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ABSTRACT

‘“‘57 Eight male subjects volunteered to participate in a studér o

determine the relationship between variations in Tm and the character-

istics of strength and power develcpment in intact muscle. The su:iect:z

: were studied under control and four experimental conditions, two zctive
warm-up conditions(W-A and W-B) and two passive warm-up conditicr.s (heating
and cooling).Each subject was tested on tve Cybex II isokinetic testing
device at four lever arm speeds (0,60,180 and 3007sec).Maximal kree exten-
sions at the different lever arm speeds were evaluated for peak tcrcue,
30°¢ torque and time to constant velocity.A fatigue test was evaluzted by
percent decline and by analysis of the power output at specific tize in-
tervals.Mean peak torque, 30Ctorque and time to constant velocit: walues

were significantly different (p<.05) in the W-A and W-R conditiorns zc com-

pared to the contrel condition for all lever arm sreeds except BCC:/sec.
Temperature alteration,passive or active, resulted in no significznt chancge
{p<.05) in the percent decline as determined ky the fatique test.Ivalu-
ation of the power output of the fatigue test indicated that passive “
cooling significantly (p<.05) lowered the power output compared tc 12
other conditions.Interval analysis showed varied reductions of pcwer
caused by the different conditions.It was concluded that the sigrnificant
changes found with active warm-up were not a Q{b effect, but rather the

result of neuromuscular alteration in direct response to actual activity. . _.-.
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ABSTRACT

Eight male subjects volunteered to participate in a study to
determine the relationship between variations in Tm and the character-
istics of strength and power development in intact muscle. The subjects
were studied under control and four experimental conditions, two active
warm-up conditions(W-A and W-%) and two passive warm~up conditions(heating
and cooling).Each subject was tested on the Cybex II isokinetic testing
device at four lever arm speeds (0,60,180 and 3067sec).Maxima1 knee exten-
sions at the different lever arm speeds were evaluated for peak torque,
30° torque and time to constant velocity.A fatigue test was evaluated by
percent decline and by analysis of the power output at specific time in-
tervals.Mean peak torque, 30°torque and time to constant velocity values
were significantly different(p<.05) in the W-A and W-B conditions as com-
pared to the control condition for all lever arm speeds except 300 */sec.
Temperature alteration,passive or active, resulted in no significant change
{p<.05) in the percent decline as determined by the fatigue test.Evalu-
ation of the power output of the fatigque test indicated that passive
cooling significantly(p<.05) lowered the power output compared to all
other conditions.Interval analysis showed varied reductions of power
caused by the different conditions.It was concluded that the significant
changes found with active warm~up were not a Q10 effect, but rather the

result of neuromuscular alteration in direct response to actual activity.

P B ‘
v

K ) C
‘7 » ‘ ol
. . o

e

H

M! . —— y JRp— .- . .
. PP — it i I B B it e ...




A e

Richard william Cote' III

The Relationship of Temperature to Strength and Power Production

in Intact Human Skeletal Muscle

Captain, U. S. Air Force

1979

72 pages

Ph. D.

Unive.city of Arizona




]
-

——— Ay P S —

STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfillment of
requirements for an advanced degree at The University of Arizona and
is deposited in the University Library to be made available to bor-
rovwers under rules of the Library.

Brief quotations from this dissertation are allowable without
special permission, provided that accurate acknowledgment of source
is made. Requests for permission for extended quotation from or re-
production of this manuscript in whole or in part may be granted by
the head of the major department or the Dean of the Graduate College
when in his judgment the proposed use of the material is in the in-~

terests of scholarship. In all other instances, however, permission
must be obtained from the author.

SIGNED: i 6L/ f




I T T ' oo i TR R b

ACKNOWLEDGMENTS

I would like to first thank my wife and son for being patient

l ! and understanding with me during these years of graduate study. Without
i l them I would not have been suecessful. A sincere thanks to my advisor,
Dr. Jack H. Wilmore, and my committee, Dr. Frederick B. Roby and Dr.
Thomas N. Wegner, for their assistance and encourageﬁent. Special ap-
preciation is extended to my contemporaries, Ed Coyle and Tom Rotkis,
for their untiring support. Finally, a special thanks to Dr. David L.
Costill and Dr. James C. Thomas who made all this a reality instead of

a dream.

i e AT e




TABLE OF CONTENTS

Page

LIST OF TABLES . . . . ¢ v v v v v o o 4 o o o o o s o o o vi
LIST OF ILLUSTRATIONS . . . . . ¢ v ¢ o v v v o o o o o & & vii
ABSTRACT . . . . &+ v ¢« v 4 4 o v v o ¢ s o o o o o o o o« » viii
1. INTRODUCTION . . . . . . . . ¢ « v o v o v v o 4 o o o o o & 1

Review of Literature . . . « v v ¢ ¢ ¢ ¢ o o o o o o o o 3
PUFPOSE & 4 . & 4 v o o o o o o o o o o o o o 4 o o o a 8

' . . 2. METHODOLOGY . . &+ v v & v 4 o o v o o o 4o v o 4w 4 o o o o & 10

i Subjects . . . . . . L . . s e e e e e e e e e e e e 10
i Muscle Temperatures . . . + ¢ & « « ¢ v o o« o o o o o 10
I Pilot Project . . . . . v v 4 v 4 v e e e e e e e e e 12
i Testing Battery . . . & « « v o v 4 4 ¢ 4 4 ¢ o o s 4 14
Testing Sequence . . . . . . + + v 4 o 4 4 4 e e e 4 17
Statistical Analysis . . . . . . . . . . . . . . .. . 19

3. RESULTS . . & v v v v e e s e s e e e e e e e e e e e e e 21

Reliability . . . . o & o v o v o o o o 4 o o o o o o & 21

.“ ’ Muscle Temperatures . . .« « o ¢ o o o o o o o o o o o 4 21
; o Peak Torque . . . . . o & v o o ¢ o 4 o o 4 o s 0 s s 23
‘ B 302 TOrqUE © v v v v e e e e e e e e e e e e e e e e e 23
; - Time to Constant Velocity . . ., . . . . « . v o « &« & & 23
Fatigue Test . . . . ¢ v &+ 4 « 4 o o 4 o o o o o o o + o 27

R

4, DISCUSSION . . . & v v 4 4 o v o o o o o o o s 4 o o o o o s 30

———

- S. SUMMARY . & &+ 4 4 4 4 4 e e e e e e e e e e e e e e . 43

- APPENDIX A: SUBJECT CONSENT FORM . . . . . . . & + & &+ o« & 46

e B i @ e

APPENDIX B: UNIVERSITY OF ARIZONA, HUMAN SUBJECTS
- COMMITTEE APPROVAL LETTER . . . . . . . . . . . 48

APPENDIX C: CALIBRATION CURVE FOR NEEDLE
TEMPERATURE PROBE . . . . . . . . . . . . . . . 50

]
1 v
]

e - et

) ) RN .
S ov st R L A e e
; = R R e




TABLE OF CONTENTS--Continued

APPENDIX D: INDIVIDUAL MUSCLE TEMPERATURE (°C)
! VALUES FOR THE PILOT PROJECT , . . . . ., .

APPENDIX E: INDIVIDUAL MUSCLE TEMPERATURES FOR
) EACH SUBJECT AT CONTROL, PASSIVE
] HEATING AND PASSIVE COOLING
i CONDITIONS . . . . . + ¢ 4 v 4 4 o o o« &

APPENDIX F: INDIVIDUAL PEAK TORQUE VALUES FOR
ALL SPEEDS AND UNDER ALL CONDITIONS . . .

APPENDIX G: INDIVIDUAL 30° TORQUE VALUES FOR ALL
SPEEDS UNDER ALL CONDITIONS . ., . .

