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preface

he information explosion has hit physical sdieation. Re
serchom ares discovering now links hetsween esercse aned
Buman phvsiology, Others are investigatmg neaolopical aw
pucts of motor control, Using computer simulation and othe
sophisticatodd technigues, hiomechanios tosearchors we i
i new wavs 1o anahy 2o human movement, As a rasult o
renewaed interostinsocial, cultural, andpavehological ispects
of movemont, o vast, highly specialized hody or knowledpe

“ han emerped,

AMany phiveical education teachers want o use and apphy
information particularly relevant o their teaching. s noban
easy task, The quantily of research alone would reguire a
dawn to dusk reading scheduale, The specializod nature of the
resedreh tends to make it diffiealUior a layperson to compre:
hend fully, And finally, litle work has heen directod toward
applving the research o the more practical concers ol
teachers in the dicld. Thus the burgeoning body of information
available to researchers and academicians has had little im-
pact on physical education programs in the field.

The Basic Stuff series is the culmination ot the National
Association for Sport and Physical Education efforts to con-
front this problem. An attempt was made to identify hasic
knowledge relevant to physical education programs and to
present that knowledge in a useful, readable format. The
series is not concerned with physical education curriculum
design, but the “’basic stuff”” concepls are common core in-
formation pervading any physical education course of study.

The selection of knowledge for inclusion in the series was
based upon its relevance 1o students in physical education
programs. Several common student motives or purpuses for
participation were identified: health (feeling good), appear-
ance (looking good), achievement (doing betten), socidl (got-
ting along), aesthetic (turning on), and coping with the envi-
ronment (surviving). Concepts were then selected which
provided-information useful to students in accomplishing
these purposes. o

The Basic Stuif project includes two types of booklets.
Series | is designed for use by preservice and inservice

.
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tochor andd comints of six pantphlets concoming disei-
plinary aregs: evercise phvaiology, kinesiology, motor dw-
velopmentind motar foaming, socialzpsveholopical aspects
of movement, and movement in the humanities tirt, history,
philosophyts This first series semmagizes infarmation on stu-
dent purposes, Segies s alna designed Tor use by teachers bt
with o ditferent tocus, Three handbooks are ineludods early
hildhood; ¢ hildbood: adobmeonce, Fach doserilios esam-
ples ol instrec tional activitien which coutd bo usod 1o teach
appropriate physical education concepito each age group.

the devolopmoent of the Basie Stailseries has heen a coop-
erative offort ot teams of scholars and public school wachers,
Scholar provided the expertise in the content areas and in the
dovelopment al instructional materials, Public sehool
teachers identifiod relovanee tostudents, fleld tested instrue -
Honal activities, and encouraged the schalar o write for
peneral imderstanding,

Phe farmat of the hooklom was dosigned 1o e fan and
readable, Series T in struetured as - giestion and - answor
chinlogue hotween students and o teachor, Series 11 con-
tinnes this emphasis with the infusion of knawledge inta the
world ol physical education instructional pragrams, Our
hape is that the Basic Stull serios can help to make this
seenario o reality,

Linda L, Bain, Editoridd Committee
University of Houston
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foreword

Ihis haoklet represents an- assemblange of the practical
ety ot evereise physiology. The fash sepaiates practical
and isetul content from that which is of thearetical interest
bt swhic h ofters itthe 1o the phiysieal education teasher, Care
hes Deon taken 1o preserve the corfectiess of the material
W hen diseussed oven in it sinplest forme.

Fhe writing team tesponsible for the erfor workesd oi-
ciently i perdorming separate functions, The seholar was
rosponsihle for identitying content and writing it in a (o
whichwas simple and correct, The instruetional designer was
responsible for modifying the st to make it effective as an
istructional ool the twa practitioness representing the
elementary and the secondary physical education toacher
wore responsible Tor moedifying the text o mahe it cloar and
useli 1o the practitioner, The commitien worked as o whale
to prepare the final copy, The contributions of allthe commiit-
oo membiers in clarifying, rewording, odiing, and illustrating
the original test have made the final vorsion infinitely more
roadable,
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CHAPTER ONE

ievement

nn Rice

Frirograph oy Carlyane L

What Do You Have To Help Me?

Adequate strength
Is necessary in
many activities

Fverything we do throughout the (my involves physical
activity, Weare constantly required to contract our muscles in
some purposetul manner whether it he speaking, writing, or
eating. Through such contractions, forces are applicd 1o
hones, causing then to move, Whenever a musele s called on
o exertamaximal amount of force, the steength of that muscle
is being employed. Strength is the greatest amount of foree

Ahat o muscle can exert in a single effort.

Adeqguate strength is necessary for satisfactory performanee
in any physical activity such as tennis, skiing, or swimming.
Fhis is oven true in those events which primarily require other
factors such as endurance (cycling) or skill (gymnastics) for
adecuate pe-formance. But strength is most important in
events which involve explosive, forceful movements,
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Fraboing Joi stvasth g srieih e he de aripitisbed Iy
Geiond Siiy o dhiee el ds s shabie dly ik sakdiiediy He
iy b w B s sed g deperal pisople shoubd alaays
B todbesaand for e thal ihie caicct s fes aie
shicivglicaes fyaie fist e Diginiied s epeiih Wb Fyic B st b
snilar s possifile o tose sy ey eiel isdesived. o
enample i pepnn wished to fam stiengih for the shotpul
event i oukd Be iporant o deyelop anm puahing stiength
iy e Beon stanbar to the angle b elease o the event. Atthe
potnt af tefedse e shotput the e is pushing upsvaed o
approximalely b angles TS o great Impoiiane s o 0
strength at this s aisle T wazight' it this conld he
aceomphished with use of theinfined press rather tha the
Deneh press osere e dHiguie 1.

Statle steength training (Flgure 2, Trining shoubbeonsistora
AL COntRaHon abseveral positions F joint angles) in
ther wodee tedd mose b grenap, Abeac posltion the contraction
should be held tor 26 seconds tollgwesd by o 28 miite fest
anehthen repeatedd 15 timos, Such raining can be done daily
unbens e b sareness develaps, Maintaining achivved
Stenpthy s requires only one rainiog session per week,
Dynamie strength training (Figure 3, Training shonld conmist
of repetitions with the heaviest welght that can be vorfectly
liftecd 310 timos, This iscallod aset, Three togour sets should
hodone cach day with 5. 10 Minutes of recovery hotwaeen sets,
Throo 1o four trainfng sassions should beheld each woeh,
Maintaining ac l)it"vml strenpth gains requires two tratning
sessions per wettk, :
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«  Figure 1: Strength Training for Shot Put A
Training procedure closely reproduces the specific angle of release in the shot put event.
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Figure 2: Static Strength Training Example

Individual performs a ntaximal contraction for 2-5 seconds at cach of several different
joint angles.
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Figure 3: 'Dynamicv Strength Training Example .
Individual does 3-10 repetitions with heaviest weight that can be correctly lifted.
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Isokinetic strength training (Figure 4). itis recommended that
such training should consist of 2-5 maximal isokinetic con-
tractions which last 1-3 seconds each. An isokinetic contrac-
tion is one in which the speed of movement is held constant
regardless of how much force the muscle applies as it moves
through a complete range of motion. Approximately 2-5 min-
utes of rest is adequate time for recovery between repetitions
of the same movement. Such training should be done 4-5
times -per week. However isokinetic strength maintenance
can probably be achieved with 1-2 training sessions per week.
it should be noted that when training for increased strength in
© movement requiring speed such as a discus throw each
isokinetic contraction should be completed as rapidly as pos-
sible. .
Table 1 summarizes the important features of each of the
three strength training methods.

Table 1: Important features of the three methods
of strength training

) Method . Repetitions Days
Static ~ 2-5sec max  1-5reps at each daily
. strength contraction . angle with
5 “training at severak 2-3 min rest
) : joint angles  intervals :
Dynamic 3-87lifts/set 3-4 sets - 3-4 days/week
strength of hedviest with 5-10 min ~ ~ :
training ~weight rest intervals _
» Isokinetic 1-3 sec max  2-5reps 4-5 days/week -
' strength” ~ isokinetic with 2-5 min '
training contractions  rest intervals -
Soccer is a good illustration on applying strength training
techniques to a particular activity. A soccer. player must be
able to jump high, kick a ball far, and receive the force from a
flying ball with'his head (""heading"” the ball) without neck”
injury. All three types of performance will undoubtedly be
improved by proper application of strength training tech-.
niques. o ‘ .
i ' L Jjumping requires great hip-and knee extension force. By .-
; doing several sets of 3-8 half squats with the, appropriate .
6
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1SOKINETIC MACHINE

"

Figure 4: Isokinetic Stréngth Training Example o ‘
Tsokinetic machines keep the speed of movement constant regardless of force applied
while allowing the person to pull through the whole range of mation. n

’

o . 1
; k | 1%




O

ERIC

Aruitoxt provided by Eic:

st

v

heavy weights 3 times per week, the soccer player will be able
to jump higher. Time spent practicing jumping will probably
be of great benefit as well. As an alternative doing several sets
of squat jumps with light weights on the shoulders or
elsewhere on the body will be of additional beneflt hecause of
the jumping similarity (Figure 5). ,

Kicking involves moving the hip forward and upward (hip-
flexion) and knee extension. The described training for jump-
ing develops knee extension strength. Strength required for
kicking can be improved by using.weights attached to a pully
system or some other resistive device such as a spring, to
allow for repetition of the correct movement (Figure 6).

The type of strength required in “‘heading’” the ball is both
explosive (as when directing the ball with the head) as well as
static (as when meeting a flying ball). Explosive strength train-
ing procedures involve working with weights in an appropri-
ate pulley system. Static strength in the neck is accomplished
with some form of immovable head brace agamst whrch the
performer could push or pull.

Each trarnmg3 method has its advantages and disadvan-
tages; decisions concerning use is of personal preference and
circumstances. Regardless of the method employed they will

- experience strength gains as long as the muscles are heav-

ily taxed. ‘Static methods, while not requiring expensive
equipment or a great time investment, suffer from the main
disadvantage of not transferring strength improvements to'
skills requiring strength. Dynamic. methods require weights or

_ other equipment of sdme ‘expense as well as 1-2 hours per
~ training session and 3-4 training sessions per week. In addi-

tion dynamic training has been criticized as improving only.
the weakest points in the range of motion. Isokinetic methods’
are most recent. and may combine the advantages. of both

static and dynamic training? Resistance is provided through-

out the range of motion so strength improvements follow this
pattern. Furthermore the time required for training appears
less than for dynamic methods. Even though equipment cdsts,

; are high, afew isokinetic-like devrces are being manufactured

at costs similar to a good set of weights. -
At all"ages, males appear to improve more from stren;,th

training than females. The primary reason may be due to the

presence of male sex-hormones, willingness to stress muscles,

 and differencés in muscle size. Both sexes respond to strength

“training to-an increasing degree until the person reaches the

late 20's whereupon responsiveness begins to decline. -



"ngure 5: Soccer Player li)egeloping Leg Power using Ankle Weights.




