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agencies.(11) : 5%% of this project.
v . ™
The related studies and past and present interest of the police, however, ] éf

To accomplish the project objective, three broad areas relative to

have not provided a systematic determination of what the fitness and program- ,%jay physical fitness and physical fitness programming were investigated. First, a

matic needs of the police are. A clinical and analytical examination of the variety of exercise programs were designed and conducted in controlled environ-

physiological fitness of police deputies was conducted by the Los Angeles

ments to assess the physiological effects of exercise on selected police

TR AT
T

County Sheriff's Department,(12) but the study did not include a consideration ?i . personnel. Particular attention was given to the cardiovascular condition of

of the socio/psychological effects of exercise, nor did it consider different the subjects since heart and circulatory diseases are two of the Teading causes

approaches to implement, organize and administer police fitness programs. The of non-accidental disability retirement among police officers.

Tack of much evidence concerning fitness standards and programs for the police 5 jg g
=) Secondly, socio/psychological factors were assessed in terms of how these

-indicated the need for further inquiry and provided the impetus for the under-

o factors influence an individual's decision to participate in a fitness program,
taking of the research conducted. :

=2

f; ) how they influence the degree of the individual’s adherence to a fitness
o

The police are enigmatic in terms of their apparent attitudes and practices | ff program, and how they influence the overall effectiveness of a fitness program.

relative to physical fitness. There is universal agreement that there are times - -

i i The third area investigated in this study was a survey of the type and
when on-the-job physical requirements are extremely high and that the patrol é‘ 2 J Y d P

R ’ . 3 ,"( {:‘9 o . . - . . . -
officer has to be capable of performing these physical feats when the occasion &, ;5 quality of physical fitness programs already in existence in various police
. - * departments. Information relative to the nature of the programs, methods of

arises. Yet, available indicators point to the generalization that after the 3 it :

. . e ) , . e L program organization and administration, levels of participation, legal aspects
completion of recruit training, individual police officers show 1little initiative

. . . . such as liability, and measures of effectiveness will be obtained. In conjunction
to keep themselves prepared to perform the varied physical requirements of the

. .. . with the national survey of police agencies, a survey of police officers was
job. ' Furthermore, few police administrators have approached this problem pro- :

conducted for the purpose of obtaining individualistic responses to a number
grammatically.

of questions which impact on the effectiveness of fitness programming and

Consequently, what is needed in the field of law enforcement is the systematic fitness program administration.
development and evaluation of programs and methods that can be used to ensure

a high level of physical fitness among police personnel. This is the objective

iii

«‘fw...;i..ﬂ;_»_...—;.».vw'«n;.w‘..,«,;-,...»-;\.\a;_w-mh_Q»..«Lw;\,;.;s;i",4,.,\ e z N R

b e 55 S

e
3
N

¢
i
¥
i

. W ek - . -~ : o ~ . b P e S




Fg

This is one of four reports produced in connection with this project and
deals with measures police departments can use to determine the need for
physical fitness programs and recommended program implementation. Other
reports deal with the nature of specific exercise programs conducted by the
Institute of Aerobics Research and; the experience of police departments in
relation to the issue of physical fitness. The final report will be a manual
including program guidelines for police administrators concerning the relevance

of fitness programs, their organization, implementation and evaluation.

iv

R

e A S 3
i S -

3

e e ST

REFERENCES

1

Morris, J., Heady J. and Raffle, P., "Physique of London Busmen," Lancet,
Vol II, 1956. : ’

2

Chapman, J., Goerke, L., Dixon, W., Loveland, D. and Phillips, E., "The
Clinical Status of A Population Group in Los Angeles Under Observation For
Two To Three Years," American Journal of Public Health, Vol 47, 1957,

3

Zukel, William, "A Short-Term Community Study of the Epidemiology of Coronary
Heart Disease," American Journal of Public Health, Vol 49, 1959.

4

Kahn, H., "The Relationship of Reported Coronary Heart Disease Mortality to
Physical Activity of Work," American Journal of Public Health, Vol 53, 1963.

5

Taylor, H.L., "Death Rates Among Physically Active and Sedentary Employees of
the Railroad Industry," American Journal of Public Health, Vol 52, 1962.

6

Pollack, Michael L., et al, "Physiological Responses of Men 49 to 65 Years of
Age to Endurance Training, Institute for Aerobic Research, Dallas, Texas.

7

Pollack, Michael L., et al, "Physiological Characteristics of Champion American
Track Athletes 40 to 75 Years of Age," reprint from the Journal of Gerontology,
Vol 29, No. 6, 1974.

8
See The New Aerobics by Kenneth H. Cooper.

9

"Should Police Officers Be Required To Have Annual and Medical Physical
Examination?", Unpublished paper, University of Maryland, 1974.

10
Conference program of the seventh annual conventijon of the Police Chiefs of
the United States and Canada held in Cincinnati, Ohjo, 1900.
1
Crosser, C.A., "A11 Beat and No Play," The American City Magazine, March, 1924.
12

"Physical Fitness," Training Key Pub]icatfon, International Association of
Chiefs of Police, Gaithersburg, MD, 1965..

v

7



T

™

CHAPTER 1
PRINCIPLES OF EXERCISE AND TERMINOLOGY

In recent years, physical fitness has taken still another beneficial
aspect to human health in its relationship to the prevention of coronary
heart disease. Coronary heart disease involves the deposition of fatty plaques
in the major vessels of the heart. These plaques compromise the blood flow to
the heart muscle, and if this condition becomes severe, the heart can develop
a fatal arrhythmia or heart attack. Coronary heart disease has been related
to several risk factors. These include high serum Tipids (cholesterol and
triglycerides), excessive body fat, elevated blood pressure (hypertension),
smoking, elevated blood sugar.(glycose) and uric acid, excessive emotional

stress, physical activity, and family history.(1,5,7,9-11)

Although there are some conflicting views, recent studies by Morris et
al. (13), Pafienbarger and Hale(14), and Cooper et al.(4) have placed strong
evidence in favor of the role that exercise plays in preventive medicine.
Morris et al.(13), in studying the leisure-time habits of over 16,000 male
executive grade civil servants from 40 to 64 years of age, concluded that
vigorous exercise apparently protected them against sudden fatal heart attacks
and other first clinical attacks of coronary heart disease. The study by
paffenbarger and Hale(14) on 6,351 longshoremen, 35 to 75 years of age, indicated
that the workers classified in a high caloric output job task had significantly
lower death rates from coronary heart disease than those in a low energy cost
job. Cooper et al.(4) in a cross-sectional study on 3,000 men, found a
significant relationship between level of cardiorespiratory fitness and selected

risk factors and f%tness variables (serum cholesterol, triglycerides, glucose

1

5

)

£

and uric acid, systolic blood pressure, percent body fat and weight, resting
heart rate, and forced vital capacity). Thus, through the reduction of risk
factors associated with coronary heart disease, an officer who exercises and

becomes physically fit may be indirectly protecting himself from heart disease.

In the context of this report a police officer with good physical fitness
is considered to be one who possesses an efficient cardiovascular-respiratory
system (good aerobic capacity), moderate to low levels of body fat, and adequate
muscular strength, endurance, and flexibility. With these characteristics an
officer would possess the means to accomplish daily tasks, both occupational

and recreational without undue fatigue or risk of injury.

There are three basic components of physical fitness: cardiorespiratory
fitness (CR), body compisition, and musculoskeletal fitness. CR fitness, or
aerobic capacity, involves the body's ability to transport and utilize oxygen.
One of the main objectives of an aerobics program is to increase the maximum
amount of oxygen that the body can process within a given time. The aerobic
process depends on the oxygen transport system, which includes the lung's
ability to take in large amounts of air and diffuse it into the bloodstream,
the heart's ability to pump large amounts of blood to the tissues, and the
tissues' (cells') ability to utilize the oxygen. The magnitude of improvement
in aerobic capacity depends upon the total work accomplished, i.e. the energy ﬁ
cost of the activity involved. The energy cost, however, is dependent upon %
several variables, namely the intensity, duration, and frequency of the work(15).
Qther factors such as the regularity of the work, the mode of the work, as well i
as the age of the individual doing the work all influence the improvement in

g
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CR fitness(]6-18). With adequate intansity, duration, and frequency of training
an officer will experience the "training effect"(3), whereby the organ systems
of the CR system collectively operate to provide more effective transportation

and utilization of oxygen and elimination of waste products.

Intensity, duration, and frequency in relation to the total work done in

an activity also have a direct influence on the body composition of an individual.

Body composition is divided into two components: 7lean tissue (bone, muscle,
and body fluides) and fat tissue. Percent fat is the percentage that the fat

weight is of the total body weight.

Through the process of becoming physically fit, one can alter body
composition (percent fat) (2). The major factor in this alteration is related
to the number consumed. Thus, by expending calories through some physical
activity in addition to those expended to maintain body functions and by reducing
the caloric intake, once can achieve a negative caloric balance. As a result,
the body is forced to obtain the additional energy it requires from fat break-

down, thus reducing the fat content of the body.

Physical activity is a major factor in fat reduction in that it can maintain
or even increase the lean tissue weight while fat weight is reduced. A study
by Zuti and Golding(19) has shown that dieting alone can reduce body weight, but
the net percent fat loss is reduced because of a decrease in muscle mass with

the decrease in fat. (Muscle is catabolized by the body for energy as is fat.)

;fdea1]y, a reduced calorie intake should be combined with an exercise program

to lose body fat as well as weight. After, a desired level of body fat is
achieved, regular exercise coupled with a sensible diet can maintain satisfactory

body composition.
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The third component of physical fitness, musculoskeletal fitness (MS),

encompasses two major areas: a) muscle strength and endurance and, b) flexibility.

Muscle strength and endurance are 1nterrg1ated and the development of either
or both is dependent upon the training regimen involved. Muscular strength is
the muscles' ability to generate a force against some resistance and is pro-
portional to the cross-secticnal area of the muscle or muscle group involved.
Strength is developed through two major types of training: isotonic, which
involves muscle shortening and lengthening with a corresponding movement of

a related 1imb, and isometric, which involves muscular contractions but no

movement of Timb.

Muscular endurance is the ability of a muscle or muscle group to maintain
repeated contractions of equal force until fatigue causes cessation. It is
interrelated with strength in that the stronger muscle generally has more

endurance.

With regard to the development of strength and endurance, isometric
resistance training develops strength with 1ittle or no endurance improvements,
while isotonic resistance training when done correctly (exercising through the
full range of motion of the muscle group involved) increases strength as well as
endurance. Depending upon the combination of resistances and repetitions
employed, isotonic training can develop strength or endurance. Generally, high
resistance with low repetitions increases strength, while, conversely, greater
repetitions and lower weights, increase endurance. Obviously, a compromise in

approach will develop adequate strength and endurance.

o’
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When training for either strength or endurance, the overload principle
is imperative for improvement. Simply, the overload principie involves increases
in resistance and/or number of repetitions as the musclie adapts. However, once

adequate strength and endurance are achieved, fewer workouts are necessary to

maintain that Tevel.

While muscular strength and endurance are critical to MS fitness, the
ability of the MS system to move through a full range of motion is imperative.
Flexibility can be defined as the ability of a joint or group of joints to move
through a full range of motion. This range is affected by two factors: the
boney structures comprising the joint and the extensibility of the surrounding
ligaments, tendons, and muscles. It is obyious, therefore, that improvements
in flexibility depend upon the development of the extensibility of these 1igaments,

tendons, and muscles,

Two types of stretching are employed to develop flexibility. These are
static and ballistic. Ballistic stretching (stretching through momentum of
movement) has its value primarily in warm-up of the entire body but could be
harmful if not done properly. Static stretching (firm, steady stretch), however,
involves less chance of muscle soreness and applies more specific stretching to
a particular area. Research has shown(12) that flexibility reduces injury,

enhances skill, and allows for more graceful movement.

In addition to stretching, several other factors have been associated with
flexibility. These include the degree of activity, age, sex, and environmental

temperature(6).

&
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Two general principles that are important to consider when developing an

exercise program include the warm-up and cool-down. A general warm-up program

of several minutes involving calisthentics, Jjogging, and stretching provides

several-benefits.

By warming-up, the jnternal temperature of the body is raised

Thi iti i
S condition allows for an increased rate of biochemical reactions involving

the . , .
production of energy for exercise. Also, circulation and respiration are

stimulated. A1l of these factors not only accelerate the adaptive process of

the CR system, but also render the MS system more flexible, stronger, and better

prepared for work.

After physical activity has been completed, a gradual cool-down greatly

benefits the recovery process.

Walking or Jogging during the cooling-down period

enables the body to better maintain uniform circulation, and thus more efficient

remoy i i
oval of biochemical waste products, some of which are associated with muscle

discomforts.
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CHAPTER 2 Rt Z
REVIEW OF LITERATURE CONCERNING EXERCISE AND PHYSICAL FITNESS i'i} T
Cardiorespiratory Fitness
The overall determinant of endurance fitness 1is the ability of the body

to transport oxygen from the atmosphere to the sites of biochemical activity k °

in the working muscle. Aerobic capacity or maximum oxygen intake (VO2 max) is ; ‘ -

the parameter commonly used to evaluate the oxygen transport system of the body.  3. 100 - , ’ ‘ h

Improvement in cardiorespiratory or endurance fitness is dependent upon the total ©

work or energy cost of the exercise program. Energy cost can be measured by the

number of calories expended and is dependent upon the intensity, duration, and
frequency of the exercise program. In addition, improvement is related to the

initial Tevel of fitness, status of health, mode of exercise, regularity of

exercise, and age. These factors should be considered in designing an exercise
program to meet the needs, interests, and abilities of the police personnel in-

volved in training regimens. How much exercise is needed and how much each of

30
these factors contributes has been the topic of many studies.(18,28,31,32,35, o

Maximum heart rate (%)
AN
o
|

46,52 ,56,74,77,78,87,88) These factors will be discussed in relation to changes

. ——— — — - o — — ———

in VO2 max, body composition, and resting heart rate. Results concerning other

N B I ] R B

| I l L
10 20 30 40 50 60 70 80 90 {00 -

VOzxnox (%) " B

changes in cardiorespiratory parameters are discussed elsewhere(56).

