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Porty-five playing i-bor- of the »minruty of Alberta inter- '." '

collegiate football ,to- v’u evaluated on twenty-nine phniol.oglccl
v.ruyla from dats couoeul duripg & -nml tresdmill rum, e

endurance stair yun, a pover stair rum, Cybu inee flexion and

A

an agility run, sprint tests and a biopsy ple of the vastus lateralis ")j~

_ cxtcncic'm strength, powver and cn_durnncc t-t. undervgter weighing,
. lulclﬁ:__nogrelationl were computed between :11 tvtuty—ning variables.
‘Pre-season lnd‘po;t-season data on the nineteen_varinbleo measured by
the Cybex te-t-, the stair run tests and the Vo2 sAx test were anpalyzed
by a RHAOVf\?n~dctcrline vhether de-conditioiln; occu(rod over the , -
competitive playgng season. The football players were grouped by -
position and the means of the twenty-nine varinblpo for each group
écrc-annlyzed by an ASOVAI to detefnine whether significant differences
exint;d between the groups. The plazér groupingi were: running backs

' ;o c—
(RB), wide receéivers (WR), inside receivers (IR), offensive lineman i
(OL): defensive lineman (DL) ,' linebackers (LB), defensive backs (DB),

¢

nnd_quarterbacks (QB). _
‘-
Vastus lateralis enzyme activities and 2 fiber population had

lov correlations with all non-biopsy variables. The twelve vnri(qables
generated by the Cybex tests had high correlations with each othet but
low correlptions with all other variables. High correiations were
observed l;etween. the tt;ree ‘bower stair run variables and the two sprint

run variableg.



VO, max significantly decfased o,vcr the season with D3 aho‘hng
the greatest drop. Treestyle stair run times wvere aignificmtly |
faster posy season with the WR and IR showing the greatest hpiov-mt.
- HAxi;xl hamstring torque a: 30./0 significantly increased post-season
with DB showing the greatest inpfovc-eni. Maximal hanstring torquc‘at
186./- significantly increased post season with OL, DB and WR displaying
the greatest improvements. Maximal quadricep torque lt‘l.P./l .1gn;fi-
cantly increased pouF season with DB st?ying ;he greatest improvement.

For the majority of the twenty-nine variables the following groups
had similar phyaiological'prafifbs: (1) DL, OL and LB (2) DB, WR and
‘QB (3) RB and IR. Cenerally speaking, the group consisting of DL, OL

. ‘
and LB were the strongest, fatigued the quickest, had the lowest aerobic
power, had the highest % body fat, were the slowest and least agile,
had the lowest enzyme activities {in vastus lateralis ;;scle and had the
lovest Z FT fibers in vastus lateralis muscle while the group consisting

of DB, WR and QB were at the opposite end of the rankings for the same

variables.

vi
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. With the advancement of kﬂowlcd;e and techniques in exercise and
céllular physiology man is nov'cnpnble of gathering physjological, histo-
chemical and bioche-{cal data on athletes that will not only aid coaches

in their task of -cleéiion, deplofnent and prep?ration but will also

further advance lcientifictknovledge in these relht;d fields. Unfértunately,

not many researchers in exercise and cellular physiology combine all three

forms of data collection to give an over-all picture of the athletes

~

abilities, potentials and state of training. Just as unfortunate is the

lack of availability of this tfpe of researcly to the coach and physical
educator. There have been a few studies published (Edstrom and Ekblom 72,
Gollnick et al. 72, Costill et al. 73, Schreiber 73, Karlsson et al. 75,
Prince et’él. 76, Costill et al. 76a, Costill et al. 76b, Tesch et al. 76)

which report normative data on athletes but it is questionable whether

this information has reached the coach or been-helpful to th oach. The

sample populations for these studies have been relatively small and selective
to athleg;s who participate in individual sports ( such as distance runnerd

. ~ ’
and weight lifters ). The parameters measured haye cgntered around aerobic

capacities as well as I muscle fiber type and Tuscle cfosaw§2ctional areas.
_ e

a

Performance datum, to give an indication of the caliber of the athletes, were
seldom reported. Therefore, datum on physiplogical profiles of athletes that
are available at present are helpful only to those athletes a the two ends

of the scale (high aerobic capacity versus high anaerobic power) .

1



-Generaily speaking, team sport athl‘kci are quite different from
the high aerobic capacity and high .m’erobic power type athlet‘;. Athletes.
yartaking in team sports need'to!pbolesu more thanone physical trait
or fitness component to bé succen‘ful in their sport vhereaoqthe athlete
who has a high aerob;c gfpacity’lnd ypo can utilize a high percentage
of'this capacity without having to generate energy anaerobically can be .
a very successful long distance runner. Likewise, the strong and powerful
weight lifter does not neéd a high aerobic capacity to be a successful
competitor.“Therefore,'vhen attempting to establish physiological profiles
for a team sport all components of physical fitness which contribute to
successful perfordance should be measured. Football which involves a large
number of players per team as well as many positions where poésible
physiological differences could exist, eﬁould be a good example of a
team sport where many of the physical fitness components need to be developed
to a high degree to produce successful performance. These fitness components

would include:

1. Cardio-respiratory efficlency - aerobic capacity,

2, Muscular strength,

3. Muscular power,
4, Muscular endurance,
5. Energy.production - anaerobically and aerobically.

Y

\

Many football players spend wmonths of intense training in preparation
for the season and two-a-day training camp practices. However, once the

season has commenced most discontinue their rigorous weight training and

running programs with the belief that further training will be detrimental
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tto their performance, Most football players also consider two hours of
on the field practice ;ufficiopt to msintain their fitness level. Coaches
.llld foster this belief by devoting minimal time x; physical fitness
training during practice situations. It is the contention of many
» exercise and cellular physiologists that if athletes are h;ghly trained
prior to in-season practices a defconaitioning process will occur oaver
the duratioﬂ of the season resulting in lower levels of physical condition
at the end of the season.

Theoretically, all football players should possess the ability to
rapidly contract muscle, to d;velope large amounts of nusclé force and to
rapidly resynthesize adenosine triphosphate (ATP) both anaerobical{y and
aerobically. The degree to whic hey are capable of displaying these
abilities will vary by position gis dependent. upon their genetic
endowment (Klissouras 72, Klissou 73, Komi et al.73, Leitch et al. 75,
Weber et al.76) and level of training (Keissling et al.74, Thorstensson
et al. 75, Saltin et al. 76, Thorstensson et.a1.76a, Thorstensson and
Karlsson 76b, Andersen and Henricksson 77, Bylend et al.?77, Henriksson
and Reitman 77).

Running speed, which is an essential quality needed by football
players, is dependent upon stride frequency and stride length. Stride
frequency 1s correlated to the contractile speed of the muscles involved
whereas stride length is correlated to the force generated by the leg
muscles through the €oot to the ground. The contractile speed of a
muscle has been correlated to its myosin adenosine triphosphatasé (ATPase)
activity (Barany 67). This enzyme catalyzes the breakdown of ATP to

produce energy for muscular contraction. The amount of tension a muscle



is capable of developing is correlated to its content of contractile
protein ;r ’crOIlbtidgtl (Gordon et"a1.67.'Jdvood et al.74). Past
contracting muscle fibers (Ff) possess high conceﬁtrationa of myofibrillar
ATPase (Cloae 72, i:rke and Edgerton 75, Essen et al. 75, Thorstensson
et al, 770)., a fuénr reaction ‘velocity of -y’fibrillnr ATPaJ (qu 69,
Close 72, Burke and Edgerton 75) and greater contractile prote;n content
(Goldspink 70; Close 72, BurKe and Edgerton 75) than slow contracting
fibers (ST). Therefore; su;ce.sful football players would be expey;ed
to possess a percentage of FT muscle fibers greafer than that of‘S!i
This percentage FT population would likely vafy by position but the top
Player at each position might well be the one with the greatest percentage
of FT muscle fibers. To test this hypothesis muscle fiber populations
will be determined histocheniéally, myofibrillar ATPase activity will be
determined biochemically and these resultg will be cross-correlated with
running times and measures of leg power and dynamic lég strength.
Football, regardless of position, is an explosive activi requiring
the immediate production of energy for maximal muscular contraction.
-The average time of\suetained maximal effort during one play would be
approximately five seconds. Between plays, the recobery time would be
approximately thirty-five seconds. A sustained march resulting in a
change-over of possession of the ball could require as many as fifteen
plays. .
The hydrolysis of ATP causes shortening of the contractile structures
and 1s the direct energy source for mechanical work. This phenomenon
was observed by Davis et al. (59) who upon poisoning isolated muscle with

~

"1 - Fluor - 2, 4 - dinitrobenzene (FINB), a chemical which inhibits
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, . '
creatine kinsse and myokinase and f‘romu the resynthesis of ATP from
oxidative phosphorylation or 'lycolyuo.' induced guscular contraction ' k4 |
resulting in a decrease in Ai‘, an increase in inorganic phosphate and .
no change in creatine phosphate (CP) or c‘rutim'contcnt. Bowever, ‘iﬂﬁq‘
these conditions the mslle was only capable of contracting a few times.
Therefore, for puscu{;} contraction to continue ATP must be resynthesized.

The resynthesis of ATP occurs through differvent -etaboii£~ptthunyc
but in a specific order. Creatine phosphate is an energy léufée found g
in the muscle cell which is capable of immediately resynthesizing ATP.
This_energz source can be sustained for approximately 10 s and has a recovery
half time of approximately 30‘s (Fox and Mathews, 74). Glycogen is
an energy substrate ;hh?\}s stored in muscle and liver. During high |
intensity exercise this stored garbohydrate will generate ATP in
a matter of seconds, via anaerobic glycolysis (Scopes, 74). Lactic acid
is an end product of this energy pathway. During less than maximal
exerci;e the same stored glycogen as well as circulating glucose can be
conve;ted into acetyl coenzyme A which can enter the citric acid cycle

{
and tﬁe electron transport chain and be used to generate ATP aerobically.
Stored triglycerides can be lipolized to form free fatty acids which are
transported to th; muscle cell where they also can enter the citric acid
cycle and the electron transport chain and be used to generate ATP aerobically.
However, the aerobic breakdown of stored substrates is slow compared to
anaerobic glycolysis and the creatine phosphate reaction. This is due
to the lag time needed to get the necessary substrates and co-factors

into the eneygy generating machinery of the mitochondria (McGilvery, 75).

As well the extraction system which removes these substrates and co-factors



from the blood is limited by the rate of blood flow which in turn s
liut'cd by the :lntgncity,of the mrdié'. .‘l'hul.. aerobic prod;action of
ATP 1s depeandent upon the intensity of tho. exercise. During high
‘ intensity work very little, 1f any, ATP 1s regepgratad in vorkin.
:mmcle via aerobié paﬁhvnyc. However, ovttloadiﬁg the aerobic ;y-t.u
during' traixﬁng ‘uiulions will incx;eue 1&- roQ‘ in encrgy‘ .production in
exercising muscle during high intensity exercise. During a football
game the creatine phosphate reaction ;;d anaerobic glycolysis generate
ATP for the periods of maximal intensity while all systems and pathvnyt'
vill resynthesize ATR,and C§?Aut1ng the stoppages in play or recovery
period. The different -etabolic“reabtiona used in the resynthesize of
ATP during a football game can be monitored by measuring the activity of
key enzymes in the respective reactions. Therefore, creatineqkinase,
lactate dehydrogenase and succinate dehydrogenase activity were measured
from biopsy samples of football players.

The purposes of the study are:

1
1. To compil;‘figfiles, based upon histochemical, biochemical

and perfo nce_@ata for varsity football players;

2, To determine wﬁether de-conditioning occurs over the
three month football season.

3. To determine whether the physiological profiles of wide
receivers, 1nside‘rece1vers, quarterbacks, running backs,
offensive linemen, defensive backs, linebackers and

i

defensive linemen differ from one another.



. . ) .
rd , .
- ’ METHODOLOGY
"o
- \ ' .' . ] \\\
o | . . .
R
SUBJEC®S - - . - R
.':\\ 4 '
Permission was obtained from the ¢ staff of thc.Uniyurnity

of Alberta Intercollegiate lbotbali team \to administer a battery of
e . - .
tests to all individuals who sttended thejr 1977 training camp. Prior
“~,to training camp a letter explaining the purposes of the testing was
\ .

peng.tﬂ all prospective '"Golden Bear" football players. This letter vas

) quoraéd by theacoachﬁng staff. Ineffect, ;he coaching staff indicated

' Ih;t the results would be used for evaluation purposes. However,

‘finge. the majority of testing occirred prior to the start of training
éi-p, the coaching staff did not make pnrtiéipation manaatory.
A copy of thg_legxe; that.the players received can be found in Appendix
B. "

®

DESIGN
v

All players were assigned to a group based upon the major position

played during the 1977 season. The groups selected were:

(1) Running Backs, .
(2) Wide Receivers,

(3) Inside Receivers,

(4) Offensive Lineman,

(5) Defensive Lineman,

(6) Defensive Linebackers,

7 -



(7) Defensive Backs,
(8) QuarterBacks.
Five tests were oc’oct-d dased upon their ability to measure serobic
capacity, tnaefobip capacity, lég power, leg strength and leg endurance,
for pre and post analysis of any de-conditioning which might occur over

the -football season. These tests were:
!

Q) Maximum Oxygen Consumption - aerobic capacity,

(2) Endurance Stair Run - nnaerobic\cnpacity,
3) Power Stair Run - leg power, "”’—”’—””'
(4) Maximal Knee Extension - Flexion Torque on Cybex II -
leg strength and power,
(5) Maximal Knee Extension - Flexion Endurance on Cybex II -
leg endurance.‘
Four additional tests and a muscle ‘biopsy from the vastus lateralis
wvere also administered to collect data for other physiological variables.

The remaining four tests were: . -

(6) Percent Body Fat,
@) Agility Rum,
(8) Sprint Speed over Ten Yards,

9) Sprint Speed over Forty Yards.
The muscle biopsy was used for the following analysis:

(1) , Percent Muscle Fiber Population,
L

2) Succinate Dehydrogenase Activity (SDH)

¥ 3) Lactate Dehydrogenase Activity (LDH)



'
(4) Crestine Phosphokinase Activity (crx),

J »
(5) Myofibriilar Adenosine Triphdsphatase Activity,

. \

- All data was used to dcts;‘d.pi whether the eight groups differed

\

significantly from one mofhor and if so for which variables. Since ®

the objective was to establish a physiological pr of a

football player by positiom, only data from individuals who practised

‘and competed with the team during the season was u d for this analysis.
Finally, to see whether any relationship existed between the measured

variables, correlations were computed using pre test data from alllsubjects.
Due to fechnical dif ficulties percent body fat was not measured until

the week of October 2nd, ten and forty yard sprint speed the veek of

October 16th, and agility run time the week of October 30th. All other

testing was completed prior to the teamk first league game on September

10th. All post-test data was collected within two weeks of the Wednesday

following the final game or by November 16th.

STATISTICAL ANALYSIS

The ten different tests utilized in this study provided a total
of twenty-nine variables. Due to unequal sample size for most of the
variables a one-way analysis of variance (ANOVAl) was used to determine
whether a significant difference existed between the groups of football
players. The Newman-Keuls post-hoc test was used whenever a significant
F value was found to show which groups significantly differed from one

another. A one-way repeated measures analysis of variance (KMAOV1) was




®
used to determine whether a significant difference existed botv‘on
the nineteen pre-test and post-test Vltilbl;l. .

A‘Pearlon Product Moment Co;¥elation for missing data (DESTSS from
the DERS computer programa doc-\-entation) was used to compute a correlation
;atrix for all twenty-nine variables as well as calculate the mean,
standard deviation and the probabilities that the correlations in the
population from which the sample was drawn are equal to zero.

The input portion of the ANOVAl, RMAOVI and DEST@#5 can be found

in Appendix C.

TN



ADMINISTRATION OF TESTS
>

1. Maximum Oxygen Conpumption |

Maximum oxygen consumption was uuurog by the Beckman Matabolic
Hcasurg-nnt Cart while running on a motor driven treadmill. The n;tabdlic
cart gives a read-out which includes expired volume, oxygen consumption
in liters per minute and in milliters per kilogram per minute, respiratory .
quotient, percent oxygen'and percent carbon dioxide. Volumes are auto-
matically cogrected for STPD and BTPS. For the warm-up, which lasted
three miputeu, the treadmill was set at a }1ve percent grade and seven
miles per hour. | For the exerctse bouts the treadmill speed
remained sonstant at seven miles per hour and the.elevation was increased
two and‘one—half degrees every minute. Oxygen consumption was recordad
every thirty seconds until a maximal value was reached. Criterion for
having reached maximal Ooxygen consumption was that point where oxygen
consumption levelled off or decreased ( within 100- ml ) with an increasing

work load. An example of the printout for a subject is found in Appendix D.