- Figure 6: Training for a Soccer Kick.
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Strength can be
measured

To know if a given exercise results in strength improvement
one must know. how to measure strength. There are three
methods: static; dynamic; isokinetic. Static methods of

‘measuring strength are to be used when static strength t.aining

procedures are being employed. Dynamic and isokinetic
measurement procedures are appropriate for dynanu~ and
isokinetic strength training procedures, respectively.

Static (or isometric) strength measurement (Figure 7). Using
a dynamometer, static strength is measured when the indi-
vidial maximally contracts a given muscle (or group) in a
fixed position. Since static strength varies from one position to
another even with the same muscle, care must be taken to
keep the limb in the desired position and not to allow extrane-
ous contractions from other muscles.

Dynamic (or isotonic) strength measurement. This is done
by determining the maximum weight that can be correctly
lifted only once. This weight is known. as the one repetition
maximum (1 RM).

Isokinetic strength measurement. This requires use of spe-
cial “accommodating resistance’ equipment which controls
the movenient speed. The maximum force exerted can be
determined.

‘Why Does It Happen That Way? | :

. Why strength improves
1 with training

There are two processes involved with strength. im-
provements from training: 1) alterations in the. neural mecha-
nisms involved with muscle contraction; 2) mcreased force -
from existing units within the muscle.

The neural impulses sent from the brain to cause a muscle
to-contract are of two types: those which excite the muscle
(excitatory impulses); those which interfere with muscular
contraction (inhibitory impulses): Strength training causes a
decrease in inhibitory impulses, an increase in excitatory
impulses, or both. The net effect is an increase in strength due
to the increase in the amount of force the muscle exerts. -

-Within the muscle itself existing muscle fibers.also’change °
by increasing in size. Each muscle fiber is composed of micro-

-mn
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Figure 7: Static Strength Measdre’lpfg)t for Leg Extension
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What Else?

Anaerobic

< performances can be

influenced by
training
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scopically smaller fiber-like structures called filaments, The
filaments slide back and forth when the muscle contracts and
relaxes. . . ‘ '

Strength training increases both the amount and the rate of
build-up of protein from simpler units (amino acids) on the
filament's microscopic level, The level of the male sex hor-
mone may have some influence on these processes, therehy
partly accounting for the observable differences in strength
between the sexes, Hshould be noted that social influences on
temales undoubtedly contribute to strength differences he-
tween the sexes. The level of male sex hormone as well as a
size advantage favoring males may also account for the
greater increases in strength of males compared to females
when exposed to similar degrees of strength training. The net
eftectof the build-up of protein is that cach muscle fiber grows .
larger and stronger causing the muscle as a whole to have
more strength.

With more strength, performances requiring forceful or
powerful movements improve. For example a tennis player
will be able to serve faster and with greater strength, A shot
putter can experience a similar improvement in performance
with greater strength in the shot putting muscles. Even in
activities where high levels of strength are not critical, perfor-
mance may benefit from enhanced strength. For example
most swimmers are not required to exert maximal amounts of
force at one moment. Rather, muscles must repeatedly con-
tract submaximally for varied periods of time. If a swimmer,
through proper training, develops greater strength in the mus-
cles required in his stroke, repeated contractions of a_given
submaximal force will be easier because the contractions.will - -
constitute a smaller percentage of the swimmer’s maximal
capacity. Thus after a given period of time, fatigue will lessen.
As an alternative the swimmer can repeatedly exert an in-
creasing level of submaximal force without undue fatigue,
causing the swimmer to move through the water more rapidly.
In either case overall performance is likely to improve, ”

In many instances our bodies are used streriuously for short
periods of time. These activities cannot be classified as endur- -

ance activities. They belong to a class of activities which lie
.between endurance and strength-related activities. These

13
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How?

Anaerobic training
must be task-specific

Training for anaerobic
power differs from
training for anaerobic
endurance '

Anaerobic endurance

_ training

14

classes are called anaerobic performances. Sport examples
include track and swimming sprint events and gymnastic
routines. It also includes high intensity performances endur-
ing from 5 seconds and 1-2 minutes. Anaerobic performances
can be positively influenced by proper training.

When training to improve anaerobic performances ac-
tivities should reproduce the movements in the actual task as
closely as possible. Furthermore, as much high intensity work
should be involved as can be tolerated without causing bore-
dom or avoidance. Because such training is extremely
exhausting other types of training are interjected into
anaerabic training so thatthe performer is not inclined to quit.

Trainifig to improve anaerobic power should involve max-
imal work intervals of 20°seconds or less with rest pauses of
10-15 seconds between each work bout. After several such
work/rest intervals a longer rest of 15-20 minutes is needed
before another series is undertaken. The number of such series
accomplished in one day depends upon performer willing-
ness and goals. Those with higher goals are usually willing to
do more work.

Training to improve anaerobic endurance should involve.
work intervals of longer than 20 seconds. Generally the longer
the work interval the longer the recovery period-required
before starting the next bout. For example if the work intervals
last 20-30 seconds the recovery period should last no longer
than 1-2 minutes. If the work intervals last 1-2 minutes the.
recovery period should last between 2-15 minutes. Again
high intensity work“is required. A rule of thumb is that the
performer should exercise at no less than 85-90% maximum
effort in each work interval. In running, for example, a good

way to gauge intensity is for the performer to run practice: -

intervals at a pace which is 85-90% of his or her best time
(Table 2). The optimal number of such training sessions ‘per
week should be no fewer than three. Highly trained athletes'
sometimes. train as much as 6 days/week.

If a person wishes to-improve anaerobic endurance of a )
single group of muscles an alternative form of training such as

repetitions with a moderate to light resistance may-be used.”
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Anaerobic
performance can be
measured to determine
training effect

This is muscular endurance training. For example 4-5 sets of
10-20 repetitions with a weight which can be lifted 10-20
times will prove effective if attempted 3-4 days per week.
Again, for best results the training movements should approx-
imate as closely as possible those of the actual task.

The ganie of soccer illustrates how anaerobic training pro-
cedures can be used. A soccer player must be able to sprintfé
short distances as fast as possible. To increase his anaerobic
power the soccer player should run repeated 5-15 second
sprints with 10-15 second rests between runs. In the game the
player must also must run repeatedly fast without being able
to fully recover. His training should therefore focus on im-
proving anaerobic endurance as well. This can be accom-
plished by doing several hard runs lasting 1-2 minutes with
4-5 minutes of recovery between each run. With time the
playar's anaerobic power and endurance will improve from
such training. ’

Knowledge of how to measure anaerobic performances is
necessary to detect if training is having a beneficial effect. The
basic technique is for an individual to perform as rapidly as
possible over a given short distance. If the distance is such that
the performance lasts less than 10-15 seconds it is said to be a
testof anaerobic power. An example would be a 50-yard dash
with a running start. If the distance is longer than 15 seconds

Table 2: Method of determining training pace which requires
competitor to perform at 90% of maximum effort.

Assume: Competitor's besttime for quarter mile is 55 seconds:

Distance Run _ 440 ys _8yds

Time 55 sec - sec

A pace which is 90% of this time is:

(8 yds)

(.9) = 7.2 yds/soc
sec -

Therefore: 440 yds at this pace is:

» 440 yds .

: 7.2 yds/sec 611 sec .
Likewise: 330.yds at this pace:

. 330 yds

W= 46.0 sec

Note: Pace at any other distance is determined in a similar manner. -«

15
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but less than 12 minutes the performance is said to be one of
anaerobic endurance. An example would be the time to run
one quarter mile or to swim 50 meters,

Why?

ATP production While exercising ()ne ‘must be able Jo produce energy to
provides the compensate for the work., A muscle chf;nmal adenosine
needed energy triphasphate (ATP), provides._the ‘needed energy for muscle
for muscle contraction, The most efficient means of producing ATP for.
contraction ~ the exercising muscles is through the ‘oxygen use. The term

aerobic refers to this form-of ATP production. Oxygen must
enter through the lungs and be transported by the cardiovas'
N cular system to the sites within the muscle where it is needed.

- The entire process of transporting oxygen to the exercising -
muscles takes several minutes to reach full capacity. Since,
anaerobic perforrhances last two minutes or less the muscle

- tissues will have an inadequate supply of oxygen. Yet ATP-is
still needed for muscle contraction. In this case other
nonoxidative dr anaerobic means of producing ATP must be
relied upon. These include utilizing stores of raw-ATP.within
muscle tissue and another product called greatine phosphate
(CP). CP can easily be used to produce more ATP without the
need for oxygen but the supply is limited. Finally, stored
muscle glvcogen can also be broken down anaerobically to
produce ATP and a byproduct-caleddactic acid. This process
is ‘referred to as anaerobic glycolysis. Anaerobic perfor-
mances are so named because of their reliance on these {hrée

_ nonoxidative sources of ATP.

N,
\

Anaerobic Evidence has indicated that intense anaerobic training can
performances utilize - increase the levels of ATP, CP, and glycogen steres within the
three non-oxidative muscle as well as improve its ability to’engage in anaerobic
sources of ATP glycolysis. Furthermore anaerobic training may result in- an

improved ability to tolerate lactic acid accumulation. Lactic
acid is considered a major contributing factor to- muscle
fang,ue With a greater tolerance for lactic acid accumulation
a muscle ¢an do more exercise utilizing ATP from anaerobjc
glycolysis before becoming fatigued. Finally, improved-
anaerobic capacity may result from an improved strength of
musctle tissue. Such strength progressions enable the trained
muscle to do the same amount of anaerobic exercise by
working at a lesser proportion of its tapacity. The net effect of
all the above changes is that anaerobic performance improves.
the speed the individual runs, swims, etc. v

16
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What Else? X | o

Acrobic endurance In many instances wesish o continue doing an activity for -
isneeded for - atong period of time. Examples include hiking or skiing for an
tong peritkls of entire day or playing recreational tennis for two hours. Our
rhythmic low ability 10 do so”depends to o Ifsgestent on our level of
- intensily muscle aerobic endurance (Figure 8). Vlr:‘:m? all activities which
contractions = involve rhythmic low intensity muscle contractioisstar-long
. ) ' periods rely upon acrobic endurance. Persons wishing to

- . engage successiully in such activitios avill find-that their per-
formance imyproves with proper training.

1
3
7oty

. . ’ Training to improve acrobic endurance capacity involves -
‘ " our basic elements: mode: intensity; duration; frequency of
exercise. A training program which does not cantain all four-
o tu an adequate degree-is not likely to be'effeciive.
) The mode of exercise may be any form of large muscle
- activity which is continuously ¢ arried out (or with many repe-
titions).. Ranning, swimming, cycling, cross country, and
downhill skiing are all proper modes of exercise. Games like
soccer, baskethall, racquetball, or tennis also involve con-
tinuous, large muscle activity. These games are also appropri-
ate modles provided the elements of intensity, duration, and
frequency are dlso present..

“Intensity is how hard a person exercises. The simplest way
to measuire the intensity of exercise is for the person to monitor
his or her heart rate (HR) dunm, or immediately after exercise
(Figure 9). The HR response to exercise relates to the person’s
individual capabilities. .