APPENDIX H: INDIVIDUAL VALUES FOR TIME TO CONSTANT
VELOCITY FOR THE THREE SPEEDS UNDER
ALL CONDITIONS . . . . . . . . . . . .

APPENDIX I: INDIVIDUAL VALUES FOR PERCENT DECLINE
OF THE FIRST THREE TO THE LAST THREE
LEG EXTENSTIONS DURING THE 30 SECOND
FATIGUE TEST . . . . . . . . . « + . .

- — e e -

APPENDIX J: INDIVIDUAL VALUES FOR THE SUM OF THE
POWER OUTPUT (Nm-sec~l) FOR THE FIRST
FIVE KNEE EXTENSIONS OF THE 30 SECOND
FATIGUE TEST . . . . . . . .

APPENDIX K: INDIVIDUAL VALUES FOR THE POWER OUTPUT
; C OF THE FIVE INTERVALS OF THE 30 SECOND
] FATIGUE TEST UNDER ALL CONDITIONS . .

»
+

REFERENCES ., . .




LIST OF TABLES

Table
1. Physical characteristics of the subjects . . .

2. Variations in mean muscle temperatures (°C)
for within day and between day comparisons
under all three measuring conditions . . . .

3. Testing sequence for phases I and II . . . . . .

4, Statistical summary of temperature changes in
the passive warm~-up conditions ., . . . . .

5. Mean peak torque (Nm) values for active warm-up,
passive heating and passive cooling . . . .

6. Mean torque (Nm) at 30° of extension for active
warm-up, passive heating and passive cooling

7. Mean times (sec) to constant velocity for active
warm-up, passive heating and passive cooling

8. Mean decline (%) of the first three peak torques
to the last three peak torques at the con-
clusion of the 30 second fatigue test . . .

-1
9. Mean power output (Nm-sec ~) for the mean of the
first five knee extensions during the 30
second fatigue test ., ., . . . . . . . . . .

10. Mean power output (Nm’sec-l) of every fifth knee
extension during the 30 second fatigue test

Page

11

13

20

22

24

25

26

28

28

29




LIST OF ILLUSTRATIONS

Figure Page
1, Cybex II isokinetic measuring device . . . . . . . . . . . 15
2. Sample output from Cybex II isokinetic device . . . . . . 18

3. Mean peak torque for passive heating and
cooling and control ., . . . . . . . . 0 4 4 e 0. 31

4, Mean torque at 30° extension for control
and passive heating and cooling . . . . . , . . . . . 33

S. The relationship of thigh skinfold measures
to changes of muscle temperature . . . . . . . . . . . 34

6. Mean peak torque for active warm-up
conditions and control . . . ., . . . . .+ . . . . . . . 35

i 7. Mean torque at 30° extension for control
! and both active warm-up conditions . . . . . . . . . . 36

. vii

“ - e

e T o —~ o ra
™ e @ ™K




e - Gme

- TaT e

-~

ABSTRACT

Eight male subjJects volunteered to participate in a study to
determine the relationship between variations in Tm and the character-
istics of strength and power development in intact muscle. The subjects
were studied under control and four experimental conditioms. In the W-A
condition, the subject exercised on an isokinetic testing device at 50%
of his peax torque at a lever arm speed of 180°/sec, 30 extensions/min
for 5 min. The W-B condition was identical to W-A except the subject
exercised an additional 5 min at 50% pesk torque immediately following
W-A. The remaining two conditions changed Tm passively by 30 min of
hot packs or ice packs. |

For each of the 5 conditions, the subject was tested on the
Cybex II isokinetic testing device at four lever arm speeds (0, 60, 180
and 300°/sec), two trials at each speed, follwed by a 30 sec fatigue
test. Maximal knee extensions at the different lever arm speeds were
evaluated for peak torque, 30° torque and time to constant velocity.

The fatigue test was evaluated by percent decline and by analysis of the
power output at specific time intervals.

The peak torque measurements exhibited a high degree of reliabil-
ity with correlations of 0.90 or greater for all speeds. The coefficients
of varistion were found to be small with the highest value being 2.33%
for 300°/sec. Tm's were changed an average of +2.9, +4.1, +4.3 and

-14.5°C for W-A, W-B, passive heating and passive cooling respectively.

viii




Mean peak torque, 30° torque and time to constant velocity values were
significantly different (p<.05) in the W-A and W~B conditions as compared
to the control condition for all lever arm speeds except 300°/sec.
Mean 30° torque values for passive heating and cooling were significantly
higher than the control condition (p<.05) at 60°/sec lever arm speed.
Additionally, the mean 30° torque value for passive cooling was signif-
icantly lower than the passive heating value (p<.05) at 300°/sec'1e§er
arm speed. Temperature alteration, passive or active, resulted in no
significant change (p<.05) in the percent decline as determined from
the fatigue test. Evaluation of the power output of the fatigue test
indicated that passive cooling significantly (p<.05) lowered the power
output compared to all other conditions. Interval analysis showed that
the W-B and passive heating caused significantly lower power outputs to
occur in the second interval when compared to control. Except for the
W-B condition, the last three intervals showed significant power reduc-
tions (p<.05) when compared to control. Additionally, the passive heat-
ing condition was significantly lower than the W-B condition (p<.05) at
the third through the fifth intervals. |
It was postulated that the significant changes seen from the ac-
tive temperature aliteration could be ‘he result of (1) a QlO effect on
metabolism, (2) an increased ACh release at the neuromuscular end plate,
(3) alterations in the action potential, (4) a Q, effect on the con-
tractile characteristic of the ST muscle fibers, and (5) a QlO effect on

the muscle spindles all combining to improve muscle synchronization. How-

ever, a comparable response to the Qlo affect should also have been
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demonstrated for passive heating. Therefore, the significant changes
found with active warm up were not a QlO effect, but rather the result
of neuromuscular alteration in direct response to actual activity. The
significant differences of power output for the fatigue test intervals
were thought to be caused by (1) muscle fiber inactivation by cold,

(2) muscle riber inhibition by fatigue, and (3) reduction of energy

supply.




CHAPTER 1
INTRODUCTION

Temperature plays a critical role in most, if not all, bio-
chemical processes. The average kinetic energy and the average veloc-
ity of molecules increases with increases in temperature, resulting in
é'greater probability for more effective, reaction-causing collisions.

Reaction rates for chemical equations have been shown to double by an

increase of lOOC (Q10 = 2.0) (Netter, 1969; Shapiro and Stoner, 1966).
There are limits, however, to the extent to which temperature can be
raised before the onset of undesirable biological reactions, i.e.,
protein denaturization at high temperatures. By working within this
limit, it would seem biochemically feasible that a rise in whole body
temperature could be beneficial to the chemical reactions occurring
within the body, or more specifically to metabolism.

Oxygen consumption has been shown to increase with a rise in
body temperature (Abramson et al., 1957; Shapiro and Stoner, 1966).
The tissue exchange of oxygen is also greater owing to a shift of the
02 dissociation curve to the right, consequent to the rise in tempera-
ture (Barcroft and King, 1909). Edwards et al. (1972) have shown that
even glycolysis is accelerated by a rise in temperature. They conclude

that the accelerated rate of glycolysis is proportional to the high turn-

over rate of the high energy phosphate compounds.
1
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The direct energy source for muscular contraction is adenosine

triphosphate (ATP), a high energy phosphate compound. The hydrolysis
of ATP is the essential energy releasing step for muscular contraction.
It 1s this reaction that controls the speed of muscle shortening and
tension development (Keul, Doll, and Keppler, 1972), The rate of force
or power developed by the muscle is, in fact, proportional to the number
of cross bridzes that form between the pretein filaments per unit of
time (Dudel, 1975). ATP is necessary for the formation of the cross
bridges, and is thus critical to the muscles ability to produce power.
Buller, Ranatunga, and Smith (1968) lowered the muscle temperature of
cat limb muscle in vivo by 100C and found the time to peak tension in-
creased by 30-607. This lengthened time interval represents a decrease
of the muscle's rate of force or power development.