‘Intensity
Improvement in cardiorespiratory fitness is relative to the level of energy
expenditure per minute or intensity of training. Because of the linear relation-

Figure 1. The relationship between percentages of maximum

ship between heart rate and oxygen intake, intensity can be expressed as either
heart rate and oxyiun intake (Vo, max).

percentage of maximum heart rate pr VO2 max (See Figure 1). Technique and

9
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calculation of intensity by heart rate are discussgd in Qhaptgr 4,

A certain level of intensity is required to elicit improvements in aerobic

capacity. This Tevel is generally refgrred to as threshold gf_jntensity. The

threshold varies according to age, level of fitness, health, etc. In general,
however, activities Tow in intensity or energy expenditure such as golf, bowling,
and other game activities which are too intermittent show Tittle or no improve-
ment in cardiorespiratory function, whereas, excellent improvements result from

moderate to high intensity activities such as running, fast walking, bicycling,

and swimming. More specific information on the energy cost of various activities .

js listed in Chapter 4 under exercise prescription.

Many studies have been conducted to determine the-threshold of intensity.
Karvonen et al. (35) found no significant improvement in VOé max in a group of
young men trained below 135 beats/min, but the group whose sustained heart rate
was above 153 beats/min improved significantly. Hollmann and Venrath(32), in a
similar study conducted on a bicycle ergometer, found that heart rate values of
130 beats/min or more were needed to stimulate a cardiorespiratory improvement.

The data suggest that the threshold Tevel for young men is at a heart rate equal

to approximately 60 percent of their maximum heart rate.

In addition, a positive relationship exists between intensity of training
and improvement in VO2 max. Sharkey and Holleman(75) walked young men on a
treadmill three times per week for six weeks at heart rates of 120, 150, and
180 beats/min and found a direct relationship between the magnitude of improve-

ment in VO2 max and intensity of training. Gledhill and Eynon{28) further

11
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substantiated the value of in?gnsity as a stimu]us for g]iciting a training
effect by training 36 college students on bicyc]g ergometers for 20 min, five
days per veek, for five weeks. The subjects maintained heart rates of 120,
135, or 150 beats/min. Al1 groups improved in VO2 max, maximum performance,
and heart rate at a workload of 1500 kpm/min. When the groups were subdivided
into Tow and high fitness levels, the high fitness group showed no improvement
in V0, max and performance time at training heart rates of 120 beats/min, while
the Tow fitness group did improve, emphasizing that training stimulus threshold
has a wide range and is dependent on initial level of fitness. Thus, some
improvement can be expected for Tow fitness groups who exercise at heart rates
as low as']20 beats/min: More physically fit individuals usually must train

harder to elicit improvement.

Duration

Duration is the amount of time that the prescribed intensity load should

gt e e o 1y e s e o

be performed to elicit the desired training response and, thus, is highly
interrelated with intensity. Usually high intensity programs are of shorter

duration and Tow to moderate intensity programs are of longer duration.

Improvements in VO2 max have been found with programs of very short duration.
Shephérd(77) found improvements in V0, max after a training program which lasted
only ten minutes per day and Hollmann and Venrath(32) found improvements in

ten subjects who did stationary running ten minutes per day.

Several investigations have shown a significant relationship between

T R AT T e

duration of training and magnitude of improvement in VO, max. Olree et al.(52)
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trained young men for 20, 40, or 60 minutes on a bicycle ergometer and found 3
the longer duration programs to produce significantly more improvements. |
Wilmore et al. (87) conducted a jogging program for middle-aged men of 12 or
24 minutes per day, three times per week for ten weeks. Both groups improved N -
significayt]y in VO2 max with the 24 minute group showing more improvement than
the 12 minute group. Recently Milesis et al.(46) trained men for 15, 30, or

45 minutes per day, three days per week at 85 to 90 percent of maximum. Figure
2 shows that all three exercise groups improved significantly in VO2 max with
the magnitude of improvement related to duration of exercise. Yeager and
Brynteson(89) trained young women on a bicycle ergometer for 10, 20, or 30

minutes per day, three days per week for six weeks and found similar results.

Sharkey(74) studied the interaction of intensity and duration of training
on the development of cardiorespiratory endurance. Thirty-six college men were
randomly assigned to programs which included three levels of training intensity
(130, 150, and 170 beats/minute) and two levels of duration (7,500 and 15,000
kpm total work). The subjects trained on bicycle ergometers three days per
week for six weeks. No significant intensity, duration, or interaction effects
were revealed, possibly due to the fact that all groups performed exactly the
same amount of work, thus showing the importance that total work output has

on developing fitness.

Shephard(77) investigated various combinations of intensity, duration, and
frequency. A group of 39 sedentary men trained at 96, 79, and 39 percent of ‘ 1”
VO2 max, five, three, and one days per week, for 20, 10, and 15 minutes per

session for ten sessions. The results indicated that the main factor influencing :'V :
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the extent of training achieved was thg intensity of effort relative to the
subject's initial VO2 max. Improvement was also inf1uenced by phe frequency

of exercise and marginally by its duration. The most effective regime involved
the combination of maximum intensity, frequency, and duration of exercise.
Davies and Knibbs(18) trained young men at 80, 50, and 30 percent of VO2 max
for eight weeks. Their results agreed with those of Shephard(77) in that
greater improvement 1in VO2 max was achieved with the higher intensity programs.
The groups working at or below 50 percent of VO2 max did not improve signifi-

cantly.

Pollock et al. (58) trained 2 groups of men 45 min/day, two days per week,
at 80 and 90 percent of maximum heart rate for 20 weeks. To equalize the total
energy cost between the two groups, the 80 percent group exercised for a longer
duration. Both groups improved significantly in cardiorespiratory function,
but differences in intensity had little effect indicating that lower intensity
work may achieve a similar result as higher intensity work if the total work or

energy cost is equalized. . “

Frequency
How often one should train is dependent upon the needs and goals of that

individual. Many athletes train twice a day, but exercising that often is not
necessary for most individuals to reach an optimal level of fitness. Numerous
studies have sought to evaluate frequency of training by attempting to control
the number of total training sessions in various programs and/or total work
output. These investigations generally show no difference in improvement with
freauency of training.
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Hi11(31) trained 24 men, ZQ to 44 years of.agg for thrge or five days per
week. At the end of eight weeks both groups were re-evaluated and showed a
significant improvement in V0, max. At this siage of the experiment, the five
days per week group showed significantly more improvement. In an atfempt to
equalize total training sessions, the three days per week group continued to
train another five weeks while the five day group stopped. Upon completion of
this segment of training, the three day group's data equalled that of the five
day group's program at the end of their eight weeks. Sidney et al. (78) found
similar results for groups training two, or four days per week when total work
was held constant. Another group training just one day per week showed 1ittle

advantage over no training at all.

Because exercise should not terminate after a few weeks, but continue
throughout 1ife, frequency of training should be evaluated by equalizing the
total number of weeks, not the total number of workouts. When weeks of training
were held constant instead of total number of exercise sessions, results generally

showed improvements in VO2 max with higher frequencies of training (59,62,63,67).

Pollock et al.(63) compared results of six running programs conducted two,
three, or four days per week for 20 weeks. As shown in Table 1, the four days
per week groups showed significantly more improvement than' two and three days
per week groups. There was no significant difference between the two and three
days per week groups in improvement of VO2 max. A more recent investigation
completed by Pollock et al. (unpublished data) showed a three days per week
program to have a greater improvement in VO2 max if compared to the two days per
week groups in Table 1.
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TABLE 1. Cardiorespiratory results of running frequency

Frequency VO, max Resting Heart Rate
(Days/Week) (% I%proved) (% Improved)
Control 0.0% 0.0%

2 days 17.0% 8.6%

3 days 16.0% 11.1%

4 days 22.0% 11.9%

Data on 148 previously sedentary men, ages 28-64. Subjects
ran 30 to 45 minutes a day for 20 weeks (63).
Gettman et al.(27) trained men 20 to 35 years of age, one, three, or five
days per week, 30 minutes per day for 20 weeks. Figure 3 shows significant
improvements in VO, max in direct proportion to frequency of training. The

resting heart rate values showed the same relationship.

Thus, ft can be concluded that exercising only one day per week shows
minimal improvements in cardiorespiratory fitness. Two and three day programs
elicit moderéte improvements, while four and five day programs show a more
significant improvement. Using this information, programs which emphasize

exercising three to five times per week are recommended.

| Regularity of Training
C]oseTy related to frequency of training is the consistency of training
and its subsequent effect on cardiorespiratory function. Cureton and Phillips
(17), using equal eight-week periods of training, nontraining, and retraining,
found significant improvement, decrement, and improvement, respectively, in
cardiorespiratory efficiency. Michael and Gallon(45) and Fardy(26) followed

the training of college basketball and soccer players over the course of a
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season, with subsequen; periods of nontraining. Both groups of aﬁh]g?es
showed increases in efficiency during thg season, followed by significant
reductions during the nontraining period. Williams and Edwards(84) found
similar results when studying the effect of variant training regimens on
cardiorespiratory efficiency of young college men. Drinkwater and Horvath
(21) studied female high school track athletes and found that after three
months of nontraining, the cardiorespiratory fitness of the athletes decreased

to the level of nonathletic girls of similar age.

Bed rest studies have shown decrements in physical working capacity
and related cardiorespiratory parameters. Saltin et al.(72) confined five
subjects to bed for 20 days, followed by a 60 day training period. Cardio-
respiratory efficiency values decreased during bed rest and improved steadily
with training. Heart rate response to a submaximal test increased up to 30

beats/minute after bed rest and decreased significantly with training.

Roskamm(71) trained 18 subjects daily for four weeks and showed a 20
percent increase in cardiorespiratory fitness. At this point one group
(Group I) continued training every third aay and the other groub (Group II)
stopped training. Group I maintained their level of fitness while Group I1
began to lose their level of working performance within two weeks. See
Figure 4. It is apparent from this review that training effects are both
gained or lost rather quickly, and regular, continual stimulation is necessary

to maintain cardiorespiratory efficiency.
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owed by six weeks of Tower 1ntgnsity work (84 percent of maximum heart
Once an optimal level of fitness is reached, programs of lower frequency, rate - 166 beats/minute). Five of the 14 subjects stob dt ‘
5 ) , Ped training during the
intensity, or duration may be initiated to maintain a certain level of fitness. : Tast six weeks. The energy cost of the two phases 1 iy
: ‘ was equalized b 3
P o ' , ) Yy extendin
Roskamm(71) in the investigation reviewed above found that training every third i |2 the duration of training during the Tatter Six week iod i
f ‘ ‘ : period. The subjects im-
day was enough to maintain cardiorespiratory fitness. Kendrick et al.(38), in Proved significantly in V0 max 1 .
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5 n addition, the total amoun
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compared the effects of running, walking (trgadmi]]), and bicycling (ergometer)
training regimens on college men. Each group trained for 20 minutes, fiye

days pep week, for ten weeks, at heapt rates of approximately 150 tg 160
beats/minyte . In general, they found running and bicyc]ing to be superjop
training modes when compared to walking. Pollock et al.(61), Figure 6, in a
similar experiment condycted with middle-aged men, found all three modes of
training to be equally effective in Producing a significant cardiorespiratohy
improvement , In this study, the subjects trained for 30 minutes, three days
Per week, for 20 weeks, at 85 tg 90 percent of maximum heart rate (approximate]y
175 beats/minute). Wilmore et al.(86) compared the effect on aerobic capacity
of tennis, bicyc]ing, and Jogging. Each group exercised three days/week for
45 min/day for 20 weeks at approximately 85 Percent of maximum heart rate op

75 percent of VOZ max. All three groups improved significant]y in cardio-

tennis group,

Some people cannot exercise in the conventional manner of walking and
running due to i1lness, injury, orthopedic problems, etc, Thus, exercise

Programs must be adjusted to meet these Special needs. Poliock et al. (64)

In general, high energy cost activities, suych as running, walking,
bicyc]ing, swimming, and Cross-country skiing show signficant increases
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in cardiorespiratory efficiency. In contrast, low energy cost activities,

such as moderate calisthenics, golf, and various organized game activities

show Tittle or no effect. Although weight 1ifting, per se, is a high energy
cost activity, and phases of other sports such as baseball have high energy
cost components (running), they are considered to have 1little or no effect on
cardiorespiratory function. This results from the high energy cost component
being too intermittent; thus, the total energy cost of the activity in relation
to total time would be considered quite Tow. Other activities(55) producing
significant cardiorespiratory effects include dancing, rope skipping, tennis,
soccer, basketball, wrestling, football, handball, and a combination of sport
activities and running. Cooper(13,14) has emphasized the concept regarding

the variety of modes of training for eliciting a training response. He devised
a system whereby activities are given point values in respect to their energy
cost, thus a variety of activities may be interchanged within a fitness training

program.
Types of Training Programs - Interval vs Continuous

Shephard 1ists four distinct types of training programs(76). These are:

" (1) Continuous Running in which the individuail exercises at a moderate and

relatively steady intensity for Tong periods (ranging from fifteen minutes to

several hours); (2) Brief-interval Running in which the individual undertakes

short bursts of maximum activity (approximately 30 sec to 1 min), interspersed
with recovery periods of corresponding length when only light activity is allowed;

(3) Prolonged-interval Running where the intervals are prolonged to 2 1/2

minutes and the recovery periods are correspondingly extended; and, (4) Circuit
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Training in which the individual moves around the circuit to various gymnasium

exercises - pushups, running on the spot, etc.