Although everyone is different, HR cluring exercise should
he between 150 and 185 beats/min. for ages 12-25. .Thisis the
target HR zone. For persons starting with lower than average
aerobic endurance such as those who, have difficulty running
more than"a short distance, an exercising HR as iow as 130

~ may still do some good while the HR may need to be raised to
190-195 t6 gain maximal benefit for the athlete.

A person’s maximum HR slowly declines with age. There-
fore the target HR zone mentioned above should slowly drop
as well. Data ofira desirable training intensity for children

“under age 12 is very limited but a reasonable estimate for the
RS .- o
17
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Figure 8: Aerobic Endurance )
Rhythmic low intensity exercise done for long periods of time.
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Figure 9: Measuring Heart Rate to G‘auge Intensity of Exercise. |
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Training must
be progressive

TR

4

target HIR zone s 160-190 heats/min, for the 6-12 year old, By
10 the target zone should drop slightly from the recom-
mended Tevel for ages 1225, Similar progressive drops are
recommended for healthy persons of increasing age (Fable 3),

Table 3: Target HR zone for gauging exercise intensity
in lw.lllhy porsuns

Age R .\n;,e Target HR Zone
{ytars) © o (heats/ming)
-2 160-190 (4)
12-25 150-185
10-34 140-180
40-49 “135-170
50-59 130-170
60-69 125-170

e - - §

Duration is the amount of time a person exercises. The
minimum length of time required for an improvement in
aerobic endurance approximates 10 to 15 minutes per day.
An alternative form of training called interval training can also
be used to improve exerci* » duration. In this case the indi-
vidual trains for 3-5 minute intervals with rest periods of
similar length between each training bout. Whether using
continuous or interval training methods the more work done
the greater the improvement in aerobic endurance. Thus en-
durance athletes often spend several hours each day in train-
ing. However for the nonathletic individual who is interested
in developing and maintaining an adequate level of aerobic
endurance, 15-60 minutes per day is considered adequate
(Figure 10). . —

Frequency refers to how often-a person exercises. The rec-
ommended minimum frequency is 3 days per week with 4, 5,
or 6 days per week provndlng pregressnvely smaller additional
benefit.

It must be remembered that as with any form oftraining -
aerobic endurance training must be,progresswe Unless pro-
gression occurs the training benefit derivéd from specific ex-
ercise levels will slowly plateau and eventually only contrib-
ute to maintaining existing fitness.

To summarize, if the mode of exercise involves large, con-
tinuous musctiar Z\CtIVIty at an intensity to brmg the HR into



N\
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Figure 10: Duration of Aerobic Endurance Training
The recommended minimum duration of exercise is 15 minutes a day. -
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Aerobic endurance’
is tested.by speed
or distance in a
given time frame
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the apprapriate cone and it that exercise s done at least 10 10
S mindtes per day and 3 days per week the acrobie endur
ance capacity of most persons s likely 1o improve, Such
training Is notlikely to cause an improvement it one or more of
these hasic elements (intensily, duration, frequency, ang
made) i not present o an adequate dogree,

As an example assuma that a girk profors tennis as a mocle
lor improving her acroble Titness, She plays tennds Tor %
hour/day, 3 daysiweeks, Perlodically she moasares hor HR
after o rally and it is 160 heats/min. Like most people she
walks to pick up balls between serves and in so cloing her FIR
drops to 115 beats/miin, Because her HR was nol maintained
at the level of 160 boeats/min, throughout the half hour she Is
likely to experience less benefit from the training than some-
one who jogs to pick up balls belween points,

The soccer player requires aerobic endurance training In
addition 1o strength and anaerobic training. A good way for
the player to train would be to continuotisly run for several
miles cach day, perhaps while dribbling a ball to help make
the running as similar as possible to actual playing conditions
(Figure 11). As an alternative the player.could run repeated 5
minute intervals with 3-5 minutes of walking between runs.
Such running should be done fast enough to maintain the
player's HR within the desired target HR zone. Although the
player is an athlete he may wish to keep his HR as high as
185-190 beats/min. This aerobic training should be done 5-6
days per week to obtain the greatest benefit (Figure 12).

Being able to document the positive effect of training is.
vitally important from a motivational as well as physiological
point of view. The simplest and best method for measuring
aerobic endurance performance is by determining how fastan
individual can complete a certain distance or how farhe or
she can go in a given time period. Typical examples of such
tests require a person o run for 6, 9, or 12 minutes. The
distance covered serves as the individual’s aerobic endurance
score. Alternatively as is done in running competition the
individual is timed while he covers a given distance in whjch
case the time is the aerobic endurance score. Aerobic endur-
ance tests for swimming, cycling, skating, or cross country
skiing could be similarly arranged.

Other methods focus on physiological components of
aerobic endurance performance. The simplest of these is the
steptestin which the individual steps up and down from a step
(such as a bleacher) at a fixed cadence (Figure 13). The heart -
rate of the individual is then measured and used as an indica-

o
o
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Figure 11: Continuous Running and: Dribbling for Aerobic Endurance Requirements
in Soccer. . )

. & i
— - t)r ) .
; L , o3

23



\\\

‘ G\
. =~/

| |

Figure 12: Interval Trainfng for Aerobic Endurance Requirements of Soccer.
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Figure 13: Illustration of Step Test Used to Measure Aerobic Endurance Fitness.
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Why?

Anaerobic & aerobie
production of ATP

Aerobic endurance
improves maximal
oxygen uptake

26
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tion of aeroabic fithess, Care must be taken 10 insure that the
SlOPPIng is done properly ond ot the correct thythms and that
the heart rato is praperty meastrod. An oxample of such o test
has hoen published with norms for persons of dliffering titness
Ihateh and MeArdle, 1977).

Asmentoned eartior in the test the most eiticlont method of
producing the AT needed by the exerelsing muselos recpuires
oxyen. The term “aerobie! Is used 1o indicate ATP produc-
Hon with the use of oxygen. This occurs through the chemieal
hreakdown of twa fhels; muscle glycogon (or stored ¢ar-
bohyilrate); T, i

It shoule be recalled that aeroble endurance 15 a Tactor In
performances which are of protonged rather than short duras
Hon. Since the resplratory and clrculatory systems are in-
volvedt in the transport of oxygen to the exerclsing muscles
and since these systems require a fow minutes to achleve full
capaclly, aerobic endurance performances are ones which
last longer than 2-3 minutes at the least, As a person beglns to
exerclse the ATP npeeds of the muscles are Inltlally met
anaerobically due to an inadequate oxygensupply, Gradually
as the supply of oxygen to these muscles increases the source
of ATP production shifts toward the aerobic means until all
ATP requirements are met aerobically, This Interaction be-
tween anaerobic and aerobic forms of energy production is
diagramed in Figure 14, !

The primary reason why training causes an improvementin .
aerobic endurance is due to its effect on improving the maxi-
mal oxygen uptake of the person. The maximum oxygen
uptake is the largest amount of oxygen a person can consume
during maximal work. In effect the larger a person’s maximal
oxygen uptake the greater the amount of ATP that can be
produced aerobically during exercise and the more work the
person can do.

The degree to which training improves a person’s maximal
oxygen uptake depends in part on three factors: the person’s
initial state of fitness; how much training is done; the person’s
hereditarily determined potential. In general the greatest im-
provement in maximal oxygen uptake occurs in those who

26
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Figure 14: The Interaction between Anaerobic and Aerobic Forms of Energy Production
in Different Types of Exerclse.
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Wi e most il or i those with e lowest initial state of
Hiness Ly prcatimprovements in masimal onygen dptake aiter
LA months oFrining range from 15-20 percent

Ehe improv emcnts in- oisimal osygen HPEie e patly
Avedocardiovase ilar sy stomy enomments. 1 most individuals
theabibfity 1o cireulate the masimum amount of hloo
RN Cared e omput ace ouis tor ot feast 50%, i more
OoF the improvement in- masinial osy e Hptaher. This im-
provemientin the hearts ahility to nwisimize hlood cire wlation
St levels doos notosalt rom an - ineroase in e
number o heats per minute anas heart rate), Rathor ther en-
Faneoniont in a result ol an e rease in the AN dmount
ol blood pamped por heat imaimum sirake valume (Figure
F9) Increasod strohe volume may rosult trom an overall in-
cred i heart vodugme andor sirength of heart muse e « on-
Haction,

Another reason why training causes person’s maximal
ONVRON Uptahe 1o increase involves the Jovel of ONYHON ©Ns
aeted fmom the blood as it panses thiough the exercising
miscles Improved ovypen estraction can account tor the
other 50% of the manimum ONyRen uptake inprovement from
raining. Reasons for this bettered ahility in axygen extraction
ot tratned musclon is nol precisely known but may arise from
cither orboth of the following changes: 1) a preater number of
capillarios being doeveloped, Mowing better diffusion ol Oxy-
geninto the musele tissue, and 2 an increase i the slze and
number of sites within the muselo tissue (called mitochondria)
where oxygen is used to produce ATP,

Another change that oceurs from endurance training in-
volves the bady's response to light (submaximal) exercise, A
trained person will breathe less air into the lungs when doing a
standard amount of submaximal exercise and will remove
more oxygen from that air, The total amount of OXygen con-
sumed in such a bout of submaximal exercise dooes not
change. Additional changes which indicate an improved offi-
ciency of physiological response include an ability to perform
agiven level of submaximal exercise with a lower heart rate
primarily because of a larger stroke volume. With a larger and
stronger heart the individual is able to supply the blood flow
needed for the exercise with fewer heart beals because each
beat pumps out more blood. This is the primary reason why
the trained individual also experiences a lower resting heart
rate. -

In submaximal exercise the amount of blood flow to the
exercising muscles seems to be reduced following training.
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Figure 15: Aerobic Endurance Training Increases the Stroke Volume of the Heart,
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What Else?
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foe all movement
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wh e hnmted i daity tashs, For example a peeon withy g st
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Figure 16: Overview of Important Changes from Aerobic Training.
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How?

Static stretching
improves flexihility

Flexibility

measurement

Why?

,
Flexibility
improves because
the connective
tissue lengthens

Improving one’s flexibility can best be accomplished by
means of static stretching. Static stretching means stretching
without bobbing. One holds the final stretched position stead-
ily for a short period of time. The optimal length of time forthe
dreteh to be held should last between 15-30 seconds accord-
ing to fesearch (Figure 17). A minimal flexibility program
should be done no less than 2 times per week. The more
irequent and the longer one devotes to improving flexibility
the more rapid the progress.

The flexibility of a joint is best measured with an instrument
called a flexometer which is strapped to the body part being
tested as it passes through its motion span (Figure 18). Certain
types of flexibility such as lower back flexion can be measured
with the aid of a yard stick placed between the legs while
seated on the floor. The-individual simply leans forward with
legs held straight and measures how far he/she can reach
without bouncing. Many other practical tests of flexibility are
available which involve recording the motion range in a given
joint. Caution is required for controlling the procedures to
permit replication if measurements are desired at a sub-
sequent date,

The resistance felt when stretching a muscle is not related to
the portions of the muscle involved with contraction. Rather it ’
is related to those connective tissue elements within the mus-
cle which surround individual muscle fibers and which bind
the fibers together. This connective tissue ultimately forms the
tendon which attaches the muscle to the bone. Together with.