Temperature has also been shown to have marked physiological ef-
fects on living organisms. The nerve impulse travels faster and ionic
permeabilities are increased with increases in temperature (Delbeke,
Kopec, and McComas, 1978; Frankenhaeuser and Moore, 1963; Guttman, 1962;
Ward and Thesleff, 1974). At the neuromuscular junction, a temperature
increase facilitates the release of the quanta of acetylcholine (ACh)
and increases the frequency of the miniature end plate potentials (MEPP)
(Hubbard, Jones, and Landau, 1971; Ward, Crowley, and Johns, 1972).

Studies of muscle contractile properties have shown that with
increasing temperature the isometric twitch tension decreases and iso-
metric tetanic tension increases (Cullingham, Lind, and Morton, 1960;

Hill, 1951; Truong, Wall, and Walker, 1964; Walker, 1949). Cullingham

et al. (1960) found that the isometric tension of cat tibialis anterior,
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in situ, was greatest at a muscle temperature of 38-40°C. Hill (1951)
has suggested that the reason for the opposite effects of temperature
on twitch and tetanus is that temperature has a greater effect on the
onset of relaxation than for the rate of tension development. Walker
(1960) arrived at a similar conclusion.

From the previous work cited, it can be concluded that a strong
scientific base has been established to indicate that alterations of
temperature can have positive, beneficial physiological and biochemical
effects on an organism. However, it remains to be seen whether this
beneficial effect of temperature change can be extrapolated from rest-
ing isolated muscle preparations to an exercising orzanism such as the
human being, where performance or work output is the parameter used to
determine if temperature alteration is beneficial.

In exercise or athletics, altering the temperature of the body,
or more specifically, the muscle, has long been advocated as a means of
improving performance. Temperature has been altered in two primary ways:
(1) actively, where the body or muscle temperature is increased by physi-
cal work, and (2) passively where an external heat source (or cold source
if temperature is to be lowered) is applied to the body or muscle to
raise its temperature. The results of investigations utilizing active
and passive warm-up and their relationship to performance have been con-

tradictory.

Review of Literature

In the classic work by Asmussen and Bgje (1945), work perfor-

mance was evaluated following both active and passive forms of tempera-

ture alteration or warm-up . A standard work task on a bicycle
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ergometer was used as the criterion test. Ruetal temperature (Tr) and
muscle temperature (Tm) were measured as indices of temperature change.
Active heating was accomplished by riding the ergometer for 30 minutes,
and passive heating was done by radio diathermy or hot showers. An
improvement in performance was demonstrated for both active and passive
conditions. They also concluded that due to the relatively slow rise of
Tr compared to the fast rise of Tm during exercise that the Tm was di-
rectly responsible for the improvement in work capacity.

A similar study by Muido (1947) produced similar results with
active and passive warm-up proving beneficial to swimming performance
at distances of 50, 200 and 400 meters. His active warm-up of jogging
or bike riding for 10 minutes, however, was not specific to swimming,
and, therefore, his Tm's did not show the magnitude of change reported
by Asmussen and Bgfje (1945). He concluded that it was blood or body
temperature that was the critical factor responsible for improved per-
formance.

Hogberz and Ljunggren (1947) tested runners at 100, 400 and 800
meters after both a running warm-up and a 20-minute sauna bath. Active
warm-up resulted in the greatest improvements, i.e., 3-47% at 100 meters,
3-6% at 400 meters and 2.5-5% at 800 meters. It was also shown that a
15-minute warm-up was better than a 5-minute warm-up but a 30-minute
warm-up was no better than 15 minutes (active warm-up). Also, the bene-
fit of warm-up on performance was lost after 45 minutes of rest. In a
separate study, improved times for a 120 yard sprint were also found fol-
lowing active warm-up when using either untrained students or trained

track runners (Blank, 1955).

et ainiiinn
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Carlile (1956) found a one percent improvement of swimming per-
formance with hot showers as a warm-up. He proposed a possible psycho-
logical influence on performance from warm-up and subsequently tested
his proposal. He had the swimmers take long showers which they thought
were detrimental to performance prior to their swims. Improvement was
still found in their swimming performances. No relationship was found
between Tr and their swimming performances.

In another study of warm-up and swimming performance, DeVries
(1959) investigated four different warm-up procedures which included
two active warm-ups, one specific (swimming) and one non-specific
(calisthenics); and two passive warm-ups, hot shower and massage. Com-
petitive swimmers were tested at a 100 meter sprint swim., Both forms
of active warm-up resulted in significant improvement of the swim times
where the passive warm-ups resulted in no improvement.

The specific or formal warm-up versus the non-specific or infor-
mal warm-up was further investigated by Thompson (1958). Swimming speed
for 30 yards and swimming endurance (number of laps swum in 5 minutes)
were improved only with formal warm-up. In an evaluation of strength
using a dynamometer, only informal warm-up was employed and no increase
in strength was found. No explanation was given as to why formal warm-
up was not included in the strength protocol,

Power performance was significantly improved by warm-up in two
studies by Pacheco (1957, 1959). Warm-up included running in place, iso-
metric stretching and knee bends. All forms of warm-up produced signif-
icant improvements in the jumping ability of the subjects. 1In the 1957

study, psychological influences were evaluated by not informing the

- SIS TS
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6
subject that a "warm-up" study was in effect. Fifty subjects did deep
knee bends as the warm-up activity and a significant improvement of

jumping ability still resulted,

Michael, Skubic, and Rochelle (1957) and Rochelle, Skubic, and
Michael (1960) found significant increases in softball throw for dis- i
tance with warm-up. Rochelle ot al.(1960) determined that the formal
type of warm-up produced the best results for improvement. Monetary
incentives, used as a control for psychological influences, did not
produce any significant differences in performance.

A recent article investigating the influence of warm-up on
running performance, demonstrated that warm-up was beneficial to per-
formarce in a 60 yard dash, 440 yard dash and a 1 mile run (Grodjinov-
sky and Magel, 1970). However, when the warm-up was classified as
vigorous or easy, only the vigorous warm-up benefited the performance
for the 1 mile run, while both vigorous and easy warm-ups benefited the
60 and 440 yard dashes.

The psychological effect of warm-up has been mentioned previous-
ly as an important factor to consider. In the only study dealing with
this as the primary factor, Massey, Johnson, and Kramer (1961) found
that when all knowledge of the warm-up was eliminated with hypnosis, no
significant change was found in ergometer ride time. The warm-up em-
ployed, however, was of the non-specific type and Tr was not measured.

Hipple (1955) studied junior high school boys using the 50 yard

dash as both a warm-up and the criterion task. Five consecutive dashes

were run with the previously run dashes acting as warm-up. No benefit

to performance was gained by the warm-up procedure. Sills and O'Riley
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(1956), using a 10 minute walk 4nd jog warm-up, also found no signifi-
cant difference in running endurance performance.

Karpovich and Hale (1956) examined the effects of warm-up on
performance in a three stage project. In the first stage, trained
track athletes were tested at 440 yards with three types of warm-up:

(1) deep massage, (2) placebo massage, and (3) active warm-up (running).
Sixty runs were performed in all and no differences were found among

the three warm-ups. In the second experiment, placebo massage was
evaluated against a control (no warm-up) or cold condition and no dif-
ference was found between these conditions, In the last experiment,
students were trained on the bicycle ergometer to accustom them to
riding. An ergometer warm-up wWas compared to the cold or control con-
dition. The criterion task was to complete 35 pedal revolutions as
quickly as possible. No significant difference was found in performance,
although the mean time was reduced by 0.5 seconds. They concluded that
warm-up did not benefit performance.