The Titerature pertaining to the comparison of interval versus continuous
running programs reveals conflicting results. To date, there is no good

scientific evidence supporting one program over the other.
Initial Level of Fitness

The concept of percentage of improvement attained in certain physical
fitness parameters being retated to one's initial level of fitness was proposed
in the early work of Muller(49). He conducted a series of experiments dealing
with the improvement in strength and concluded that the percentage of improve-
ment was directly related te initial strength and its relative distance from a
proposed level of improvement. This concept has also been true in training
studies dealing with cardiorespiratory parameters. Sharkey(74) noted that the

magnitude of change was inversely related to the initial level of fitness,.

Resting heart rate is reduced with training, with the magnitude of change
dependent on the initial level. Most studies show a reduction in resting heart
rate to the mid to lower 60's. The data for endurance athletes show average
resting heart rates 10 to 15 beats/minute Tower than for the moderately trained
groups, although it is not clear whether this difference may be due to genetic

factors, training, or both.
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Age

Longitudinal and cross-sectional studies indicate that cardiorespiratory
function decreased with age. Robinson(69) showed that men tend to peak in
aerobic capacity between 17 and 20 years of age and steadily decrease over the
subsequent years. At age 75, aerobic capacity is less than 50 percent of the
original peak value. Robinson et al.(70) measured VO2 max on a group of subjécts
at age 18 to 22 years; then again at ages 40 to 44 and 49 to 53 years. At age
40 to 44 VO2 max had declined 25 percent, and had continued to decrease when
re-evaluated at age 49 to 53. Skinner(80) has suggested an approximate 21 to

30 percent decrease in VO2 max over a 30 to 40 year range.

Many researchers have tried to determine if aging affects the trainability
of persons as they get older. Saltin et al. (73) found improvement in Vo, max
at ages 29 to 63 and concluded that although a training effect occurs as readily
in middle-aged and old men as in young, the absolute change is less. Therefore,
there appears to be some aging effect. Pollock et al. (60) trained 22 men, aged
49 to 65 years in a wa]k-jog program 30 min, three days per week for 20 weeks and
found an 18 percent increase in vez max. These results are in agreement with
those of Kasch et al. (36) with middle-aged men, 39-60 years. Benestad(3) found
no change in cardiorespiratory function in older subjects who trained daily for
five to six weeks. deVries(19) found improvements in subjects aged 52 to 88
years who participated in a low intensity exercise program, but the relative
change was considered less when compared to younger subjects. Tzankoff et al.(82)

found significant improvements in V02 max with men aged 44-66 years.
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The aerobic capacity of midd]e-aggd and o]der endurancg athletes is
markedly superior in every age cayegony to that of untrained individuals.
Figure 7 shows the differences in VO2 max and resting heart rate among
different athletes and sedentary men (55). The age reduction mentioned
earlier also appears in the trained groups and becomes particularly evident
after age 60. Can this reduction in VO2 max be explained by age itself or
are training factors also apparent? The evidence at hand supports both concepts.
Young endurance runners will train 100 to 200 miles per week (sometimes less
if purely interval training is used); whereas the middle-aged and older runners
rarely accomplish this. In data collected from the 1971 National Master's AAU
track and field meet and subsequent laboratory evaluations conducted by Pollock,
Miller, and Wilmore(66) the average number of miles trained per week was 40, 40,
30, and 20 for the fourth, fifteh, sixth, and seventh decades, respectively.
In addition, most of these men were prior college athletes, but had not trained
all their Tives. Most of the older athletes had been sedentary for many years
and had been back in training for only five to ten years. Grimby's and Saltin's
(29) data on middle-aged and older athletes who had trained all their lives show
them to be above the aging curve in VO, max at all ages. Other data of Pollock
et al. (65), on men who had been training for 5.5 years, show significantly
higher VO2 max values than for men completing their first six months of training,
but these are lower than for the aforementioned athletic groups. With the in-
crease in Master's competition and the probability of men and women training for
competition throughout their Tifetime, future data should provide more insight

into the aging process and its effects on fitness parameters.
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Environmental Factors

Heat

When exposed to heat or during muscular work, the heat content of the

body tends to increase. When the total heat Joad of the body exceeds the limit

of thermoregulatory compensation, various incapacities occur such as heat cramps,

heat exhaustion, and heat stroke. Optimal function requires that the body

temperature be maintained between 36.5 and 39.5°C., The capacity to perform

physical.work in the heat varies greatly among individuals, 1In general, the

extent of the performance decrement is influenced by the capabilities and

limitations of the individual, the Tevel of thermal stress, and the specific

demands of the task being performed. Caplan and Lindsay(10) found that in deep

mine drilling operations, efficiency decreased 25 percent when the environmental

heat load was increased from an effective temperature of 85°F to 97.5°F. At

96°F efficiency was 50 percent, and at 98.5°F output was reduced 75 percent.

Brouha et al. (6,7) observed a progressively increasing cardiac cost during

work as the environmental temperature increased.
20

For a 15-minute work and

-minute recovery period, the total number of heart beats more than doubled

when the thermal load was increased from an effective temperature to 75°F to 90°F,

Acclimatization to heat and physical training greatly enhances the ability

to tolerate work in heat(8). Improvement in heat tolerance is associated with

increased sweat production and a Towered skin and body temperature(88). The in-
creased sweat rate provides the possibility for a more effective cooling of the
skin through evaporative heat Toss, and the resultant Towered skin temperature

provides for a better cooling of the blood through the skin. Buskirk and Bass(8)
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list the following characteristics of heat acclimatization:

1) Heat acclimatization begins with the first exposure, progresses
rapidly with subsequent exposure, and is well developed in about seven days.

2) It can be induced by short intermittent bouts of exercise in the
heat, e.g., of from two to four hours daily.

3) Athletes in good physical condition acclimatize more rapidly than
nonconditioned people and are capable of more work in the heat.

4) Daily work, if progressively increased in the heat, leads to early
development of maximal performance capacity. Overexertion on the first exposure
may result in disability, which in turn inhibits the acclimatization process.

5) Acclimatization to warm conditions will facilitate acclimatization
to hot conditions but will not confer complete acclimatization to hot conditions.
Acclimatization to hot conditions will facilitate performance under warm

conditions.

6) The general pattern of acclimatization is similar for work of different

intensity and duration.

7) Acclimatization to hot dry climates enhances performance capability

in hot, wet climates and vice versa.

8) Inadequate water and salt replacement can retard the acclimatization

process.

9) Acclimatization to heat is retained for about two weeks with no exposure.

Thereafter, Toss of acclimatization is highly individual. Athletes who stay in

good physical condition should retain heat acclimatization best.

When exercising in hot and humid environments, certain precautions should

be followed. Buskirk ahd Bass(8) and Murphy and Ashe(50) make the following

recommendations:
32

e

O

0

O

O

O

O

1) Wear 1ight, Toose porous clothing.

2) Take adequate amounts. of water and salt.

3) Exercise during the cool part of the déy.

4) Altow at least two weeks For acclimatization.

5) Reduce work Tload during periods of extreme thermal stress.

Cold

In general, few problems are posed by exercising in the cold other than the
psychological disadvantage of being uncomfortable. When subjected to a cool
environment, the first thermoregulatory response is a constriction of the skin
blood vessels, thus reducing heat loss through the skin. As man becomes pro-
gressively colder, shivering is activated to increase metabolic heat production.
Exercise further increases heat production and overrides the necessity to shiver.
The combination of greatly increased heat production due to exercise and reduced
heat Toss due to excess clothing result in a positive heat load. Positive heat
Toad can be reduced by removing layers of clothing during progressive exercise

in the cold.

Altitude and Hypoxia
The Mexico Olympics in 1968 focused attention on the relationship between
altitude (hypoxia) and physical performance. The Olympic stadium was 7,350 feet
above sea level, with an average barometric pressure of 580 mmHg. The percentage
composition of the atmosphere remains essentially unchanged over the range of
altitudes and is approximately 20.93% oxygen, 0.03% carbon dioxide, and the
balance nitrogen and other inert gases. There is a logarithmic decrement in

the total ambient pressure with altitude, so that at eighteen thousand feet, it
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is only a Tittle more than a quarter of the sea level reading (197 mmHg). This

decline 1in total pressure reduces the partial pressure of oxygen in inspired

~gas. Within the alveoli, both water vapor and carbon dioxide remain at

relatively fixed partial pressures (47 and 35-40 mmHg, respectively), and

consequently the partial pressure of oxygen is reduced even more.

The reduced oxygen partial pressure in arterial blood decreases the
quantity of oxygen transported to the working muscles, thus Timiting the
capacity for physical work. Maximal aerobic capacity shows a linear decrease
with increasing altitude amounting to approximately 3.2 percent in unconditioned

men and 1.9 percent for conditioned men for every 1000 feet above 5,000 feet(9).

It has been proposed that the change associated with conditioning, training,
and acclimatization in altitude would enhance aerobic capacity and improve
performance times at sea level. Faulkner et al. reported on thyee invéstigations
(23,24) where, 1) five well-conditioned male runners trained for ten days at an
elevation of 7872 ft; 2) four well-conditioned male runners and 1 swimmer trained
for 23 days at 7544 ft. elevation; and 3) 15 male college swimmers trained at
the altitude of 7380 ft. for 14 days. These studies showed improved performance
in two stages. The first improvement was observed after the first few days when
the athlete had learned to adjust his pace to the new altitude conditions
(acclimatization). The second improvement overlapped the first then tended to
Tevel off by the end of the second week. The amount of improvement in the second
stage of adaptation appeared to depend in part on the degree to which the athlete

was trained pre-altitude.
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The compensatory mechanisms acquired in acc1imatization to a]ﬁitude are:
1) anlincrease in pulmonary ventilation; 2) an increased hemoglobin concentration
in the blood; and 3) morphological and functional changes in the tissues (in-
creased capillarization, myoglobin content, modified enzyme activity(2). The
well-trained individual is not acclimatized to high altitude any sooner or any

more effectively than the untrained individual.

Opinions differ concerning the question whether or not the performance
capacity at sea level is improved following exposure to high altitude. Buskirk
et al. (9) and Consolazio(12) state that their subjects who trained at high
altitude for four weeks or more did not attain any better VO2 max results than
usual when they returned to sea Tevel. Buskirk et al. (9) conclude that there
is 1ittle evidence to indicate that performance on return from altitude is better

than before going to high altitude, if training remains relatively constant.

When exercising atkhigh altitude, a period of at least three weeks is
necessary for acclimatizatibn. There is no evidence to suggest that it is
necessary to take it easy during the initial period of exposure to high altitude
(2). However, due to the lower oxygen pressure, one is forced to accept a slower

tempo, and the intensity and duration of training activities must be reduced.

Body Composition

Reduction in body weight and fat occurs in response to physical training
and has been documented in numerous scientific investigations (5,27 ,46 ,47,63).
The principle invo]véd in reducing body fat is based on the increased number of
calories the body burns during physical training. Continuous, moderate, rhythmic
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type activities, Tike running, burn a large number of calories(54) and place

the body into negative caloric balance, j.e., more calories are expended than
are input. The end result is that the body utilizes its store§ éf fat-to make
up the deficit, hence a reduction in body fat (weight). About 3500 calories
are contained in a pound of fat; therefore, 3500 calories must be expended
through exercise to lose a pound of fat. An individual can Tose a pound of

fat in less than 12 days by expending an extra 300 calories per day through
exercise. The speeq with which the exercise is performed determines the amount
of time required per day to burn 300 calories. For example, a moderate jog for
most people would expend about 10 calories per minute; therefore, jogging about

30 minutes would expend 300 calories.

Dieting a]qne is not an effective way to reduce fatness as is shown in
several investigations(4,53). Although dieting will cause a reduction in weight,
65 percent of the weight loss is from loss of muscle mass and only 35 percent
from fat loss. Therefore, the percent body fat, which is the proportion of
body weight that is fat tissue and is the true indicator of body leanness-fatness,
can remain approximately the same in response to weight loss by dieting alone.

In contrast, in exercise programs with food intake remaining constant, significant
reductions in percent fat along with increases in muscle mass occur. The con-
current loss.of fat and gain in muscle can balance each other and result in only

a slight change in overall body weight, buf a s%gnificant decrease 1in percent

body fat. A calorie-restricted diet along with an exercise program is recommended

when weight and fat reduction are desired.
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The futility of diet alone is contrasted with the effectiveness of an

exercise program in Figure 8. Several important points are noted therein(34).

First, the sedentary free-eating animals, which represent the typical non-
dieting physically ‘iiactive American adult, were thé heaviest and the fattest.
Second, the sedentary paired-weight animals, which were physically inactive,
but restricted in food to matri: the body weight of the runners, were consid-
erably fatter than the runners even though the body weight for both groups was

the same.

