.0025 0.72 0.497 N.S.
ERROR 0.0930 27 0.0034

* Significantly different at p<0.05.
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TABLE 127, Sﬁmmary of the statistical analysis for prJ,to
post difference in positive impulse (DIFFPI).

Analysis of Variance

Source of *
Variation SS DF MS F P Sig
GROUP 5029.1509 2 2514.5755 1.47 0.249 N.S.

ERROR 46330.8476 27 1715.9573

* Significantly different at p<0.05.

TABLE 128. Summary of the statistical analysis for pre to
post difference in positive impulse time (DIFFPIT).

Analysis ofl vVariance

Source of

Variatiomff

SS DF MS F P sig*

GROUP o».0047 2 0.0023 0.47 0.628 N.S.

ERROR 0.1331 27 0.0049

* Significantly different at p<0.05. a
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TABLE 129. Summary of the statistical analysis for pre to
v post difference in second negative impulse

“(DIFFSNI). S |

Analysis of Variance o L Y

Source of Ss DF  MS F P Sig
Variation L s _ S ,

ol
T

~ GROUP *27.0431 2 13.5216 0.73 -0.493 N.s.

ERROR  502.4974 .27 18.6110

1

*_Significantly different'at‘pgo.OS.

TABLEFIBO.; Summary of the‘statistical analysis for pre’ to
~ post difference in second. negative impulse time
. (DIFFSNIT). | ”

Analysis of Variance

Source'of' ' _ P B L RO e
" Variation - -SS‘ DF  MS . B P Sig” -
. : SN -
GROUP = 0.0001 2 0.0000 0.65 ©0.532 N.S. 4
LERROR  6.0018 27 0.0001 e

J*’signifiéantly aifferentlat‘pio.os.

al
B
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TABLE 131. Summary of the statistical analysis for pre to
: - post. dlfference 1n total positive impulse
(DIFFTPI).

Analysis of Variance

- Source of ?

Variation 58 DF MS F P Sig
GROUP ‘ 1354.6245 2 A-677;3l22‘ 0.46 0.633 N.S.

ERROR 39354.4940 27 1457.5739 .

* Significantlymdifferent,at p<0.05.

TABLE 132. Summary of the statlstlcal ana1y51s for pre to
' ‘post difference in total positive impulse’ tlme‘

(DIFFTPIT)

Analysis of Variance

Source'of' x

‘Variation SS DF MS - .. F P .Slg
GROUP - 0.0000 - 2 . 0.0000 . 0.00 0.999 N.S.

" ERROR . 0.3327 - 27  0.0123 -

£

4‘*’Significéntly different at p<0.05.

“~y

&
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" TABLE L33. summary of the statistical analysis for pre to
" post difference in total positive impulse
(DIFFTPI).

8

. BAnalysis of Variance _ J
Source of e ' _
Variation S8 DF MS F P Sig
~ GROUP 9554.3108 2 4777.1554 0.36 0.703  N.S.

ERROR 361916.7279 27 13404.3233

* gignificantly different at p<0.05. ¢

g

TABLE 134. Summary of the statistical analysis for pre to
' post difference in time of minimum ground reaction
force (DIFFTFMIN). ‘

Analysis ‘of Variance

‘oSource of L o : D sk
Source o sS DF MS F P Sig
GROUP ~  0.0171 2+ 0.0085  0.49 0.619 N.S.

' ERROR 0.4709 27, 0.0M4

- * Signifﬁﬁantly‘differént at ng.OS.

i
<
( o o
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TABLE 135. Summary of the statlstlcal analysis for pre to
" post dlfference in maximum ground reaction force
(DIFFMAX)

Analysis of Variance

Source of
Variation

SS DF MS F p sig*

GROUP . 76220.6357 2 38110.3179 0.66  0.524 N.S.

‘ERROR g;§§3§90.5291 27 57551.5011

TABLE :136. Summary of the statlsflcal analysis for pre to
- post difference in time of max1mum ground reaction,
force (DIFFTFMAX) :

Analysis of Variance

- Source of ss DF * MS . ' F P sig

Variation
GROUP 0.0135 2 0.0067  1.14 0.336 N.S.

ERROR 0.1604 27  0.0059 .

* Significantly differént at p<0.05.
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TABLE 137. Pearson product-moment correlation matrix for
: the dependent variables measured in the initial
' testing session (continued). ' '
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