2. nd For Y d R

Photo-electric cells were utilized to measure veloci;y to the
nearest one-hundredth of a second over a distance of ten and forty yards.
This test was administered on'the running track in the ice hockey arena.
The subjects began from a statjonary position utilizing the starting
technique of Air choice. A set of photo-electric cells were situated

on the starting line, and at ten and forty yards from this line. Timing

clocks were connected to the sets of photo-electric switches positioned at
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L}
ten and forty yards. Oh-his own volitioca the osubject sprinted fifty
yards as fast as possidle. Ny br‘.kh. th_- light emitted frem the
Photo-electric celly the subjact started the timing dﬂieo. on crossing
the .tn»fin; un-c/;:i;l stopped ‘a clock after having rum t'on yards and W
clock aft\cr forty yards. Rach sybject warmed-up prior to his sprint rum
and the fastest time of two trials was used as his score. A sinisum

of five minutes recovery time was taken between trials.

3. Power Stair Run ’ -

s
A system utilizing electronic tinn; pads connected to a clock

reoorder* was set up to measure to the nearest one-hundredth of a second,
the time taken to run at top speed up a flight of stairs. The stairs
were located outside the main basketball gymasium at the University of-
Alberta and lead up to the balcony. ocatl; There vere tventy steps with
& combined vertical distance of 3.8 “t.:'l (19 cm/step). A two meter
long flat surface between the tenth and eleventh steps int?ertupted the
vertical climb. Each subject Jvas requested to perform two different
tasks of running up the stairs. The first task was to ascend the stairs
as quickly as possible taking only two steps at a time and with only one
step on the flat surface between steps ten and eleven. ‘l'herefo,e, the
subject landed on steps two, four, siy, eight and ten took one\ step on
the flat and then landed on steps tvelve,)ﬁéjen, sixteen, eighteen and
twenty. One electronic timing pad was placed at the base of the stairs
L

to start the clock while the pad on step twenty stopped.the clock. Jhe

second task (freestyle) was to ascend the stairs as quickly as possible

* Automatic Performance Analyzer - Dekan Industries, Il1feis.



than three days) every subject 'pue’t‘tcu each task a mh.’ of twesty
trials. On the testing day every subject u; entitled to three ware- -
Up runs  for each task at Seveaty-five perceat of saximum spead. All
subjects performed five runs for sach task at saximal speed and the

fastest time was used for statistical anslysis. Sufficient time vas auovod
for recovery between trials and between tasks, and oubjoctl were inlorlod,

of their times on each trisl.

4. BEndurance Stair Run

This test utilised the same recording device as used for the
povtr steir run. The object of this test was to ascend the ntniu as

103 of body weight. The veight was carried 1in a spe y designed belt

quickly as possible and for ag lon;_nl possible while caprying an additional
supported with shoulder straps. (See Appendix E). Lead shot in two,
one, and half pound ia;-, vhich slipped into pockets on the belt, served
as the weight. The ten per cent veiahtj;ho round:; off to the nearest
one-half pound. All subjects were informed that the fastest time of
their first five trials was used in assessing their leg power and that
less than maximel effort on each trial could be detected by their drop-
off rate. All subjects discontinued running vhen their times for three
consecutive trials were each one second slower than their fastest time
of fhn first five trials. No subjects were informed as to the stopping

. criterion, but all were told that the total number of trials completed

was not as important as the number of times they could maintain close to



. : - n-
thetr hot tims. Thus, mL&umhpﬁuﬁ'Mu‘}qu
possidle u}huthulmth--u-xdhu !ﬂlmu- i »
uwually meeant that the swbject stopped dus to' fatigus defere h’h‘ resched °
the pre-set u'o»ti. criterion. Whenever peseible, two subjecte J at
the same time. As one ran wp the stairs ¢ ochote-“-.\-d.-

of fifteen and a minimum of ten secoad taken Zetween the complstion
of one trial snd the start of thc'l\.:t trial. The swm of trials betweea
start and eoout:on of running as well as the rate 6! ‘;emu in time
,ere used for statistical analysis. This test wvas not administered on
the same day as the power stair nm.. |
A o
3. 1lity Run /
The photo-electric timing system was used to time this rum. One
l‘lo set up at the :t.rt of the course and another at sach

finish 1 The course was designed to simulate the Bovemants a footbsll

Player might meke during a game situstion (see Diagraea 1).

Y signal lights .
blocking
d

[« 2
o

Diagram 1. Agility Run Course
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The blocking dummy was placed on top of a pad containing a weight n;nsitive
switch. This svitch wvas comctcd to a mercury switch which controlled
the two signal lights. When the dummy sat on the pad both lights would
be off. A light came on only when the dummy was knocked off th:.pad.
Which light came on was Jeternined by the mercury switch. This mercury
svitch was manipulated by a research assistant such that neither the
subjects nor the research assistant knew which light would be activated.
Subjects began frodjaLthree-point stance and on their own command
weaved between the cones as fast a; possible to the large blocking d ummy
fifteen meters from the start line.’ On reaching the dummy the subject
knocked it over with a two-handed shiver technique and then side-stepped
to t?e left or right depending upon which light was activated. The subject
then had to step over three blocking dummies situated one meter apart
while moving laterally with his head and shoulders facing in the direction
opposite to the finish line. Aftcéstepping over the third dusmy the

subject proceeded to the finish 1 by running backwards. Each subject

had eight trials on the same day. Ample recovery time was taken between
trials. The fastest time of all the trials was used for statistical

analysis.

6. Percent Body Fat

The underwater weighing technique was used to estimate the
percent body fat. For the ca}culations of per cent body fat with this
method measurements of weight in dry air, water temperagure and vital
capacity uhilé standing in the water at neck level were taken. After

having entered the water tank the subject submerged himself and ran

‘
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his fingers through his hair to remove all air trapped in his hair.

The subject then sat in the chair, inflated his lungs maximally and

leaned forward slowly (while pinching his nose) until completely submerged.
He was cauti&néd to remain as stationary as possible without touching

the cables supporting the chair. While underwater a measurement of body
density was taken with a recoraer attached to a strain anuge.l Three

such measurements were taken,with the lowest value recorded used for
statistical analysis. Additional measurements were taken if the three
recordings were not within five chart units of one another. A ;sad belt

of known weight was used to aid the subject in totally submerging his

body. Residual volume was estimated from the vital capacity. See Appendix

F for a sample calculation.

[}

N

7. Maximal Knee Extension - Flexion Torque and Endurance on Cybex I1I

The Cybex II1 is capable of measuring muscular torque in foot -
pounds at pre-selected controlled velocities from isometric contractions
(0° per second) to fast functional spee?s (300° per second). Once a speed
is selected, the lever arm cannot be qyéelerated beyond that speed regard-
less of the input torque. Thus, as more force is exerted against the
lever arm of the apparatus the resistance supplied via the input attach-
ment automatically varies to accommodate this force. The torque output
of the muscle is measured by a dynamometer and displayed on a front gauge
dial and a fast responsg recorder with heated stylus. The fast response
recorder gives a graphic readout of the force curve over the entire range
of motion. The gauge helps the subject achieve maximal effort by supplying

a visual feedback of his performance.
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Each subject contracted maximally in both directiﬂﬁ;, at.30° per
second and 180° per'second, until fifty percent of thg maximal torque
value was reached. The protocol manual for Cybex II testing, publisheq
by Lumex Incorporaz;d, states that recofhing at 30° per second measures
basic muscular strength whereas 180° per second measures functional
muscular strength. or power. Two sub-maximal practice trials were
administered prior to the test trials at each speed to allow the subjict
to experience thg accommodating resistance provided by the machine. The
subject was seated in the chair as 1llustrated in the photggraph (see
- Appendix G); strapped, just above the ankle to the lever arm of the
maqhine; strapped around the chest and across the upper thiéﬁs to” Phe
chair; and asked to perform the required extension (starting with knee
at 90° angle and ending with knee at 180° angle) and\flexion (starting
with knee at 180° angle ;nd ending when knee reached 90° angle) movements.
All subjects were tested at 180° per second first. A minimum of fifteen
minutes recovery was taken before being tested, at 30° per secondi All
subjects used stretching exercises to warm-up the quadricﬁps and hamstring
muscle groups prior to testing. Verbal motivation was supplied by the
test administrator. Peak torque and rate of fatigue were extrapolated from
the chart recording. See Appendix G for an example of a chart recording.

8. Percent Fiber Population and Enzyme Activity of Vastus Lateralis Myscle

»
Muscle biopsies were taken from the vastus lateralis by the method
of Bergstrom ( 62). The site of the biopsy was the lateral side of the
thigh, on the approximate mid-point of a line between the 8pina 1ilica

anterior superior and the upper border of the patella. This site wasg
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chosen because in the middle portion of the vastus lateralis the risk

for complications of the biopsy procedure is minimal due to a scarcity
of nerves and vessels, Allo, the vastus lateralis is one of the most
common sites of blopsy due to its importance in ;pcolotion for athletic
activities. Extreme care was taken to keep the operating area sterile.
'

Two muscle cores were taken from the same incision en the right leg.
One cofe was removed from the needle and frozen within five segonds in
isopentane cooled in 1iquid nitrogen for biochemical determinations. The
other core was dissected free of fat and connective tissue, oriented
under a dissecting microscope, mounted in OCT mounting medium on a cork
and frozen in isopentane cooled in 1liquid nitrogen for histochemical
determinations. Both samples were stored at -60° centigrade until analyzed.

Fiber typing was based upon the staining intensity of ATPase at pH
9.4 with pre-incubations at pH 10.4 and 4.65 (Guth and Samaha, 70).
Muscle fibers were classified as fast contracéing (FT) or slow-contracting
(ST) by.this ﬁethod.' Serial sections, 10 um thick, were cut in é.cryostat
at -20° centigrade, picked up onto a slide and allowed to dry at room
temperature for twenty-four hours before being stained. (See Appendix H
for the exact procedure). Fibers vere counted from photomicrographs. A
minimum of two hundred fully intact fibers were used to calculate the

fiber type percent for each sample.

Flucrometric techniques (Lowry and Passonneau 72) were used to measure
the activities of the four enzymes under consideration. Fluorometry is a
method of measuring the fluorescence or instantaneous emission of light

from a molecule or atom which has absorbed light. The rate of change of

fluorescence with time, A F/minute, is directly proportional to the con-
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centration of -the enzy;c being measured provided the comcentrations of
substrates an& :hxillary enzymes are in excess thus allowing tﬂe enzyme
under study to be the rate limiting step in the reaction. All reactions
were either NADH or NAIPH coupled to provide a molecule with measurable
fluorescence. Fluorometry is precise e;ouih to accurately msasure enzyse
activities of muscle samples as small as one milligram wet weight.

The frozen muscle samples were thy'pd in ice~cold 0.1 M Tris buffer
(pH 7.5) and blotted to remove any biood. Noticeable chunks of conpective
tissue were also ;enoved. Each a;-ple was then weighed to the nearest |
one~tenth of a milligraq on a Mettler H20T analytical balance. Samples
were homogenized in a Potter-Elvehjem glassvho-ogenizef five times for
three seconds each in 0.5 ml of ice-cold 0.1M Tris buffer at pH 7.5.
Thirty seconds was allowed betu?en each grinding to prevent denaturation
of the enzymes as a result of heat build-up. The homogenizers were also
pl;ced in ice-cold water baths to keep the temperature down. The samples
were poured off and the homogenizers wished with an additional 2.5 mlh
of the same buffer to give a final dilution of three ml per sample. Any
noticeable pteces of connective tissue retaining ih‘zhe homogenizers were
removed and weighed on the Mettler. This weight was subtracted from the
original sample weight to give a more accurate wet weight of nuséie tissue.
A Biuret protein determination (See Appendix 1 for procedure) was per-
formed on each éanple using 0.5 ml of the homogenate. Succinate
dehydrogenase (Essen et al,75), lactate dehydrogenase going from both
pyruvate to lactate and lactate to pyruvate, creatine phosphokinase
(CPK) and myofibrillar ATPase activities were then determined using

portions of the whole muscle homogenate. (For exact procedures see
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Appendix J ). All activities are expressed in umoles per gram wat
weight per minute (umoles x 3-1 x lin—l). ‘Priury and secondary filtox;c
with excitation wavelengths of 365 and 465 nanometers respectively were
used in a Turner model 111 fluorometer. For the CPK and ATPase uali\:ro-
ments a piece of duct tape with a spherical hole in 1t was placed over
the 1ight so?rce to reduce the size of the opening from which the light
‘;s emitted This allowed higher concentrations of NADH to .be used.
Blank samples containing everything but the fluorescent substances were
recorded for each enzyme assay. Standards for NADH were computed on a.
Unicam SP1800 Spectrophotometer and matched against the AF on the fluoro-
meter to give the value in gpmoles per milliliter for a change of one unit
in fluorescence. Change in fluorescence was grapﬁicllly recorded on a
Unicam AR55 linear recorder on a scale from zc:aro to one~hundred. All
enzyme assays were recorded at 30° centigrade using the Turner temperature

regulating door and a Thelco water bath. Matched 3 ml culture tubes were

~used as sample containers.



RESULTS

The results are presented in three major sections: Correlations
between Histochemical, Biochemical and Performance Data; Physiological
Changes after a Competitive Season; and Physiological Profiles of
Football Players. Group data are summarized in tabular form with means,
standard errors of the mean, grohp sizes and significant effects reported.
Complete data for all subjects are presenteg in Tables 16 and 17 of
Appendix K. Analysis of variance tables with post hoc analysis are
located in Appendices M and N. The Pe;rson Product Moment correlatfon

matrix is located in Appendix L.

CORRELATIdNS BETWEEN HISTOCHEMICAL, BIOCHEMICAL AND PERFORMANCE DATA

Summaries of all significant correlations for each variable are
found in Table 19 of Appendix L. VO, max had negative correlations of 0.51
with Z body fat and 0.56 with the stair run fatigue slope fét all trials.
Positive correlations of (.43 with the number of stair run trials performed,
0.57 with LDH activity‘going from pyruvate to lactat; and 0.54 with LDH
activity géing from lactate to pyruvate were observed for VO, max. Low
correlations were noted between VO2 max and % FT muscle fibers and SDH
activtto-lo and 0.27 respectively). Percentage of body fat had
positivé correlations with those va;iables where total body weight served
as a resistive force; 0.63 with 40 yd. sprint time, 0.50 with two stairs

per stride stair run time, 0.6] with freestyle stair run time and 0.61

21



22

-

with stair run time while carrying 10X of body weight. It ;ppcnta then
that players with the highest 2 body fat had the slowest time and players
with the lowest.X body fat had the fastest time.

Sprint speed over 10 yards had r values of (.82 with 40 yd. sprint
speed, 0.46 with agility run time, -0.44 withmyofibrillar ATPase activicy,
and 0.25 with % FT muscle fibers. Sprint speed over 40 yds had r values
of 0.71 with two stairs/stride stair run » 0.62 with freestyle stair run
time and 0.73 with stair run time while carrying 102 of body weight.

Thus, subjects with the fastest times over 40 yds. also would be expected
to have the fastest times for the power stair run variables. Agility run
time and X FT fiber population had low correlations with 40 yd. sprint
speed (r = 0.36 and 0.29 respectively).

The enzymes CPK and ATPase, which are involved in the generation of
energy while running 40 yds at maximal speed, had r values of -0.42
and -0.43 respectively, with spf}nt speed time over 40 yards,

The three power scores obtained by running up a flight of stairs at
maximal speed appear to be similar. This is indicated by correlations
of 0.70 between two-stairs and freestyle, 0.70 between two-stairs and
two-stairs weighted and 0.58 between freestyle and two—ézairs weighted.
Although the correlations between the three power stair run times and I FT,
CPK activity and myofibrillar ATPase activity were in the expected direction-
negative- the r values were low (ranging from -0.25 to -0.4%),

The r value of -0.77 between the number of trials completed on the
stairs vhi~rying 10Z body weight and fatigue slope for all stair
run trial- indicgges that those subjects who completed the least number

of ttlLl

the quickest fatigue rate. When only the first

-
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thirteen trials were used to compute the regression line for ghe fatigue
slope a correlation éf -0.63‘=t111 resulted. The féur enzymes measured
had higher correlations when compared to the rate of fatigue (0.34 to
0.38) than when compared to the number of trials completed (0.01 to 0.21)
for stair run endurance.

Measures of maximal leg power and strength on the Cybex II at both
slow ( 30°/s ) and fast ( 180°%/s ) speeds and by both quadriceps and
hamstrings muscle groups were highly correlated (range of r values from
0.60 for 30°/s quadriceps max. torque with 180°/s hamstrings max.
torque to Q.82 forl 30°/s hamstrings max. torque with ]180°/s ham-
strings max. torque). The same relationship does not exist however when
conpariné the number of trills performed and the rate of fatigue to 502
of maximal torque. Only high correlations were found between number of
trials performed by hamstrings and quadriceps at the same angular velocity
(r =0.64 at 30°/s and 0.66 at 180°/s ). For fatigue rate the only
high correlation occurred at 180°/s (r = 0.69 between hamstrings and
quadriceps).