_ thé ligamentous Qtructures which bind bones together into

O
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joints this connective tissue appears to lengthen ‘upon re-
peated stretching ‘permitting flexibility and enabling free
movement with less stiffness. Thus the athlete is able to move
through a wider range of motion hefore being limited.

’



L ‘ J
Figure 17: Example of Static Stretching Position being held for 30 Seconds.

~
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Figure, 18: Shoulder Flexibility being Measured with a Flexometer.
> 34
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. Diet effects
performance

" Carbohydrate loading
is increasing stored
carbohydrates

ERIC

Aruitoxt provided by Eic:

The speed of movement as well as the length of time deter-
mines the energy sources our muscles utilize. For example
sprinting relies upon stored (anaerobic) forms of energy while
long slow running relies on the creation of energy from stored
forms” of food with the use of axygen (aerobic). In some
performances, specifically activities requiring continuous
heavy exercise for approximately 40-180 minutes, the per-
son’s diet has a direct bearing on how well the person is able
to perform (Figure 19). Activities requiring intermittent
strenuous exercise like soccer or basketball require longer
time periods before the player is limited by diet. Under certain
but not all conditions an indiviclual may profit by altering his
diet.

The amount of carbohydrate stored in the exercising mus-

cles in the form of muscle glycogen is one of the primary

limiting factors to maximal performances ‘lasting between
40- 180 minutes (long distance running or soccer). For persons
engaging inssuch activities the diet during the week preceding

- the event can have anoticeable influence on muscle glycogen

levels and hence oniperformance. At other times during the
year modificiations of a normgl healthy diet have not been
shown to benefit such performances. For all other less de-
manding activities modifying a healthy diet has not proven to
have any benefit. :

Increasing the storage of carbohydrales in the body is car- .

bohydrate loading. Through carbohydrate loading the levels
of stored muscte glycogen can be increased more than 100%.

_ The procedure is-as follows: approximately 1 week prior to -
" the event the person should undergo an exhaustive bout of
exercise lasting about 90 minutes; for 2-3 days following this~
the person should begin a low carbohydrate diet; for the next

-3-4 days prior to the event the person’s diet should be very '

high in carbohydrates (workouts during this entire week
should be lighter than normal). The well trained athlete. may
notiexperience such dramatic increases in muscle glycogen
levells. This may occur because the normal glycogen levels are
already elevated due to heavy training, For such’persons
consumption of a high carbohydrate diet for several days prior
to the event is sufficient.

- 35
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Figure 19: Diet and Exercisé Performance
Only-in prolonged exercise can the type of food you eat have a direct effect

on your performance.
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Pre-event meal - .

Why?

Active people need
more food

Protein
supplementation
is unnecessary
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With regard to the question of what to eat on the last meal
before performance, most authorities suggest that the meal
should be eaten 4 hours before the event. should be light in
volume; and should be composed of that which the individual
normally eats. For persons engaging in events lasting longer
than 40 minutes the pre-event meal should be primarily com-
posed of carbohydrates. '

As was stated earlier, only when a person engages in con-
tinuous, heavy exercise for periods between 40-180 minutes
will a special diet be of help. To understand why these-are the
only circumstances where diet will have an impact on per-

. .formance requires nutritional knowledge and an understand-

ing of the fuels used in varying exercise forms.

Persons who exercise regularly expend more energy each
day thereby requiring them to consume more food. The
amount of food required is related to the amount of extra
energy spent. Inactive persons appetites have proven to be
relatively effective control mechanisms against the dangers of
overeating (thus gaining fat). Of the three basic forms of food.
(carbohydrates, fats, and profeins) only the first two are used
by the muscles as fuel for work. The main function of protein is
building and rebuilding tissues, including muscle and bone.’

A frequently asked question is whether the active person

réquires protein supplements to aid in the body-building pro-
-cesses. The evidence suggests that any added protein re-
quirement is adequately met by including protein as part of
the extra food consumed due to a higher activity status. Spe-
cial protein supplements are unnecessary and pften expen-
sive. Foods such as fish, meat, poultry, and b ns are good
sources of protein. Nutritionists recommend that persons re-
ceive 1 gram of protein for each kilogram of body weight. This
corresponds to .016 oz. of protein per pound of body weight.
For a person weighing 150 Ibs. this would amount to 2.4
ounces of protein per day. From a nutritional standpoint any
protein consumption above this amount is purely a matter of
personal preference. . .

0l
.
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- Vitamin and

mineral supplements
are generally not
necessary

Carbohydrate loading
aids prolonged work

The pre-event meal
has little effect

" on performance

38
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Research on vitamin and mineral requirements of-active
persons has indicated that adequate sources of vitamins and
minerals are obtained in the food, provided the person eats a
reasonably well-balanced diet. Research on whether vitamin
and mineral supplements will enhance performance has
shown no consistent evidence concluding that such supple-
mental procedures are unnecessary and expensive. In some
cases excessive vitamin intake can even be harmful.

In response to the question concerning what fuels exercis-
ing muscles require to form the needed ATP, both fats and
carbohydrates serve this function: The.degree that each con-
tributes varies with the severity and duration of the exercise. If
exercise is light and prolonged, fat and carbohydrate stores
(glycogen and glucose) both serve as fuels for the aerobic
prodluction of ATP. The longer the duration of the exercise the
greater the proportion of energy derived from fat. If exercise
becomes more vigorous, however, fat contributes less and
less and carbohydrate stores become the predommant source
of fuel. Aithough the level of carbohydrate storage is consid-
erably less than the level of fat storage there are adequate

levels of glycogen in the muscle and elsewhere (primarily in

the liver) to supply the carbohydrate needs for all forms of
exercise less than 40 minutes. Thus in all such activities,
regardless of how vigorous, fatigue or other limitations to
performance are not related to an inadequate supply of car-

‘bohydrate for flel. Only when suth vigorous exercise is

longer than 40 minutes do the normal levels of carbohydrate
storage begin to approach depletion*and hence lend them-
selves to being elevated via carbohydrate loading techniques.
Evidence shows a close link between‘muscle glycogen levels
and ability to persist in exercises such as running @ marathon,
long distance cycling, swimming, or vigorous gdmes as com-
petitive soccer. Fat stores play an mcreasmg role in filling the
void as the carbohydrate stores are progressively depleted but.

- exhaustion appears to be closely related to blycogen deple-

tion in such cases.

Research indicates that the pre-évent meal has little’positive
or negative effect upon-performance. This is because what is
eaten usually coes not alter the fuels used by the muscles.
Only in performances using the existing carbohydrate stores
in the muscles (e.g., performances with heavy work lasting

.longer than 40 minutes) is the content.of the meal likely'to'

influence performance. In this instance the meal should con-,
sist of 80-90% carbohydrates. In all other cases the meal
should be light in volume and eaten far enough in advance (4

o
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hrs.) to have passed through the stomach and into the intes-
tines. By so doing chances of discomfort are minimized. The
content of the meal can vary and should consist of foods of.
personal preference. Since protein is not used as a fuel for
energy production by the muscles, eating a large steak at this
meal will be of no assistance to performance; it may even
interfere because protein and fat are slow to digest.

Environmental temperature has a great impact on a per-
son’s ability to exercise. Provided the hands, feet, and head
are protected by an adequate covering lhe‘ré is little danger to
the person and little loss of performance‘while exercising in
the cold. Exercising in the heat, however, particularly when
the humidity is high, can result in an excessive buildup of
body heat leading to circulatory collanse and heat exhaus-
tion. With adequate preparation and proper precautions dur-
ing exercise such malfunctions can be avoided (Figure 20).

In events longer than 15 minutes not only does exercise
capacity seem to suffer when the environmental temperature
is high but blood pressure and temperature control mecha-.,
nisms can begin to malfunction, leading to heat exhaustion.
This is particularly true when the humidity is high or when
sweat evaporation is blocked by}lmproper clothing. As fluids
arefost the body temperature rises. Unfortunately thirst does
not seem to help the person sense the degree of fluid loss and
dehydration may occur. Therefore it is vitally important that
body flunds be replenished to aid in sweating and to maintain
body temperature at a lower level than would be the case if
the person became dehydrated. This can be done by drinking.
as much as a quart of water before beginning exercise and

then drinking a cup every 10-15 minutes during exercise even o

if the person does not feel thirsty.

39
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. Figure 20: Exercise and Heat Balance -
When the body-does not maintain an equilibrium between heat gain-and heat loss,

-hypothermla or heat exhauqnon may result.
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Body salt is lost
through sweating

Why?
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Itis a common practice for wrestlers to voluntarily dehyd-
rate themselves preceding a match in order to. qualify for a

lower than normal weight standard. It should be noted that
rapid dehydration before weigh-in has negative influences on
performance as well as on competitor health and should be
avoided. '

Since sweating results in a loss of body salt, persons who
exercise and train in the heat require supplemental salt, How-
ever unless the person loses more than 6 Ibs, of weight in a day
due to sweating, adding extra table salt to the diet is a more
than adequate method for replacing lost body salt. When the
weight loss exceeds 6 lbs./day, salt tablets may be required.
Such tablets should always be taken with an adequate amount
of water — at least 1 pint per 7 grain tablet.

Since clothing can seriously interfere with evaporation of
sweat, it should be minimized when exercising in the heat. In
football, short-sleeved, nettéd jerseys should be used on
warm days, helmets should be removed whenever possible,
and all efforts should be made to aid heat elimirition. Hands,
feet, ears, and the head and groin regions have a particularly
high rate of heat loss. On warm days clothing should not
interfere with adequate air flow to these regions in particular
(Figure 21). When participating on days when it is cold, care
should be taken to cover these hody parts.

Overheated persons who complain of dizziness, rapid
pulse, and/or cool skin are suffering from heat exhaustion and
should bé immediately placed in a reclining position. All
clothing should be removed and cooled by whatever means
available (hose, ice water, etc.). Fluids should be given to
replenish any previous fluid loss. Emergency personnel
should be immediately notified,

Bodly stress due to performance under hot humid condi-
tions can be dramatically reduced in as little as 4-14 days by
training under similar conditions.

Persons who exercise in the heat can easily become over-
heated and/or dehydrated. Since exercise causes significant
amounts of heat to be produced within the body the addi-
tional influence of high environmental temperature can

41
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‘Figure 21: When Exercising it is Importa_r_!t.td/t,ake into Account the Environmental
' Conditions. The'Example shows an Over-Dressed and Properly Dressed Jogger.
. T , .
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quickly overload the body's capacity for heat loss. Such a
temperature buildup can occur even in moderate tempera-
tures (70-80°F) if the exercise is prolonged and heavy.