When comparing trained and untrained individuals with the same average
heights and weights, a greater proportion of the weight of the physically active
individual is in the form of lean tissue. Welham and Behnke(83) compared a
group of professional football players with a group of naval personnel and
found that although the football players were heavier, most of them had less
body fat than the naval personnel. Costill and Fox(16) measured six skinfold
fat sites on a group of competitive marathon runners and on a group of college
professors who were the same age and weight. The sedentary faculty men had
more than twice as much fat (16.3%) as the athletes (7.5%). Pollock et al.

(68) found similar results in a comparison between a group of world class

distance runners and a group of sedentary men matched for age and body weight.

Because changes in body weight and body fat are related to energy expenditure
of a program, the regimens with greater combinations of frequency, duration, and
intensity tend to show greater magnitude of change. Pollock(55) compared body
weight and fat of young middle-aged men of various fitness levels. As Figure 9
shows, the men involved in the highest energy cost programs, endurance runners,
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Figure 8. Eff:}cts of 15 weeks of daily exercise on body composition of adult male rats (34)
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per day, five days per week for nine weeks. The approximate energy expenditure
was 600 calories per exercise session. Significant reductions in body fat
were found for both groups with greater reductions in the obese subjects.

Gwinup(30) exercised 11 obese women daily for one year or longer with no

dietary restrictions. Periods of walking each day were progressibely increased.

No weight loss occurred until walking exceeded 30 minutes daily. Weight loss

paralleled length of time spent walking.

Some investigators have used progressive weight training as the means of
decreasing body fat. In an experiment by Wilmore(85), 47 women and 26 men
volunteered to participate in a 10-week period of intensive weight training,
with an average attendance of 40 minutes per session, two days per week. Both
men and women increased in lean body weight and decreased their absolute and
relative body fat. Significant reductions in five of the seven skinfolds
occurred for the women, but only in one for the men. Mayhew and Gross(43)
evaluated the effects of high resistance weight training on body composition
of 17 college women training 40 minutes per session, three times weekly for
nine weeks. Significant increases in lean body mass were found with relative
body fat decreasing. Most weight training programs change percent body fat by

increasing muscle weight rather than decreasing fat weight.

In summary, fat reduction results achieved from exercise programs depend
on the frequency, duration, and intensity of exercise. Two days per week of
exercise does not seem to be adequate in reducing fat. Reductions in fat have

been found with three days per week programs, but exercising four or more days
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per week if desirable. Thg ket to fat rgduction seems to be in tota] energy
cost, i.e., the number of calories burned during exercise. Activities of
higher intensity such as jogging, cycling, or swinming burn more calories per
minute and thus would be more desirable in fat reduction than Tow intensity
activities. Duration is an important consideration. Research indicates that
at least 30 minutes per exercise session is desirable for body weight and fat
loss. Weight training is not as desirable for fat reduction as endurance

activities because the fat weight changes only slightly.

Flexibility
Flexibility is defined as the range of possible motion in a joint or

group of joints(20). For example, the flexibility of the elbow joint is move-

ment from full flexion to full extension. The ability to touch one's toes
primarily depends on the flexibility of the hip joint, spinal column, and rear

leg muscles.

Joint range of movement is limited by two factors? (1) bony structures
of the joint; and (2) extensibility of the surrounding 1igaments, tendons, and
muscles. The bony structure of a_ joint basically cannot be aitered but the
extensibility of ligaments, tendons, and muscles can be greatly affected by
stretching exercises. Stretching these tissues gradually lengthens them and

the joint range of movement is therefore improved.

Flexibility is specific to a joint, that is, good flexibility in the hip
and spine does not necessarily imply good flexibility in any other joint.

However, general stretching exercises will enhance both simple and complex
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€ movements of the body, thereby improving the flexibility of many joints.

Benefits derived from flexibility exercise are described by Melograno
and Klinzing(44) and include:
1. Injury Reduction - the chance of overstretching and injuring a
muscle is lessened when the muscle possesses great extensibility.
2. Muscle Relaxation - tight, stiff muscles from inactivity are relaxed
by stretching.
3. Skill Enhancement - sufficient flexibility is needed in certain joints

before skills can be mastered (e.g., shoulder flexibility is necessary

¢ for proper serving techniques in tennis).

4, Graceful movement - coordination of common movements is enhanced by
having flexible joints. Individuals who Tack flexibility move stiffly
while walking, running, lifting, or reaching. This leads to in-
efficiency of movement.

"(9 There are two methods of stretching to promote flexibility in the body.
The first, bailistic stretching, involves bouncy, jerky movements where a body
part is put into motion and the momentum carries it through to the muscles'

1O stretched 1imit. Ballistic stretching is often discouraged because it tends to
cause soreness in the muscles the day following the stretch(20). There is some
experimental evidence indicating that a "stretch reflexf occurs in the muscles

G frém ballistic stretching. The "stretch ref]exf causes the muscles to contract
and resist the stretch thus resulting in small muscle spasms which eventually
lead to soreness. The second mthod, statis stretching, is recommended because

C a firm,;steady stretch inhibits the "stretch flex" in the muscles with its
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delayed soreness, yet 1mproyes musc]g extensibility. In addition, if muscle
soreness already exists, static stretching may be used to relieve it. The
basic components of yoga involve static stretching and therefore flexibility

training.

There is an advantage in using some ballistic stretching for warm-up
purposes so long as the movements are slow and not fast or jerky. This should
help prevent injury and excessive muscle soreness. Some Soreness.should be ex-
pected in the early stages of any conditioning program, but with the proper

precautions and adaptation the soreness will disappear.

The notion that weight training decreases flexibility is not true. Many
investigators have shown that there are no harmful effects of weight training
on flexibility if the movements are performed through the joints' full range of
movement(20). Also flexibility exercises should be integrated into the program. ;
However, if the weight training involves a small range of motion and the exercises

are performed incorrectly, flexibility can then actually be decreased.

Factors affecting flexibility have been summarized by deVries(20):
1. Activity - Active individuals tend to be more flexible than inactive
individuals. Connective tissues shorten from disuse, thus, range of

motion is decreased.

2. Age - Flexibility usually decreases with age partly because connective
tissue shortens with age and partly because people become more sedentary.

3. Sex - Females are generally more flexible than males due to some joint
structure differences (for example, in the hip) and greater muscle [
extensibility. i
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) 4. Temperature - Warming a musc]e and joint will increase range of motion
10 to 20 percent.
) Muscular Strength and Endurance
Strength is defined as the force a muscle group can exert against a
resistance in one maximum effort(33). Muscular strength is proportional to
) the cross-sectional dimension of the muscle or muscle group being studied. The
larger the muscie the greater the strength. There are basically two types of
muscular contractions used when examining strength. One type is static or
R isometric contraction when the muscle may be contracting maximally but the Timb
does not move. The other type is dynamic or isotonic contraction. Here the
length of the muscle changes during. the contraction @< the T1imb goes through a
’ range of motion. Actually, there are two types of isotonic contractions:
| concentric and eccentric. Concentric contraction means the muscle shortens and
usually positive work against gravity is done (example, biceps curl exercise).
» Eccentric contraction refers to the muscle lengthening and negative work is
performed (example, }etting the weight down from the biceps curl position).
Muscular endurance is defined as repeated contractions against the same
'f, » resistance until Tocal fatigue factors interfere with continuation. Performing
’ situps or pushups uatil they can no longer be performed constitutes muscular
endurance. Energy stores in the muscle cells plus the supply of blood to the
5§;:' muscles Timit muscular endurance exercise. Strength of the muscles is also
inherent in the ability to perform muscle endurance activities. Generally, the
, stronger the muscle the better the muscle endurance also.
» B
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While isometric exercisg (pushing,againsﬁ immovab]g objects) may improve
strength at the specific angles of training, it does Tittle or nothing for
circulation, muscular endurance, or flexibility. Isometric training for
developing strength generally involves one maximal (or near-maximal) muscle
contraction held four to six seconds. However, six to ten repetitions of this
procedure will result in the best development of strength for isometric training.
Isotonic exercise involves repeated contractions through a full range of movement
in the joints and promotes circulation through the muscles. Therefore, strength,

muscular endurance, and flexibility are promoted through isotonic training.

Strength training of high intensity using both isometric and isotonic
methods generally increases muscle mass. The stimulus of the large weight
resistance causes muscle mass to increase. This is called hypertrophy and is
due to the increase in muscle fiber size primarily from the increase in proteins
deposited in the cells. In addition to the increase in muscle size, isotonic
training causes an increased number of capillaries to be used in the muscle.
More blood supply is therefore available to the cells. Energy stores inside
the cells are also increased through isotonic training thereby improving the
function of the muscles. The actual speed of muscle contraction is increased
with strength training regimens, i.e., faster movements are possible. The power
of the muscles is therefore improved since power is defined as the work of the
muscles done at a high rate of speed. Thus, muscular endurance is improved
through isotonic training, when there is a better blood supply and more energy
stores available for muscle cell use. There have been claims that traditional
weight training programs do not improve the cardiorespiratory system and there-
fore do not affect aerobic capacity. However, this question is now open for

further research, particularly if the strength training protocol calls for
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minimal rest between sets of exercises and the tota] workou@ timg is performed

in a continuous manner.

The converse to muscle hypertrophy is atrophy or wasting away. If
muscles are not used regularly, their size and function diminish. A good
example of this is the observable deterioration of musclies on a 1imb that has
had a cast for several weeks. The muscle cells decrease in size (protein is

Tost), the energy stores inside the cells are reduced, and the blood supply to

the muscle is lessened.

weiéht training on an every other day basis will result in strength gains
that average two to siX percent each week (1,41). The day between weight
training workouts is benefitical for recuperating from the strenuous work.
Apparently, muscle proieins are built up during the day of rest and waste
products from the workout are removed. The person is then adequately prepared

to work hard the following day in a regular workout session.

In order to improve muscular strength and endurance, the principle of
overload must be followed. overload means that the amount of weight or resis-
tance must be gradually increased each week. When this extra work is gradually
introduced, the muscles respond physiologically by adding more protein, energy
stdres and blood supply. Thus, their function is improved. The introduction
of the overload stress must be gradual to allow the muscles.to adapt and improve.

If the overload stress is too great, the muscles fatigue rapidly and performance

is reduced.
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In addition to thg oygr]oad princip]g, a high intgnsity effort must be
developed by the muscles in ordgr to cause maximum improvements in muscular
strength and endurance. To improve strength, the weight resistance must be
very high and just a few repetitions of movement performed. To improve
muscular endurance, the weight resistance must be Tow and many repetitions of
the exercise performed. In both cases, the efforts are near maximum but in the
strength emphasis program the muscles are required to produce great force in
four to six repetitions. In the muscular endurance program, the muscles are
required to release large amounts of energy in the cells for repeated con-
tractions of 15 to 20 repetitions. If time permits, three sets of exercises

will give better results than one or two.

Mathews and Fox(42) have made some interesting observations concerning
strength training. Individual differences in body type influence the growth
in muscle girth. Persons of the mesomorphic type (muscular, and large bones,
with wide shoulders, and narrow hips) respond the most to muscular training.
Ectomorphs (lean, small bones, with narrow shoulders, and hips) respond less.
Ectomorphic types of people increase strength, however, without the‘]arge in-
creases in muscle size. An obese person is generally classified as an
endomorph (narrow shoulders and wide hips). Mesomorphs can also be heavy and
obese. Through a strength training program it is possible for e cobese person
to improve in muscle strength without Targe increases in girth. This is

partially due to a concomitant loss in fat.

Plateaus in strength gains occur during training programs. That is, there
is a rise in strength through training, then a level is reached where strength
stays the same for a while. This usually indicates that the muscles have

adapted to the resistance being lifted. After the adaptation and the intro-
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duction of a new overioad resistance, another rise in strength occurs, and
so on, Plateaus in training also may be due to fatigue and "going stale,"
The latter is a term used to describe psychological boredom of repetitive
training and is best prevented by offering variety in the training. By just
changing the workouts slightly or doing a few new exercises the boredom of

the same day-after-day regimen is prevented.

After a certain level of strength is acquired, it may be maintained by
fewer workouts. It is generally agreed that strength, once attained, subsides
at slower rates than it develops(42). One or two workouts a week may be all
that is needed to maintain strength jevels. However, this area is open for

further research.

Strength and Musele Endurance Relationships

Clarke(11) has summarized relationships between strength and muscular

endurance. These relationships are Tisted below:

1. The amount of weight resistance required to exhaust a muscle
during repetitive contractions depends on the strength of the
individual. In other words, stronger persons need to 1ift
more weight when trroining for muscular endurance. Therefore,
individuals with greatest muscular strength have greatest
absolute muscular endurance also.

2. There appears to be a specific combination of Toad (weight
resistance) and speed of movement which produces maximum work

output. Slow contractions with high weight resistance result
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in great strength gains, whereas fast contractions with Tow
weight resistance resuit in muscular endurance improvements.
In order for the total work output to be the same in both
conditions, the number of repetitions has to be much larger
for the endurance situation.

3. Fatiguing a muscle reduces its ability to apply tension.
Strength drops off rapidly with fatigue. There is a close
relationship between strength and muscular endurance. The
faster a person can recover from an exhaustive endurance

exercise, the faster strength is recovered.

Types of Strength Training

There are generally five groups of strength or weight trainers. The first,

weight Tifters, comprise a small group of athletes interested in competing in

two Olympic 1ifts - the snatch, and jerk. They train with maximal poundages and

do not exceed three repetitions per exercise set.