Agility run time was the only non-Cybex variable to show correlations
of greater than 0,50 with any of the.Cybex variables at 30°/s (r = -0.50
with quadriceps trials and r’ =-0.59 with quadriceps fatigue slope). At
180°/s the ‘highest correlafiop between a non-Cybex and Cybex variable
was -0.43 for VO2 max and quadriceps fatigue slgbe.

The percentage of fast contracting fibers had poor correlations
with the other twenty-eight variables. The time taken to ascend the
stairs at two stairs per stride had the highest r value with ¥ FT (-0.41).

In general, enzyme activities did‘not correlate highly with them-

selves or with other variables. However, the highest r value obtained
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for any two variables was between LDH activity going from pyruvate to
lactate and LDH activity going from lactate to pyruvate (r = 0.91).

Other enzymwe correlations over (,5Q were:

1) Q.57 for LDH Py*La and Vo, max.
(2) 0.54 for LDH La*Py and VO, max.

(3) -0.55 for LDH Py+La and X FT.

4) -0.52 for LDH La+Py and % FT.

(5) 0.50 for LDH Py+La and CPK. <
(6) -0.54 for-SDH and freestyle stair run time.
n -0.51 for SDH and weighted stair run time.

(8) 0.64 for SDH and myofibrillar ATPase.

(9) 0.59 for CPK and myofibrillar ATPase.

’

PHYSIOLOGICAL CHANGES AFTER A COMPETITIVE SEASON

Tables 1, 2 and 3 summarize the pre-test and post-test differences
of nineteen variables for\aIl subjects (grand mean) as well as for five
groups of players. These fiva groups are: 1. receivers (R) = wide

(;eceivetig(QR) + inside receﬂQers (IR); 2. offensive backs (OB = quarter-
backs (QB) + rﬁnning backs (iB); 3. defensive backs (DB); 4. defensive
running game (DRG) = linebackers (LB) + defensive lineman (DL); 5. Off-
ensive lineman (OL). All differences, significant at the 0.05 level
(p<0.05 ) will be reported for group and grand means. As well,

noticeable changes will be reported as a positive or negative percentage

change of the post-test score compared to the pre-test score.
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Por the tétal pepulation, maximel .lp- censwptisn sigpdfiesmtly - '
docresmed from 37.9 te 35.3 ad & hg™S 2 mied (4.30). By Gwwp the
vvo, max changes were:M= -0.4X, m..- -2.18, bag = -3.73, OB -4.2% and ’

"th = -9.4. The decresse for DB was sigaificsst. ,

Preestyle stair run tises for the totsl populatios were significancly
f.otclt post-season than pre-season (i 2.73 decresee from 2.23 to 2.17 o)
By group the freestyle ou.ir run time changesCwere: DB « mo chamgs,

DRGC = -0.4%, OL = -3.5%, OB = -5,2X snd receivers « -6.1%.

No significant changes occurred over the sesson for thc_ endurance -
variables of the stair run for all efbjects as one group, However, rather
noticeable differepces did occur vithin sose of the groups. Por .uu" m
trials to exhaustion these changes were: R = +15.4%, DG = 4502, I8 =
-24.5% and OL = -41.3%. Por fatigue slope of all stair rum t'rnlc the
changes were: R = -32.8%, DRG = -15.43, OB = =33,3X,Dg = %57.11 and
OL = +32.5%. PYor fatigue slope of the first thirteem stsir Twm trials
the changes were: R = no change, DRG = ~35.9%, OB = -8,7X, D» = +10.5%
and OL = +63.9%.

Maximal hamstrings torque at 30° /s or strength, significantly
increased post-season for the total growp (6.7%) whereas quadriceps
.tr;ngth did not. For comparstive purpoees hamstrings (H) snd quadriceps Q)
changes (reported reopectivel.y) by group were: R = +1.61 gnd +6.42,

DB = +15.4% and -0.4%, OB = +0.81 and -4 3%, DRG = +0.21 and -5.92,
OL = +11.6% and =1.4X.
No significant changes occurred o&r the season in the number of

|
contractions or trials completed at 300/- before reaching 50X of

saximal torque. For comparative purpoSes, péycentage changes by group for
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u
the number of trials completed to 50% of -nxiili torque at 30%/s

were (H and Q respectivtly): R= -1,5% and +25.AZ, DB = -31.42 and

+6.92, OB = +3.3% and =9.61%, mc-+133zn‘((-3’51 OL = +5.0% and -7.6Z.

. No significant” changes occurred over thc asason in the rate of
fatigue while performing maximal contractions at 30°/s to 502 of
maximal torque. For comparative purposes percentageé changes by group for
the fatigue slope at 30°/s were (H and Q respectively): R = -11.42
and -9.1%, DB. = +31.4X and -8.8%, OB = -11.9% and +11.82, DRG = +3.52
and =4.2X, OL = -3,97 and -9.0%.

For the total gfoup, maximal hamstrings and quadriceps tofque at

.180°/s or power, significantly increased post-season, (17.1% and 8.5%
respectively). By group, the percentage power changes were (H and Q
respectively): R = +16.8% and +5.6%, DB = +22.3% and +15.5%, OB = +3.7%
and +2.6%, DR¢ = +13.8Y and +7.3%, OL = +23.92 and +10.5%. The hamstring
pover 1ncrea;;s for OL, DB and R were al} significant.

For the total group, the slope of the regression line of all trials
completed ta 50 of maximal torque at 180°/s (fatigue rate) was
significantly steeper post-season for both the hamstrings (+21.81) and
qugdriceps (+13.1%) muscle contractions. This indicates that the

‘increases in power were accompanied by increases in fatigue rate. The

changes in fatigue rate at 180°/s by group were (H and Q respectively):

R= +23.6X% and +12.3%, DB = +21.2X and 4#21.0%, OB = +8.0% and +12.3%,
DRG = +44.5% and +11.2%, OL = +16Z and +8.4Z.
No significant grand or group mean changes occurred over the season

for the number of hamstrings or quadriceps contractions or trials

.’/’-‘\‘ N
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completed to 50 of maximal power. Changes in power tria}o completed
by group were (H and Q resp&tively): R = -13.92 and -10.2%, DB = +4c,MX .
and +5.9%, OB = -9.7% and -8.7%, DRG = -14.7% and —4.3%, OL = -3.1% £nd

-8.0%.

PHYSIOLOGICAL PROFILES OF POOTBALL PLAYERS (.

In Tables 4 through 9 the means, standard errors of the mean,
values and significant F-values as determined by a Newman-Keuls post-hoc
test are reported for the twenty-nine physiological variables. In Tables
22 and ’\n Appendix N the results of the Newman-Keuls post-hoc test
on the gnificant F-values are reported. In Tables 4 and 5 players have
been divided into eight groups: (1) Wide Receivers, WR; (2) Inside
Receivers, IR; (35 Quarterbacks, QB; (4) Running Backs, RB; (5) Defensive
Backs, DB; (6) Linebackers, LB: (7) Defensive Lineman, DL; (8) Offensive
Lineman, OL. -In Tables 6 and 7 players have been divided into four
groups: (1) Receivers, R = WR + IR; (2) DB; (3) Offensive Running
Game, ORG = OL + RB + QB; (4) Defensive Running Game, DRG = DL + LB.

In Tables 8 and 9 the players have been divided into two groups:

(1) Of ferée; (2) Defense. The results will also be discussed in terms

of the similarities of group means as well as the order of the group means.

Defensive lineman (286ft/lbs ) were significantly stronger for
.
quadriceps maximal torque at 30°/s than QB (184 ft/lbs ) and RB(182 ft/

1bs ), who were ranked lowest for quadriceps strength. For quadriceps

strength OL (252.7 ft/lbs ) were similar to DL; WR (203.8), IR (213.7)
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and DB (200.4) had similar ctrcg,th values; and LB (228.5) were ramked
higher than backs and receivers but lower than linemen. ﬂovnver.-for
hamstring strength the same similarities did not exist. All groups,
with the exception of DL (155.5) were '1th§? 15 ft/1bs of each ;ther
(DB lowest at 107.8 and LB highelt.nt 122.8). Of par;igular interest
is the low hamstring strength in co-parilonlto quadribepa strength of
the offengive lineman (118.9 to 252.7 respectively). o

No significant differences were obseryed between the eight groups
relating to the number of contractions completed before decreasing to
502 of maximal strength. Generally, high strength groups completed fewer
contractions (example: DL had mean of 15 for qﬁriceps and 14.3 for
hanstr;ngs) than low strength ;roups. An exception to this are the RB who

ranked lowest for quadéiceps strength yet could only complete 15.8 trials.

Defensfve lineman reached 50% of their maximal quadriceps strength (slope

A

= 0.97 trails x time ') significantly faster than WR (0.40) and QB (0.40). Inside
receivers (0.57), RB (0.60), DB (0.56) and LB (0.54) had similar rates
of quadriceps fatigue while OL @.77) more resembled the DL. For ham-
strings contractions the quicker rate of fatigue of DL (0.58) was sfgnif—
icantly different from the rate of QB (0.22). Wide receivers (0.25),
RB (0:31), DB (0.27), and LB (0.25) had similar rates of hamgtrings
fatigue as did IR( 0.39) and OL (0.39). .
Defensiv; linewan were significantly more p;:erful for quadriceps
conEraction! (126.3 ft/1bs ) as measured on the Cybex II at 180°/s
than RB (88.3) and DB (87.6).. For hamstrings contractions DL (95.3 ft/

1bs ) were significantly more powerful than DB (64.9). Quarterbacks

(91.5) were similar to RB and DB in quadriceps power. Wide reéeivers
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(99.8) and linebackers (102.7) had lililar:quadriccps pover vnluﬁl as
did IR (108) and OL (112.6). Running backs (66.8) had hamstrings power
values similar to those of DB (64.9). Vidé receivers (73.5), QB (72.5)
and OL‘(72.4) had similar halatriggs power values as did LB (80.5) and
IR (78.7), The low hamstrings power in comparison tq.guadriceps pover
(72.4 to 112.6) of OL correaﬂbndc to the’previously mentioned low hap-
strings strength to quadriceps strength df this same group.

For leg strength, as measured by quadriceps and hamstrings maximal
torque at 30°/s on Cybex.zf, the mean ratiﬁ‘of quadriceps strength
to hamstrings strength was 1-89 indicating that on the average the quad-
riceps group was 80X stronger than the hamstrings group. However, for
leg power (1800/8 on Cybex II) the mean ratio was only 1.35 indicating
that the quadriceps group was only 35X more powerful than the h§mstr1ngs
group. The only group to noticeably deviate from these two mean ratios
for strength and power were the OL.who were 1132 stronger and 56X more
powerful for quadriceps than hamstrings.

No significant differences existed between the eight groups in
relation to the number of contractions completed before reaching 501 of
maximal power or the fatigue rate to 502 maximal pover for either the ”ﬁu
quadriceps or hamstrings. This is interesting because for strength
measurements the strongest groups generally fatigued the quickest and
coppleted the least number of cont;actions. The range‘for ;he number
of quadriceps contractions completed at 1800/3 was from a high of
24,5 for QB to a low of 19.8 for RB while for hamstrings contractions DL

completed 27 trials with RB again ranking the lowest at 20.3 trials.
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In terms of rate of fatigue for quadriceps jhree groupings result;

DL (0.59), LB ©.53) and OL ®.51); WR (©.46) and IR ©.48); and QB
(©.36), RB (0.37) and DB ©.39). The similarities for rate of fatigue
of hamstrings were different from those of the quadriceps groups in
that with the exception of IR (©.37) and DB ©.28) the differentintioﬁ
between groupﬁ was small (range of 0.29 for QB to 0w33 for DL).

Defensive backs had significantly higher maximal oxygen consumption,
when expressed in proportion to body weight, (60.9 ml x,kg—l x nin-l)
than OL {53.2) and DL (53.3). Linebackers (54.7) most resembled the
lineman while wide receivers (57.8), IR (56.6), Q? (59.8) and RB (59.9)
most resembled the defensive backs.

Wide receivers (5.8%) were signifié;ntly leaner than linebackers
(13.3% ) and OL (13.5%). Defensive lineman had percentages of body fat
(13.0%) similar to OL and LB. ALl of the backs - DB (8.9%), RB (9.9%)
and QB (9.6%) - and IR (9.&) had nearly identical percentages of body
fat. l

No significant differences were observed between the eight groups
for the stair run variables or the agility run. Defensive lineman
were ranked highest for agility rum time while inside and wide receivers
were ranked lowest (fastest times); alf other groups had similar agility
run times. Offensive lineman were ranked slowest for two stairs per
stride stair run times while WR and IR were ranked fastest; all other
groups had similar times. When 10% of body weight was added before
ascending the stairs the order by group from fastest to slowest was

different than it was without the weight. Although WR still ranked the
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fastest (2.62) they were closely followed by QB (2.63). RB (2.65) and
DB (2.66). Offcnuiyc lineman were ranked second slowest (2.81) and had .
similar times to DL (2. 83) nnd LB (2.77). The freestyle method of =
aacending the stairs ptbvided still a different order of fastest to
slowest. Receivers again ranked the fastest - IR (1.96) and WR (1.98)
but were not closely followed by any of the other groups. Quarterbacks
(2.09) and DB (2.10) had similar times as did RB (2.22) and LB (2.23).
Defensive lineman and OL with times of 2.16 and 2.28 respectively, did
not closely resemble any of the other groups. No consistent patterns are
evident for the number of stair run trials or the fatigue slope of these
trials for the eight groups. For the total stair run trials completed
before exhausfion, IR (22.3), LB (21.0) and DL (22.3) were similar as
were WR (28.7), RB (2?.3) and OL (27.9). For the fatigue slope (trails/time)
of all trials, WR (0.02), QB (0.02), DB (0.03) and RB (0.03) were similar as
v/iére DL (0.05) and OL (0.05). For fatigue slope of the first thirteen
trials, WR (0.03) and DB (0.03) were similar as were RB (0.04), OL (0.04)
and IR (0.04) as were LB (0.05) and DL (0.05); QB ranked lowest with
0.02.
No significant differences existed between the eight groups for
Z FT fiber population or for any of the enzyme activities. Defensive
lineman ranked lowest for®® FT (42.2) while QB (51.9) an& DB (50.7)
ranked highest. Linebackers (101.1) and OL (112.9) ranked lower for LDH
activity going from pyruvate to lactate than the other six groups. For
LDH-Py-+Lg, DL (149.4), DB (153.6) and QB (152.3) had similar activities

while receivers ranked highest (162.6). When LDH was assayed going from
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lactate to pyruvate the same similarities were evident as those seen

in going from Py+La: LB (65.4) and OL (65.0) ranked loweet, receivers
(92.3) ranked highest and DL (82.5), DB (86.5) and QB (84.5) were

similar. Defensive backs (3.7 ) ranked highest for SDH activity while

RB (1.9 ) and OL (2.1 ) ranked lowest. Receivers (2.8) add QB (2.7 )

had similar SDH activity. Running backs (1226.6) ranked highest for CPK
activity while OL (799.0) ranked lo::Lt. Quarterbacks (853.1), DB (861.2),
and DL (832.9) had similar CPK activity. Quarterbacks (16.1) and

receivers (15.2) ranked highest for myofibrillar ATPase activity while OL
(10.9) and DL (10.2) ranked lowest. Defensive backs (14.0) and linebackers
(14.3) had similar myofibrillar ATPase activity.

The player groupings shown in Tables 6,7,8 and 9 were made in an
attempt to see whether units whbd compete against one another are similar
in physiological profiles, Thus comparisons will be made between: (1)
receivers (R) and defensive backs (DB). (2) offensive running game (ORG) =
QB + RB + OL and defensive running game (DRG) = LB + DL. (3) offense and
defense. Differences between the means of the groups within each
comparison will be presented as plus or minus changes for one group
compared to the other. As well statistically significant differences
between the means of receivers, defensive backs, offensive running
game players and defensive running game players will be reported.

Receivers tended to be stronger and more powerful than defensive
backs. The percentage strength and power differences between these two
groups are: (1) quadricep strength, R were +3.8%; (2) hamstring

strength R were +8.2%; (3) quadriceps power R were +17.92; (4) hamstrings
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+ power R were +15.7%.
Receivers and defensive backs demonstrated almost an equal abilicy
e tO sustain a muscular contraction to 50% of maximal torque. The largest
difference between these two groups occurred for hamstrings contractions
at 30%s vhere defensive backs were +16.6%.

For recdeivers and defensive backs the fatigue slope, determined
from the regression 1line of the torque values for each contragtion up to”'
502 of maximal torque, did not follow a set pattern as did the strength )
and pover values. For quadriceps contractions at 30°/a DB were +18.92
(indicating a quicker fatigue rate) while for quadriceps ‘at 1800/3
R were +21.3%. For hamstrings contractions at 30%/s and at 180°/s

-
receivers were +15.4% and +19.1% respectively.

DRG players tended to be stronger and more éowerful than ORG players.
The percentage strength and power differences between these two groups
are: (1) quadriceps strength DRG were +11.9%; (2) hamstrings strength
DRG were +15.3%; (3) quadriceps power DRG were +8.2%; (4) hamstrings
power DRG were +21.9%.