The primary mechanism for heat loss under such conditions
involves the evaporation of sweat. Sweat is released from
sweat glands beneath the skin surface. Body heat causes
sweat to evaporate thereby lowering the skin temperature,
Blood which has been warmed by passing through the mus-
cles will then pass through the cooler blood vessels serving
the skin tissue and in so doing loses heat. Thus via the coordi-
nated actions of sweat evaporation and redirecting blood flow
to the skin, body temperature is maintained within tolerable
limits, .

However if something interferes with these processes, body
temperature can easily rise to dangerously high levels impair-
ing individual health and performance. High humidity and
restrictive clothing interfere with normal evaporation proces-
ses. Since much fluid is tost due to the-evaporation, dehydra-
tion can easily occur unless fluids are replaced.

Within 4-14 days of practice under hot humid conditions
the body will adapt and become more efficient to the stress of
such exercise. This occurs largely because the person begins
to sweat more rapidly and to a much greater extent. By sweat-
ing more, evaporative cooling is increased and performance
improves. The person can perform a given level of work with a
lower heart rate than before the adaptation. Blood pressure
during exercise is more stable and there is evidence that body
fluid levels increase. All these changes contribute to g,reater
efficiency when exercising |n the heat.

c

Persons concerned with achieving maximal performance
seem particularly susceptible to the testimony of popular and
successful athletes and coaches regarding performance aids.
Yet very few aids are likely to be beneficial to many people in
light of the complexity of individual performance differences.
A few aids may be beneficial to some but not others while
most will have no effect or even a potentially harmful effect on
the individual or his performance. '

Based on current literature there is no evidence of a stan-
dard beneficial effect on performance from vitamin and min-
eral supplements, gelatin, oxygen inhalation before or after

£
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Blood doping
may be dangerous

Anabolic steroids

Warm-up can help
maximize anaerobic
performances
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performance, hypnosis, amphvtmv;;'\.vs, alcohol, tobacco, or
murijuand. As discussed eardier vitamin and mineral supple-
ments are unnecessary. Oxygen inhalation before an
anaerohic event if done within 1 minute before the start, may
have a dight positive effect. Any other use of oxygen alleged
to aid pertormance appears to be psychological in origin,
Amphetamines while they cause 1 person to hecome more
emotionatly aroused have not demaonstrated noticeable and
teproductble etfects upon performance. Amphetamines may
Toad to psychological dependency as well as mask symptoms
ot potentiaty tethal circulatory collapse. Since the use of such
drugs has been declared illegal by sports-governing bodies, it
seems undesirable to resortto amphetamines for performance
aid.

There is contradictory evidence concerning some aids par-
ticularhy blood doping and anabolic steroid ingestion. Blood
doping is a technique of withdrawing blood cells from an
individual and later reinjecting the cells back into the person
when those original cells have been reproduced by the body
thereby artificially raising the level to enhance endurance
performance. According to research statistics the dangers to
the performer seem to vutweigh possible gains.

Anabolic steroids are synthetically produced substances
which chemically reproduce the muscle building characteris-
tics of male sex hormones. Many athletes (weight lifters, shot
putters, discus and hammer throwers) involved in activities
requiring great strength allegedly take large doses of these
steroids in addition to training to accelerate the expected
strength gains. |

Research has not found consistent results concerning the
effectiveness of such practices. In light of known harmful
effects on blood and liver disorders with prolonged use of
anabolic steroids these drugs are best avoided.

A few aids have been found to benefit performance in’
specitic ways. The high carbohydrate diet discussed earlier
prolongs endurance performance {see carbohydrate loading).
Water intake is necessary and will aid endurance perfor-
mances in warm temperatures (sce fluid needs in the heat).

Warm-up, actively rehearsed prior to the event warms the
muscles. The warmup can help maximize anaerobic perfor-
mances in particular (as in sprinting). it loosens the muscles,
tendons, and ligoments, making them less susceptible to in-
jury and increases the blood flow to the heart muscle. On
subsequent maximal exertion this will tead to fewer rhythm
abnormalities. Significant warm-up is not likely to aid pro-
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Caffeine benefits
prolonged endurance
performance

Table 4: Summary of the Effects of Seleeted Aids to Performance

No Beneficial Effect

Vitamin supplements
Mineral suppicments
Gelatin

O: inhalation
Hypnosis
Amphetamines
f\‘('()h()l

Tobacco

Marijuana

s

longed endurance performances because the increased body
temperature shifts the blood flow away from the exercising
muscles to the skin, In such events, prior cooling of the
periormer can be heneficial.

Finally cafféine has recently demonstrated a beneficial ef-
iect on prolonged endurance performances. Carbohydrate
stares are saved due o caffeine’s effect on incréasing rate of
fat utilization (Table d), ' . '

Variahle Effect .Blen:ef‘icial Effect .

Blood doping Carbohydrate diet for prolonged endurance
Anaboiic steroids Water when exercising in the heat
Warm up for maximal anaerobic events

Cateine for prolonged endurance

€]
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e * CHAPTER TWO

appearance

.

2
o S
!
What Do You Have To Help Me? ]
Strength training Malv\ mtvrv\t in building muscles is primarily rclated to
leads to increased - feeling and looking more masculine, Females sometimes wish
muscle bulk - 1o develop bigger muscles but-more often they try to avoid

’hv(_nmln;, tQo musc ular with exercise. Strength training can
lead to inCreases in muscie bulk (muscle hypertrophy). Most
females experience smaller bulk changes. Therefore strength
training provides opportunities for both males and females to

improve thvlr appearance (Fu,uw ). b
A
. . ' 47
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Photograph by Carlvjame Dunn Rice
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Figure 22: Strength Training and Looking Good
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How Do | Get It?

Muscle bulk is
incressed I)y dynamic
mouglh lr.umm,

Muscle “bulk up
is related to
hormones
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Why Does It Happen That Way? C

he strength training technigues discussed in Chapter | ean

ead 1o mus lv'h\purlmphy Fhe most elfective technigue

involves dviami xlrwmlhlrmnmu Setsof I()rvpvlllmnswllh
the heaviest weight that can’ be lifted correctly 10 times are
ustaty more effective than sets of fewer repetitions with
h( avier weights, There ares considerable individual difier-
ences insuch training .1(l.l|)ldl|uns As aresult atrial and error
approach tochoosing a muscle bulking program is often used.
The total amount of work a muscle is required to do in
addition 1o the degree of difficulty nnmh\ the rate of hypor-
trophy. Thus the person who does 4sels of 10 repelitions per
et wlll likely expetience more gain in muscle bulk than the
p('rsun doing only one set. Any muscle building program
shouald be designed 1o symmetrically develop the body in a
pleasing manner rather than focus on a single region such as
the upper torso (Figare 23). . . ;
Persons desiring to (il out a Ianky frame often resort 1o high
caloric, high protein dicts in addition 1o strength training,
However there is little evidence that ho extra protein is used
for musele (lv\'cl()pmunl

0y

.

Ihe precise mechanisms which cause a muscle to build up
bulk when strength trained are unknown. Evidence suggests
that the response is related 1o the individual male sex hor-
mone level. This explains why females experience much less

hypertrophy than males. However each sex has individual

différencas for adapting muscles to training. Some males will
respond more than athers. Unfortunately it is difficult to pre-
dictavho will respond and whowill not. The same is true for

" temales. As arule the female who already shows signs of large

muscle development is the one most likely to experience
maore hypertraphy from strength tramm;, than a less muscular
female. .



~

e

Figure 23: Muscle Building Programs should be Designed to Symmetrically Develop the
Whole Body rather than-one Region Alone such as the Upper Torso. = - °
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What Else?

Exercise helps control Many persons of hoth sexes and ages suffer from obesity or
obesity »excess hody fat, Regular exercise has been shown ta be effec-
tive in both preventing and treating obesity provided the
person is mativated and exercises properly, Regular exercise
alsa helps maintain a desired body weight (Figure 24),

\

N

How? \\

Prolonged aerobic The most desirable exercises for preventing and treating
activities reduce \obesity are ones in which the individual supports his body
obesity wcl;.,hl Jogging'is such an example. Many times, however, an

¥ obese person cannot jog effectively and so must resort lo other
exdreise mades such. as walkam,, cycling, or swimming,.
L()ng,er and slower forms of exercise usually resultin a greater
total Ralonc expenditure. In general the most appropriate
exercise procedure is one which causes the greatest tolal
number of calories to be utilized and which Brings the indi-
vidual the most enjoyment. Prolonged aerobic activities are
particularly beneficial for treating and ‘preventing obesity.
Positive results can be achieved through regularly exercising a
minimum of three times weekly for 20 minutes or longer.

7

Why?
Inactivity more Evidence indicates that macluv't/ rather than excessive
than food intake caloric intake may be a domiriant cause of obesity. Obese

contributes to obesity mdnwdual: move less throughout the day but do not necessar-
' ily eat more. Habitual exercise of lessthan one hour does not
nece~sarily cause an increase in appetite. Food intake may
increase cnly to offset the increased calur:c expenditure in
; some persons while in others intake mav remain the same or
, even drop helow the level of sedentary individuals. There is
no evidence that regular exercise leads to the development 'of
obesity with overstimulation of.the appetitie.

51
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Figure 24: Regular Exercise can Contribute Significantly to Pre’ventihg and Treating
Obesity. .
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e namber ot 1at colls in humans ingroases antit Th- 18
years ol age, thereatter omaining constant, In adalthood,
pains iy hody tat come as a resubl of incroases it cell size
not number. Obese persons usually have more tat colls tan
non-obese: persons. Indirect evidence suggests that, regular
oercise durmg oarly e years when fat ¢ olls are heing do-
veloped could help controb abesity in adulthood,

Regudar oxercise is usetul i eating obesity tor iunmerons
reasons, Literature on physical training programs indicates
that while body weight may not change due to training, fat
content is often reduced and tean tissue doveloped, Further
analysis of the fiterature suggests that for a training program to
catse o reduction in body fat the following minimum re-

(uirements must be mot: '
¢ the program must be conducted at least 3 times per
week; -

o itmust last at east 20 minutes per day;

¢ itmustbe atasufticient intensity and duration to expend
approximately 300 kilocalorics (kcal.) per exercise ses-
sion. Note: a keal, is the unitof calorie expenditure and is
the same as “calorie” in Jlayman’s terms.