Secondly, the power lifters are concerned with the development of brute

strength. They compete in the bench press, squat, and dead 1ifts all of which

involve large amounts of weight. Their training includes extremely heavy weights

with Tow repetitions per set and many sets per exercise.

The third, body builders, are interested in physique. They develop great

definition (how the muscles look) by performing several sets of an exercise with

a high number of repetitions in each set. This engorges the muscles with blood

increasing their size (the so calied "pumping effect").
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The fourth group, athletes, use specific weight training programs to

deve]op strength in the movement characteristics of their sport.

Finally, there are those of us who simply use weight training programs
to keep in good muscle tone and wish to derive a few benefits from all of the
previous four groups. Lifting weight increases blood pressure and could be
dangerous to perform for many middle-aged men. A weight training regimen 1is
recommended as an adjunct to an aerobics program and used for long-term

maintenance of muscular strength and endurance.

Warm-Up and Cool-Down

Warm-Up
There are two classifications of warm-up to define: (1) specific - this
includes practicing or rehearsing a specific event (such as swinging a baseball
bat before batting); and (2) general - this usually includes exercise that is

unrelated to the competitive event.

The latter classification (general warm-up) is most important in physical
fitness programs. General body warm-up is just that - increasing the internal
(or core) body temperature through various exercises such as stretching,
calisthenics, jogging, etc. Specific warm-up exercises are described in

Chapter 4.

Increasing the internal temperature of the body is very important to the
metabolism of the muscles and nerves. The chemical reactions within the cells

speed up. For each degree of increase in body temperature, the metabolic rate
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increases three percent(2). This means that nerve messages will travel faster
and muscle fibers will contract and relax faster. The muscles are therefore

stronger after warm-up and recover quicker after exertion.

Increasing internal temperature through warm-up exercises also affects
circulation. The blood vessels in the muscles dilate allowing more blood to
flow to the cells, thus more nutrients can be deiivered to the cells and more
waste products removed. Hemoglobin, the oxygen carrying compound in the blood,
gives up more oxygen to the muscle cells when the blood temperature is increased.
Myoglobin, the oxygen storing compound inside the muscle cell, also releases

more oxygen when the surrounding temperature is increased.

During a general body warm-up, blood flow through the lungs is increased.
The exchange of oxygen and carbon dioxide is enhanced, thus increasing the

oxygen supply and carbon dioxide release. As a result, the efficiency of the

cardiorespiratory system is increased.

The above physiological phenomena result when the body is actively warmed-up.
That 1is, the body is actively moved and many muscles are used. This active
warm-up is more desirable than passive warm-up where muscles are heated by means
of hot baths, showers, towels, and diathermy. Although the latter are somewhat
beneficial, they should not be confused with active warm-up. An external heating %
source actually diverts blood flow from the muscle to the skin to combat the ﬁ
additional heat being introduced to the Tocal area. The decreased circulation
to the muscle can result in weakness and fatigue. Active warm-up promotes ol

circulation inside the muscle. @
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The optimal active warm-up time has been recommgndgd by derigs(ZO) to
be ten to 15 minutes. This should result in a rise of one to two degrees F
in the muscles' internal temperature. The time factor can vary due to several
factors, including the indjvidual's Tevel of fitness, the activity, the
temperature and humidity of the environment, the clothes worn, and the intensity
of warm-up. A rule of thumb to follow for intensity and duration of warm-up
under normal environmental conditions is to exercise until perspiration is
evident. Wearing warm clothing will speed up the warm-up and retain the heat
for several minutes. Warm clothing (rubber suits, etc.) should be avoided in

warm, humid environments.

Muscle injury and soreness often are the result of an improper warm-up.
Strenuous exertion without previous warm-up, can cause muscle strains and in
some cases a muscle tear. The muscles usually injured are the antagonists
(opposite) of the strong contracting muscles. These "cold" antagonistic muscles
relax slowly and incompletely when the agonists (prime movers) contract and

thus retard free movement(48).

Several studies have demonstrated that improvements in physical performance
(such as running, jumping, and throwing) are significant following warm-up.
These studies support the physiological principles explained previously and

are summarized in an article by Neuberger(51).

Cool1-down
Just as the warm-up serves to gradually increase the internal body

temperature, the cool-down after a workout serves to gradually lower body
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tempgrature. An activg coo]-dqwn (such as wa]king) prgvents blood from
pooling in the Iegs(14) and circulation back to the heart is promoted. This
amplified circulation will rid muscles of the fluid build-up and metabolic
wastes that result from the muscular contractions in the workout. The fluid
build-up and metabolic wastes are primarily responsible for the muscle sore-

ness that occurs after a very strenuous exertion. It is recommended that an

active cool-down of walking and stretching be continued for five to ten minutes

after a strenuous workout.
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CHAPTER 3
MEDICAL SCREENING AND FITNESS EVALUATION

Importance and Need for Medical Screening and Fitness Evaluation

Several reasons exist for evaluating the physical fitness level of
police officers before they start an exercise program. The most obvious
reason is perhaps explained from a medical safety standpoint and is best
summarized by the American College of Sports Medicine:

For the sedentary individual there is a serious risk in the sudden,

unregulated and injudicious use of strenuous exercise. But it is

a risk that can be minimized and perhaps even eliminated through

proper preliminary testing and the individualized prescribing of

exercise programs (7).

The minimization of such risk is achieved in part by undergoing a
medical screening examination. Medical screening includes a record of
personal health history, family health history, present medication and
treatment, diet analysis, smoking history, and physical activity patterns
in order to assess the risk of testing and exercising. The procedure
identifies past and present health status and determines if a person is
& high risk for coronary heart disease (CHD)(22). A high risk individual
is classified as one who is older than 35 years and has a majority of
risk factors established by the American Heart Association {2,12,13).

The risk factors include high blood pressure, elevated blood fats (choles-
terol and triglycerides), cigarette smoking, obesity, physical inactivity,
elevated blood sugar and uric acid, family history, and excessive

emotional stress. Medical screening is an obvious protective practice
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for both the exercise participant and program director in preventing
medical complications and injury during activity. This is particularly
important for officers older than 40 years of age since they have been
found to be at higher-than-average risk (19). The officers under age 40
appear to be of average risk; however, medical screening is of no less
importance with young officers.

In addition to medizal screening, fitness evaluation tests are
required prior to inTtiating an exercise program. Fitness evaluation is
primarily the assessment of the functional capacity of the body through

testing the cardiorespiratory system during exercise stress. The evalua-

tion also inclides the determination of body composition, flexibility,
muscular strength and endurance, and pulmonary function. The results of
the fitness evaluation are used to determine the present medical-

health and level of fitness status of the individual police officer and

as a basis for exercise prescription. Also, the results are used as a i
baseline for future comparisons. With respect to this latter statement

physical fitness tests are excellent motivators for individuals in that

they provide objective measures of benefits reaped from regular exercise

programs.

Medical Screening

A thorough and detailed explanation of the medical examination is i
available in the textbook edited by Larson (16). Generally, the medical
examination should include the following:

1.  Comprehensive medical history questionnaire covering family
health history and current health habits such as smoking, alcohel intake,

physical activity, and medications. Special emphasis should be placed
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on primary risk factors of coronary heart disease (CHD), i.e., high blood
pressure, smoking, high blood fat levels (cholesterol and triglycerides),

obesity, physical inactivity, and family history of CHD. An example of

the questionnaire used by the Institute for Aerobics Research is presented

in Appendix A.
2. The following laboratory tests are recommended if the budget
is adequate: ‘

a. Chest X-ray

b. Physical inspection of the spine and 1imbs for bone and
joint abnormalities and of the neck, chest, abdomen,
eyes, ears, nose, and throat.

c. Auscultation (1istening) of heart and Jung sounds for
identification of possible cardiac murmurs, dysrhythmias,
or chronic lung disease.

d.  Measurement of resting heart rate, blood pressure, and

respiration.

e. Chemical analysis of blood for levels of serum cholesterol,

triglycerides, glucose, and uric acid.
f. Resting 12-lead electrocardiogram (ECG).
g. Exercise stress ECG.
h. Height and weight.
3. The follewing tests are suggested as minimal medical
screening devices if the budget is limited:
a. Physical inspection for limitations and handicaps.
b. Heart rate and blood pressure measurement.
c. Resting 12-Tead ECG.
d. Height and weight. u

68

p P R e TRt T i
Rk T R g L A S

Guidelines for Fitness Testing

Informed Consent
An explanation of all tests and exercise procedures to the partici-
pant is mandatory before administering a fitness evaluation; the partici-
pant must be aware of what is required and potential risks. An informed
consent form explains these factors, and a participant must sign this
form prior to any testing. An example of an informed consent dccument

is included in Appendix A.

Emergency Procedures

The knowledge of emergency procedures is essential when conducting
fitness evaluations. A1l personnel involved with the program must be
informed of such procedures, trained in cardiopulmonary resuscitation
and basic first aid, énd be able to determine the severity of the emer-
gency and the appropriate response. A11 personnel have assigned duties
in an emergency and should practice theée duties regularly to insure ]
teamwork and reduce confusion during an actual emergency. The procedure§
for action during an emergency should be typed and posted and should be
continually updated. The most recent Tnformation concerning cardio-
pulmonary resuscitation and first aid procedures should be reviewed
frequently with the staff. The equipment on hand for emergencies should
include a resuscitator, a defibrillator, and a basic first aid kit. A

telepone code system is recommended to expedite communication with the

referring physician, hospital, or clinic personnel.

Contraindications to Exercise Testing
Certain absolute conditions exist under which persons should not be

exercise stress tested. If through the medical history questionnaire or

69

WS :iﬂiﬁ"l‘éfg&‘\ﬁﬂ;—e#}m : "m&;yféﬁ,ﬂ:@q 3*3;‘}_,,‘ SRR e

cnvgere i




N
e e e S P SN B AN RN I SRR SISO IR I S
T : ) ¢ B S " o ) e e i s ot et = s et e

B

i e T T

)
any other means a non-physician discovers that an officer has any of the
conditions listed below, the officer should be referred to a physician:
' ! 1.  Circulatory insufficiency (congestive heart failure)
- 2. Myocardial infarction (heart attack)
34 3. Myocarditis (inflamation of heart muscle)
= : 4. Angina pectoris (chest pain)
| 5.  Pulmonary embolism (blood clot in lungs)
6. Aneurysm (weak spot in wall of artery or heart)
,‘ ¢ 7. Infectious disease
%v 8. Vein inflammation
é‘ 9. Heart arrhythmias
?” € 10.  Heart valve disease
§  Other relative conditions exist under which persons may be tested with
%3 " certain precautions. These conditions are listed and discussed else-
;” where (1). In general, officers with a questionable medical history
%% and/or medical problem also should be referred to a physician prior to
‘éée: beginning an exercise program. The same procedure should be followed
: g% for persons over 35 years of age and those under 35 who are considered
; a high risk for CHD.
}';fﬁ Types of Tests :
: The types of tests given in‘a fitness evaluation depend on four
major factors:
1€ 1. Time - If large numbers of officers must be tested in a short
period of time, the tests are Timited to the field type. "If adequate
# time is available, then more sophisticated laboratory tests can be
e administered. |
€ .70
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2. Funds - The equipment required in laboratory testing is usually
complex and expensive. Therefore, only a limited amount of equipment
is usually available.

3. Personnel - Ideally, only qualified individuals trained in
exercise testing such as physical educators and exercise physiologists
should administer laboratory stress tests. However, certain field tests
can be administered by police personnel if the exercise participants are
Tow risk and under the age of 35.

4. Population - Young officers under the age of 35 are generally
healthy and may be tested in afvariety of ways with Tow risk. Caution E
must be emphasized with persons over_age 35 or participants found to
be high risk through medical screening.

The major categories of fitness evaluations described in this chapter

include the following:

e e e e .

1.  Cardiovascular - Respiratory
a. Resting
(1) heart rate (sitting)
(2) blood pressure (sitting)
(3) 12-1ead electrocardiogram
b.  Submaximal - three minute step test
c. Maximal stress test
(1) oxygen intake
(2) treadmill time
(3) electrocardiogram

(4) heart rate

2. Pulmonary Function (spirometry)

a. Vital capacity

G ki

b. Forced expiratory vo1ume‘for one second
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3. Body Composition
a. Height and weight
b. Skinfold fat
Cc. Percent body fat
d. Lean body weight
e. Girth measures

4. Blood (serum)

1}
.

Cholesterol

o

Triglycerides
c. Glucose
d. Uric Acid

5.  Motor Ability
a. Flexibility
b. Muscular strength
c. Muscular endurance
d. Power

e. Agility

Some of the fitness tests such as resting heart rate, resting
blood pressure, 12-lead ECG, stress ECG, height, weight and blood analysis
are also incTuded within the medical screening. The following descriptions
of the physical fitness tests are divided into Laboratory and Field

Procedures fbn'the'purposé of providing moderate to high and Tow budget
recommendations.