Skubic and Hodgkins (1957) found no differences in speed (0.1
mile bike ride) or strength (softball throw) of women physical educa-
tion majors between control and warm-up conditions. Warm-up conditions
were both related, bike riding or softball throwing, and unrelated,
jumping jacks.

Sedgwick (1964) used diathermy to passively heat the upper arm
area, and evaluated strength and endurance changes by elbow flexion and
dynamic grip respectively. Results showed a slight decrease in strength,

which was not statistically significant and no change in endurance.
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Active warm-up through finger and wrist exercises produced no effect on

muscular endurance as measured by dynamic grip (Sedgwick and Whalen,

1964).
Purpose
It is apparent from the preceding review that the literature is
aquivocal on the relationship of temperature and performance improve-

ment. Quite often when a number of investigators probe a particular
problem the approaches are different and the subsequent results are
difficult to equate and interpret. Much of the previous work has suf-
fered from the inability to provide for adequate standardization and
objectivity of measurement.

The purpose of this investigation was to study the relationship
between variations in muscle temperature and the characteristics of
strength and power development in human skeletal muscle. An isokinetic
measuring device (Cybex II, Lumex Inc., New York City) was employed
since it has proven to be an objective means of standardizing strength
and power measurements in human intact skeletal muscle (Moffroid et al.,
1969; Thorstensson, Grimby, and Karlsson, 1976). It is hypothesized
that as muscle temperature is increased, strength or power, or both,
will also be increased and so will endurance.

To test this hypothesis, temperature was altered both passively
and actively and compared to a control condition, Active warm-up w2s
accomplished in such a way as to provide for two distinct end
points representing two different Tm's, The first activ; warm-up (W-A)

required the subject to exercise for five minutes at 50% of the

peak torque attained from a maximal knee extension at a lever arm speed
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of 180o per second. W-B Wwas an extension of W-A requiring the sub-
ject to exercise an additiongl five minutes at 607 of peak torque.
Passive temperature changes were accomplished by the application of
hot (to raise Tm) and cold (to lower Tm) packs for a 30-minute time

period.
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CHAPTER 2

METHODOLOGY

Subjects

Eight male subjects volunteered to participate in this study and
their characteriétics can be found in Table 1. Prior to giving their
consent to participate, each subject was fully informed verbally and in
writing as to the nature and possible risks associated with the study.
The experimentgl protocol and subject consent form (see Appendix A) had
been previously reviewed and approved by the University of Arizona Human
Subjects Committee (see Appendix B). All of the subjects in this study
had previously participated in other projects utilizing similar proce-
dures. Therefore, it was assumed that each subject was fully acquainted

with the protocol prior to beginning this project.

Muscle Temperatures

All muscle temperatures (Tm) were measured in the vastus lateralis
muscle using a hypodermic probe inserted to a depth of 2.0 to 2.5 centi-
meters. A Yellow Springs Instrument (YSI) series 500 hypodermic probe
was used in conjunction with a YSI Telethermometer model 46TUC. A cali-
bration curve was determined for this probe and can be found in Appendix
C. To facilitate insertion of the probe into the muscle, a small inci-
sion was made over the vastus lateralis muscle using a number 11 scalpel
blade, following the injection of a 17 lidocaine solution as a local

anesthetic.

10
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Table 1. Physical characteristics cof the subjects

Subject Age (yr) Height (cm) Weight (kg)
1 26 175.3 81.6
2 23 167.6 60.3
3 23 177.2 70.3
4 32 169.6 67.2
5 24 175.3 63.5
6 30 172,1 55.8
7 26 177.2 64.9
8 30 177.8 72.6
X 26.8 174.0 67.0
S.D. 3.5 3.8 8.0
Sz 1.2 1.4 2.8
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Pilot Project

Prior to beginning this experiment a pilot project was under-
taken to determine if Tm for a relative work task would be similar in
all subjects, and to determine if Tm was reproducible for the same work
task on separate days. Saltin, Gagge, and Stolwijk (1968) had previous-
ly established the predictability of Tm for VOZ expressed as a percentage
of vOZmax' If a similar relationship could be established for the work
protocol used in the present study, the necessity of taking individual
Tm's on all subjects at each of the two active warm-up conditions would
be unnecessary.

Four of the eight subjects were chosen to determine the stabil-
ity of Tm between subjects. Each of these four subjects exercised on
the Cybex II isokinetic device using both active warm-up protocols.
During the first warm-up protocol (W-A) each subject exercised at 50%
of his peak torque at a lever arm velocity of 180o per second, 20 exten-
sions per minute for 5 minutes. The second warm-up protocol (W-B) was
identical to W-A except the subject exercised an additional 5 minutes at
60% of peak torque iumediately following W-A.

Tm's were taken prior to warm-up, and after “he W-A and W-B pro-
tocols respectively. Each Tm was taken in duplicate, referred to as
+rial 1 and 2, and the entire testing sequence was repeited on two dif-
ferent days, referred to as days 1 and 2. Appendix D contains the in-
dividual measures for each day and trial,

The results of che pilot project are found in Table 2. No
significant differences (p <.05) were found between trial to trial and

day to day mean values. Also, no significant differences (p £.05) were
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Table 2. Variationms in mean muscle temperatures (°C) for
within day and between day comparisons under all
three measuring c¢ounditions
Rest W-A W-B
Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
X 32.87 32.83 35.73  35.78 36.97  36.95
S.D. 0.40 0.47 0.24 0.26 0.11 0.09
Sz 0.14 0.17 0.09 0.09 0.04 0.03
-- 0.12 -- 0.44 -- 0.34
Day 1 Day 2 Day 1 Day 2 Day 1 Day 2
32,96 32.62 35,74 35.77 36.93 36.99
0.19 0.40 0.14 0.36 0.09 0.10
0.09 0.20 0.07 0.18 0.05 0.05
-- 1.53 -- 0.14 -- 0.94
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found between subjects. It was concluded that Tm was reliable and that
the two warm-up protocols would produce consistent and similar Tm values

in each subject.

Testing Battery

A Cybex II isokinetic testing device (Lumex Inc., New York City)
was used to evaluate the strength and power output for each subject un~
der each of the four experimental conditioms, i.e., W-A, W-B, passive
heating and passive cooling. This device consists of a lever arm at-
tached to a mechanical hydraulic head (see Figure 1). Any body segment
can be attached to the lever arm and movement can be studied through any
range of moti&n. In this study, the lower right leg was attached to the
lever arm to study maximal leg evtension. A range of motion of 90° was
used with 0° representing full leg extension. The lever arm speed can
be preset and maintained at a comnstant velocity. The resistance is then
proportional to the ability of the muscles to generate tension at each
point during the range of motion.

The subjects were secured by a seat belt to a chair with an ad-
justable back support, providing stabilization in an attempt to isolate
the muscle group specific for leg extension. The mechanical rotation or
pivot point was aligned with the subject's anatomical pivot point about
the knee. Each subject was permitted two practice trials to familiarize
himself with each speed before the two test trials were recorded on a
Gilson five channel recorder. The subjects were encouraged to exert
maximal muscular effort throughout the entire range of motion on all

trials.
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Each subject was tested at four preset lever arm velocities:

(1) o° per second, i.e., isometric; (2) 60° per second; (3) 150° per
o

second; and (4) 300 per second. Simultaneous recordings of torque,

measured at a damping selection of two, and angular displacement were

obtained for each of the four velocities. Damping of the instrument is

l accomplished by using one of four different capacitance circuits to
suppress the oscillitory effects of the input energy. A damping of Q
provides no effect and a damping of 4 provides maximum suppression of
the energy oscillations. Calibration of the Cybex II device was done
by hanging known weights from the lever arm at the 0° position. The

torque produced was calculated as the force times the length of the

EUY

lever arm, and was expressed in newton-meters (Nm). The use of the
Cybex II isokinetic device has been similarly described by Thorstensson
! et al. (1976).

l The peak torque value, or the peak isometric value at 0o per

second lever arm speed, was used as the index of strength. The peak

i ?I . value is defined as the highest torque value measured during leg exten-
}

. sion at each of the lever arm speeds. Perrine and Edgerton (1978) have
: Ly questioned the use of peak torque values due to problems with inertia,
‘ o

Y and energy oscillations throughout the total (muscle-instrument) system.