As an example a 170 Ib. male expends approximately 14.9
keal. per minute when jogging g pace of 9 minutes per mile
(see Table 5). If he continues at that pace for 20 minutes, then
the lul.\l caloric expenditure equals 298 keal. 1(14.9 keals
min) (20min.) = 298 keal.|. Jogging at @ pace of 11.5 minutes
per mile requires only 10.5 keals. per minute. Thereiore this
person would need to jog for 28.5 minutes to achieve a total

caloric expenditure of 300 keal. per session” at the slower
pace {300 kcal)/(10.5 keal/min.) = 28.5 min. |,

It should be noted in Table 5 that the number of kilo-
calories expended in an activity varies not only with the
intensity or pace of the activity but also with body weight. The
heavier the personthe more kilocalories-expencled at a given -
pace. Females beyond puberty ténd as a whole.to weigh less
than males. As a result they will need to engage in a given
activity and at-a given intensily for more time to achieve the
goal of 300 kcal. per exercise session. Unfortunately the
minimum requirements mentioned above emanate from data
collected .primarily on males. As more data is collected on
females the recommended minimum daily caloric expendi-
ture may be found to be less for females l)ecause of these
differences.in body weight. )

There are several other reasons for including exercise in a -
program to reduce fat content. Weight toss by digting alone

53
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Vable 51 Energy Expenditure in Selected Activities (keal/min)*

Ky 50 59 o8 77 06 2%

Activity 10 130 150 170 190 200
Badminton 4N 6.7 0.0 7.0 #.3 0.2
Baskethafl 0.4 i1 0.4 10,6 1.0 131
Climhing Hills
no load 6.1 7.1 W 0,1 10.4 1.5
with 10 kg load S0 B 5 104 12,0 103

Cytling
55 mph 1.2 AN L) / 5.0 5.5 0.1
9.4 mph 5.0 5,49 0.8 7.7 B.G .95

Digging trenchoes 7.3 8.6 9.9 1.2 12.5 1.8

Forostry
Ax chopping-tast 4.9 175 202 229 25.5 28.2

« Ax chopping-slow -4 5.0 5.8 0.5 7.3 8.1

Gardening ‘ . '

Maowing 5.0 0.6 7.6 8.6 9.6 10,6
Raking 2.7 1.2 3.7 4.2 4.6 5.1

Golt 4.3 5.0 5.8 0.5 7.3 8.1

Running '
Crass country 8.2 9.6 11,1 12.06 14.0 15.5
Horizbntal ) ‘

11.5 min/mi 6.8 8.0 9.2 105 11.7 129
- 9 min/mi . 9.7 11.4 13,1, 14.9 ©16.6 18.3
_ 7 min/mi 12.2 139 156 174 19.1 20.8
© Swimming ' L v :

- Backstroke -~ 8.5 10.0 11.5 13.0 14.5 16.1
Breaststroke 8.1 9.6 1.0 ° 125 139 , 154
Crawl-fast 7.8 9.2 7 106 120 . 134 14.8°

.+ Crawl-slow 6.4 7.6 8.7 9.9 11.0 12,2

Tennis . 5.5 6.4 7.4 8.4 9.4 10.4

Volleyball 2.5 3.0 34 39 43 . 4.8

walking : ‘
Comfortable pace 4.0 47 5.4 7.2 6.9 7.6

Sitting at ease 1.2 1.4 1.6 1.8 2.0 2.2
Writing * 1.5 1.7 2.0 2.2 25 2.8

Lying at ease 11 1.3 15 1.7 1.9 2.1

*Adapted from Katch, F. and McArdle W. Nutrition, Weight Control, and Exercise. Boston: Houghton
Miiflin Company, 1977, Appendix B: Energy Expenditure in Household, Recreational and Sports
Activities (in Kcal/min).
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"

Catnes Toms of Tean tissue and protein as swell as fat whereas
weight Toss by exereise catmes nearly all of the weight toss to
come trom it Regular exercise ala contributes to the e
velopment of the museular and cardioresplratory systoms as
wedl s Being usetul in obesity treatment,

Avrobic exercine is of particular uselulness since tal par-
tinlly serves as afuel for such work, Aerabic training promotes
the enzyme development involved In the hreakdown of Tat,
this resubts in more tat boing used as o fuel at a given lovel of
work than betore, Weight supported fornm of oxerclse are
preterable 1o others because more calories are spent in o
spocifiod period of time, ‘ '

Peoplo often exercise to reducedat in or around o spociiic
body location, Evidence suggoests howoever that oxercising o
specific bady part will not cause o recuction in tocatizod f
deposits in that specific aroa.
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Exercise can treat
hypokinetic disease
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, CHADPTER THREE

copin

Courtesyv of Arlington Recreation Department

LY

I today’s world “survival” can mean being free of disease,
Many discases are related o inadequate exercise, Hypokine-
tic degeneration or loss of function is one such disease caused
by insufficient movement, Handicapped persons are particu-
larlv susceptible to this disease because they are often not

provided the means of fully using their bodies. Persons who -

sufter from hypokinetic degeneration can experience one or

More of the following: bone and muscle atrophy; loss of

tlexibility; cardiovascular degeneration; respiratory, bladder

_and bowel malfunction.

Coronary heart disease and stroke are two related diseases
of great magnitude. Characteristics of people associated with
premature susceptibility to these diseases are called risk fac-

57
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How?

Adapted physical
cducation programs
WFE NECessary

Large muscle thythmic

exercise for heart

disease and stroke
are recommended

58

v Lk of ssercine iv o risk tactor of minor but significant
importans e o e development ot hoth diseases. Two other
tisk i tors, high hlood pressaee typertension) and ohesity,
ean b redie ed by pegular esercise,

Eyercine han proven to he s osetul thenpy in the ieatment
of iy diseases, injuries, and rish Tactorm, Easentinlly all
hypakinetic degeneration symptams can b revered
even eliminated through exercise in one form or anather,
Recovery Bom injuries to mse les, tendore, and Hpamoents or
topair ol iractared hones can be hastened with exercise e
Cine i sometimes heen of henefit to persons sutlerdng from
higgh hlood prossure, Ohenity has heen saceessiutly troated
throvgh combined exercise and diet,

Reglarly exercising all parts of the hody in some com-
prohensive program is recommended for preventing and treat
ing hypokinetic degeneration, Handicappedd individuals are
particularly in need of programs which focus on strongth and
rangie of motion, Such individuals also confront obesity and -
heart discase risk due to their inactivity, Adapted physical
education programs are heneficial and of vital importance
{Figure 25),

The preferred exercise for the coronary artery disease and
stroke prevention is large muscle rhythmic exercise, Jogging,
cross-country skiing, cycling, and swimming are all appropri-
ate examples (Figure 20), The discussion of acrobic endur-
ance training procedures in Chapter ‘1 outlines the recom-
mended procedures in full. ’

Persons diaghosed as having coronary heart disease, stroke,
or those who are in a higher risk category because of age or
other known risk factors should avoid intensive small muscle’
exercises,“Examples include push-ups and pull-ups (Figure
27}, lsometric exercises should also be avoided because they
demand a greater amount of blood to be pumped by the heart
at the same time as the resistance to blood flow is increased.
Rhythmic large muscle exercises also require more blood to
be pumped by the heart but resistance to blood flow is re-
duced. The net effect of doing intensive small muscle’exer-
cises or any form of isometric exercise is that the heart muscle
is forced into a very high workload presenting danger to
anyone who has a potential[y weak or diseased heart.

ce
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Figure 25: Handicapped Individaals are Particularly in Need of Adapted Physical
Education Programs.
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10 rcecommended that iy one over age 35 contemplating
an exercise program should obtain a phyvsical exam which
evaluates the performuance of the heart during such exercise.
Such an exam is commanly reterred 1o as an exercise stress
tost. Persons who are at high risk should definitely receive
such astress test betore beginning an exercise program. Any-
one who has been diagnosed as having heart disease should

enercise under the supervision of trained personnel.

Why Does It Happen That Way? .

Inercise helps
o bind minerals
nto bones and

‘onpective tissue
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-as one of several minor risk factors,

Understanding the reasons why regular exercise prevents
disease s very ditficult because of the complexity of bodily

processes and how diseases affect these processes, In Chapter-

1 many bencticial changes from (\\é(g ise in the muscular and

-dirculatony systenms w ere dise ussed, There .m()nshlp bvlwvan

obesity and exercise swas disctssed in € Imptc . Some o7 the
mechanisms not mt‘nmm( (I which relate eXercise to the pre-

vention and therapy oldisease are presented in the t()'l()wm;,‘-'

paragraphs, - ; .
I joints are nol moved the conndic two lissuetin Ilg,‘mwnts

lvn(ium, and muscle shortens, causing flexibility foss it the

joint,

();)p(mlk' effect, B e

Bone tl\sut‘il\ also ll'teuud l)\‘ inactivity. Bones are con-"

stantly in a ddte oibeing modified arid strengthened to meet
the demands$laced onthem. Calcium and other minerals are
deposited in stress areas. I the normal level of éxercise is
reduced. this strengthening process is inlerrupted and bones
lose minerals making them weaker and sceptible to
fracture. -

The relationship between lack of exercise and increased
susceptibility to coronary artery disease and stroke has not
been conclusively proven due to the complexity of the dis-
eases and numerous contributing-factors. In addition these
diseases take many years to develop into a severe enough
state to be diagnased by present techniques. For these reasons
rosedarch progress is slow. Although the role of inactivity is not
vet proven there is ennugh indirect evidence for it to be listed

61

Resgarch has ¢hown that cpnpective tissue is
~lr(-n;‘lht-m(f by egul, ir C\(‘r(ls(' Jack of oxercise has Jhet
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Figure 27: lsametric Exercise in General or Intensive Small Muscle Exercise should be
Avoided by People with Heart Conditions,
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Exercise may help

prevent heart disease

and stroke

Exercise is useful’
for cardiac

rehabilitation

‘

Many cardiologists teel that if the death rate from coronary
artery disease and stroke is to be significantly lovvered, some-
thing will have to be done to prevent rather than treat it once it
appears. Since evidence suggests that these diseases may
boginto develop in childhood it becomes evident that regular
exercise habits need to be emphasized and established very
carlyv in e, .

There-are numerous reasons why exercise is thought to be
telated to the prevention of coronary heart disease and stroke.
Research on rats has indicated that rogular exercise promotes
alarger arterialand capillary system feeding blood to the heart
euscle. Wthisis also true inhumans, blood would flow to the
heart nruscle, Evidence suggests that regular exercise im-
proves stroke volume by creating a greater contraction foree.
With a larger stroke volume the heart is able to pamp blood
through the body with fewer beats thereby not having to work
as hard, o

Both high blood pressure and highe blood fat levels are
major risk factors in coronary heart disease and stroke. Exer-
cise has been shown to be of some help in reducing high
blood pressure. Other evidence suggests that exercise can
lower the tevel of fat in the hlood if done at least every othor

“day. The buildup of fatty deposits on the arterial walls may be
Sslowed (Figure 28) and the ability to break down blood clots

mav be increased through regular exercise, In all there are
mamy potential explanations which could account for why
regular exercise is thought to play d preventative role in the
development of coronary-artery disease and stroke (Figure
29, « : ’
Bevond prevention, exercise has proven to be of significant
therapeutic benefit in the treatment of persons with known
coronary artery disease. Clinical evidence suggests that such
CACTCINC PrOgrams (‘()ntril)ul&-’l(') a heightened physical work
capacity in the person and less strain on the heart. This may
occur even if the exercise does not improve the circulation to
the headt muscle. The resulting effect on the individual is
greater seli-confidence and a heightened psychological out-""
look. The persorf is better equipped o regain a productive

Htestvle, Tentative evidence suggests that all this results in a .

lowered rate of recurring problems and mortality.
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—-"Figure 28: Regular Exercise May Slow the Building of Fatty Deposits on the Walls of
Arteries,” ' '
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Regular Exercise

Strengthens
hones

Reduces
Body
Fﬂt"r Ly

Reduces the
risk of coronary
artery disedse
and stroke*

Strengthens
muscles,
ligaments, and

tendonst

Develops

capillary -

network of
heart (2)*

Reduces the
“work of the
" heart in

submaximal

exercise”

Reduces high
blood
pressura*

Reduces levels
of fat in blood*

-

*Indicates benefits which predominantly result from regular aerobic exercise

tIndicates benefits which predominantly result from regular heavy resistance exercise

Figure 29: Summary of Several Benefits of Regular Exercise
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What Else?