Laboratory Procedures

Cardiovascular-Respiratory Tests

The required procédires before administering a maximum cardipyascular-

~ respiratory (CR) stress test involve the monitoring of resting electro-
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cardiogram, heart rate, and blood pressure. The equipment for such-
procedures includes an electrocardiogram recorder with patient cables, a
stethoscope, sphygmomanometer (blood pressure recorder), stretcher bed,
and arm chair. Resting measurements including a standard 12-Jead electro-
cardiogram, heart rate, and blood pressure  should be made in.tge‘supine,
standing, and sitting positions before giving an exercise test. The
monitoring of such tests is illustrated in Photographs 1 and 2. Norms
for resting heart rate and blood pressure measured 10 minutes after being
seated in a quiet room are presented in Tables 1 and 2, respectively.
The exercise stress test follows the resting measures and special
reference is made to the publication (1) by the American College of
Sports Medicine (ACSM) for guidelines on graded exercise stress testing.
The exercise test may employ treédmii] (high expense), bicycle ergometer
(medium expense), or bench stepping (low-cost) procedures. For Tow
risk officers under age 35, the 1.5 mile field test may be used as the
CR stress test; however, for individuals over 35 and/or high risk, the
laboratory tests are recommended. The laboratory CR test should be a
maximal test of a graded, multistage design; i.e., the test should start
at a Tow level of intensity and progress gradually to high levels of
intensity until the participant reaches a voluntary maximal endpoint.
The electrocardiogram, heart rate; and blood pressure must be monitored
throughout the exercise test (See Photograph 3) and during a recovery
period of at least five minutes fo]lowtng the exercise. The test is
continued until the individual reaches a voluntary maximal endpoint |
or until contraindications dictate that he stop. Those contraindications

are the following (1):
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Table 1. Police officer standards for resting heart rate*

st b A s Y 25

Fitness ( ) Age Gro%ps : ( )
20-29 yrs (n=88) 30-39 yrs (n=85 40-52 yrs (n=30
Category Heart Rate Heart Rate Heart Rate
(beats/min) (beats/min) (beats/min)
Excellent 44 and below 44 and below 48 and below
Good 45 to 58 45 to 61 49 to 62
Average 59 to 66 62 to 69 63 to 69
Below Average 67 to 69 70 to 85 70 to 83
Poor . 80 and above 86 and above 84 and above

* Measured 10 minutes after being seated in a quiet room.
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Table 2. Police officer standards for resting blood pressure*

bt AR A R S R T L b e D it

Fitness Age Groups
20-29 yrs (n=88) 30-39 yrs (n=85) 40-52 yrs (n=30)
Category Systolic BP Diastolic BP Systolic BP Diastolic BP| Systolic BP Diastolic BP
(mmHg) (mmHg) (mmHg) (mmHg ) (mmHg) (mmhg)

Excellent 105 and below 67 and below 98 and below 63 and below | 101 and below 69 and below
Good 106 to 118 68 to 78 99 to 116 64 to 78 102 to 117 70 to 81
Average 119 to 124 79 to 83 117 to 125 79 to 86 118 to 124 82 to 87
Below Average 125 to 137 84 to 94 126 to 143 87 to 100 125 to 140 88 to 99

Poor

138 and above 95 and above.

144 and above 101 and above

141 and above 100 and above

* Measured 10 minutes after being seated in a quiet room.
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1. Dizziness

2.  Chest pain

3. Intolerable fatigue or pain

4. Mental confusion

5. Pallor

6. Distressful breathing

7. Nausea

8. Definite fall in systolic blood pressuré
9. ECG changes:

a. S-T segment depression
b. Arrhythmias

The most popular stress tests involve walking and/or running on
a motorized treadmill. The treadmill is preferred because walking and
running are familiar activities, and minimal time is required to adjust
to the treadmill. Cycling and climbing stairs (bench stepping), strangely
enough, are unfamiliar activities to Americans; and Tocal pain in the
leg muscles often causes a participant to stop prematurely.

A yecommended procedure for treadmill stress testing is the Bruce
protocol (6). The protocol is presented in Figure 71 and involves
starting at a Tow level of intensity (7.7 mph and 10 percent grade) and
gradually progressing in speed and grade every three minutes. When
large numbers of officers are to be tested, this protocol is quite
practical because it is a short efficient test. This test also can be
used as a timed performance test and has a good relationship with maximum
oxygen intake (\702 max).

An optional, but important evaluation of CR function is the measure-

ment of Voz max or aerobic capacity. Optimal fitness ultimately depends

76

Ly
Y

A L e Setime ot b s e e e
. . -

é@,

2

..ég

GRADE (%)

O ) T T T 7T T T 71

O 3 . 6 ) 9 1121‘1 1l5l I»1[81 151
~ Minutes -

Figure 1.  The Bruce protoco] for treadmil] stress tes%ing (6)
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on the ability of the body to take in, transport, deliver, and use oxygen.
This ability, obviously involves the lungs, blood, heart, and the muscles
performing the work. The VOZ max test is sophisticated and requires

complex equipment (see Photograph 4), but is recommended if budgets are
adequate and qualified personnel are available to conduct the test.

Astrand and Rodahl (3) and Consolazio et al. (8) have explained in detail the
principles of measuring oxygen intake.

Maximum oxygen intake can be measured during the Bruce protocol
described previously, or, from a practical standpoint, can be estimated
from the performance time on the Bruce treadmill test as shown in
Table 3. Results from the study conducted on police officers are pre-.
Sented by age decades. For example, if an officer 32 years of age
continued for 10:37 on the Bruce test his predicted VOZ max would be
40.2 ml/kgemin and this would place him in the "good" fitness category
for his age group. Other and more practical tests 1ike the step test,

1.5 mile run, and 712 minute run, also can be used to predict maximum
Oxygen intake. Thus, the Bruce test and other similar tests can be used
as an electrocardiogram stress test, a physical performance time test,

and a measure of functional capacity (maximum oxygen intake prediction).

Submaximal Cardiovascu]ar-Respiratory Tests

Less sophisticated than treadmill stress tests, but sti1l valuable
as CR function tests are the submaximal bicycle ergometer and bench
step protocols. The purpose of the submaximal work capacity test on
the bicycle ergometer is to assess the response of the heart to different
workloads. Heart rate s measured at two op three different workloads,
and the amount of work that an indiyidual is capable of doing at
heart rates of 150 and 170 beats per minute are determined. This

physical work capacity (PWC) test is descpibed By Ribis1 (21) and is
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Table 3. Estimation of maximum oxygen intake (ﬁO
performance test (6).

Ay

N T

® ®

5 max) fitness classifications from Bruce treadmill

Age Groups

Fitness

20-29 yrs (n=88)

Treadmill Time

(min:sec)

VO, max
(m]/%g-min)

30-39 yrs (n=85)

Treadmill Time VO, max
(min:sec) (m]/%g-min)

40-52 yrs (n=47)

Treadmill Time
(min:sec)

V0, max
(mi/gg-min)

Excellent

Good

Average

Below Average

13:12 & above
11:24 to 13:11
10:30 to 11:23

8:42 to 10:29

52.9 & above
44.8 to 52.8
40.8 to 44.7
32.8 to 40.7

12:22 & above 47.4 & above
10:37 to 12:21 40.2‘t0447.3
9:44 to 10:36 36.6 to 40.1
7:59 to 9:43 29.3 to 36.5

11:02 & above 40.1 & above

9:34 to 11:01  34.3 to 40.0
8:49 to 9:33 31.4 to 34.2

7:21 to 8:48 25.6 to 31.3

Poor 8:41 & below 32.7 & below 7:58 & below 29.2 & below 7:20 & below 25.5 & below
A 7
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called the PWC-150 or PWC-170. In addition to assessing physical

working capacity, the bicycle test also can be used to predict maximum

oxygen intake as explained by Astrand and Rodahl (3). The advantages of this

test are that equipment needs are minimal (bicycle ergometer, metronome,

timer, and stethoscope); the equipment is inexpensive and portable; and

the protocol is easy to administer. If possible, this test should also

be ECG and blood pressure monitored.

Low budgets in many cases will prohibit the purchase of treadmills

and bicycle ergometers.

In these instances, CR function can be assessed

by using a very practical, low cost step test protocol. Kasch and

Boyer (14) have developed a three-minuyte step test that requires the

following minimum equipment:

1. A 12~inch bench for stepping

2. Clock with sweep second hand or stopwatch for timing test

and counting heart rate.

3. A metronome to help subject maintain cadence in proper siepping rate.

4. Stethoscope to count heart rate during recovery period.

The purpose of the step test is to measure the heart rate in the

recovery period following three minutes of stepping; the results can

be used to estimate maximum oxygen intake as shown in Table 4. The

rate of stepping is 24 steps per minute. Immediately after the three

minutes of stepping, the officer sits down. A 60-second heart rate

starting five seconds after the completion of stepping is counted. The

average heart rate ranges for the different age grouﬁs of police officers

are shown in Table 4,

heart rate of 102 beats/min the VOz‘max prediction would be 40.2 ml/kgemin

For an officer 32 years of age with a step test
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Table 4. Estimation of maximum oxygen intake (VO
three minute step test

i3

(14).

L

3

2 max) fitness classifications from Kasch and Boyer's

Age Groups
Fitness 20-29 yrs (n=87) 30-39 yrs (n=85) 40-52 yrs (n=29)

Step Test HR V0, max Step Test HR 70, max Step Test HR V0, max

(beats/min) (m1/kgemin) (beats/min) (m]/Eg-min) (beats/min) (m]/Eg-min)
Excellent 69 & below 52.9 & above 73 & below 47.4 & above 71 & below 40.1 & above
Good 97 to 70 44.8 to 52.8 102 to 74 40.2 to 47.3 103 to 72 34.3 to 40.0
Average 1171 to 98 40.8 to 44.7 117 to 103 36.6 to 40.7 117 to 102 31.4 to 34.2
‘Below Average 139 to 112 32.8 to 40.7 147 to 118 . 29.3 to 36.5 148 to 118 25.6 to 31.3
Poor 140 & above 32.7 & below 148 & above = 29.2 & below 149 & above 25.5 & below
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which would classify the officer in the "good" fitness category. Although
the step test is easy to administer and results are easily obtained, its
estimation of VOZ max 1s less accurate when compared to other exercise
tests such as the bicycle and treadmill tests.

Sharkey (23) has developed a five minute step test to estimate
maximum oxygen intake and, therefore, to assess fitness and physical
working capacity. Recovery heart rate is counted for 15 seconds after
the step test and a calculator chart is used to determine the fitness
score.  The calculator chart is yery convenient to use, and, in fact,
1s designed so that an individual may administer and score the test
himself. The calculator chart is available through the U.S. Department

of Agriculture: Forest Service.

Pulmonary Function Tests

Basic lung function and capacity are assessed by measures of vital
capacity (VC) and forced expiratory volume for one second (FEV]).
Spirometry equipment of medium expense is needed for such assessment and
procedures outlined by W.E, Col1ins, Inc. (7) and Kory et al. (15) are
recommended. Norms by decade for VC and FEV] are presented in Table 5.
Vital capacity is related to body size; therefore, Tung function is
evaluated with more emphasis on FEV] (%). For example, a relatively
small 32 year old officer may have a small vital capacity of 3.5 Jiters
yet have a "good" rating of 83 for‘FEV] (%). Care must be taken when

using these pulmonary measures as fitness tests.

Blood

If feasible, it is desirable to obtain a 15 m] blood sample from

triglycerides), glucose, and uric acid. The sample should be drawn
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Table 5. Police officer standards for pulmonary function tests.

, Age Groups

| Fitness 20-29 yrs (n=89) 30-39 yrs (n=85) 40-52 yrs (n=29)
. Vital FEV.* FEV = VC** Vital FEV FEV + VC Vital FEV FEV + VC
;5 Category Capacity ! ' Capacity 1 Capacity !

(L) (L) (%) (L) (L) (%) (L) (L) (%)
3 Excellent 7.69 and 6.58 and 86 and 7.32 and 6.13 and 84 and 6.29 and 5.03 and 80 and
j above above above above above above above above above
E‘ Good 6.26 to 5.06 to 81 to 5.87 to 4.74 to 81 to 5.26 to 4.09 to 78 to
) . 7.68 6.57 85 7.31 6.12 83 6.28 5.02 79
! Average 5.55 to 4.31 to 78 to 5.14 to 4.05 to 79 to 4.75 to 3.62 to 76 to
: 6.25 5.05 80 5.86 4.73 80 5.25 4.08 77

j Below 4,13 to 2.80 to 68 to 3.68 to 2.66 to 72 to 3.72 to 2.69 to 72 to
L@ Ayerage 5.54 4,30 77 £.13 4.04 78 4.74 3.61 75
} Poor 4,12 and 2.79 and 67 and 3.67 and 2.65 and 71 and 3.71 and 2.68 and 71 and
I . . below beTow beTow ... below.  below below below beTow below
g

%% * FEV] (L) = Jiters of forced expiratory yolume for one second.

! ** FEV] + VC (%) = percentage of FEV] to yital capacity (VC).
|
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after a standard 14 hour fast during which no food is allowed except
wWater. These variables have been related both tg Tevels of fitness and
coronary heart disease risk (10). Noyms for police officers apre presented
in Table 6. Unless a department already has the bTlood analysis equipment
or is large enough to make the cost feasible, it is recommended that the

blood be analyzed at a Tocal medica] 1aboratohy.