DRG players and ORG players were quite similar in their ability to
sustain a muscular contraction to 50% of maximal torque. For hamstrings
contractions at 306/3 and quadriceps contractions at 1800/3 the
percentage differences were only 0.5% while DRG were +11.27 for quadriceps
at 30°/s and +15.1X for hamstrings at 180%/s.

DRG players, as a group, displayed a greater fatigue rate,while
performing maximal contractions for both muscle groups at botq speeds, to

502 of maximal torque than did ORG players. The percentage differences



() §

are as follows: (1) quadricepe ﬁ°/o ® +1.9%; (2) hamstrings »°/s .
= *12.61; (3) quadriceps 180°/s = +21.6X; (4) hamstrings 180%/s
- +5.2X. .
The only significant diffcronéoo between means of Cybex variables
of the four groups were for quadriceps and hamstrings maximsl power.
Iﬂ both instances, DRG were mor¢ powerful than defensive backs.
Defensive backs had +6.5% serobic capccit;\lh proportion to body
weight when compared with f‘cciver- even though they tended to have
8reater percentages of body.fat. Receivers and DB did not differ in
straight sprinting speed but regeiverl were -8.3% (indicating faster
times) for the néility run. Receivers in comparison to defea backs

ascended the stairs -1.7% for two stairs per stride, -5.52 freestyle
and -0.4% for two stairs weighted (indicating fqucf’iines) yet DB
were +20.5X for stair run trials combleted as well a“hi6521 for fatigue
slope for all trials and -17.9% for fatigue slope for the first .
thirteen trials (indicating a slower rate of fatigue).

ORG players had +3.3% aerobic capacity in proportion to body
weight when compared vith-DRG players. DRG playérs tended to have greater
- percentages of body fat than did ORG players. DRG and ORGAdid not differ
in straight sprinting speed or agility run time (ORG only 2.1% wmore
agile). Stair run times for all three methods were very similar between
ORG and DRG (largest difference was DRG being -4.12 for freeatyle method).
However, ORG were +31.8% for stair run trials co-pieted before becoming

fatigued as well as -36.62 fér fatigue slope of all trials and -38.5%

for fatigue slope of first thirteen trials.
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Dafensive boths had sigaificently higher.maximsl euygen --.;'zu-p
vhen expressed per kilogrem body veight than did D8G. Receivers  were . :;'7 ,‘;’. |
significantly lesner than both ORC amd DRGC. Receivers aleo h-;;i;jlif  '(';5
icantly faster freestyle stair run trials than both ORG and DRS. B
Defensive backs had a higher pcrcont“n of IT ;unelt fidbers ’;t - #
also had +32.9% snn activity when compared to receivars. LDER (im both {q h
'1;£fctionl). CPX and ATPase activities were +5.91 (Py+La), +6.7% (L.‘nya
+5. }1 and +8,6X for receivers in comparison to defensive backs. :,
DRG had less percentage of FT muscle fibers as well as +12.82 ;DI
activity wvhen compared to OfG. LDH, Py+La was +34X for G in ca‘p‘ri.on

to DRG yot‘LDH, La*P} vas +1.7X for DRG in co.par%oon to ORG, CKx

+42 in ORC in comparison to DRG yet ATPase was +4.9% for DRG in

to ORG. ...F

Defensive backs had signiYicantly higher SDH activity tRan did .ORG -

players. ’

',The offensive players used in this ltudy;htve almost the idonticaé
physiological profile, as measured by twenty-nine variables, es the
defensive players used in this study. No significant differences wvere
found between the means of the offensive _group and the defensive gr&hp.
The greatest percentage difference between the means of these two groups
(mean 1 ~ mean 2 divided by g::nd‘gean) are: (1) SDH activity (+28.82
in favour of 9efenniv‘ players); (2) number of hamstring comtractions
to S0 maximal torque at 30°/s (+10.42 4in f;vour of defensive players)
(3) number of hamstring contractions to 50% of maximal torque at 1800/0

(+6.4X in fawour of defensive players).
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DISCUSSION

The discussion 1is presented under the same major headings as
were previously used: Correlations Between Histochemical, Biochemical
and Performance Data; Physiological Changes After a Competitive Season;

and Physiological Profiles of Football Players.

3

CORRELATIONS BETWEEN HISTOCHEMICAL, BIOCHEMICAL AND PERPORMANCE DATA
'v‘“ X
Correlations were computed for two purposes: o 1
¢ to evaluate whether expected relationships between
variables associated with the same physical fitness
/

parameter exist for a group of Canadian inter-

collegiate football players;

(2) to determine whether apy
between physical fi .

of Canadian 1nte¥v"*vl v,té>football players.

Costill et al.(76) found a cor;elation of 0.79 between VOz max and
SDH activity. The correlation between the same two variables in this
study was only 0.27. The difference in these two correlations is likely
dug to the homogeneity of the subjects used in this study (as demonstrated
by a small variance in Vbz max and SDH_yalues) as compared to the hetero-

g8eneity of the subjects used in the Costill et al.study (as demonstrated

45
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by u Jarge variance in }’302 max arM SDH values. Highly endurance trained

Ulthlg'“l have been shown io possess high oxidative capacities and high
percentages of slow contr;ctin; muscle fibers in vastus lateralis (Gollnick
et al.72 Gollnick et al.73, co.%ih et al. 73). The correlations of
=0.10 for X ST with VO, max and -0.16 for § ST with SDH could indicate that
for football players there is a poor relationship betu‘gn Z ST muscle
fibers and oxidative capacity. Although Z ST had a large variance
(range of 25 to 70%2) the homogeneity of the groug\for VO2 max and SDH cannot
be discarded as the possible cause of lack of corr?lation between these
variables.
The r of -0.51 between % body fat and'VO2 max is expected as research
has shown that individuals with high percentages of body fat possess
low oxidative capacities (Boileau et al,7l, Girandola and Katch, 73).
The correlations for V02 max and LDH activity (0.57 Pys.La and 0.54 LasPy)
were unexpected in light of the research by Karlsson et al.75, Costill |
et al.*Sjodin et al. 76, and Thorstensson et al. 76a, who reported
that subj;cts with high percentages of ST fibers and high oxidative
capacities have low LDH activity. The observation that football players
are involved in work of an interval nature that utilizes both anaerobic
and aerobic means of regenerating ATP might explain the relationship
between VO2 max and LDH since high intensity anaerobic training has been
shown to maintain LDH activity (Sjodin et al. 76, Houston and‘ﬁhonson, 77)

vhile aerobic or endurance training decreases LDH activity (Karlsson

et al.75, Sjodin et al.75).
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The correlations between X body fat and 40 yd sprint speed (0.63),
freestyle stair run (0.61), two stairs per stride stair run (0.50), two
stairs per stride stair run while carrying 10Z of body wei;ht‘(0.61) and
stair run fatigue slope for all trials (0.55) were expected since

_pcrfotllnccq?f speed and power activities which require moving the body
weight a horiibntal or vertical distance as fast as possible have been
shown to deteriorate as the—?iifentage contribution of fat to total body
weight increases. !

Power is the ability to generate a force over a distance in a
certain time (P = Fx D x t-l). Metabolically, power is the ability to
generate and utilize energy quickly. The enzymes ATPase and CPK catalyze
the ;eactions that release energy at a very high rate (Davis et al.>59,
Barnay 67, Fox and Mathews, 74). Fast contracting muscle fibers are the
fiber type best suited for generating large.fqrce outputs ovex a short
period of time (Gordon et al.67, Goldspink 70, Close 72, Burke and
Edgerton 75). Activities involving high force generation in five\seconds
or less (anaérobic power) should demonstrate a positdve relationship with
physiological variables that contribute to increased amount and rate of
force generation (power). Therefore, myofibrillar ATPase activity, CPK
ZEtivity and & FT muscle fiber population should be positively correlated
with measures of power. This study utilizes eight tests in which
power should be a major factor in quality performanée. These tests
vere: (1) Agllity run; (2) 10yd sprint; (3) 40yd sprint; (4) two
stairs per stride stair run time; (5) freestyle stair run time; (6) two

stair per stride stair run time while carrying 10Z ofibody weight;
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(7) maximal quadriceps torque on Cybex II at 1800/3 ; (8) maximal
.hmtring torque on Cybex II at 180°/a « The significant correlations
betweén 40 yd sprint time and the three -eu;xrel of stair run power
(0.71, 0.62 and 0.73), between 10 yd sprint time and 40 yd sprint time
(0.82) and between the three power stair run tests (0.70, 0.70 and 0.58).
imply that a relationship exists between the scores for these five tests.
This relationship could be the ability of these five tests (10 yd sprint
time, 40 yd sprint time, and the three stair run tests) to measure the
same power component. Agility run time and quadriceps and hamstrings
maximal torque at 180°/s did not correlate significantly with 10 and
40yd sprint time or the three stair run tests. This implies that the
Cybex'power tegts énd the agility test do not measure the same power
component as the sprint and stair run tests. None of the power tests
demonstrated high correlations‘vith %Z FT (the highest was -0.41 witﬁ two
stairs per stride stair run test). This data suggests that ¥ FT fiber
population by itself does not contribute to the prediction of anaerobic
power. However, X FT fiber population does not indicate the total number
of FT muscle fibers that can be recrufted to perform this type of work.
As well, fiber cross-sectional area 1is direc%ly related to the muscle's
ability to generate tension. Thus if the total number of FT fibers that
can contribute towards the generation of ansfrobic péwer, as well as the
total cross-sectional area of these useable fibers were known then higher
correlations between FT muscle population and anaerobic power might be
found. A significant correlation of 0.59 was found between ATPase and

CPK activity. This implies that a relationship exists between these two

-
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enzymes. Hovever, the correlations of CPK and ATPase with the sprint

and stair run tests, although significant, were lov (ygron ~0.36 to —0.43).
These low correlations imply that other factors probably also contribute
to vhatever relationship exists betveen the two enzyme activities and

the sprint and at:ir run tests. The concentration of ATP and CP (resctions
cgtalyzed by Arp;se and CKK respectively) might very well be the

above mentioned contributing factors.

Anaerobic capacity is a function of the i{initial energy stores
available for anaerobic metabolism as well as the rate at vhich the body
can regenerate the phosphagen energy stores. ATP and CP ;xe the fuels
available in the muscle cell which ;an be used for the jmmediate generation
of energy to produce anaerobic power. Glycogen is an energy substrate
stored in the muscle cell which is used to regenerate ATP via
glycolysis. LDH catalyzes the conversion of pyruvate and NADH into lactate
and NAD'- a step necessary for glycolysis to continue. There-
fore, LDH activity {s directly related to the rate of regeneration of
energy. High {ntensity interval work with a relief interval of fifteen
seconds or less utilizes anaerobic glycolysis for the regeneration of
energy stores. The number of high intensity repetitions completed during -;
interval work of no greater than 1:5 work to relief ratio would be a
measure of anaerobic capacity. The endurance stair run tests and the
Cybex quadriceps endurance tests at 30%/s 'and 180°/s are high
intensity interval tests with work to relief ratios of 1:5 and 1:1
respectively. The correlations of LDH Pysla with stair run trials (0.14),

«
quadriceps 30°/s trials (0.13), hamstrings 30°/s trials (-0.14),
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quadriceps 180 /s trials (0.11) and hamstrings '1800/. trials
(-0.02) as well as LDH LasPy with the same variables (consecutively
as above = 0,21, 0.22, -0.05, 0.09 and =0.07) n;.ut however, that
factors other than LDH activity contribute more to the prediction of
anaerobic capacity. Thege factors could well be the initial dtores of
8lycogen in the muscle fibers and the ability to recruit muscle fibers
for this type of work,

In conclusion, correlational data do not imply causal relatignships.
However, the lack of a correlation does suggest that no causal relation-

ship exists.

PHYSIOLOGICAL CHANGES AFTER A COMPETITIVE SEASON

A large wariation in post-season fitness lewels in comparison to
Pre-season fitness levels was observed within the sample population as
vell as‘within groups in the sample population. It is likely that these

large variations were a function of:

(1) the initial fitness levels of the subjects;
(2) the amount and intensity of physical activity
during practice sessions over the course of the

season.

There was no control over either of these factors, Since a pre-
training camp conditioning program was not compulsory large differences
in fnittal fitness levels were expected, Through conversations with

coaches and players 1t became obvious that certain players had participated
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in very little, if any, fitness training vhnrcn‘othcr players had
been weight training . and running for at least three sonths.
As wall, it wvas learned that few players deviated from the traditional
weight training and jogging regime. 0f those who chose prograss other
than weight training and jogging most ran stairs or wind sprints.
Many players were relying upon the rigors of training camp to improve
their physical fitness.

Based upon accessability to practice outlines and through p;tsonal
observation it was decided that the major emphasis during practice
vas on the learning of offensive and defensive systems through repetitious
execution of techniques. Brief bouts of agility drills and 'sled work'
followed a stretching type of warm-up and preceded the systems portion
of practice. Practice was usually concluded with either 'wind gprints'
or interval runs around the football field. Every Monday, practice was
concluded with a two mile jog. During practice, the dif ferent groups
rarely participated in the same drills. Backs, recelvers and linebackers
seldom worked on the sled whereas linesman seldop did agility or
ru.rming drills. In fact, recelivers ,’quarterbackers and running backs
rarely participated in drills other thg%rpracticing plays, running pass
patterns, pass catching or ball handling. Defensive backs and linebackers
seldom tried dyills other than running backwards, footwork, tackling,
pass catching or pursuit. Lineman seldom changed their daily practice
routine of sled work and one—on-oné l1ine blocking. As well, some groups
had such an excess of players (especially defensive backs)’ that during
systems and specialty team practice many players were inactive observers.

The majority of players who had participated in a fitness program
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prior to the season discontinued these programs once training camp
started. A few players continued weight training but only on a
maintenance program (once or twice a week compared to three or four).
Some players also were unable to participate in practice at various
times throughout the season due to illness or injury. Based upon the
above description of differences in pre-season training programs and
in-season activity levels it is easy to explain the large changes in
fitness levels.

Generally speaking, players who reported to training camp in poor
physical condition improved their physical fitness whereas players who
were extremely physically fit prior to training camp were less fit by
the end of the season.

The decrease in maximal oxygen consumption in football players over
a competitive season was unexpected in l1ght of the aerobic training during
practice. A decrease in VO2 max can be attributed to the lack of a
suitable overload to the cardiorespiratory and muscular systems over an
extended time period. Defensive backs, with the highest VO2 max pre-season,
were the only group to show a significant decrease in VO2 rax. It appears
that the VO2 max decrease for DB could be attributed to a reduction in
physical activity during practice as a result of the large nﬁmber of
players who practiced with the team over the season. Twelve players
were kept after training camp to compete for five starting positions.

This meant that, since no other group had enough surplus players to make
up a second squad, at least one-half of the DB spent a good portion of
practice as inactive observers. It is interesting to note that receivers,

»
vho probably did the greatest amount of aerobic training over the season
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also showed the least reduction (-0.4%) in VO, max post-season cospared
to pre-season.

The significant decrease in tr;utyle stair run time post-season
could be related to the great amount of sprint type running performed
during the season in comparison to the small amount of sprint time
running performed prior to training camp. Wide receivers, who probably
did the greatest amount of sprint type running ranked highest in terms
of magnitude of change in freestyle run times post-season compared to
pre-season. Thii {ncrease in sprint running speed in combination with
an increase ove;.the season in the amount of resistive type exercise,
such as that performed during rsled work' and when attempting to block
or defend against a block, might also explain the significant increases
in maximal hamstrings torque at 300/3 and maximal hamstrings and
quadriceps torque at 1800{5 It is.interesting to note that defensive
backs, who do the greatest amount of sprint type running backwards, wvere
ranked highest for magnitude of change in hamstrings strength (30°/s )
and second highest for magnitude of change in hamstrings power (1800/3 ).

It was not the intent of this study to determine the causes
associated with physiological change over a competitive season but to
determine whether any change did in fact occur. Since the reported
physiological changes are directly related to the amount and intensity

' of specific physical activity these results could prove to be very help;
ful to the coaches and players of the University of Alberta 'Golden
Bears' football team in designing pre—season and in-season physical

training programs. .
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PHYSIOLOGICAL PROFILES OF POOTIAL@ PLAYERS
( ]

The disc of these rolui;l would be simplified and more
ll‘ltl.ful if al1 subjects were at their optimal fitness level when tested.
Hogfver, as has been previously mentioned, the pre-test fitness levels
of f‘o suljects had a large variance due to the lack of compulsory pre-
season fitness programs which would specifically improve those fitness
components most needed by football Players. The discussion of these
results would also bg simplified and more meaningful 1f all subjects
were playing in the position best suited to their physiological abilities.
However, data on the physiological abilities of the professional football
player (likely the.-ost homogeneous of all football players by position)
are not available.