Therefore, a torque reading was also made at 30° of extension to mini-

. mize or eliminate the above mentioned problems. A third parameter, time
to constant velocity, was measured to determine if a subject's ability

to accelerate could be improved through temperature manipulation. This

-~

R S

measurement is defined as the time it takes to accelerate the limb-lever

i arm to the preset velocity. This time can be measured from the recording
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of the torque and angular displacement by measuring the time from ini-
tiation of movement, measured from the angular displacement curve, to

the beginning of measurable torque. The relationship of these param-

eters can be seen in Figure 2,

The fatiguability of the leg extensors was evaluated for all
five conditions in all subjects using a modification of the procedure
described by Thorstensson and Karlsson (1976). The lever arm speed of
the Cybex II was kept at 180° per second but maximal knee extensions
were performed for 30 seconds, rather than the 60 second period used
by Thorstensson and Karlsson (1976). An average of 25 contractions
(25.1 t 0.97) were performed during the 30 second test. The decline of
peak torque was measured as a percent of initial values by comparing the
mean peak torque of the last three contractions to the mean peak torque
of the first three contractions.

Power was evaluated on selected intervals of the fatigue test.
Power is defined as work per unit of time. Work was determined by using
planimetry to calculate the area under the torque curve (Figure 2) and
time was evaluated from the speed of the recorder and the recordings
themselves. The fatigue test recordings were divided into five six-
second intervals, each interval containing five leg extensions. The
last extension of each interval was selected as representative of the

interval.

Testing Sequence

As was previously mentioned there were five conditions evaluated

in this project. These conditions were separated into two phases.
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Phase I consisted of the control condition and the two active warm-up
conditions. Phase II was composed of a repeat of the control condition
and the passive heating and cooling conditions.

In Phase I, the active conditions were those described in the
pilot project as W-A and W-B. The passive heating for Phase II was
achieved by placing hydrocollator pads on the thigh area of the right
leg for a period of 30 minutes,and passive cooling utilized ice packs
for a period of 30 minutes. The order of the testing sequence can be

seen in Table 3.

Statistical Analysis

! All déta were analyzed using analysis of variance repeated
‘ measures design (Bruning and Kintz, 1968). A Duncan multiple range
l test was used to determine those means between which differences existed.
? A 0.05 level of significance was selected for all analyses. Addition-
ally, in the pilot project analysis and the fatigue test power analysis,
,4 student t test and one and two way analyses of variance were employed

(Bruning and Kintz, 1968).
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CHAPTER 3

RESULTS

Reliability

Reliability of the Cybex II isokinetic torque measurements were
determined with day to day, test-retest data (control versus control),
and exhibited significant correlations of 0.98, 0.97, 0.94 and 0.90 for
lever arm speeds of 0° per second, 60° per second, 180o per second and
300° per second respectively. A similar finding fer the 180° per second
speed was reported by Johnson and Siegel (1978). The coefficients of
variation for 0° per second, 60° per second, 180° per second and 300°
per second were calculated to be 2,.30%, 1.62%, 1.93% and 2.33% respec-

tively.

Muscle Temperatures

The Tm values for the active warm-up conditions can be found in
Table 2 (statistical summary) and in Appendix D (individual values).
Mean temperature changes from control to W-A and from control to W-B
were +2.9°C and +4.1°% respectively. The data for both passive condi-
tions can be found in Table 4 (statistical summary) and Appendix E
(individual values). Passive heating was found to raise the mean Tn

by 4.3°C while passive cooling lowered the mean Tm by 14.5°%.

21
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Table 4. Statistical summary of temperature changes
in the passive warm-up conditions
Passive Passive
Control Heating Control Cooling
X 33.3 37.6 33.9 19.4
S.D. 0.76 0.61 0.77 3.70
St 0.27 0.22 0.27 1.30
’
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Peak Torque

The mean peak torgue values for each of the five conditions are

depicted in Table 5. Peak torque was found to be significantly differ-

ent from control (p<.05) in only the active forms of temperature al-
teration at all but the 300° per second speed. Percent changes from
control are also shown for each condition and lever arm speed. Individ-

ual pesk torque values for all speeds and under all conditions can be

| found in Appendix F.

i 30° Torgue

Individual 30° torque values for the speeds of 60° per second,

180° per second and 300° per second under all conditions can be found
in Appendix G. The mean values and percent differences from control are

shown in Table 6. Significant differences from control values (p<.05)

were found for the 60° per second speed in the active and passive con-
ditions and the 180° per second speed in the active conditions. At 300°

i : per second passive cooling was significantly lower than passive heating.

Time to Constant Velocity

' . The mean time to constant velocity was significantly lower (p<.05) in

- the W-A and W-B conditions at 60 and 180° per second lever arm speed

v (Table 7). No significant changes were noted in the passive conditionms.
Individual values for the three speeds under all of the conditions can

: be found in Appendix H.
!
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Fatigue Test

Table 8 depicts the percent decline in peak torque over the
30 second duration of the fatigue test. No significant differences from
control values (p< .05) were found for any of the four conditions. 1In-
dividual values for percent decline under all conditions are located in
Appendix I.

Further analysis was performed on the results of the fatigue
test and these results are shown in Tables 9 and 10 with the corre-
sponding individual values located in Appendices J and K, No signif-
icant difference from the control values (p<&.05) was found for the
mean of the first five knee extensions for any of the four conditions.
In evaluation of the five intervals of the fatigue test (see the
Methodology chapter for a definition of interval) during the five con-
ditions, it was found that the subjects had a significantly lower power
output for the cold condition as compared to the other conditions
(p<.05). 1In all conditioms, a significant reduction of power was seen
with each successive interval (p<.05).

In all five intervals, the cold condition was significantly
lower than all other conditions (p<.05). The passive heating condi-
tion was significantly lower (p<.05) than control for all but the first
interval., It was also significantly lower than W-A (p<.05) at interval
2 and W-B at intervals 3, 4 and 5. The W=-B condition was significantly
lower than control (p<.05) for all but the first and third intervals
and significantly lower (p<..05) than W-A in the fourth interval. Sig-

nificantly lower (p<.05) than control values were found for the W-A

condition in intervals 3, 4 and 5 only,
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Table 8. Mean decline (%) of the first three peak torques to the
last three peak torques at the conclusion of the 30 second
fatigue test

Active Passive
Control W-A W-B Heating Cooling
X 29.4 35.5 28.5 30.9 30.8
S.D. 8.9 12.5 10.5 9.2 7.7
Sg 3.1 4.4 3.7 3.3 2.7

Table 9. Mean power output (Nm'sec-l) for the mean of t“e first five
knee extensions during the 30 second fatigue test

Active Passive
Control W-A W-B Heat ing Cooling
X 109.6 107.9 111.0 109.3 101.1
S.D. 32.8 26.5 32.6 34.9 33.1

Se 11.6 9.4 11.5 12.4 11.7
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CHAPTER 4
DISCUSSION