Field Test Procedures

Cardiovascu]ar-RespTratony Tests

run tests described by Cooper (9).  The time required to run 1.5 mijes
or the distance covered in 12 minutes js recorded in- the tests and then
evaluated using Table 7. In addition, VOZ max can be predicted from the
test results, For example, a 32 year old officer who runs the 1.5 mile
test in 11:071 op 1.64 miles in the 12 minute test would have a predicted
VOZ max of 48.0 m1/kgemin and would be classified in the "good" fitness
category. Advantages of these field tests are that large groups of
officers can be tested in a short period of time and the tests are
highly correlated with aerobic capacity (9). The disadvantage is that a
track or large running area of known distance is required. These field
tests are not recommended for high risk Persons or as initia] screening
tests for officers over the age of 35, After these types of individuals

have been screened and medically cleared by a physician, the above field

progress through an exercise program. A six week starter program is

recommended prior to the administration of 3 7.5 mile or 12 minute test.
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Table 6. Police officer standards for blood variables*
Age Groups
Fit 20~-29 yrs (n=89) 30-39 yrs (n=85) 40-52 yrs (n=30)
ness a b c d . :

Category Chol. Trig. Glu. UA Chol. Trig. Glu. UA Chol. Trig. Glu. UA

(mg%) (mg%) (mg%) (mg?%) (mg%) (mg?) (mg%) (mg2) (mg%) (mg#) (mg#) (mg%)
Excellent < 102 28 67 3.7 < 116 35 67 3.6 < 143 33 66 3.8
Good 103-167 29-66 68-78 3.8-5.6 | 117-194 36-104 68-80 3.7-5.8 | 144-218 34-78 67-80 3.9-5.6
Average 168-199 67-104 79-83 5.7-6.5 | 195-233 105-173 81-8 5.9-6.9 | 219-255 79-209 81-87 5.7-6.5
Below 200-264 105-181 84-93 6.6-8.4 | 234-311 174-311 87-98 7.0-9.1 | 256-329 210-341 88-102 6.6-8.4
Average
Poor > 265 182 94 8.5 > 312 312 99 9.2 > 330 342 103 8.5

* Sample drawn after a standard 14-hour fast during which no food is allowed except water.

a = Cholesterol

b = Triglycerides
¢ = Glucose

d = Uric Acid

o e AR, o Y g
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f Table 7. Estimation of maximum oxygen intake (VO, max) and fitness classifications from Cooper's 1.5 mile and
12 minute run tests (9).*
Age Groups
Fitness Under 30 yrs . 30-39 yrs . 40-49 yrs ;
Catedor 1.5 mile 12-min VO, max 1.5mile 12-min VO, max 1.5 mile 12 min V0, max
gory (min:sec) (miles) On1?kg-min) (min:sec) (miles) (m]?kg-min (min:sec) (miTes) (m];kg-min)
Excellent Below Above Aboye Below  Above Above Below Above Above
o 10375 1.75 51.6 11:00 1.65 48.1 17:30 1.55 45,1
Good 12:00 to  1.50 to 42.6 to 13:00 to  1.40 to 39.2 to 14:00 to 1.30 to 35.5 to
10:16 1,74 51.5 11:01 1.64 48.0 11:31 1.54 45.0
Average 14:30 to  1.25 to 33.8 to 15:30 to  1.15 to  30.2 to 16:30 to 1.05 to 26.5 to
@ ' 12:07 1.49 42.5 13:01 1.39 39.1 14:01 1.29 35.4
Below 16;30 to 1.0 to 25.0 to 17:30 to  0.95 to 25.0 to 18:30 to 0.85 to 25.0 to
Average 1431 1.24 33.7 15:37 1.14 30.1 16:31 1.04 26.4
Poor 16:31 ang 0.9 and 24;9 and 17:31 and 0.94 and 24.9 and 18:31 and 0.84 and 24.9 and
Above Below Below ‘Above - Below Below Above Below Below

* Table adapted from Cooper (9), pages 28-3].
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The starter program gives the officers a chance to get their legs
partially conditioned and Jearn to pace themselves. Starter programs

are described in Chapter 4.

Body Composition

Body composition assessment refers to the classification of the
total body weight into two main components - fat weight and lean weight.
The amount of fat (percent of total body.-weight) in the body is related
to heart disease, diabetes, cirrhosis of the liver, hernia, intestinal
obstruction, and other health hazards. Thus it is recbmmended that
percent body fat be maintained at a reasonable standard. The standard
for men over age 35 is below 19 percent and for men under age 35, below
16 percent. Body composition is measured most accurately by underwater
weighing. Through this technique, body density is calculated and ctherted
to percent fat. The technique s a complex, expensive system with soﬁhis-
ticated procedures and is impractical for most situations. Thus, body
composition must be estimated from simple field tests involving skinfold
fat or body dimension measures. Specific recommendations on the exact
Jocations for obtaining skinfold and girth measures are shown by Behnke
and Wilmore (4).

Skinfold fat determinations involve the measurement of a double
layer of skin and the underlying layer of fat by using special calipers
that are calibrated to provide a constant tension throughout their range
of motion. The Lange caliper (available through Cambridge Scientific
Industries, Cambridge, Maryland) meets this specification and is relatiyely
inexpensive. In measuring skinfold thicknesses, it is important fo

locate the exact site, pinch the skinfold firmly with the thumb and
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forefinger, and place the caliper at a constant distance from the thumb

and forefinger holding the site (see Photograph 5).

Small differences

among individuals exist in the thickness of skin; therefore, the above

technique actually estimates individual differences in the fat layer.

A common formula used to éstimate percent body fat for young men

from three skinfold sites has been reported by Pascale et al (18). A

conversion table is presented in Table 8. The scoring of percent fat is

summarized as follows:

1.

The three skinfold sites are measured to the nearest 0.5
millimeter. ‘

The axilla measurement is a vertical skinfold at the middle of
the side, level of the fifth rib, and directly in line with
the middle of the armpit.

The chest location is found over the latera] border of the
pectoralis major muscle midway between the nipple and shoulder
crease, and on a line running diagonally between the shoulder
and opposite hip.

The triceps site is located on the back of the arm, over the
belly of the triceps muscle, and midway between the top of

the shoulder and the elbow joint.

A1l measures are taken on the right side of the body.

The conversion factors for the three measurements are found

in Table 8, and are summed. The total is subtracted from the
constant 1.08847 to obtain density.

The density is converted to percent fat by using the values
noted on Table 8 in the inset, which are based on the formula

by BroZek et al. (5).
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TABLE Skinfold conversion table for prediction of per ceﬁt body fat in males (18) . ‘ff Another practical method for estimating percent fat for young men
o Axilla Chest Tricep Density % Fat (3) Density % Fat (3) - ii‘i s presented in Table 9. Wilmore and Behnke (25) have reported a simple
3 00071 100048 00055 1.0000 42.8 1.0525  20.0 “5 formula using body weight and waist girth measured at the umbilicus
2 .00142 .00097 .00110 1.0025 41.7 1.0550 19.0 - ‘ . , . .
3 00214 . .00145 00165 1.0050 405 1.0575 17,9 Tevel. A metal or cloth tape measure is used to determine waist girth
4 .00285 .00193 .00220 1.0075 39.4 1.0600 16.9 i ) ' : . .
5 ' 00356 “00242 00276 1.0100 383 1.0625 15 g | measured to the nearest half inch. The conversion factors are found
6 .N0427 ~ .00290 .00331 1.0125 37.2 1.0650 14.9 - . ) _
7 .00499 00338 .00336 1.0150 36.0 1.0675 13.9 - for both body weight and waist girth and are added and subtracted to
8 .00570 .00387 .00441 1.0175 34.9 ¢ 1.0700 12.9 & : : .
9 0647 '00435 00496 1.0200 33.8 10755 T35 f~ obtain Tean body weight. Fat weight and percent body fat then are
10 .00483 .00551 1.0225 32.7 1.0750 10.9 N 1 . _ .
1 .00783 (00532 .00606 1.0250 31.6 1.0775 9.9 ¢ calculated as shown in the example in Table 9.
12 .00855 -00580 1.0275  30.6 1.0800 8.9 POl al. (
13 "00926 100628 YY) 1.0300 595 1.0825 3 0 f.g ock et al. (20) have reported a more accurate formula for
14 .00997 .00677 .00772 1.0325 28.4 1.0850 7.0 o5 redicting the body fat of mi - . . o
15 .01068  .00725  .00827 1.0350  27.3 1.0875 6.0 : predicting the body fat of middle-aged men using skinfold and girth
16 .01140 .00773 .00882 1.0375 26.3 1.0900 5.1 o measures. A conversion t i i i
17 ‘01211 . .00822 - .00937 1.0400 5 o 1.0925 2 . ersion table for this formula is presented in Table 10.
18 .01282 .00870 . .00992 1.0425 24.2 1.n950 3.2 > The chest and axilla skinfolds are ta
19 .01353  .00918  .01048 1.0450  23.1 1.0975 2.2 5 s are taken to the nearest 0.5 mm and the
20 .01425 .00967 .01103 1.0475 22.0 1.1000 1.2 ! gluteal and forearm girths are taken to the nea 0
21 .01496  .01015  .01158 - 1.0500  21.0 . ] - S e nearest 0.1 am. The
22 .01567 .01063 .01213 _ . o 1 o scoring for parcent fat s summarized as follows:
23 .01638 .01112 .01268 Skinfolds in millimeters . EE : |
gg .8;55? ,81;gg .8}g§g Axilla 10 - mm ,f 1. The axilla skinfold conversion is subtracted from the chest
gg .81322 .g}ggg‘ .8}233 Chest ' ]], - omm : ’ skinfold conversion to result in answer "a".
R 3 s - . . \ "2 - \A
28 .01994 .01354 .01544 , TrTceps - : i j 2. The gluteal girth conversion is subtracted from answer "a"
- 29 .02066 .01402 .01599 , Skinfold Conversions : A -
: : e . .
§$ .gglg; .g}zgg .8;?83 : Axilla 00712 , k to result in answer "b".
3§ .gg§g$ .8}23; ~ .g%g?g ~ Chest + .00532 ' e 3. The forearm girth conversion is added to answer "b" to result
3 . . B ' . ~ grues
32 .oz4p2  .01644  .01874  riceps -00662 | in answer "c".
35 .02493 .01692 .01930 Total .01906 ‘ - éi‘l . .
gg .82222 .8};gg .g;gzg Subtract above total from 1.08847 to get B 4. Answer "c" value is actually equal to bady density (D).
. ’ ’ ’ body density ‘ S : cre s . .
38 .02707 .01837 .02095 . ¥ 5. Density is then converted to percent body fat using the Siri
-39 .02778 .01885 - .02150 1.08847 | L "
pom o ogmomy e o (2
42 .02992 02030 . .02316 = 1.06941 Density % Fat = ——%25—- = &5 0 00
42 '83??2 'ggggg ' ’8222; Circle percent fat corresponding to B
25 03208 02175 02481 ~ density on table above. R S In the example on Table 10, the calcuated percent body fat was 22.6.
46 .03277 .n2244 .02436 . _ : v . _
47 .03348 .02272 .02591 ‘ . oL@
48 .03419 .02320 .02648 ) - , 7
49 .03490 .02369 .02701
50 .N3562 .02417 .02756
5 90
p » iR
89 R &
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TABLE 10." Conversion Table for Prediction of Percent Body Fat (20)
B | nawg_ Example B Coe 7
W . - . A . .
FCHEST  CONV. AXILLA 'CONV. GLUTEAL - CONV. FOREARM CONYV. © MIDDLE-AGED MEN
i ‘SKNFLD FACTOR SKNFLD FACTOR ... FACTOR . FACTOR ‘ : |
. o mm mm o, om C cm :
TABLE 9. Conversion table for estimation of percent fat (25) : o€ . ) I — ‘
Lean Tody Height (L0H) = 56.12 < [1.082 (B Vietght) - 4.15 (vaist Giren) 1) doms ) o 7 T e N8 09 porsonat Heasurenents
» Fat = [(Body Weight - Lean Body Weight x 100]  + Body Weight E1 3 1l09950 3 00i38° 77 - .07 18.5 .04200 | |
NAME EXAMPLE A ‘ ¥4 4 1.00897 4  .00184 78'. 078 19.0 .04313 : R
— DATE §%<35 1.00825 5 . .00230 79 079 19.5 .04427 CHEST ___ 15 o
BO5Y TATST 1 7 1.09681 7' .00322 81 . - .081 20.5 .04654 _ :
1. Body Weight 166 1b MEIGHT  cf GIRT . '/ 8 1.09609 8  .00368 82 .082  21.0 .04767 GLUTEAL 95 cm-
2. Waist Girth 33 in 100 - 108 RTH cf ' o9 1.09537 9 .00414 83 .083 21.5 .04881 25
| 05 D Tisel - seg D T 110 1.09465 10 00460 84  .084 22.0 .04994 OREARM cm
CONVERSTON 110 - 119.02 %60 - 105 60 31 1.09393 11 .00506 85  .085 -22.5 .05108 :
'ﬁggtgﬁe(gg§§t§3§tto the Body Weight conversion 115 _ 124.43 26.5 - 109.98 12 .1.00321 12 [L0085Z] 86  ..086 23.0 .05221 oo oicions
B factor’(cf) ]rc‘ac the Ja;st Girth conver- 120 - 129.84 - 27.0 .-- 112.05 ’ - 2 ‘].09249 13 .00598 87 ~ .087 - 23.6 .06335 : -
Body st (LBW)-mmb e subtotal to get Lean- 125 - 135.25 27.5 - 114.13 S is - 1.09177 - 14_ ‘ . 00644 3 a8 ‘.088 - 24.0  .05448
] ly Weig ; subtract the LBW from Body 130 - 140.66 28.0 - 116.20 |15 I;:EEIQ:]. 15 +;00690 * 89 .089 ' 24.5 05562 CHEST 1.05105
eight to get Fat Weight. Finally calculate 135 - 146.07 28.5 - 118.28 {16 - .1.09033° 16 . +.00736 - 90 .090. 25.0° : :
percent fat from the formula below. 140 - 151.48 - 29.0 - 1206.35 { §7 1.08961 17 ~ .00782 -91 ~  .091 . 25.5 .05789 - Lo
— 145 - 156.89 29.5 - 122.43 118 1.08889 18  .00828 92 . .092 26.0 05902  AXILLA 0.00552
CALCULATION A 150 - 162.30 ° °©  3n.0 - 124.50 {19 1.08817 19 .:.00874 93 093 26.5 .06016 : _
- 155 - 167.71 - 30.5 - 126.53 120 1.08745 20  .00920 94/ .094 27.0 .06129 -
Constant + 98.42 160 - 173.12 31.0 - 128.65 : I 21 1.08673 21 . .00966 95 27.5 .06243 7 o yeey 0-095
' ' ‘ = 5D - 31.5 - 130.73 122 1.08501 .22  .01012 -96 :096 28.0 " .06356 .
1. Body Weight cf + 178.53 170 < 183.94 . 32,0 - 132.80 f®3  1.08529 23  .01058 97 -  .097 - 28.5 06470 .  + '
T 175 - 189.36 32.5 - 134.88 24 1.08457 -'24 ~ .01104 ., 98 - .098 '29.0 ~.06583 FOREARM 0- 05675
Subtotal = 276.95 180 - 194.76 @30~ T36.9% 125 1.08385 25  .01150 .99 ° -.099 - 29.5 .06697 . "
: ‘ 185. - 200.17 33.5 - 139.03 | 26 1.08313 26 .01196 100  .100 30.0 .06810 o=
2. Waist Girth cf - 136.95 190 - 205.58" 3.0 - 141.10 27 .1.08241 .27 ©.01242 101 . .101 30.5 .06924 pensITY 1-04728
: 195 - 210.99 34.5 - 143.18 - 428 1.08169 .28 .01288 102 .102 310 .07037 U
LBW = 140.00 . | 200 - 216.40 35.0 - 145.25 $o  1.08097 29 1.01334 103 © .303 . 31.5 -..07151, . /ilgs: "
| . , 205 - 221.81 . 35.5 - 147.33 | 30 1.08025 30 - .01380 104 (104 ° 32.0:.-..07264 .. f 4-35 7
3. Body Weight = 166.00 210 - 227.22 36.0 - 149.40 31 1.07953 31.- .01426 105 .105° 32.5 ..07378 at sl—— -~ 4.5
: 215 - 232.63 36.5 - 151.48 32 1.07881 32 ~ .01472 105 . .106. " 33.0 © ;07491 - -\ D s
LBY - 140.00 220 - 238.04 37.0 - 153.55 ’ 33 1.07809 33 .. .01518 107 °..107 33.5 -.07605 ST T ;
, . | 225 - 243.45 - 37.5 - 155.63 34 1.07737 .34 - ,01564 108 . .108 34.0 .07718 Example:’ |
Fat Weight = = 26.00 230 - 248.86 . - - 38.0 - 157.70 - 35  1.07665 35  .01610 109 - .109 - 34.5 .07832 495 :
235 - 254.27 - 38.5 - 153.78 36  1.07593 36  .o0ls56 110 110 . 35.0 .07945 A Fat={ """ = 4.5 ;
% percent Fat  =—(Fat Wt x 100) 240 - 1259.68 39.0 - 161.85 37 1.07s21 37  .01702 111 - 111 35.5  .0B059 1.04728 g
(Body W8) ;45 - 265.09 39.5 - 163.93 | 138 1.07449 .38 01748 112 - .112  36.0 .08172 SN r
| | 50 - 270.50 400 - 166.00 | 39 1.07377 33  .01794 113 1137 36.5  .08286 ¢ Fap = 22.5 !
' | (26.0 o 1.07305 40  .01840 114 114 37.0  .08399 e i
Percent Fat = -00 x 100) 21 1.07233 A1 . 01886 115  .115 37.5 .08513 | :
(166) 42 1.07161 42 .01932 116 116 38.0  .08626 w b
| 43 - 1.07089 43  .01978 117 .}}; ga.s | .ogggg- ;
- 15. 44 1.07017 - 44  .02024 118 . 9.0 .0 , ‘ g
Parcent Fat = | ° 45 1.06945 45  .02070 119 119 39.5  .08967
Q6 1.06873 46  .02116 120 120 40.0  .09080
47 1.06801 47  .02162 121 121 40.5  .09194
48  1.06729 48  .02208 122 - .122 41.0 .09307
49 1.06657 49  .02254 123 123 41.5  .09421
50 1.06535 50  .02300 124 124 42.0  .09534
13 N . 3
97 . 1 Formula from Siri (24) ‘ '
S Lo TR e ST T 0 ThL DENSITY = 1.10185 - 0.00072 * CHEST - 0.00046 * AXILLA - 0.00% * GLUTEAL + 0.00227 ¥ FTEA