The 8 of this study indicate that the players used in this

investiga when grouped as offense against defense, defensive backs
d‘ainat wide receivers or offensive running game players against
defensive running game players, did not differ significantly for the

following variables:

(1) activities of the enzymes LDH,‘SDH, CPK and myofibrillar ATPase
in the vastus lateralis;

(2) % fiber population of vastus lateralis;

3) leg power;

4) leg strength;

(5) leg endurance;

(6) X body fat;
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¢)) agility;
5 (8) anserobic &spacity;

¢)) ssrobic capacity.

1f the data of Novak et al. 68, Wilmore and Haskell 72, Forsyth and
Sinning 73, Wickkiser and Kelly 73, Smith and Byrd 76 and Wilmore et al.
76 are pooled to provide the same comparisons, the same similarities
exist. Since these differemt units directly compete against one another
superiority by one unit over the other should be an advantage in .
winning football games. Two hypotheses can be formulated from the

results of th*- study:

1) that factors such ashand -eye coordination, learning
ability, skill acquisiton, skill level, motivation,

previous experience, leadership, iftelligence, and

"’:‘ . strate ¢ ribute more to the success of s cific
& a & com pe
T of f,oo‘&l pgg*wl which in turn would provide L
, : [ T . . 3' . r* o \ ’
~ . ’ B, . ) oo >

i L %y the advédta ‘gp.l'._ﬁ to win football games.
4 ‘ ’e . S . - B . > . R a ] R

. ,t % l: H s,

5 f -!'0 & - o ’
"}, (2)° . thatf 1. ) .',the. physiological variables msasured

Vg % g tnde ey (U 8 spectt
<" "~ % in this 8 *"'M a specific group of football players,
< E Lt 2 Al 44

| .- A sfpbt”:tkq would be gained which would be an

_ advantage in winning football games.

I1f success in football is based upon vinning -games, most people
“will agree that an improvement in the coachable factors as well as the
tuin;ble factors will best accomplish this goal. Based uypon the

winning percentages in relatiom to daily practice procedures, of specific
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tesgs, the writer hypothesises that imprevemests ia the physielsaseal
verisbleg of Seethall players by position (spesifiie pesttiend,

rqdro greater improvemsnt of ecme variables them ethews) weuld I..nvo'
the vinning perceatage of a footbnu- tean. The physielegical data
collscted os the footbell Players wsed in this study (divided iato

eight groups) will mow be used 40 oq-d this hypothesis. '

The ability of the muscle cell to utiliszse exygan for the gensratiom
of ATP, vhiclh can ba hydroliszed to pmduce‘o.utc for work, 1‘ one of
many variables which contribute to a football players oucccu.‘ During
high i{ntensity ;'ork the role of aerobic gemeration of ATP is minimal.
Football {is a game involving many short bouts of high intensity work,
each being folloued by onger, less intense bout of récovery. It
is during this %1“ that the aerobic energy p‘bd on systes
functions. ty of the aerobic energy production oy-tu and
.thc rate at which this sytem can produce ATP will dctcrlinc the total
-.ﬁt of ATP that can be produced during a given quantity of submaximal
exercise. Maximal oxygen consumption has been used as an indicator
of aerobic power wherwas SDH activity has.been ulcd. as an indicator of
the aerodic ayotc- rate. If a large amount of energy ﬁ used during
an activity, as is the case durin; a fpotball practice or game, and
the body cannot supply this amount of emergy over a given time period,
then performance will suffer. _Thus, individusls with high aerobic
power and s high aerobic energy ptoduction rate should have a decided
sdveatage during a football practife or game. ‘This suggests that all

~ football players should have high gxidative capscity. However, players



such as receivers and defensive backs, who do considersbly more rumning
}haﬁ other players, will need higher aerppic capacities and therefore -
'for thes, greater emphasis should be placed on urobic.trainin;. The v
results of this study which show defensive l;aclu gnd ?ceiverl having

.the highest oxidative capacity (both VO, max and SDH) are in agreement with
the data of Smith and Byrd (76) and Wilmore et al, (76).

Muscle atrength and power, eipecially in the legs, are probably
the two most important physiological variables needed by a football
player for successful performance. T;o subjects in the offensive lineman
group will be used to illustrate this poinc. Subject 37, who ;as
subjectively rated one of the worst offensive lineman by the coaching
staff, ranked lowest for the power and strength variables whereas subject
43, who was subjectively rated one of the best offensive lineman by the
coaching.sgaff, ranked highest for the power andlitrgngth variables.

All players need leg power and strength but players who are more involved
in blocking and tackling should possess higher values than the defensive
backs, quarterbacks u?d wide receivers. The results of this study did
show DL, OL, LB, IR lﬁd RB to generally be ranked highest for Cybex

leg strength and power variables.

The figding that lineman and linebackers'fossess greater percentages
of body fat than ba;kl agrees with what has previously been reported
(Novak- et al. 68, Forsyth and Sinning 73, Wickkiser and Kelly 75, and
Smith and Byrd 76). it is possible that lineman and linebackers need
this additional percentage of body fat fo;'protective reasons. Of all
football players, lineman and linebackers take the most physical abuse

. L4
during praftfces and games. The body fat could serve as .a form of
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Protective padding to reduce the severity of muscle 1njurl.1.¢a.o Based

upon the known X body fat in comparison to the player's ability
(subjective rating by coaches) the writer suggests that 6% to 8% for
backs and teceivegs and 107 to IZZ’for lineman and linebackers would

be recﬁr-ended levels of % body fat. The previously reported correlation
of 0.61 between X fat and power stair run time indicateg the loss of
pover associ;ted with excess fat. It is evident fron_tables 22.3 and
22.6 that the lineman as compared to the receivers were significantly
less powerful as well as significaptly fatter.

Saltin (73) gas suggested that athletes participating in activities
that involve both aerobic and anaerobic energy production might best be
serviced by an equal distibution .of FT and ST muscle fibers. The
findings of this study (grand mean = 47.82) support this hypothesis.

No conclusion will be formulated concerning the enzy;e data
reported in this study. However, examples of a few very noticeable
differences for certain subjects might infer, that with additional
research, certain relationships might be found. Subjects 13 and 82 who
were ranked highest for the number of stair run trails completed to |
exhaustion as well as lowest for the rate of fatigue had 74% and 54%
greater CPK activity than any other subject (see tablea 17.4 and 17.6).

Subject 13 who had the fastest 40 yd sprint speed time also had the —

‘:

highest percentage of FT muscle fibers (75%), the largest CPK activiey,
and the third largest myofibrillar ATPase activixy (see table 17.4).
Subject 13 also ranked very high for VO2 max, LDH activity, and SDH
activity and very low for ¥ body fat and power stair run times (see table

17.4).
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CONCLUSIONS

Within the limits of this study the following conclusions

have beef! made: . -

(1)

(2)

(3)

(4)

(5)

(6)

Thﬁ‘\for the football players in this study the intercorrelations
between the scores on the three power stair run tests ( fr..;tylc,
two stairs per stride and two stairs per stride weighted ) were
higher than the intercorrelations with the scores of the Cybex
power tests.

That pércentage of vastus lateralis musacle fiber population, by
itself, is not useful in predicting football abi}ity as measured
by the performance tests used in this study.

That the University sf Alberta Football Team decreased in aerobic
fitness over the conpetizfié season as measured by V02 nax.

That for the University of Alberta Football Team leg power and
strength increased over the competitive season as indicated by

a decrease in freestyle stair fun time and increases in Cybex
torgie lues .

That di;Zerent positions in football display different degrees

of development for certain fitness components. This implies

that féotba!l piayers should be physically trained by a program
that will improve the physical fitness conponentd most needed

in that position for sucges;ful performance.

That vastus lateralis enzyme activities in combination with the
concentration of the metabolite used in the reactions the enzymes
catalyze might be usefu] in measuring anaerobic and aerobic power

and capacity.
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REVIEW OF LITERATURE

Maximal oxﬁ:n consumption or uptake (Vo2 max) is one of the most
commonly measured variables in physiological studies. Table 10 11sts
mean Vozmax values for athletes from different sports as well as normsl

untrained or sedentary populations.

A

Table 10. Mean Vozmax of Males From Select Populations

Activity n Age szmax ESEM) -1 Author(s)

yrs ml x kg x min
P — e e T ——
1. College Football 16 20.3  51.3 Novak et al 68
2. College Football, 27 19.3 56.5 * 6.6 Smith & Byrd 76
3. Pro Football 15 50.1 Wilmore & Haskell 72
4. Pro Football 168 50.4 Wilmore et al. 76
5. Elite Canoeists 6 22.6 69.7 ‘Tesch et al 76
‘

6. Elite Cyclists 11 24.6 67.1 £ 1.3 Burke et al, 77
7. Elite Distance ‘

Runners 14 26.2 77.4 £ 1.0 Costill et al. 76b
8. Elite Cross-

Country Skiers 6 72.8 Stromme et al.77
9. Wrestlers 10 57.1 Saljjin & Astrand 67
10. Weight Lifters 4 25 40.1 ¢ 6.4 coll}ié'&' & al. 72
11. Untrained 10 43.5 Saltin & Astrand 67
12. Untrained 19 27.4 38.4 * 1.8 Costill et al, 76b
13. Untrained 12 27 42.9 + 1.9 Gollnick et al, 72




-

- Prom Table 10 it i{s spparent that: (a) athlﬁm iavolved in highly
serobic ectivities (5,6,7 & 8) have high VO, max values ss compared to athletes
involved in highly enagrodic sctivities (10); (b) athlates iavelved ia
activities with both aerobic and asasrobic componeats (1,2,3,4 & 9) display
VO, max values sbout half betwaen the values for the highly serobic and

- highly anaerobic; (c) untrained subjects have the lowest VO, mex values.

Asrobic capacity, as measured by oxygsn consumption, is dependent |
upon level of training (Orlander et al.77) as well as genetic endownment
(Klissauras 73, Leitch et al.?75, Weber et al,76). With endurance training
oxygen consumptions can be increased by as such as 20%. (Gollnick. et al.
73, Karlsson et al,72, Kiessling et al. 74, Po}lo;k et al.75).

Of special interest in Table ‘Eﬁare the studies by Smith and Byrd
(76), and Wilmore et sl.(76). Suith and Byrd divided 27 college football
players into four groups and rqsgrted.-‘an VO2 max values for each group;
offensive backs had the highest ;ulue (60.2) followed by  defensive backs
(59.3), offensive linesan (55.9) and defensive lineman and linebackers
(53.2). Wilmore and his associates used six group-.for reporting mesa VOZ
max values for 168 pro~football players; defensive backs had the
highest value (53.1) followed by running backs and wide receivers (52.2)
linebackers (52.1), offensive lineman and tight ends (49.9), quarter-
backs and kickers (49.0) and defensive lineman (lola.9_). The results from
these two studies seem to indicate that running backs, wide receivers
and defensive backs are very similar in their aefoble sepacities as are
the offensive and defensive lineman. However, these two groups dif fer
from one another with the lighter backs, who do more rumning, having

higher serobic capacities. Linebacker 's VO2 max values fall between the
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Table 11. Body Composition of Males Prom Selefft Populatiomns

~

Activity n Age T Pat LWB Author(s)

yrs (kg) '
College Football 65 17-23  15.0 74.2  Wickkiger § Kelly 75
College Pootball 27 18-%6  13.7  80.3 Sufth & nym' 76
College Football 16 20.3 13,8  82.6 noun " et al.68
College Football 1 14.6 . * Foysyth & Sinning 73
Pro-Pootball 180 13.5 6.6  Vilmore et al.76
Marathon Runners 114 7.5 5916 Contil.l gt nl. 70
Wrestlers 37 - 8.8 6'7,9_ linni& 78
Untrained | 38 21.4  19.5 7.5 . Clark et al.77 o
Untrained 29 21.3 16,9  63.5" ” Girendola & Katch 78
Untrained - lean 15 17.9  15.1 57.4 " Boileau et al 71
Untrained ~ obese 8 18.1 38.5 ‘75.3: :Boileau et al.71

P

Prom Table 11 it is apparent that:
(8) college and professional football players have similar X body
fat even though professional players have a larger totsl body

\d “1'hto
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(V) msarsthon ressexs and wrestlsvs, athletss vhe epesd larpe
-.u"dlmhuu.lu.ndﬂ‘.m“
sbly leamer thes feotball pimfo or watraised subjects.

* (e) !ool,un‘phy-r;. as a lr;up (sll pesitiens) are lesssr

J than untraised subjects. .

’ lovo;-r. a different resuvit emerges vheas football players are
grouped iy position. Wickkiser and Kally (75) peed five m\.go to report
% fatOof 65 college football players; defensive backs were the JeAnest
(11.5%) followed Dy offemsive backs and vide receivers (12.4X), it.no-
backers (13.4%), defensive lizeman (18.51), spf offensive limesan end
tight ends (19.1X). Smish and Byrd (76) divided 27 collegs players imto
four groups; defensive backs were again r.h'o lumt (’.6!)”20110\1“ by
otfouin backs (13.8%), defemsive lineman (14.3X), end offensive line-
man (14.6%). Hu-orc' ot al. (76) used six groupe vith 180 ,iotoqoi v
players to report 1 fat; defensive backs (9.6X) were similar to running
backs and wide nain.rc (9.4X) vhuc linebeckars (14%), quarterbacks
and kickers (14.4%), offensive lineman and tight ends (15.6%) ad.dofmiv.
lineman (18.2X) had considerably larger perceantages of body fat.

1t sppears then, that defensive backs, rusn .nd vide
receivers pono‘io.,lililnr percentages eof ‘body fat as do offlcuivc and
defensive lineman with .ubac&n baving s)ightly less pcrchtup fat
than the lisemsn. Also, backs are much leaner than linemsn. Oun referriag
back to Table 11 one ggl'sees that batks are very similer to vrestlers
Uh.rm.lm-p differ very little from a sedentary,mtrained populstion

~ : ] .
- N -
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1n poreuiu.n of body fat,

The use of isokinetic -chincry te e ssscular stremgth and

. ondutanco is relstively new thm, to l'ittlc‘dntn of this

' nntnrc hu been roportcd 1n the lite . 'I;Okiutic machines are

| ¢ou£dnnd the bu; avuhbh means of uecurnuly msasuring the muscle's
-ll- force curn. work, power nd endurance cspacities at pcrfor-ncc
speads. (hrriu 68). Also, Pipol md Wilmore (75) found that ilokinct:lc'
: tninin; produced nupcrior .trcn;th gnino to isotonic or ico-etric
tninin. ovir an eight week progras. Van Oteghen (75) demonptrated

that vollcyball players with the highut torque values at both slow and
fut isokinetic speeds aloo recorded the highest pover values as measured
by nrtical jump performance. The Cybex 11, ‘m 1lok1n¢tig sachine, has
bean shown to give torque vaiues of high reliability (Moffroid et al.69,
Thorstensson et al. 76a). iooutric contractions .pq\rfoz;-ed with .the
Cybex II set atzero degregl per second produce tPe highut torque values
and as the speed 'of the lever ’ar? or angular velocity 1ncreuear the torque
.outpt;i: decreases (Thoritenscon et al. 76a). A‘ -ignitiqnt positive

. . L ]
correlation has been shown to exist between torque vutput at high amgular

velocities (180°/s ), as measured by the Cybex II, and X FT muscle

’ 'O A

fiber population of vastas hteralis (Thorstensson et §l. 76.).~ ™ well

>

a poutive correlation between fatigyability with,rapid -gxinl voluntary
isokinetic .cohtrnction; and X FT fibers im contracting vastus ntetalil
has beent reported (Thoratonn;on and Karlsson 76b). Thus, hi;h angular
valocitiss (iao°'/- ) produce lower torque 6utput-' than do low angular
.!lloctﬁoa (” /e ) and individuals with: hj,dx proportions of IFT
lﬁ.’mnhtion in coatracting muscle vill tati;u sooner at high angular
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velocities even though they can generate higher tofquu outputs.
In the studies reviewed conccrn:l.n; biop-y. data, only data pertaining
to muscle vastus lateralfs in -1.. is rcportcd unless othorviu -utcd.
Prom research data it lppcu't that trained athletes and untrained
non-athletes differ in fib.t population of muscle vastus 1.:.:.11-
(see Table 12). This difference appears to be a result of natural
migration to an activity for which the nt‘hlote‘_u physiologically

L

suited rather than a training pffect from the activity itself.

w
Table 12. Percent YT FPiber Population of Vastus Lateralis in
» : Select Male Populations
et B 'A'é;i.vity ’ DA Age T Author(s)
- —_—

Long Distance Runners 7 26 - 39 Karlsson et al, 75
Bong Distance Runners 3 25 40 Costill et al. 74 ‘,"
Long Distance Runpers 8 23 40  Gollnick et al 72
Weight Lifters 7 26 ' 51 Karlsson et al. 75
Veight Lifters 4 25 54  Gollnick et al 72
veight Lifters 8 20.3 56 Edstrom and Ekblom 72
Sprinters 4 - 56 l’hson et al.75  °
Sprinters & Jumpers 9 24 61 Thoretensson et al. 77b
Cyclists 22 24.6 45 ° Burke et al.77
Untraiped ' 12 27 61  Gollnick et al, 72
Untrained 13 217 60 Saltin et al.76"

W

Ind
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If the means fo.r all the subjects listed in Table 12;:. computed
by activity\!he long distance runners possess 39.6% FT fibers, the
weight lifters 53:7!, :hc sprinters and jumpers 59.52 und untrained
subjects 60.5% FT fibers. Thus, endurance athletoa (lon; distance runners)
differ from povtt athletes (weight 1lifters, -ptint.rl and jumpers),
combined power and endurance athletes (cyc}ioto) and untraiped males by
having a emaller percentage of FT muscle fiber. Power athletes and
untrained individuals appur'to differ very little in their fiber pop-
ulations of vastus ln;eralis, both having lpprt;xiutely 60X FT fibers
vhereas the athletes vho need both power and endurance capabilities have
approximately an equal percentage of PT and ST muscle fibers. These
differences 1in ;ﬂnr population; assume more meaning if one relatés thea
to the contractile and metabolic characteristics of the two fiber types ,
and then relates these findings to the contract“iklc and metabolic character-
istics of poiver versus endurance activitids (.ue ‘l‘able{ 13). Thus, power

athletes should be best served by the FT fiber, cndurance athletes by

/

‘the ST fiber and codined power and endurance athletes by a figer gme/

contractile and metabolic co-ponents more responsi
RS

perfor-nce,
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Table 13. Contuctﬁc, Uitrutmttbd."& and Mochemical :
Difference in Skeletal Muscle FE5ees (Burke snd Bdgerton
(75% and Close (72)) ) ' .