Most previous research dealing with the relationship of tem-
perature to force production in muscle have used isometric contraction
as the criterion test and changed the Tm passively with air or water
baths. Cullingham et al. (1960), Hill (1951), and Truong et al. (1964)
found that increasing muscle temperature resulted in a concomitant in-
crease in isometric tension. Cullingham et al. (1960) and Close (1972)
have shown a decrease of isometric tension with decreasing muscle tem-
perature. Maximal isometric tension was found to be greatest at a Tm
of 38-40°C and drops of 30-50% in tension were found at Tm's less than
20°¢ (Cullingham et al., 1960; Close, 1972). Also, Binkhorst, Hoofd,
and Vissers (1977) found that an increase in temperature was accom-
panied by increases in the force production at different velocities,
except for the force at zero velocity, Fo (isometric tension). This
resulted in a flattening, reduction of the hyperbolic curvature, of the
force velocity curve with increasing velocities. Except for the find-
ings‘of the Binkhorst et al. (1977) study, the results of the present
study do not agree with the cited investigators under conditions of iso-
metric contraction. With respec- to dynamic contraction, the results of
this study do not agree with the findings of Binkhorst et al. (1977)
where the force velocity curve shifted to the right (Figure 3). Sig-

nificant differences were found for the 30o torque at 60o per second

30
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(passive heating and cooling from control) and at 300° per second (pas-
sive cooling from passive heating) (Figure 4). The physiological sig-
nificance of the mentioned differences is unexplainable at this time.

Two important factors to consider should be mentioned here.

The first factor is a methodological limitation of the present study.
Due to heavy demands for the available equipment, it was necessary to
compress the data collection period for the passive heating treatment
to accommodate the availability of the hydrocollator. It was, there-
fore, impossible to randomize the treatments of Phase II of this project.
Second, it could be assumed that the greater the thigh skinfold of the
subject the smaller the increment or decrement in Tm with passive heating

or cooling. Figure 5 graphically depicts the relationship of thigh skin-

fold to Tm changes.,

It can be seen from this

of the thigh skinfold did not produce similar

figure that the thickness

results for heating and

cooling, A Spearman's rank order correlation between Tm's of passive
heating and cooling was not significant (rho = 0.43, p<..05). These fac-
tors could have adversely affected the data and increased the within
treatment variability. This possibility is borne out by an exception-
ally large error term encountered in the treatment by subjects analysis
of variance.

The major finding of this investigation was the significant in-
crease in both the mean peak torque and the mean 30o torque values over
the control values as a result of the two active warm-up conditions
(Figures 6 and 7). The increase of torque values found with an increase

in temperature could be explained either from a biochemical point of

view or from a physiological point of view. The Q10 effect on chemical
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reactions has been documented previously (Netter, 1969; Shapiro and
Stoner, 1966). Below the denaturation temperature of enzymes, the re-
action rate of chemical equations will nearly double for every 10°C rise
in temperature (Bhagavan, 1974) (Q;y = 2.0). The key to energy produc-
tion is the hydrolysis of ATP, a chemical reaction. Thus, an increase
in the breakdown of ATP, enhances the rate of force development by the
muscle. The force development of the muscle is proportional to the
number of cross - linkages formed per unit of time. The faster the
breakdown of ATP the zreater is the number of linkages formed per unit
of time, thus increasing potential force development, Additionally,
oxygen consumption rises with increasing body temperature indicating an
increased metabolism. This increase in metabolism is a result of the
increase in the velocity of the chemical reactions associated with

energy production,

The excitation of muscle is another critical factor to be con-
sidered when investigating possible sites where force production can be
facilitated, If the excitation of muscle can be refined or improved
then that muscle has a potential for producing optimum force output. As
temperature increases, the quanta release of ACh increases, and the fre-
quency of the MEPP's also increase concomitantly (Hubbard et al., 1971;
Ward et al., 1972). 1t can be postulated that the greater release of
quanta per unit of time can increase the sensitivity of the neuro-
muscular junction to stimulation. The maximum rate of rise of the ac-
tion potential (AP) of innervated and denervated rat extensor digitorous

lonzus (EDL) muscle fibers has been shown to increase with increasing

temperature (Ward and Thesleff, 1974)., They also found a decline in the
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amplitude of the AP with increasing temperature which they felt was a
result of the zreater acceleration of the falling phase than the rising
phase. Delbeke et al. (1978) have found a shorter absolute refractory
period (ARP) and relative refractory period (RRP) with increasing tem-
perature in nerve and muscle, These factors point to a greater ability
to produce action potentials at an increased rate over normal with
elevated temperature. All of these effects could act synergistically
to provide greater sensitivity, thus improving the muscle's ability to
synchronize its contractile mechanism. This increased synchronization
of muscle fibers results in a greater force cutput.

Torque production at the high speeds is dependent on the percent
Jf fast twitch (FT) muscle fibers (Thorstensson et al,, 1976). They re-
ported a positive linear relationship for the maximal knee extension
velocitv and percent of FT muscle fibers. They also showed a positive
linear relationship between the percent of maximum voluntary isometric
contracticen (MVC) attained at 180° per second and percent FT muscle
fibers. These relationships illustrate the greater dependence of fast
contractions on FT muscle fibers. 1t is tempting to postulate that the
temperature change in this study might have positively influenced only
the slow twitch (ST) muscle fibers since no significant change occurred
at the 300° per second speed.

Recently, Mense (1978) has shown that the afferent outflow activ-
ity from resting muscle spindles strongly depends upon Tm. Muscle spin-

dles provide information to the central nervous system (CNS) relative to

the lenzth of the muscle via type Ia and Ib afferent nerve fibers., 1If

the muscle spindle is stretched the AP's transmitted back to the CNS
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increase in frequency. When a muscle contracts or shortens, the tension
on the muscle spindle is relaxed and the discharge rate of the Ia fibers
is reduced. With increasing temperature, the Ia activity is increased
with a concomitant increase of stretch information being provided to the
CNS. 1It is possible that the increase of afferent information could en-
hance neuromuscular sensitivity and work synergistically with the actions
of ACh, AP and ARP to provide greater neuromuscular~ synchronization, It
should be pointed out that this work has been conducted solely on rest-
ing muscle, thus reactions under conditions of exercise are presently
unknown.

There is a distinct possibility that the significant changes in
peak torque could have been associated with mechanical energy oscilla-
tions. The peak torque measured depends upon the “crce {torgque) and the
acceleration according to Newton's Laws of Moticn. When the leg catches
the _ever arm, :he accelasration will be proportional to the force {mass
is constant)., If the acceleration should increase then the force pro-
duced will also increase causing the peak torque to be increased also.
As the time to constant velocity is shortened (increasing acceleration)
the peak torque should also increase. Perrine and Edgerton (1978) feel
that this potential limitation makes the peak torque less than desirable
as a true measure of the muscle's ability to produce tension, They sug-
gested the use of 300 torque values to eliminate the problem. The re-
sults of the present study show that when peak torque increased and time
to constant velocity decreased, the 30° torque increased also. This

. o .
suggests that either the 30  torque is no better a measure than the peak

torque, or that temperature truely had a significant effect upon force
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(torque) output. It is unlikely that the former is true since the rea-
soning for selection of the 30° torque value was to enable the subject's
muscle to complete its initial energy buildup to full tension and to
allow the inherent energy oscillations of the muscle-instrument system
to subside (Perrine and Edgerton, 1978). Thus, it would seem that the
active temperature change significantly affected the force output.

The previously cited explanations which have been offered to
explain the results of the active temperature alterations are valid for
any temperature change, active or passive. It would seem that if a true
Qjo effect existed in this study it would have equally affected force
production under the passive heating treatment. However, it did not
cause similar results (within the limitations of this study). It there-
fore seems unlikely that the active warm-up increments in force produc-
tion resulted from a QlO effect, but rather from some neuromuscular
effect resulting directly from the actual activity itself,

The results from Table 7 show that neither active nor passive
temperature alterations had an effect on the muscle's fatiguability.