Surviving in
emergencies

How?

Overall training
for emergencies
is desirable
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Living in the medern world requires the ability to survive in
emergencies. Nobody can anticipate how or when a situation
may arise requiring ability to pull oneself up over a bacrier, run
fast, maintain a strong grip, or withstand a physical hardship.
An adequate level of physical fitness (or adequate strength,:
speed, and endurance) can make a crucial ditference in such
situations.

Since orie cannot predict if and when an emergency may
arise, or what may be required for survival, a comprehensive
approach to fitness is necessary.

Adequate strength to manage one’s body weight should be
developed and maintained. Essentially one needs to train with

near maximal weights or repeatedly exert near maximal force

for strength development. Dynamic and isokinetic strength
training techniques are appropriate methods (see Chapter 1).
In addition, calisthenic exercises like pull-ups, push-ups, and -
dips can be satisfactorily employed where proper facilities for
developing strength by these techniques are unavailable.

Running speed can bhe improve(l‘throu&,h anaerobic power
and endurance training procedures. Both . involve running
repeated intervals at near maximum speed.

Endurance implies either an ability to engage one muscle
group in exercise over a long time period (muscular endur-.
ance) or the ability to engage the whole body in prolonged
exercise (aerobic endurance). Muscular endurance training
techniques involve repetitious exercise with a submaximal’
weight. Aerobic endurance training involves rhythmic large
muscle exercise atleast 10 minutes daily and 3 times per week
al a pace which raises the heart rate to an adequate level. For ~
the average young adult an_adequate target heart rate to
achieve in exercise ranges belween 150-185 beats per mm-_'
ute. Persons who are particularly unfit when beginning may -

~gain some benefit from exercises in which the heart rate is as

low as 130 beats per minute. Both muscular and aerobic
endurance training procedures were described iri Chapter 1.
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Figure 30: Circuit Training can be very Useful in Devcloping and Maintaining Physical
Fitness, ’
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* Figure 31: Possible Stations for a Home-Based Circuit Training Pr(\)K'ram.'
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Circuit training

An alternative approach to overall fitness is circ uit training.
With this approach a series of individual exercises are tied
ntoa circuit and then executed as quickly as possible. Often
the exercises are located atdifferent stations in a room. A great
variety of individual exercises (stair running, push-ups, pull-
ups, squat thrusts, or flexibility exercises) may be used in de-
vising a circuit. Weight lifting exercises are commonly used
(Figure 30). Circuits can be varied according 1o individual
needs or according to facilitiy limitations, Persons can even
organize their own circuits athome (Figure 31). A home based
circuit training program is of particular relevance for the
handicapped individual. The overall individual benefit is the
effect of cach exercise on the specific body regions. In addi-
tionaerobic endurance can be improved from the continuous
station activity, ' : '
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CHAPTER FOUR

health

Phologr.lph by C?rlyiane Dunn Rice
I

What Do You Have To Help Me?

~Itisnotuncommon to experience muscular pain in the used
. » bodv regions one or more days after heavy excercise. J\XLSCI(.‘
soreness is used to describe this pain, With the proper tech-
niques muscle sorenoss can he minimized or its severity re-

duced.
How? -
Gradual increase in Minimizing muscular soreness involves beginning:heavy
activity level lessens exercise with an adequate warm-up to loosen muscles and
‘muscle soreness joints. Lhe technique of Gsing static streteliing oxercises, as

discussed in the flexibility section of Chapter 1, is particularly

71

- 78

ERIC

Aruitoxt provided by Eic:



recommended Tor this warm-up period. Muscle soreness is
maximized when the level of habitual activity is first raised as
during the first woeek of an exercise program. The severity of
the exercise also influences the degree of muse le soreness a
person will experience. Prograiis which cause a person to
-abrupthy do much more exercise than normally accastomed
to result in more muscle soreness than ones which slightly
raise the level of activity. Therefore it is advisable to ase a
gradual increase in activity level to prevent or minimize mus-

¢ lo sareness, ) . _
g 4 .
It and when muscle soreness develops, static stretchi

oxercises of the sore regions have proven helptul in reducing
pain. The technique simply involves holding the sore muscle
in a stretchoed position for 15-30 seconds or longer (Figure 32).
The exercise should be repeated several times a day if the pain
is severe. '

Why Does It Happen That Way?

Muscle soreness occurs The most common explanation for muscle soreness is mus-

from connective tissue — Clo tissue damage resalting trom the exercise. More recent
. . . - A

damage ©evidence suggests, however, that connective tissue running

e through the muscle rather than the muscular tissue itself may
be the source of the pain. Muscles are composed of bundles of
muscle fibors, (flonnv(‘livo‘lis'suvsurr()un(ls cach musclefiber,
forming groups of fibers into bundles and binding numerous
bundles together to form the entire muscle. The muscle ten-
don which attaches the muscle to the bone comes from thiy
connective tissue within the muscle. Strenuous exercise may
cause the normal balance between the buildup and break-
down of this connective tissue, resufting in soreness.

.

What Else?
Avoiding fatigue - Occasionally we are all called upon to physically use our
through fitness bodies. A triend may need help litting or carrying a load or
_somebody else may ask for assistance to move his houschold.
In the spring it is not uncommon to see people cleaning up,
and digging in their gardens after months of indoor and rela-
tively inactive living. Even the inactive person may find it -
72 ) '
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Figure 32: Preventing and Treating Muscle Soreness .
Static stretching exercises can minimize the amount of musele soreness. Hold a stretched
position tor several seconds without bound ing.

i
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How?

Fatigue is minimized

through fitness

O
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ditficult to retuse the invitation from a group ot friends to take
an atternoon bicve e ricde ona sunny spring day. 10 an indi-
vidual wishies the treedon 1o patticipate ina varnety of such
Jotin ines without being limited by premature tatigue, - an
adequate fevel or physical tiness s vssential thigare 334, -

Thret fitness components seem o be of particular impor-
tance tor “feeling goad”” while exercising,

Strength:  Developing and maintaining.an a(lv:‘qunlc level
of muscular strength is important because strength appears to
bo involved to some degree in almost all performances. Per-
wons with greater strength are likely to experience less fatigue
than those with less strength. All regions of the body require
adequate strength. Overemphasis on training only one body
bart does little to prepare the individual for the wide range of

movemoents likely 1o be encountered while freely engaging in -
ACtivity,

Fwo types of endurance, muscular endurance and aerobic

endurance, appear to be of particular importance in minimiz-

ing prvnmlurc fatigte from exercise. Muscular endurance
refers to the ability of individual muscles to continue exercis-
ing tor roldhvvly long, p(-rm(ls of time. Acrobic endurance
rofers to a similar ability of the whole body to persist in
prolonged activity, If two othenvise equivalent persons differ-
ing in their levels of muscular and aerobic endurance were
asked to work side by.side on the samie task the one with the
higher endurance would not only complete the task in less.
time but that person would experience more comfort during
and afterwards.

One last word should be mennoned regarding tccllm, pood
while exercising. Persons who have excess body fat usually
find themselves under greater strain while exercising at a

given rate than those awith low levels of ‘body fat. This is

hecause the fat acts as a heavy burden which must be borne
along with the individual. Just as a heavy backpack slows
down an exercising person by causing additional fatigue, so,
too, does extrafat weight. The role of Fegular exercise in-
preventing dn(l treating ()l)vsll) is dicussed in Chaptcr 2.

£

/

<
/ o

Y, 2



\. ‘ . ] S

Figure 33: Adequate Fitness Prevents Unnecessary Fatigue.




Why?

Muse fe latigue
results from failure
of the musdle fibees

to contract

Tsee pases 1h- 38 tor larther discasston of energy production in exerdise,
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Phe eaplanation ton et peeson’s ability toesercise it
prcen lovel and weel heter relates purtly to the phvaialogical
and stiuctun] Chunges that occur lrom nining. Any attempl
to cexplan the phenomenon of Tecling good tor nor feelhing
soenliw hile exercming should consider the causesand mech-
anisims ab muscle tatigue.

Suse e atue soan esceedingly (lll\l[)'('\‘ phenomenon
which has no simple and entirely consistent esplanation.
Uieder somee ¢ reumstine es fatigue may resultironatailure of
e contral nervous sssten 1a deliver impulses 1o the exercis
iy musedes. Fatipue may also result when the junction be-
i een the nen e and the muse le does not perfonm adequately.
The hest explandtion tor muscle fatigue, however. is the fail-
are of the muse le fibers to contract. This contraction failure
mas result rom a variety of sources including depletion of
enerey sources, Joss of substances required for contraction,
and or waste products accumulated during exercise.

I mesimal efiorts Tasting less than 10 seconds (eg. sprint-
mu), the primary source of energy appears 1o he stores of ATP
in the muscle, © Fatigue in such exercises resuhts from an
mability o resupphy these ATP stores. In heavy exercises
w ich Tast answhere betiveen 10 seconds and 2-3 minutes,
Credtine phosphate supplies needed ATP to the muscles to a
sienificant degree. Fatigue under such circumstances is
drongly related ta the depletion of creatine phosphate stores
in the muscles. Neither ATP nor glycogen stores are severely
depieted in these instances.

When heavy exercise is continued for increasing periods
hovond 2-3 minutes, the ability of the person’s oxygen deliv-
erv syastems o supply oxygen to the exercising muscles is of
increasing importance in determining the devel of work that

~can be sustained,
In heavy performances lasting longer than 10 seconds in-

cluding those which rely heavily on creatine phosphate as
well as those which begin to rely on oxygen for ATP produc-
ticrs, anacrabic ghveolysis also serves as an imp()r‘lanl means
of producing ATP for the muscles. The byproduct of anaerobic
glvealyvsis is lactic acid which has an important role in muscu-
Lar fatigue. It is not known whether fatigue results from the
accumulation of tactic acid, the effect of lactic acid on lower-
ing muscle pt, or the influence of both on enzyme activity



What Else?

Low back pain can
hedessened by strong
bdominal muscles
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v olved i anactabie wlveob s Fatne may also e cagsed
v aprogressive phasphate loss e the s e, Phosphate is
necessaoyan the production oo 0 creatine phosphate

A nadeaquate supply O oxseen 1o the muse e s alvo
knos i torcontibuate tomusele fatigue, Such Tosses of oxvgen
supplyare not uncommon in shoe-term, highly mtensive
v ebvorosercisespanticular v i e exercme is static orisoniet-
He The Joss Of Oy sen supply tohe museleos due to substan-
trally redaced blood tlow to the musc e, Without o blood
stupply the delivery of osvgen ad the elimination of wastes
from the museles s disruptedd.