Paramster o Fast Contracting Slow Comtracting

® b
Speed of Contraction Tast Slow
Reaction Time Fast Slow
‘l‘i.u to Peak "!‘en'lion Short Long
Twitch Tension High hd Low
Peak Isometric Tension R/igh Low
% Contribution to Tension 802 42
Nerve Impulse Frequency High = Low
Fibre Diameter ' Large Small
Size of Motor Neuron . Large Slpli
Myclimation of Motor Nerve Yes L W - ..

. Conducation of Velocityon Motor Nerve Fast u Slew . - )
Ca™* Release of Sarcoplasmic Reticulum Fast ’ Slow ,* . ,.,“
Acetycholine Esterase High Low ’ ”"”;

_Glycolytic Enzyme Activity . "Bigh . Low
Stogxed Glycogen ) High Very uigh
Phosphorylase Activity High ' Low
Reaction Velocity of Myosin ATPué Fast Slow -
!-'ctat:e Prod:;ction ) . Bigh Low
Lactate Uptake Low High
Contractile Protein High ’ Low
Number of Mitochondria V . Few ‘ Many
Oxidative Enzyme : Low High
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An extensive review of the literature failed to reveal any studies
vhich reported myofibrillar A?uo activity in vastus laterslis mustle of
athletes. However, Thorstensson et al. (76c, 764) has reported values
_for physical education ﬂ.:udcntl before and after eight weeks of .tr‘cn;th
traifiing. For twenty~two subjects from two different studies resting
values averaged 7.5 umoles x ! x min~l, Following the eight &nh of

strength training the average resting value rose slightly to 8.1

Lo RV,

umoles x g-l x -ln-l. These twenty-two subjects averaged 32.5 percent
F;i‘ fib?u. Thorstensson et al. (75) in another study, using four physical
education students vh.o averaged 57 percent FT fibers showed an increase R
from 7.0 to 9.1 umoles x 3-1 x lin-l in activity of Mgz* stimgted ATPase
activity after zlght weeks of sprint training on a mator driven t;:adnill.l '
Histochemically, FT fibers are identified By a more intense ?taining
p‘em f;r myosin ATPase. It follows then, ._that FT fibers should have

[
an ATPase activity higher than ST fibers. By teasing out individual

fibers Thorstensson %t al (77n) fomd that f‘ -taiﬁing darkly for

",., Ague at pH 9.4 afte’{‘pro-incubation at pH 10.3 (FT) had an act&yosin

= -1
ATPase activity of 0.84 co-parod to 0.30 umoles X g protein = X -1n
for the light stgining (sT) fibers.

An exteui\é rw‘v of the literature alsoc failed to reveal any
studies which repo@tcd CPK activity in ‘athletes. Gollnick et nl\(76)
reported an activity of 2200 u.:les xg -1 x dn lva: re.t for nine men
varying 1n age from 24 to 41 and with varyiu tieneu levels. Thorstensson
et al, (76c, 76d) noted CPK activity levels of "107 and 100 umoles x g -1
x lin-’in twventy-two male physical education sgudents before and .f“;o !

“
»

B _"
s e
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cight Qciff of strength training. Eight weeks of sprint training on

a motor driven treadmill by four physical education students produccd
an increase from 99 to 135 umoles x g -1 z Iln in activity of CPX
(Thorstensson et al.75). CFX activity in FT fibers (16£‘unolcs xg
profettiql x ain"l) has been shown to be higher than that fomad in ST
fibers (131 umoles x g protein-l ; -ln-l) (Thorstensseti ot al. 77a). The
differences in activity levels reported by Gollnick et al. () and

1 indicate

Thorstensson et'.l.(77x 2200 versus: 99 umoles x ;Tl x min
a wide variation exists in CPK activity in human subjects.
Different lactate dehyodrogena.e activity levels have been oboerved

-

- &etveen power and endurance‘&:i'lined athletes. Karlsson et al. (75)
reported activity levels (pyruvate to lactate) of 156 umoles x 3-1 x lin-l
in seven weight lifters with an average of49 percqpt FT fibers while in
seV!n long distance run;:r' with only 29 pcrccnt FT fibers the activity
levels averaged 67 umoles x g-l x lin-l. In a study using nine males
ranging in age from 24 to 41 and of varying fitness levels Gollnick et
al. (74) found resting LDH activity levels of 112 (pyruvate to iac€=:¢)
and 63 umbles x g“-l x -1n-1 (lactate to pyruvate). LD& activity has be?n
shown to be higher in FT fibers (568 for pyruvate to lactate and 366 umoles
xg protein-k x lin-l for ltctaCe to pyruvate) than ST fibeys (280 for
Pyruvate to lactate and 145 umoles x 8 protein_1 x lin-l for lactate to
Pyruvate) (Thorstensson et al.77).

‘Thorstensson et al, (75) reported an increaoe of twenty percent in
LDH activity (from 156 to 166 umoles x g-l x_-in-l) after eight weeks of
sprint training on a motor driven treadmill (four physical edycation

students aged 16-18). Houston and Thomson (77),using older (34-37 years)

Ce .
ool . o RN .
X -
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and mire highly trained men (averagsd 35 km running per week) found no

1. lin-l)

ouniucant changes in LDH activity (76.1 to 73.4 umoles x g
fouou.\u lix ‘weeks of high intemsity ansarobic traiaing... nu-nu

et al, (7‘{0). observed mean LDH activity levels of 458 and 1070 umoles x

g.. x -1q-1 in well trained men (mean age 53 years) and sedentsry men
(mean a‘p 54 years) respectively. ghe sedentary group showed .n increase
of 11 %erécnt (to 1192 umoles X '&1 x lin-l) in LDH activity after \
thirteen weeks of bndurnnco traininc. On the other hand, Bylund et al.
an lhowed no fptﬂifiunt.,mréa;'u 1n LDR nctivitynﬂin nine males (mean
age of 44 years) after oix months of cndurance, dlmiﬂ Lusuou- x

3-1 x min -1

pre-training versus 25?@10' xg 1 x afn’ -1 post-training).
Suominen et al. (77) also found no significant changes in LDH acti\'v?lty in
69 year old men (121.4 to 118,8 umoles x‘g-l x Iin-l) and women (167.8
to 89.7 umoles x 3-1 x -in-l) following eight ‘weeks of physical training.
Sjodin et al. (76) found no significant changes in total LDH activity
(214 to 224 umoles x 3-1 x -in-l for pyruvate to lactate and 70 to 72
umoles x 3-1 x -in-l for lactate :g"'pyruvate) in oix soderately trained‘
men .(15-23 years) following eight weeks of anaerobic training. The same

authors (Sjodin et al. 76) howewer, observed a decrease in total LDH

”nctivity (123 to 106 umol s x‘!n ‘for pyrgvate to lactate and

60 to 51 umoles x g -1 x min -1 for }actate to pyr\ivete) in an eighteen
year old long distance runm:‘o increued his training distance from
116 to 160 km. per week over a twelve month period.. This same stbject
also cxhibited a shift in th "ihtive contribution of the specific LDB-

isosymes; an :lncr.m in R-LDH {soxyme contribution from 34X to 501 owver
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the twelve months. The dn'ta presented on LDH activity suggests that
endurance trained athletes have lower total LDH activities than power
trained athletes and that activity can be altered via specific training
programs.

. Different succinate dehydrogenase (SpH) activity levels have also
been observed between power and endurance trained athletes. Gollnick
et a]_,. (72) measured SDH activity in different groups @@ .tlﬂﬁ.u (see
Table 14). They concluded that SDH activities wvere highu“'_ ia athletes

. Ve

5

involved in endurance type activities. . .
S , Ty

,qt% w3 ¥ . “‘E

Table l4. SDH-Activisies of"”’Vutus“Lateralin in Males frgg Select

Populations @g E
) SDH Actiwmgty

Activity n —’A;; . (_oh.—: '71 = -:ln-l)
Bicyclists 4 2 11.0 ¢ 1.0
Runners 8 23 6.4 ¢ 0.5 3
Swimmers 5 21 7.6 £ 0.5
Weight Lifters 4 25 ’ 3.0 0_.) :
Untrained 12 27 4.3 0.6

—>

Burke et al, (h) measured SDH activity in co.petitivl cyclists and
antrained malesand although their values are somewhat higher (19.4 t-o];ei
x 3-1 x nin—l for 22 cyclists versus 6.4 umoles x 3-1 x lin-1 for 19
sedentary males) §t is evident that endurance training enhances muscle

|

t



79

SDH activity. R

The activity of SDH can be increased through physical training.
Saltin et al (76), using untrained males (21.7 years) with s mean SDﬁ
activity of 3.9 umoles x ,-1 x min 1, showed enhancement of SDH .ctivi(ty
following both sprint ' endurance training for only four weeks. .
Eriksson et al. (73) showed a 30X increase in SDH ac ty (5.4 to 7.0 ’
umoles x g’l x nin_l) in thirteen boys (11-13 years) following six weeks
of endurance training on a bicycle ergometer. Gollnick (73) found SDH
nctivﬂ.y increased 95X (4.7 to%.l umoles x h-l x lin-l) in six males
(32.5 yearl) following a fi}e month ®ndurance training program on a
bicycle ergo-eter. > !

Slow contracting (ST) fibers have been shown to have higher SDH
activity than fast cfmtrp'“‘ing (FT) fibers. Essen et al, (75), using free.Ze
drying techniques, isolated FT and ST fibers and found ST fibers had ‘

SDH activity of 29.? umoles x g-l % -:l.n.1 as compared to 19.3 umoles xl

g-l x nin-l dry weight for FT fibers. E‘nnrik..on and Reitman (76),

also using the freeze-drying technique tb isolate FT and ST fibers, looked
at the effects of a two month training program (nine males aged 20-28 years)
on SDH actiwvity (bo;h crude homogenate and pooled FT and ST fibers). Two
diffegent training protocols were employed on a bicycle ergometer;
‘continuous submaximal (CT) and interval maximal intensity (IT). Both

| training protocols produced substantial increases in crude homogenate

SDH activity (I.T. from 9.1 to 11.6 umoles x ;-1 x‘.nin -1 and C.T. from
10.} to 12.3 umoles x 3-1 x Iln-l). Bovbves; in the CT group SDH activity
increased only irt the ST fibers whereas in the I.T. growp §DH activtty

.,
increased only in the FT fibers. Slow contractidg fibers had-higher SDH

4
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than FT fibers both before (11,6 to 8.0 umoles x g-l x l:l.n-l) and after
(14.0 to 10.1 wmoles x g™} 5 wa™l) tratning (subjects from both groups
vere pooled to compute these means). In another study Henriksson and
Reitman 577) measured SDH activity in eight males (20-23 years) over a
period of training (omn bicycle ergometer at average of 892 VO2 max) qed
detraining. These authors found that SDH activity of vastus lateralis
increased 32X above Pre-training levels following eight weeks of training
but then returned to Pre-training levels following six weck"?f normal

-

activity, - .
~ 3 ' @
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20: ALL 1977 stLDEN BRARS MTE: July 21, 1977,

- FROM 3 : Coaching Scatf

Ia less than ome memth, the 1977 COLIEN BSAR Traimiag Comp will
opea, 'n-thoobumtuunlm-b.mu- asre .
prepared tlu_-v-r for camp. That hae toh.mt.n::f'

‘ . L]

As a wsthod of testiag your lewel of prepeiednced? s aev,
batter, of fitness tests vill be ahtu-utL-‘ peior t: édur fivet ful)
98ar practies. Included in the items are & series of physical tests of
agility, epesd, strength, powver, maximum oxyges comsowmption, mwscle fider
population and muscle eusyme activity. Clearly, this 1s aa expanséion of
the mumber of test items 1am proviows pre-camp fitmess sppraisals and
therefore will require mere of your time befors camp opens.

Enclosed 1s a Player Iaformation Sheet. PlesSe complete ALL parts
of the form 1if you are a WNEN Player. 1If you are a Teturning veteran,

‘iadicate vhether you require room and board durisg training camp and

£111 out the Testing Appointmeat Chart.
-~ .

Por all players: 1f you sre from out of town, we will sssume room
and board costs beginaing August 17th-(evening). Thus, you could dsvote
both the 17th and 18th to -che testidg progrem. If you live in ths .
Bdmonton area, wve weuld like to bagin testing August Och. The testing 1s
quite axtensive 8o allow a nusber of alternstives vhea blocking Sutyghe

times you can be available. e

1f you are aroumd the Univarsity, 1t off or slide it -‘.S

%y office door. It is wery important we ceive this informtion a4t _the
earliest possible date! Tis pre-camp fitness profile forms the basis — _ \
of am ambitious and extessive loagitedinal study deis, carried out Wy )
Ray Mans, a 1976 gradwste of our team. Ve appreciate the.fact that o
subjsctiag yourself to the test items may be incorvenient g, in soge e
cases, time consuming, Nevertheless, it is importamt shet gpu wnderetand .

the ratiomsle of our comnitment to thiy and other studies. , e T

In ordar that intercollegiate athletics continue to remsin .
withia sa acadentic environzeat, it is becouing spparent that 9- otal
program demchstrate increased isvolvement in other aspects ¢! wiversity
1lifs. Merely playing the gemes 1s mot énough to’' justify large fimsncial
axpeénditures and satisfy eritics of intercollegiste athletics. .

Our participation in projects such as this sids owr credibilicy,
gives ue vital ewposure and provides you, as well as the coaching staff,

with iavaluable informat about. training pregrass aad your fitnese level.
In a word, the GOLDEN u'odoin;tb.irtuu!or:hupmionnd ,

* proliferatiem of - know .

>

Plesse watura the DIFORMATION SERRY M‘ Ve will be in touch
with you the first veek\of August. \ . )
. SN . .
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. DIVISION OF EDUCATIONAL RESEARCH QERVICES RN
, FACULTY OF EDUCATION -
« UNIVERSITY OF ALBERTA T

Computer Program Documentation

' ‘ had

TITLE: CORRELATIONS WITH OPTIONAL 'T-TESTS (missing data)

MACHINE: 1BM 360/67 Y ‘ .

_'LANGUAGE : FORTRAN IV(H)

SUBPROGRAMS : CORMD, STUDT, PNORM

. (XDER : SUB) 'r"rru:, FLGCHK, PMAT, ERRR, WARN

. - (USER) DATRAN .
'LIMITS: ‘ MAXIMUM OF 100 vmuam.zs

LIBRARY: s XDER

OPERATING $ EM)\ TS
L)

«*S. Hunka, revised by W.S. Ebersbergex

7ﬁ “ - | -~\\ _ ’
~

This program calculates means, variances, standard
deviations, and correlation coefficients (Pearson) for up “to 100 real
variables. Zero is taken as missing data the user may supply a Datran //}\
subrout ine for handling transformations of input data. '

DESCRI1PT ION

As options, the user may have the correjation
coefficients output on cards and have calculated T values and
pfbbabxlftxes to test the hypothesis that the correlations are zero.

e

7
PREPARATION OF CARDS \

B~
CARD  SEE
SEQ. = NOTE CARD TYPE COLS. DESCRIPTION
1 Title Card 1-80 Any title descrygtive of the
\ f run. (Not to be left blank)
[ A '
2 K 1 Parameter Card 1-5 Number of variables to be

input. (Maximum: 100)

6-10 Number of variables after

- patran. (Maximum: 100)

. 11-15 Expected number of observations.
(No limit; if over 99,999

leave bliink)

16-20 Numder of data format cards.
(Maximum: 5)

21-25 1 if T-tests are desired.