It is difficult to equate the fatigue test used in this study and those
endurance tests which have been commonly employed in previous warm-up
studies. In the former, time was held constant where in the latter

time was the measured variable, It could be said, though, that the lack
of observed chanses in the muscle's ability to withstand fatigue would
indicate that endurance would not change due to its direct relationship
to fatigue. No changes in dynamic grip endurance were tound by Sedgwick
and Whalen (1964) for both active and passive (Sedgwick, 1964) tvpes

of warm-up. In contrast, Thompson (1958) found endurance to improve with

B e e s, sttt
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active warm-up but use of a criterion test of a 5 minute swim opens up
the criticism of possible psychological influences. It is the author's
view that the 5 minute swim test does not provide adequate control of
the subject by the investigator. The subject is permitted to set his
own pace which can be influenced by his personal feelings and state of
motivation at that time. The nature of the fatigue test in this study
and the subsequent results seem to indicate that the muscle's ability
to withstand fatigue is not affected by temperature change.

The significant reduction of power at each of the five intervals
of the fatigue test for the passive cooling condition compared to all
other conditions indicates the muscles failing ability to maintain
each contraction throughout the range of motion. This coi1ld be caused
by some muscle fibers becoming inactive as a result of the passive cool-
ing, as shown by Clarke, Hellon, and Lind (1958). They concluded that
at Tm below 27°%C a proportion of the more superficial muscle fibers do
not contract as a result of interference in nervous or neuromuscular
transmission. Cullingham et al. (1960) have suggested that there is a
persistance of depolarization of the motor end plates at low temperature.
The lowest muscle temperatures are found superficially, therefore the
inactivation of these fibers could be due to the constant depolarization
which prevents stimulation or activation.

Active or passive warming also seems to negatively effect muscle
power output but only in the latter stages of the fatigue test (see
Table 9). The greatest drop in power output occurs at the earliest point

in the fatigue test (interval 2) for both the W-B and the passive heating

conditions. It is interesting to note that these two conditions are very
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similar in temperature change, the former being 4.1°C and the latter be-
ing 4.3°C. The remaining three intervals, except for the third interval
of the W-B condition, for the active and passive heating conditions, all
show a significant drop in power output. A possible explanation for
this decreasing power could lie in the inhibition of some fibers by
muscular fatigue which could then reduce the contraction force over the
range of motion, It could be further postulated that it is the FT fiber
that is being inhibited by fatigue, thus reducing the torque curve and
power output,

The classical work by Hill (1938) points out that as a muscle
contracts an increagse of heat is registered which is proportional to
the total shortening. As the fatigue test in this study progressed,
additional heat was generated by the heat of shortening, thus producing
a further elevation of Tm. If it can be assumed that the high Tm was
directly or indirectly responsible for reduction of muscular power, then
the tests starting with the higher Tm (W-B and passive heating) would be
the first to expect to show the reduction of power. Edwards et al.
(1972) found that increasing temperature accelerated glycolysis as mea-
sured by increased levels of several zlycolytic intermediates, ATP was
also found to be lowered at the end of a contraction and the rate of ATP
utilization was high. This reduction of intracellular ATP concentrations

and the shift to glycolysis to supply ATP could further reduce the

muscle's ability to produce force which would then reduce power output.
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SUMMARY
Eight male subjects volunteered to participate in a study to
determine the relationship between variations in Tm and the character-
istics of strength and power develoobment in intact muscle. The subjects
were studied under control and four experimental conditions. In the
W-A condition, the subject exercised on an isokinetic testing device
at 50% ot his peak torque at alever arm speed of 180°/sec, 30 extensions
/min for 5 min. The W-B condition was identical to the W-A except the
subject exercised an additional 5 min at 60% pesk torque immediately
following W-A. The remaining two conditions changed Tm passively by
30 min of hot packs or ice packs.
For each of the five conditions, the subject was tested on the
Cybex IT isokinetic testing device at four lever arm speeds (o, 60, 180
: and 300°/ sec), two trials at each speed, followed by a 30 sec fatigue
i test. Maximal knee extensions at the different lever arm speeds were
evaluated for peak torque, 30° torque and time to constant velocity.
'f The fatigue test was evaluated by percent decline and by analysis of the
power output at specific time intervals.

The peak torque measurements exhibited a high degree of reliabil-

ot

l ity with correlations of 0.90 or greater for all speeds. The coefficients
of variation were found to be small with the highest value being 2.33%

l for 300°/sec. Tm's were changed an average of +2.9, +4.1, +4.3 and !

k3
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-14.5°C for W-A, W-B, passive neating and passive cooling respectively.
Mean pesk torque values, 30° torque values and time to constant velocity
values were significantly (p<.05) different in the W-A and W-B conditions
as compared to the control condition for all lever arm speeds except
300°/sec. Mean 30° torque values for passive heating and cooling were
significantly higher than the control condition (p<.05) at 6C°/sec lever
arm speed. Additionally, the mean 30° torque value for passive cooling
was significantly lower than the passive heating value (p<.05) at 300°/
sec lever arm speed. Temperature alteration, passive or active, resulted
in no significant change (p<.05) in the percent decline as determined
from the fatigue test. Evaluaticn of the power output of the fatigue
test indicated that passive cooling significantly (p<.05) lowered the
power output compared to all other conditions. Interval analysis showed
that the W-B and passive heating caused significantly lower power out-
puts to occur in the second interval when compared to control. Except
for the W-B condition, the last three intervals showed significant power
reductions (p<.05) when compared to control. Additionally, the passive
heating condition was significantly lower than the W-B condition (p<.05)
at the third through the fifth intervals.

It was postulated that the significant changes seen from the ac-
tive temperature alteration could be the result of (1) a QlO effect on
metabolism, (2) an increased ACh release at the neuromuscular end plate,
(3) alterations in the action potential, (L) a Q,y effect on the con-

tractile characteristics of the ST muscle fibers and (5) a Qlo effect

on the muscle spindles all combining to improve muscle synchronization.
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However, a comparable response to the QlO effect should also have been
demonstrated for +the passive heating. Therefore, the significant changes
found with active warm-up were not a qu effect, but rather the result

of neuromuscular alterations in direct response to actual activity. The
significant differesnces of power output for the fatigue test intervals
were thought to be caused 0y (1) muscle fiver inactivation by cold,

(2) muscle “ider inhibition by fatigue and (3) reduction of energy supply.
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APPENDIX A

SUBJECT CONSENT FORM

Study Title: The Relationship of Temperature to Strength and Power
Development in Intact Human Skeletal Muscle

I understand that my participation in this study is totally vol-
untary and that I may withdraw from the study at any time without any
ill-will on the part of investigator. I further understand that I will
participate in the following procedures:

1. PROCEDURE 1 IS FOR PHASE I PARTICIPANTS ONLY.

I will be participating in four days of testing for Phase I. During
this phase I will have the temperature of my thigh changed by two
methods, The first will be by hot packs and the second will be by

X cold packs. I understand that each application or method will be

! repeated as a measure of reliability.

(R
.

PROCEDURE 2 IS FOR PHASE II PARTICIPANTS ONLY,

I will be participating in four days of testing for Phase II. During

this phase I will have my thigh muscle temperature changed by active

work, {i.e., leg extension on the Cybex isokinetic device. I realize

that T will exercise at two work levels, lizht and medium, to produce
N a minimum and maximum muscle temperature respectively. I understand
: that each change will be repeated as a measure of reliability.