I profonged heavy exerdises fasting longer than 40 niin-
utes, tadidue appears strongly refated to the deplétian of mus-
clesplveogen stores. Tnsuch conditions and even in-extreme
crrcunistances swhen the exercise fasts less than 40 minutes,
tugh body temperatare iy contribute 1o muscle fatigue ds
well Whenever body teniperatures rise as in heavy exercise,
thee blood vessels in the <hin and muscles cosrete for blood

supply . Blood miust be sent to Vessels o ke skin for
cogling purposes. [T the exercising mus, e of their
blood supphy the oxvgen required for the - production

of ATP may be reduced. This waouldt lead 1o a greater depen-
dence upon anacrobic plveolvsis for ATP production and
maore fatigue. "

I light o the complesaties of explaining muscle fatigue it is

ditticult 1o fully coamprehend swhy traming causes an im-
proved response to a piven level of exercise, The faet is that a
trained person experiences less fatigue during and after the
exercise when compared o an untrained individual of simitar
caliber working ot the same work lovel, The net effect is that
the trained individual “tfeels better than the untrainéd one.
Whether this arises out of a greater storage of energy sources
or fuel. o greater abiting 1o wlerate the burldup of waste
prodicts o some cambination of both, awaits further re-
soaren. Pavchological factors can also interact with the
physiological Tactors, causing the trained individual 1o feel
better than the uniramed one, co

5’(»(-Il'ng vood also concerns chronic fow back pain consid-
erations. Itappears that many: cases of low back pain can be
prevented by maintaining”good posture in the lower back
region. The spine should be kept straight and should not be
alloswwed to arch into the sway back position (Figure 342.
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Figure 34: Low Back Pain can be Prevented with Good Posture.
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PRy sical activity
enhances health and
quality ot life

How?

Regular exercise
2
should be tailored

to personal needs
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. ,
Adlequate tesabnliy and strength ot e alidommal o Jos
areccontbuting tactors to the prevention ot Tow hoack pain,
Abdonmnal strength s preterably desveloped theoushy ase o
beat knec situps, For those suntenmgg from low back pain, static
contractions at theabdonunals rather than dvnamic contrae -
tons are proferred becaase they place less strain onthe loscen
bk

Focling goodbalsonedates o person’s overall health stans,

Whercas in Chapter 3 the role ot exercise inpreventing and

treating disease was dise assed, health implios more than free-
dom tronm disease. Health s a condition of the body charac-
terizod by vigoi and vitalitv, Persons who partake in regalar
exercise nsuallv enjov an enhanced qualive of life, Such exer-
Cise cancame through regalar raining and-or by finding ways
o incorponate exercise into daily living (Figure 351, Adive
people are able 1o more fully participate in life endeavors,
responding with an enthasiasm and vigor that sometimes
alienates their sedentary counterparts,

ftan active litestvle is to be achicved, itmust be tailored 1o
individaal interests, tlents, and mecans. While jogging and
calisthenics may be effective for some, vigorous games or
outdoor activities are more appropriate for others (Figure 36).
ftis unlikelv that an individual will persist in acitivitios that do
not reap enjovment, Therefore activities must be chosen
which are compatible with individaal interests and
Capabilities. )

Fhe approach into activity must be gradual for persons who
have been sedentary for some time, Raising the activity level
too rapidly can often result in injuries to tendons, ligaments,
bones, and muscles, A gradual increase inactivity status
permits these stractures to adapt ane strengthen without ever
exposing them (o excessive strains that can contribute to
injury. Through patience and slow progression the person
desiring an enhanced quality of life through regular physical
activity is more likely to teel good as progiess-is made. After
approvimately 4-5 months adequate structural and functional
adaptations wiil have occurredto allow the individual to enter
the maintenance phase of physical activity. This phase is
characterized by a relative plateauing of the activity status of
the incividual, hopefutly at a level which will allow the per-
son to explore life to it fullest, with health and vigor, en-
thusiasm, and a sense of developing one’s potential.
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Figure 36: The Preferred Form of Exercise is Unique to Each Person.
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CHAPTER FIVE

aesti.etics/social/
psychologlcal

Photograph by Carlviane Dunn Rice

What Do You Have To Help Me? '

Physical ac tivity By particmating io activities which develop and maintain

provides social phyvacal foee e v will not only experience personal

henofits ‘ benetits b wirlbalse find that there will be plenty of opportu-
nities 1o et and aoteract wan other people. For many,
jogging with ot tis more pleasant than jogging alone.
When oors o0 over that they share the common interest of |

JOLEING, .18, vogd, or oiher activitios, a bond of common
understanding s established between them. With the ox-
panded interest in the racquel \p()rl\ of tennis and racquethall
ind the necessary clubs and fawilities to piay these sports,
faths opportunitios to int ract with others arise (Figure 37).
The camieistrue if one chooses torparticipagte in the martial arts
novemerts. Opportundies for social interaction have always
existed insofthall, basketball, or vollevball teagues. Opportu-
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Figure 37: There are Many Opportunities for Sodial Interaction through Physical
Activity.
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Figure 38: Handicapped Persons can Have Positive Social Experiences through Activity.,
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Figures 39 & 40:
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Many Outdoor Activities Require a High Level of Physical Fitness

for Success and Safety.
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Phyacalac vy
helps 1o v on

8

}

-

pibes toe competbear sy g anil e boane ol oage
aver ps s o e aemiber o van g oy ot Py,
Sl nteractom b e appest iy idials s hecomng
e avdabbe tronsh spott aeed oy than me the pasl
et .

Far thoe wha e e ane by ey ot on doegs,
acheguate phycal nessosaecesaty e hoaekpachor the
tow kv Tandeer ahe canoeant, ar the sk alb st hove the
ey Dteess tocdoc e respectives v iy ihies an well gn
Bove e phvcacal e oy nce shondd an cmerency argse
e BN b

Mty ol se D enlane conentmos cmentoanes esperien (g
sreal popwariy todas People are o onc by petting into
egrmedves o Iy hesrmme o oo hodies, A\ canainton
theme unning theofish ale or the approache 1o holisic
selt deseloprment vothe nec o e and fake coreon e body
Quonmhe phivacal a2 xerme o part ol Tne that our
cultiee b poogieseav ey cocanded s A people tind themsehes
contuttlled o then carrent Tiiostyles they otlen seaieh or
et ol lHoy some o the voids, Many discover that mach of
i sevirchimsy can heoe olved by adoptingg a Hifestyle which
st es tovwsad achievineg o balance, Part ol that balance in-
evlabby mw Tudes phivaieal acrivity ¢ igure s,
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Figure 41: Lifelong Activity Helps Achieve a Balanced Lifestyle.

ERIC

Aruitoxt provided by Eic:

;

89



O

ERIC

Aruitoxt provided by Eic:

Whiere Can | Flind More Inforiadon?

TR TR T L T TR T B DTS Y O R S R g P Gt
S ea PRI Heash Vi P

Pobocboin  Dvsy i Bl v v T B i (R
Plomyebahnin - Ui C oo [

TR R T R TN T IO P R N R PURPRNE t N FYUN AN ISR B SRR Y i . Bt ol

P telphe e e febaeer bri

(T PO T (O S TR VR RN PR YUR | PR S O S R B P PP A TU A L TR AT
Faoaichiton Sl Congoie o

Pt Ehgaddb 10 e caieee d o (PN AN VRO T e vqud
Ml Pabde- e Cornpan, v

Nhthesy o VR i Tos b e P esncn b i ol Plegeae 8 Dot e s i
Vet o e el Phrkacetptna A aandeis Cainpaiiy e

Polloa b NU A e ool bos Sy Hiealth aindb i Priavipeds 1y it Wbl
IO TS N P YT IR Y RIS YR TN YRR R RN A |

Sherbey PE P edoans o Bibe e ¢ haopeisane B oman Raehes Padilishers
I

shoniee AT Rl AN Sy etk e Vel Pooveope Plicaes v Loig
Vbt Comnfine e Pocdone Ny and ey e s

AWl | Nt Feariing vind Py gl it Woeto M 28 e i

19

90 Voo



=
-

BASIC.....

physical |
educators. . .

- £

( 3/81 (Prices subject to change)
' . Regular
Serdes [ ttles: Price
Excreise Physiolage ( 24526826 B CA AR
Kinesiology (245-26828) ’ # 3 U5
Motvr Leanung { 235- 2683400 A 595
Psveln-Social Aspects of T'hvs B (24526842 . AR5
Humunmtios in Phvsical Education (2435-268:44) A 5,95
Motor Dievelopment (235-265:44) " AR08
SIN TACK Gl 6 titles i Series 1 245-26848) R29 095
Serles I tdes:

. l‘:url\'('lulllllmui(ilufhiﬁ-“*)(:%i-;‘ﬁ‘*—#(‘) A 505 .
Childloon fages 9-12) (233260842 X395
Advieseence tages B3 1R (245-26R33) LRI
SETOF ALE A PUBLICATIONS IN SERIES 11 243.26846) A14.05 /

_ J

ORDER FROM: AAHPERD Publications Sales
P.OBox 870, Lanham. MDD 20801

2
~1

ERIC

Aruitoxt provided by Eic:



——Announcing-.~

ANEW CONCEPTIN
HEALTH-FITNESS EVALUATION

Gutts ana boys need 1o iearn anout the imporance of
nealth redatea ttness and to become aware of ther own
status Vahd and renabie procedures 101 use by teachers
in measurmng !m‘: components are now avalldable in the

AAHPERD Health Related Physical Fitness Test
Program

The s e r0gam s e 80-page AAHPERD Health Related
Healtn Related Physical Fiiness Test Manual. designed 1o - -
: Physical Fitness

screen cnidren and youth. ages 6 through 17 nn items
related 10 a person s health status both in childhood and
adutt yedrs

The Manuagi evaluates those aspects olphysiological
and psycnnlogical tunctioning beileved to ofter the
individual significant protection against degenerative
type diseases Sucn as coronary heari disease, obesity
ang vanous musculoskeleta! disorders It concentrates
specifically on those components basic 1o heaith related
titness—cardiovascular funchion. body composition,
strength and flexibiity

The AAHPERD Hecalth Related Physical Fitness Test
Manual outlines the four test items—aistance run.
skinfolds. sit-ups and a sit-and-reach test—and
nresents rationate tor each It gves detalled instructions
for agmunistration of the test and provides norm tables
for ages 6 through 17 to use in evaiualing physical
Iitness -

Key to importance ol the test 1s a chapler presenting
guidebnes for the development and maintenance of
- heaith related fitness This will help teachers not only
. to dentity jower than pptimal health stalus but also
1o point out tne types of things that can’pe
detnimental 1o heah and serve gs a potent force in

- educating chitdren and youth about important health . -
hiness components

For prices and onder mtonmations snate ANHPERD 16 Assoviation Dnve. Reston VA 2200
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