0 or blank otherwise.

26-30 | 1 for card output of correlatiorn
coe(ficients. 0 or blank

' otherwise.
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Preparation of Cards Cohtinued: - -
CARD  SEE . '
SEQ. NOTE CARD TYPE . COLS. DESCRIPTION
I
3 Data Format Card(s) 1-80 F format for each warijable
: ' to be input {(max. 5 cards)
4 Data Cards . 1-80 L As described by format
. / statement. -
5 ~ | SENDFILE . 1-8 ‘Indicates end of éata for
: the ‘run. :
6 2 Blank card or card .| Execution terminates if
types 1-6 for nest run.- card if blank. A non-blank
card will be read as the
} . title card for the next run.
USER NOTES .'

(1) All parameters integer and right-justified in the columns indicated.
(2) The same datran will be used for all runs.
Ad

DATRAN SUBROUT INE p

i

-

The user may supply a datran subroutine in order to
transform input data or to cause a record to be ignored. pThe subroutine
is to be specified as follows:

SUBROUTINE DATRAN (X ,NVI,NVD,6MISS) -
DIMENSION X (1)

RETURN
END

-

Executable fortran statements are to be placed betwe.rn

the dimension X(1) and return statements in the order in which they are to
be executed.

The parameters are:

X Vector of sbservations from current record
" nv?P Number of variables input =
MISS{ Has the value 0 when subroutine (;/called; if changed to 1,
 J all observations from the currenﬁ\gpcord will be dropped.
NVI and NVD must“mot be chanpged by the subroutine.
N

e
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Sample print-out ‘from Bgckman Metabolic l..ourc-nt Cart showiag the
last four work bouts for this oubjoct._ Print-out A and B are the same

work load whereas prmt-out Cand D are’ at ¢ 2% dutu ‘steeper .grade.

L

v

A. : " 151,186,

4,836.

%0,=oxygen. - 57.5
conouqtion '

ml x min x kg (S’I'PD) 5,701,

” 1.18

‘Cumulative Time s 301.00

X Co
zo0

v
T

. *ioe.zio: v
. 4,996. A
S 59.4 A
‘ . 6,857. C
\ 1721 R,
’ . $;1.10
, 4.82 X TO,
16.79 % 0,
.. 27.60 C
" 703.00 P
78.23 Vv

V= VE - minute volume ml/min (BTPS)
A = VO - oxygen consumption ml/min(STPD) C2 = Expired Air Temperature (°C)

Cy = VCO, - ml/min (STPD)

L3

R = Respiratory Quotient

P = Barometric Pressure (MMHG)
V = Expired Volume (ATPS)
T = Time of Measurement (seconds)

A

P —
c 180;169. V D. - 164,914. V
5,019. A 4,865. A
59.7 57.8
6,386. C 6,027. '
5EL—f—”"\\\ 1.27 R 1.24 R
. N 361.20 ‘ 391.30
0] 4.69 2 CO, 4.84 X CO,
17.05 2 0, , 16:85 20,
27.60 27.60 “\;
703.00 703.00 P
84.80 V 77.62 V
30.10 T [ 30.10 T
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\
PHOTOGMAPH OF WEIGHT BELT AND STAIRS
USED FOR STAIR RUN TESTS

-
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Sample Percent Body Fat Calculation

93

MEASUREMENTS : SUBJECT:
() Wt, in air 1bs. -

-_— o
(2) * Vital capaci‘y (v.c.) 11 x 61.02 = cu.in.’
(3) Residual Volume 25T (%) or 30% (d') v.c. = cu.in.
(4) Vol. Gastro-intestinal track ) - 7.01 cu.in.
(5) Wt. in water (full inspiration) = 1bs. -~ (belt wt.)

(must be negative)

CALCULATIONS:

(6) Total.Body Air (T.B.A.) = V.C. cu.in.
+ R.V. cu.in.
° + VGI cu.in, .
' = x .0362 = 1bs.
/ ,'
(7) True wt. in water = weight in water (from 5 above) 1bs.
+ total body air (from 6 above) 1bs.
- 1bs,

(8) Body Volume = wt in air (1) - true wt. in water (7)

- > .

(9) Body Density = wt. in air (1)

. .
. X Density of H20
= body vol. (8) .
(10) % Fat =[4.570 - 4.1427 x 100
Body Density .
R 4
(11) Lbs. Fat = (2fat) x - (wt.,) =

(12) Lbs. fat free wt, = (wt.) - (1bs. fat (11)
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. Figure 1
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ﬁyosin ATPase Histochemical Procedure

A. . Solutions

1. 10.4 pre-incubation wedium .
0.1M 2-aming-2-methyl-1 proponal
18mM CaCl,

- mix into appropriate volume.of H20 and adjust pH to 10.4

2. 4.65 pre-incubation medium
0.5M sodium acetate .3H20

0.5M KC1
mix into appropriate volume of HZO and adjust pH to 4.65
with glacial acetic acid. .

3. 9.4 incubation medium (made fresh)

0.1M 2-amino-2-methyl-1l-propanol
18mM CaCl,
2.7mM  ATP

mix into appropriate volume H20 and adjust pH to 9.4

B. Pre-incubation Proc€dures.

i) Alkali 1. Rinse dried sections in 0.1M Tris-HCl containing 18mM
CaCl2 at pH 7.8 twice for 30 sec. each. Blot off excess

solution on a paper towel.
4

2. Incubate in 10.4 medium for 15 minutes at room temperature.

3. Rinse twice more in 0.1M Tris-HCl with 18mM CaCl, at
pH 7.8 but this time for 1 minute each and with ggitation.

(ii) Acid 1. Incubate in 4.65 medium for 1 minute at room temperatjre.
2. Wash twice in 9.4 incubation medium without ATP for )
30 sec. each.
C. Incubation and Staining Procedures.

The following steps are identical for the alkali and acid stains
and are.carried out at room temperature unless otherwise stated.

1. Incubateg&or 30 min. in 9.4 incubation medium in water bath
at 37°cC.

2. Wash in 4 - 30 sec. changes of 0.0 CaClz.
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Place in 22 cobalt chloride twice for Y.5 min. each.

Rinse 4 x 30 sec. im 0.1M 2-amino-2-methyl-l-proponal at
pH 9.4. .

Place in 127 ammonium sulfide for 2 min.
Rinse in cold running tap water 3«5 min.

Blot on paper towel and dehydrate in two changes of
acetone of 3 min. each.

Blot on paper towel and clear in two changes of xylene
of 3 min. each.

Mount in diatex.



PHOTOMICROGRAPH OF VASTUS LATERALIS
MUSCLE STAINED FOR MYOSIN ATPase
( pPH 9.4 ) MAGNIFICATION X 120

&

PHOTOMICROGRAPH OF VASTUS LATERALIS
MUSCLE STAINED FOR MYOSIN ATPase
( pH 4.65 ) MAGNIFICATION X 120
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Biuret Protein Determination

Reagent Mixture

1. 1.5 g CuSO4 - 5H20 aix in 500 ml “20
6.0 g NaxC4H406 . AHZO
2. While stirring add 300 ml of 10X NaOH (30g/300ml H20)
3.  Adjust finak.volume to 1000 ml.
L 4
Procedure
1. Add .05 ml. muscle homogenate to 2.5 ml. of reagent mixture
and mix.
2. Make a blank using 0.5 ml. of homogenate buffer in 2.5 ml.
reagent mixture.
3. Let stand ads‘i;m temperature for 10 min.
4. Read the 0.D. at 540 nm. on spectrophotometer.
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HOMOGENIZATION PROCEDURE

!

Buffer = 0.1 M Tris at (6.05g/500 ml.) pH 7.5 - stored in fridge@

1. Reméve blood and connective tissue “from sample while thawing
in ice cold Tris buffer.
2, Blot sample and weigh on Mettler to nearest tenth of a milligram.
3. Place sample in glass homogenizer with 0.5 ml. buffer. Place
homogenizer in an ice water bath. Grind three times for 3-4
seconds in 30 sec. intervals. Add dnother 0.5 ml. of buffer
and grind twice more. Pour off into test tube. Add another
2 ml. buffer to homogenizer, swish around also cleaning pestle
and pour into test tube thus diluting sample in 3 ml. of buffer.
4. Do protein (Biuret) determination on Spec at 540 mm. 0.5 ml.
homogenate in 2.5 ml. reagent; mix and read after 10 min.

incubation at room temperature.

5. Do enzyme determinations in this order:
(a) SDH.
(b) LDH.
(c) CPK.
(d) ATPase. -
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Lactate Dehydrogenase Biochemical Procedure

Forward Reaction.

%dm%.sris buffer (3.633 g/100 ml HZO)
1 ml pyruvate (4 mg/1J ml HZO)

2 ul NADH (10 mg /ml H,0 and 1 ul
of 2-mercapoe%hanol)

Incubate 5 min. at 30°C.

Add 25 ul of muscle homogenate and
record reaction.

3027 €1 = final volume.

Backward Reaction

1 ml Tris buffer (3.633 g/100 m1H,0)
pH 8.2

2 ml lactic azid (54 mg)
> mixture in
NAD (23 mg 20ml H20
Incubate 5 min. at 30°¢C.

Add 25 ul muscle homogenate and record
reaction.

3025 = final volume

LDH

é
Pyruvate + NADH &——— lactate + NAD

Concentration. Concentration

Initial Final

0.3 0.2M

M 1mM
1 bmM 9.2uM
0. M 0.1M
30mM 20mM
1.5mM 1mM

»

e S i

-

P i
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Sample LDH Calculation

Forward Reaction ) Backward Reaction

=T T ]
' |
|
1
|

|

| |
A .

5

. '
PR OV S ——

|
|
;

1
i
[
-t
|
1
i
|

N o
, ! Lo
23,2 in. | 15.7 4in | f
! ? ! 25.h seq.
o ‘ I
b B N e
' t ' | l
‘ | ' ' ‘
! i | I ' ‘A |
| ' | \ .
o —
] ] ! | ’ ' ]
: -} | i ! i
Paper speed = 20 sec/cm. Paper speed = 20 sec/cnm.
Sample sfﬁe = 25 ul Sample size = 25 ul
Rate = 46.25 units/min. Rate = 37.09 units/min.
Final volume 3027 ul 3025 ul
Volume muscle homogenate added 25 ul 25 ul
size of sample and dilution 3mg /¥m1l 10.6 mg/3ml
standard 1 5 F 0.00007 umoles/ml - 0.00007 gmoles/ml
4 F rate 46.5 / min. 37.09 / min.
concentration of muscle tissue in
final volume 0.0083 mg/ml. 0.029 mg/ml.

To convert above to umoles x g_l X min.-l follow these steps:

(1) divide 1000 by mg/ml of final volume muscle concentration.
(2) multiply value in (1) by AF rate
.') multiply value in (2) by 0.00007

1000 : 0.0083 = 120481.9 1000 : 0.029 = 34482.8
120481.9 x 46.25 = 5572287.9 34482.8 x 37.09 = 1278967.1
5572287.9 x 0.00007 = 390.1 1278967.1 x 0.00007= 89.5



109

Succinate Dehydrogenase Biochemical Procedure

Initial Pinal
Concentration Concentration

1. .02 ol of muscle homogenate.
2, 0.75 potassium phosphate buffer (6.846g)
with .052 BSA (50mg) in 100 m] HZO at % | C 2™
PH 7.7.
3, Let stand 5 min. at room temperature.
4. Add 10 ul phenazine methosulphate - PMS _ .
14 mg/ml 45 .6mM <42uM
S. Add 140 ul Succinic Acid Disodium Sglt
(1.6 g/10ml) M .13M
6. Incubate exactly 30 min. in dark water

bath at 38°c.
7. Stop the reaction with 225 ul of 1M NaOH
8. Add 500 ul of stock bromobenzene and mix.
9. 1825 ul Total Volume.
10. Centrifuge at 2000g. for 5 min.
117 Add 500 ul supernatant to 2.5 ml

of fresh hydrazine buffer (1.3g in 100m1 IM .083M
with 2 mM EDTA (74.5 wg) H20 2mM 1.67mM
and 0.4 mM NAD (27.6 mg) pH 9.0 0.4mM 0.33mM

12, Read blank fluorescence.
13. Add 5 ul Fumerase. 0.25 ug/ml.
14, Add 75 ul malic dehydrogenase«5 ug/ml.

Allow reaétion to tun to completion (approximately
2 hours) and read fluorescence again

Succinate + FAD * Fumerate + FADH,
Fumerate + HZO & Malate

+
Malate + NAD & Oxaloacetate + NADPL:LJI\



Sample SDH Calculation
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Blank  Subject 1

&~
Reading at end of reaction 38.0 99.0
Reading before enzyme added 22.0 24.0
Difference 16.0 75.0

mg tissue for subject 1 = 5.0 mg

AF due to SDH = 75 - 16 = 59 units.

. homogenate dilution S / 3 ml

Total volume lst reaction mixture = 1825 ul

-1, mg / ml.

- .

Quantity of muscle sample in lst reaction mixture = 1.67 x 0.2

= 0.33 mg.

concentration of muscle sample in lst reaction

nixtd?e =

0.33 mg / 1.825 ml
0.183 mg / ml.

Final reaction mixture volume = 3080 ul.
Quantity of muscle sample in this volume = 500 ul of 1st mixture

—~

AN

A\
\\

=A.183 mg x 0.5
# 0.09] ng tissue

concgntration of muscle sample in

final mixture = 0.091 mg in 3.08 ml

= 0.03 mg / ml.

1 AF unit (from spectrophotometer standard) = 0.0001 umoles/ml.
Time of SDH reaction = 30 min. /

\

~—

0.03 mg tissue per ml. caused AF of 59 units over 30 min.

since want

final value in umoles x g~1 x min.~

follow these steps:

(1)
(2)
(3)

(4)

convert
convert
convert

convert

to grams by dividing 1000 by 0.03 mg = 33,333.3
to ain. by dividing 59 by 30 = 1.97 units/min.
to umoles x min~l by multiplying 0.0001 by 1.97 = .0002 umoles/

-1 -1 ain.
to umoles x g x min © by multiplying 0.?002 by 33,333.3

to get final activity of 6.56 moles x g~} x min~

PR
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’
Creatine Phosphokinsse Blechemical Precedure

Initial . Mnal
.Conceny?t'at tpn Concentration

-

2.5 ml. 0.1M Tris (6.05 g/500 =l nzo) 0.1M ‘ 0.089M

/
0.1 ml phosphocrestine (76.5 mg/ml H‘O) J00mM 10mi

~
0.1 ml ADP (25.6 0 60mM 2mi
a ( l./q})ﬁh) .
\
0.1 ml Glucose (1.8g/2ml H,0) S M 16 7mM
[}
»
0.1 ml NADP+ (23 mg/ml H,0) 30mM lmM
0.1 ml Sodium Fluoride (31.5 mg/ml H,0) 750mM 25mM’
5 ul Hexokinase - HK (0.6 1,U./ml) )
5 ul glucose - 6- phosphate Jehydrogenau -
G6P-DH (0.3 I.Ugml) 7
30 ul MgCl, (6.1g/100 ml HZO) 300mM ImM
Incubate 7 min. at 30°C. .
Add 25 ul of @muscle homogenate, mix and
follow the reaction.
Final volume = 3065 ul
Phosphocreatine + ADP & ATP + creatine
Glucose + ATP HK 2 Glucose 6-Phosphate + ADP + H*
o |
+

+ -
Glucose-6-phosphate + NADP M 6-phosphogluconate + NADPH+H

.



S\\\\ Sample CPK Calculation

L]

time

n
27
5!
0.D. for reading 2 = 269
0.D. for reading 1 = .141
A 0D .128 / min.
mg. of tissue = 8.7 @

homogenate dilution = 8.7 mg/ 3 ml.

= 2.9 mg/ml.

Final volume

volume of muscle homogenate added

= 3065 ul

= 25 ul

paper speed

sample size =
reading 1 =
reading 2 =

25 ul
27
31

1 min.

concentration of muscle tissue in final volume = 0.024 mg/ml.

To convert above data to gmoles x g—l X min._1 follow these steps:

(1)

(2)

(3)

convert £ OD/min to wmoles/ml/min = 0.128 @ 6.27

= 0.02058 ymoles/ml/min.

get conversion factor from mg/ml to grams
by dividing mg/ml of muscle in final

vol ume into 1000

= 1000 : 0.

= 41,666.7

024

multiply value (1) by value (2) (ml. cancel each other)

0.02058 x 41,666.,7

857.5 umoles x g )

X min.