THE REMAINING PROCEDURES PERTAIN TO ALL PARTICIPANTS.

i ' 3. I understand that muscle temperatures will be taken with a needle
’ thermistor probe. I realize that this procedure involves a local
- anesthesia on the thigh muscle skin followed by an incision of ap-

'’ proximately 1,/8-1/4 inch in length. The probe will be inserted to

- depths of 2.5 cm and 5.0 cm below skin surface. All precautions
will be taken to insure the sterility of the procedure as well as
minimizing the discomfort. I know of no conditions in my medical
history which would cause me to think that I cannot participate in
this part of the study. I realize that there are risks of blood
clotting around the area of the incision and there is also the pos-
sibility of infection with any procedure which involves breaking
the skin. I also realize that there will probably be some local
soreness which may last approximately two days.

e em “ et
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4, I will do a series of six leg extensions on each leg on the Cybex
isokinetic device at various speeds of limb extension. Each series
of extensions will be performed in a maximal manner.

5. T will acc0mplisg a fatigue test which will involve maximal knee
extension at 180 /sec on the Cybex isokinetic device. The test will
require that I do 25 maximal knee extensions in 30 seconds.

I realize that there will be no costs to me except for the gasoline need-
ed to drive to McKale Center for the laboratory testing. In the event of
an accident occurring in the course of the study and directly related to
the study, I will assume the cost of any treatment incurred due to this
accident.

As a participant in this study I will learn about temperatures effect on
strength and power development in muscle and I will learn about tempera=-
ture affect on fatigue. I realize that this study could be helpful in
determining if temperature has any beneficial affects on performance.

I understand that all information concerning my performance during this
study will be kept confidential and all data will be filed according to
a subject number identification code system. I realize that all proce-
dures will be under the constant and direct supervision of physicians who

are involved with the Exercise and Sport Sciences Laboratory in McKale -
Center.
I have read the above '""SUBJECT CONSENT FORM." The nature, demands, risks h

and benefits of the project have been explained to me. I understand that
I may ask questions and that I am free to withdraw from the project at any
time without ill will.

I also understand that this consent form will be filed in an area desig-
nated by the Human Subjects Committee with access restricted to the prin-
cipal investigator or authorized representatives of the particular
department.

Subject's fignature Date:

Witness's Signature Date:

I have carefully explained to the subject the nature of the above project.
I hereby certify that to the best of my knowledge the subject signing this
consent form understands clearly the nature, demands, benefits, and risks
involved in participating in this study. A medical problem or language or
educational barrier has not precluded a clear understanding of his irn-
volvement in this project.

Principal Investigzator
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UNIVERSITY OF ARIZONA, HUMAN SUBJECTS

COMMITTEE APPROVAL LETTER
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THE UNIVERSITY OF ARIZONA
TUCSON. ARIZONA 85724

HUMAN SUBJECTS COMMITTEE TELEPHONE #1+0"21 OR e 2y 7577
ARIZONA HEALTH SCIENCES CENTER l30$

December 13, 1978

Mr. Richard W. Cote',III

Department of Physical Education
and Animal Sciences

University or Arizona

Main Campus

Dear Mr. Cote':

The Human Subjects Committee has reviewed your project entitled,

"The Relationship of Temperature to Strength and Power Development

in Intact Human Skeletal Muscle (HSC #78-~104)," and has granted
approval of this subjects-at-risk project effective December 13, 1978.
Approval is granted with the understanding that no changes will be
made in the procedures followed or the consent form used (copies of
which we have on file) without the knowledge and approval of the
Human Subjects Committee and the Departmental Review Committee.

Any physical or psychological hara to any subject must also be
reported to each committee.

A university-wide policy requires that all signed consent forms be
kept in a permanent file in the Departmental Office to assure their
accessibility in the event that university officials need the infor-
mation and the principal investigator is no longer on the staff or
unavailable for some other reason.

Sincerely yours,
Milan Novak, M.D., Ph.D.
Chairman

Human Subjects Committee

MN:pd

x¢: Patricia Fairchild, Ph.D.
Departmental Review Committee




APPENDIX C

CALIBRATION CURVE FOR NEEDLE

TEMPERATURE PROBE
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APPENDIX D

INDIVIDUAL MUSCLE TEMPERATURE (°C) VALUES

FOR THE PILOT PROJECT

Subiect Dav Trial Rest W-A W-B Trial Rest W-A W-B

1 1 32.78 35.69 36.80 2  32.65 35.89  36.80
1
2 1 32.39 36.08 37.12 2 32.33 35.80 37.05
1 1 33.48 35.80 36.93 2  33.62 35.80 36.92
2
2 1 32.26 36.02 37.05 2  32.13 36.02 37.05
1 1 33.18 35.78 36.92 2  33.11 35.89 37.00
3
2 1 32.91 35.50 37.00 2  32.85 35.56  36.92
1 1 32.91 35.50 37.05 2  32.91 35.56  36.99
. 4
i 2 1 33,04 35.43 36.36 2 33.06 35.37 36.86
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' APPENDIX E
INDIVIDUAL MUSCLE TEMPERATURES FOR EACH
SUBJECT AT CONTROL, PASSIVE HEATING
AND PASSIVE COOLING CONDITIONS
Passive Passive
Subject Control Heating Control Cooling
1 33.2 36.6 32.7 18.0
2 32.8 38.1 34.5 21.3
3 33.4 37.6 34.2 26.9
4 34.1 37.7 35.0 16.3
5 33.5 37.1 34,3 21.6
s 6 33.9 38.3 33.8 16.1
7 31.7 37.7 33.2 16.5
8 33.6 37.8 33.3 18.1
|
'
v
:
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APPENDIX F

INDIVIDUAL PEAK TORQUE VALUES FOR ALL

SPEEDS AND UNDER ALL CONDITIONS
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APPENDIX G

INDIVIDUAL 30° TORQUE VALUES FOR ALL

SPEEDS UNDER ALL CONDITIONS
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APPENDIX I

INDIVIDUAL VALUES FOR PERCENT DECLINE OF THE FIRST

THREE TO THE LAST THREE LEG EXTENSIONS DURING

THE 30 SECOND FATIGUE TEST

Active Passive
Subject Control W-A W-B Heating Cooling

1 33 36 35 32 39
2 19 50 28 35 35
3 20 22 20 23 23
4 33 25 34 28 27
5 21 47 10 16 31
6 32 19 25 29 21

& 7 32 36 31 38 27
8 45 49 45 46 43
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APPENDIX J

INDIVIDUAL VALUES FOR THE SUM OF THE POWER

OUTPUT (Nm-sec'l) FOR THE FIRST FIVE KNEE

EXTENSIONS OF THE 30 SECOND FATIGUE TEST
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Table Jl. Individual control values for the power output (Nm'sec )
of the five intervals of the fatigue test

Time Interval

Subject 6 sec 12 sec 18 sec 24 sec 30 sec

1 364.7 3447 296.2 310.7 257.3

2 223.3 2525 237.9 242.7 213.6

3 218.5 218.5 228.2 223.3 228.2

4 315.6 315.6 267.0 218.5 208.8

5 335.0 315.6 305.9 276.8 252.5

6 228.2 213.6 169.9 169.9 165.1

, 7 169.9 179.6 160.2 121.4 121.4

E 8 339.9 291,3 262.2 218.5 203.9
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APPENDIX K

INDIVIDUAL VALUES FOR THE POWER OUTPUT OF THE

FIVE INTERVALS OF THE 30 SECOND FATIGUE TEST

UNDER ALL CONDITIONS

Active Passivc

Subject Control W-a  W-B Heating Cooling
1 156.3 126.9 145.7 158.2 148.4
2 93.2 122.8 102.8 117.5 114.3
3 78.7 32.4 30.9 93.1 96.6
4 136.6 137.9 145.3 123.1 112.5
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