112

= 60 sec/cm.
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Myofibrillar ATPase Biochemical Procedure

’ Initial
Concentration

2.5 ml 0.1M Tris buffer (6.05g/500ml Hzo)

at pH 7.5 0.1M
100 ul phpsphoenol pyruvate - PEP

(20 mg/ml H,0) 85mM
50 ul ATP (28 mg / .5 ml HZO) 102mM
30 ul MgCl, (6.1 /100 ml H,0) .M

S ul pyruvate kinase - PK 0.5 mg/ml
5 ul lactate dehydrogenase - LDH 0.1 mg/ml

o

15 ul. NADH (10 mg in 1 ml. of H20 and 1 ul

of 2 - mercaptoethanol) 14mM
Incubate 20 min. at 30°C.

Add 200 ul of muscle homogenate, mix and follow
reaction.

Final volume = 2905 ul

+
ATP + H,0 Q& ADP + P; + H
+ ___PK
PEP + ADP + H =—————e—3 Pyruvate + ATP

Pvruvate + NADH % Lactate + NAD

113

Final
Concentration

0.089M

3mM

1.8mM

3.2mM

75uM
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Sample Myofibrillar ATPase Calculation

T '
. | ,
Z { i ! o paper speed = 60 sec/cm.
_— : __4-"__{_<Tr-.ﬂw——w—____ sample size = 200 ul.
; f | | ! reading 1 = 20.0
E T ? ] reading 2 = 9.2
i ; ) E SN 20 time = 2 min.

+ OD for reading 1 = 0.0457

. .2 oD for reading 2 = 0.0080
4 OD = 0.0377

e —— e i — - =

— et

OD/min. = 0.01885

o’
mg of tissue = 10.6
homogenate dilution T = 10.6 mg/3 ml
= 3.53 mg/ml.
Final volume = 2905 ul

volume of muscle homogenate added = 200 ul

concentration of muscle tissue in final volume = 0.243 mg/ml.

To convert above data to umoles x g‘1 x min.—l follow these steps:

(1) convert 4 OD/min to umoles/ml/min = 0.01885 + 627
= 0.00303 pymoles/ml/min.

(2) get  conversion factor from mg/ml of
muscle in final volume to grams by = 1000 : 0.243
dividing mg/ml concentration = 4115.2
into 1000

(3) multiply value (1) by value (2) (ml.cancel each other)
0.00303 x 4115.2 = 12.5 gmoles x g » x min. L.
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Table 20.1 To 20.7 One-Way Repeated Measures Analysis of Vnriancé

Summary Tables for Significant Pre versus Post
’ Test Differences for All Subjectg. (**p<0.05,
*arp<0_01).

20.1 Cybex 30°%/s Max. Torque Hamstrings
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:
Among Subjeéts
S 23085.33 26 887.90
Within Subjects
T 808.91 1 808.91
TS 3610.59 26 138.87
Mean Square Within Subjects: 163.69
Value of F: 5.825 ¢
Numbers of Degrees of Freedom: 1 26 Critical F: 4,23%%
20.2 Cybex 1800/5 Max. Torque Quadriceps

v

Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects
S 26047.37 26 1001.82
Within Subjects

T 979.63 1 9 63
TS 2027.37 26 77.
Mean Square Within Subjects: 111.37

Value of F: 12.56
Number of Degrees of Freedom: 1 26 Critical F: 7,72%%%
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20.3 Cybex 1800/9 o Fatigue Slope Quadriceps
Sums of Squares, Numbers of’ Degrees of Freedom and Mean Squares:

Among Subjects

S 0.835 26 0,032
Within Subjects ’
T 0.047 1 0.047
TS 0.282 26 0.011
™~
Mean Square Within Subjects: 0.012
Value of F: 4.300
Numbers of Degrees of Freedom: 1 26 Critical F: 4, 23%*

'

A ]

- Cybex 1800/3 Max. Torque Hamstrings

Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects - . &
S 7904.81 26 304.03

Within Subjects
T 1956.02 1 1956.02
TS 1091.48 26 41.98

Mean Square Within Subjects: 112.87

Value of F: 46,59
Numbers of Degrees of Freedom: 1 26 Critical F: 7.72%**

20.5 Cybex 1800/5 Fatigue Slope Hamstrings
Sums of Squares, Numbers of Degres of Freedom and Mean Squares:

Among Subjects

S 0.364 26 0,014
Within Subjects

T 0.056 1 0.056

TS 0.138 26 0.005

Mean Square Within Subjects: 0.007

Value of F: 10.50 )
Numbers of Degrees of Freedom: 1 26 Critical F; 7.72%»%




.;;,--A:
T4 ‘o
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20.6 Maximel Oxygen Consumption v02 max ~ e
' T ! . '."r -* o e
Sums of Squares, Mumbers of Degrees of Preedom and AMdan Squaress '’ -
Among Subjects . ,‘;?5
S 1029.70 24 42.90 s .
Within Subjects
T 80.14 1 80.14 «
TS 159.31 24 6.64
' e
Mean Square Within Subjects: 9.58 N
] . ,
Value of F: 12.07 R
Numbers of Degrees of Freedom: 1 24 Critical F: 7.82%%
Q o
20.7 ‘Stair Run - Free(yle

[
Sums of Squares, Numbers of Degrees of Freedom and Mean

Among Subjects

S 0.94027 0.055 Ny

Within Subjects
T 0.04 1 0.04
TS 0.078 17 0.005

Mean Square Within Subjects: 0.007

Value of F: 8.532
Numbers of Degrees of Freedom: 1 17

&

Critical F: B8.40Q%*w
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21.12

[
Wide and Inside Receivers - Cybex 180°/s Max Torque Hamstrings

Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:
Among Subjects (
S 517,43 5 103.48
¥Within Subjects .
T 468,75 1 468. 75
TS 222,75 7 44.55

Mean Square Within Subjects: 115,25

Value of F: 10.52
Numbers of Degrees of Freedom: 1 5 Critical F: 6.61%*

21.13

Defensive Backs - Cybex 180°/s Max. Torque Hamstrings
Sums of Squarqs, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects
S 937.67 5 187.53
Within Subjects
T 481.33 1 481.33
TS 67.67 5 13.53

Mean Square Wig.in Subjects: 91.5

Value of F: 35,57
Numbers of Degrees of Freedom: 1 5 Critical F: 16, 3*%x

21.14

Defensive Li]eman and Linebackers - Cybex 1800/5 Max. Torquel
Hamstrings

Sums of Squares, Numbers of Degrees of Freedom and Mean 8quares:

Among Subjects ‘
S 629.5 3 209.83

Within Subjects - 3
T 264.5 1 264.5 : c@‘r_.‘ '
TS 97.5 3 32.5 v
¢ T G
Mean Square Within Subjects: 90.5 ¢
Value of F: 8.138 } . J
Numbers of Degreeg of Freedom: 1 3 Critical F: 5, 54%

%\\_‘ A —?z\ : =
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21.15 Offensive Lineman - Cybex 1800/8 Max. Torque Hamstrings
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects

S 1842.71 6 307.12
Within Subjects .

T 977.79 1 977.79

TS 416.71 6 69.45

-

Mean Square Within Subjects: 199,21

Value of F: 14.08
Numbers of Degrees of Freedom: 1 6 Critical F: 13, 7%%x%

21.16  Quarterbacks and Running Backs - Cybex 1800/5 Hamstring Trials
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects

S 12.38 3 4,13 ,
Within Subjects

T 10.13 1 10.13

TS ~ 3.38 31.13 ‘

Mean Square Within Subjectd 2

Value of F: 9

Numbers of Degrees of” i .3 Critical F; 5,54%

T -

21.17 Defensive Lineman and Linebagkers - Cybex 180° /s Fatigue Slope
Hamstrings

Sume of Squares, Nugpbers of Degrees of Freedom and Mean Squares:

Among Subjects

S 0.024 3 0.008
Within Subjects

T 0.028 1 028

TS 0.009 3 003

Mean Square Within Subjects: 0.009

Value of F: 8.955
Numbers of Degrees of Freedom: 1 3 Critical F: 5.54%




—
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21.18

.

Defensive Backs - Maximal Oxygen Consumption VO2 max
Sums of Squares, Numbers wf Degrees of Freedom and Mean Squares:
Among Subjects,
S . 186.81 5 37.36
Within Subjects
T 108 1 108 ; ’ )
TS 41.33 5 8.27
Mean Square Within Subjects: 24.89
Value of F: 13.07 ‘ ,
Numbers of Degrees of Freedom: 15 Critical F: 6.61**

21.19

Quarterbacks and Running Backs - Maximal Oxygen Consumption
Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:
Among Subjects

S 231.45 3 77.15
Within Subjects

T 26,65 1 26.65
” TS 12,21 3 4.068
Mean SquanekWithin Subjects: 9.713

Value of F: 6.549
Numbers of Degrees of Freedom: 1 3 - Critical F: 5,54%

-

21.

Of fensive Lineman - Stair Run Freestyle
®

Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:
'

Among Subjects

S 0.295 4 0.074
Within Subjects -\
T 0.017 1 0.017 '

TS 0.007 4 0,002
. /

Mean Square Within Subjects: 0.005

Value of F: 9.689
Numbers of Degrees of Freedom: 1 4 Critical F: 7,71%
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21.21

Defensive Backs - Stair Run Trials
Sums of thares, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects )
S 65.38 3 21.79

Within Subjects -
T 136.13 1 136.13
TS 66.38 3 22.13

Mean *Square Within Subjects: 50.63

Value of F: 6.153
Numbers of Degrees of Freedom: 1 3 Critical F: 5.54*

21.22

Defensive Backs - Stair Run Fatigue Siope All Trials

Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects

S 0.0002345 3 0.00007816666667
Within Subjects

T 0.000288 1 0.000288 .

TS 0.000111 3 0.000037

Mean Square Within Subjects: 0.00009975

Value of F: 7.783783784
Numbers of Degrees of Freedom: 1 3 Critical F: 5.54*
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Table 22.1 To 22.6 One-Way Analysis of Variance Summary Tables and
Newnan-Keuls Post Hoc Tests® on Significant
Differences Between Football Players Divided into
Four Groups (**p<0.05)

22.1 Cybex 180°%/s Max. Torque Quadriceps

Number of Degrees of Freedom, Sums of Squares and Mean Squares:

Among Groups 3 3529.59 1176.53
Within Groups 40 15334.85 383.37
Total 43 18864.4;?

Value of F: 3,069
Numbers of Degrees of Freedom: 3 40 Critical F: 2,84**

Means, 103.3 87.6 103.6 112,1
2

s Cybex 1800/s Max. Torque Hamstrings

Number of Degrees of Freedom, Sums of Squares and Mean Squares:

Among Groups 3 2681.12 893.71
Within Groups 40 8107.68 202.69
Total 43 10788.80

Value of F: 4,409
Numbers of Degrees of Freedom: 3 40 Critical F: 2.84%%

Means. 75.1 64.9 70.9 86.4
2

v

? Means are ordered in sequence (1. All Receivers, 2.Defensive Backs,

3. Offensive Lineman, Running Backs and Quarterbacks, 4. Defensive

Lineman and Linebackers). The numbers below a mean indicate that the mean
designatqd by the number is significantly different from the mean below
which it appears.



{ 147

) ' )

. W
22.3 Percent Body Fat )
Number of Degrees of Freedom, Sums of Squares and Mean Squares:
Among Groups 3 196.16 65.39
Within Groups 39 532.93 13.64
Total 42 728.19
\
Value of F: 4.793
Numbers of Degrees of Freedom: 3 39 Critjcal F: 2.85%*
¢
Means. 7.70 8.93 12.24 13.14
1 1
22.4 Succinate Dehydrogenase Activity (SDH)
Number of Degrees of Freedom, Sums of Squares and Mean Squares:
Among Groups 312.97 4.32
Within Groups 29 36.25 1.250
Total 32 49.22
Value of F: 3.458
Numbers of Degrees of Freedom: 3 29 Critical F: 2.93%%
Means. 2.77 3.68 2.11 2.38
3
22.5 Maximal Oxygen Consumption V02 max
Number of Degrees of Freedom, Sums of Squares and Mean Squares:
Among Groups 3 287.95 95.98
Within Groups 41 1069.22 26.08
Total 44 1357.17
Value of F: 3.681
Numbers of Degrees of Freedom: 3 41 Critical F: 283%*
Means. 57.2 60.9 55.9 54.1

4
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22.6

Means.

Stair Run - Freestyle

Number of Degrees of Freedom, Sums of Squares and Mean Squares:

Among Groups 3 0.451 0.150
Within Groups 34 0.933 0.027
Total 37 1.384

Value of F: 5.474
Numbers of Degrees of Freedom: 3 34 Critical F: 2.89%*

2.00 2.11  2.29  2.20
3 *
4
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Table 23.1 To 23.7 One-Way Analysis of Variance Summary Tables and

Newman-Keuls Post Hoc Tests® on Significant
Differences Between Football Players by Position.
(**p <0.05).

23.1 Cybex 30073 Max. Torque Quadriceps
Number of Degrees of Freedom, Sums of Squares and Mean Squares:
Among Groups 7 41509.17 5929, 88
Within Groups 36 78359.83 2176.66
Total 43 119869
Value of F: 2.724
Numbers of Degrees of Freedom: 7 36 Critical F: 2.28%**
Means. 203.8 213.7 184.0 182.0 200.4 228.5 28%.0 252.7
4
23,2 Cybex 300/5 Fatigue Slope Quadriceps
Number of Degrees of Freedom, Sums of Squares and Mean Squares:
Among Groups 7 0.913 0.130
Within Groups 36 1.618 0.045
Total 43 2.531
Value of F: 2.903
Number of Degrees of Freedom: 7 36 Critical F: 2.28%%*
Means. .396  .569 .401 .601 .559 .541 .971 .768

1
3

8 Means are ordered in sequence (1. Wide Receivers, 2. Inside Receivers,
3. Quarterbacks, 4c¢ Running Backs, 5. Defensive Backs, 6. Linebackers,

7. Defensive Lineman, 8. Offensive Lineman). The numbers below a mean
indicate that the mean designated by the number is significantly different
from the mean below which it appears.
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23.3 Cybex 30°/s Fatigue Slope Hamstrings

Number ofi Degrees of Freedom, Sums of Squares and Mean Squares:

Among Groups 7 0.418 0.060

Within Groups 36 0.865 0.024

Total 43 1.284

Value of F: 2.485 -

Numbers of Degrees of Freedom: 7 36 Critical F: 2,28%**
Means. .251 .385 .223 .313 .267 .252 .575 .394 6

3
’
-

23.4 Cybex 1800/5 /Max. Torque Quadriceps

Number of Degrees of Freedom, Sums of Squares and Mean Squares:

Among Groups 7 6912.78 987.54

Within Groups, 36 11727.22 325.76

Total 43 18640

Value of F: 3.032

Numbers of Degrees of Freedom: 7 36 Critical F: 2,28%x*
Means. 99.8 108.0 91.5 88.3 87.6 102.7 126.3 112.6

4
5

23.5 Cybex 18004; Max. Torque Hamstrings

Number of Degrees of Freedom, Sums of Squares and Mean Squares:

Among Groups 7 3344, 49 477.78

Within Groups 36 7444.31 206.79

Total 43 10788.80

Value of F: 2.311 ol

Numbers of Degrees of Freedom: 7 36 Critical F: 2,28%%
Means.

73.5 78.7 72.5 66.8 64.9 80.5 95.3 72.4
5

)
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23.6 Maxinii,Oxygen Consumption ‘voé max

Number of Degrees of Freedom, Sums of Squares and Mean Squares:

Among Groups: 7 452.69 64,67
' Within Groups 37 904.48 24.45
Total 44 1357.17

Val of F: 2.646
Numbers of Degrees of Freedom: 7 37 Critical F: 2.27%»

Means. 57.8 56.6 59.8 59.9 60.9 54.7 53.2 53.3
7
8

23.7 Percent Body Fat

Number of Degrees of Freedom, Sums of Squares and Mean Squares:

Groups 7 269.42 38,49
Groups 35 452.68 12.93
42 722.09 ~
P Value of F: 2.976
Numbers of Degrees of Freedom: 7 35 Critical F: 2,29%x%

Means. 5.80 9.61 9.64 9.85 8.93 13.}{\ 12.98 13.54
1 1




Table 21.10 To 21.22
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One-Way Repeated Measures Analysis of Variance

Summary Tables for Significant Pre versus Post
Test Differences by Position. (*p<9.10,

*%p<0,05, **4p<0.01).

21.10

Defensive Backs - Cybex 30°/S Fatigue Slope Hamstrings

Sums of Squafes, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects
S 0.154 5 0.031
Within Subjects
T 0.015

10.0
TS 0.013 5.0

15
.003
Mean Square Within Subjects: 0.005

Value of F: 5,708
Numbers of Degrees of Freedom: 1 5

Critical F: 4.06%*

21.11

Offensive Lineman - Cybex 1800/5

Sums of Squares, Numbers of Degrees of Freedom and Mean Squares:

Among Subjects

S 8822.429 6 1470.405
Within Subjects

T 480.29 1 480.29

TS 490.71 6 81.79

Mean Square WNithin Subjects: 138.71

Value of F: 5.872
Numbers of Degrees of Freedom: 1 6

Max. Torque Quadriceps

Critical FP#r 3,78%

‘f