Percent body fat norms by decade for police officers are presented
in Table 11. The underwater weight technique was used to calculate the
values for men 20 to 29 years of age and the Pollock et al. (20) formula
was used for men over 30 years of age. The values for men over age 30
are much higher within each fitness category when compared to men under
age 30. The desirable percent body fat standards recommended for men

under age 30 and ovér age 30 are 16% and 19% or lower, respectively.

Motor Ability

F]exib11itz - Flexibility is included in total fitness assessment
because of the widespread problems of Jow back pain and joint soreness.
Many of these problems are related to sedentary living. Flexibility is
defined as the range of possible movement in a joint or group of joints.
It is necessary to determine the functional ability of the joints to
move through a full range of motion.

No general flexibility test measures the flexibility of all joints;
however, the trunk flexion or the sit and reach test serves as an
important measure of hip and back flexibility. Primarily, the elasticity
of the muscles in the back of the legs and trunk is tested in the sit
and reaéh position. The subject sits on the floor or mat with legs
extended at right angles to a taped 7ine or box as shown in Figure 2.
The heels touch the near edge of the tape or box and are eight inches
apart. A yardstick is placed between the legs of the subject and rests
on the floor with the 15 inch mark on the near edge of the tape or is
placed on top of the Box with the 15 inch mark on the edge of the box.

The subject sTowly reaches forward with both hands as far as possible

93
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Table 11. Police officer standards for percent body fat.

Fitness Age Groups
Category 20~29 yrs (n=89)* 30-39 yrs (n=85)** 40-52 yrs (n=30)**
Body Fat? Body FatP Bogy Fastb )
(%) (%) (%)

Excellent 6.7 and below 13.8 and below 16.8 and below
Good 6.8 to 17.3 13.9 to 21.5 16.9 to 22.9
Average 17.4 to 22.6 21.6 to 25.4 23.0 to 26.0
BeTow Average 22.7 to 33.2 25.5 to 33.0 26.1 to 32.2
Poor 33.3 and above 33.1 and above 32.3 and above

* Desirable body fat
** Desirable body fat

a

]

16% or Tower

19% or ]éwer

Body fat measured by underwater weight technique

b = Body fat estimated by Pollock et al. (20) formula
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Figure 2. The sit and reach.test for hip and ba
flexibility (17)
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and holds the position momentariiy.

by the fingertips is recorded.

The distance reached on the yardstick

The best of three trials is considered

as the flexibility score and can be compared to the norms in Table 12.

Prior to actual test administration, the officer should warm-up slowly

by practicing %he test.

-

Strength - Muscular strength is defined as the amount of tension a

muscle can exhibit in one maximal contraction.

The true measurement of

total body muscular strength is difficult since so many muscle groups as

well as different methods of testing strength are involved. A dynamic

strength test through the full range of motion which correlates well

with a total body strength criterion is the one repetition maximum bench

press.

The equipment required includes either a barbell set with a

special bench or the bench press station on a Universal Gym apparatus.

The procedures for this test involve the following.

1.

Estimate the weight that an individual can press in one

maximal effort.

Load the weights to about two-thirds of the estimated

maximum weight.

Instruct the individual to press this weight once for an

easy warm-up.

Increase the loading of the weights in ten pound increments

to maximum. If barbells are used, five pound increments are

recommended as the individual gets closer to maximum. Instruct

the person to 1ift each additional weight increment for one

repetition and then load the next increment.

96
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Table 12. Police officer standards for flexibility*

Fitness Age Groups

20-29 yrs (n=81) 30-39 yrs (n=84) 40-52 yrs (n=28)
Category Flexibility Flexibility Flexibility
(in) (in) (in)

Excellent 25.9 and above 26.4 and above 23.3 and above
Good 19.7 to 25.8 19.2 to 26.3 16.3 to 23.2
Average 16.6 to 19.6 15.6 to 19.1 12.8 to 16.2

Below Average

Poor

10.5 to 16.5
10.4 and below

8.4 to 15.5
8.3 and below

5.7 to 12.7
5.6 and below

R S T

T

& i

* Sit and reach test (17)
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to four repetitions serve as warm-up 1ifts in order to
prevent muscle 1njufy and to prepare the person for
a maximal 1ift on the fifth or sixth effort.

5. The score for this test is the maximum number of pounds

Tifted in one repetition.

Norms for police officers on the one repetition maximum bench press are
presented in Table 13. Because body weight is related to strength,
additional norms on young men are proyided in Table 14, according to
body weight classifications. For example, a person weighing 166 pounds
and bench pressing 180 pounds is rated in the good category. Norms in
Table 14 are based on results from college-aged males and would apply

primarily to police officers under age 30.

Muscular Endurance - Muscular endurance is defined as the ability

to contract the muscle repeatedly over a period of time. Low levels of
muscular endurance indicate inefficiency in movement and a low capacity
to perform work. Two tests of muscular endurance which are easy to
administer are the pushup and one-minute timed situp tests. The correct
technique for administering the pushup test is demonstrated in Photographs
6 and 7. The administrator places his fist on the floor below the
officer's chest. The officer must keep his back straight at all times
and from the up position lower himself to the floor until his chest
touches the administrator's hand and then push to the up position again.
The total number of correct pushups are yecorded and compared to the
police officer standards shown in Table 15.

In the situp test, the officer starts by lying on his back, knees

bent, heels flat on the floor, and hands interlocked behind the neck.
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TabTle 13. Police

officer

standards for one-repetition maximum bench

press

Fitness Age Groups
Category 20-29 yrs (n=81) 30-39 yrs (n=83) 40-52 yrs (n=28)
Bench Press Bench Press Bench Press
(1b) (1b) (1b)
Excellent 227 and above 201 and above 188 and above
Good 174 to 226 161 to 200 150 to 187
Average 147 to 173 141 to 160 132 to 149
Below Average 94 to 146 100 to 140 95 to 131

Poor

93 and below

99 and below

94 ‘and below

{t
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TABLE 14. One repetition maximum bench press norms*-for college-aged men.
Body weight classifications (1bs)

Fitness 120- 130- 140- 150- 160~ 170- 18- 190-

Category 129 139 149 159 169 179 189 above
. Pounds Lifted

Excellent 170- 175- 185- 195- 205- 215- 225- 235-

150 155 . 165 175 185 195 205 215

| Good 145~ 150- 160- 170- 180~ 190- 200~ 210-

130 135 145 155 165 175 185 195

Average 125- 130- . 140- 150- 160- 170~ 180- 190-

110 115 "125 135 145 155 165 175

Below Average 105~ 110- 120~ 130~ 140~ 150- 160- 170-

90 95 105 115 125 135 145 155

Poor 85- 90- 100~ 110- 120~ 130- 140~ 150-

70 ~ 75 85 95 105 115 125 135

* Adaptéd from data

provided by R,A. Berger, Temple University.
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Table 15. Police officer standards for the pushup test

Fitness Age Groups
g rs 79) 0 s (re83) d0-g2 s (ne2a)
(repetitions) (repetitions) (repetitions)
Excellent 43 and above 37 and above 28 and above
Good 28 to 42 23 to 36 18 to 27
Average 20 to 27 17 to 22 13 to 17
Below Average 5 to 19 3 to 16 2 to 12
Poor 4 and below 2 and below 1 and below
s
5




A partner holds the feet down. The officer then performs as many
correct situps (see Figure 3) as possible in one minute. In the up
position, the officer should touch his elbows to his knees and then
return to a fuli lying position before starting the next situp. This
test indicates the endurance of the abdominal muscle group, an area of
important concern to the middle-aged male. Norms for this test are

shown in Table 16.

Power - Power, in physical fitness terms, is defined as the ability
to release maximui force in the fastest possible time. The vertical
Jump test has been used commonly as a measure of power. A yard stick,
measuring tape, smooth wall or a specially made vertical jump board are
required for the test. Chalk dust is placed on the fingers of one hand
as a means for marking the jump. The officer stands with one side
toward the measuring device and reaches upward as high as possible.

This is recorded as the "reach" distance. The performer then jumps as
high as possible and touches the measuring device at the height of his
Jump. The test is scored as the number of inches, measured to the
nearest half-inch, between the "reach" and jump marks. The best of
three trials is recorded as the score. Standards for young officers are

presented in Table 17. The test was not given to officers over age 35.
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Figure 3. One minute situp test
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Table 16. Police officer standards for the one-minute situp test

Fitness Age Groups
Wegurs (eE) g (es) - rs (v
(reps/min) (reps/min) (reps/min)
Excellent 51 and above 45 and above 39 and above
Good 40 to 50 34 to 44 26 to 38
Average 35 to 39 29 to 33 19 to 25
Below Average 24 to 34 18 to 28 6 to 18

Poor

23 and below

17 and below

5 and below
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Q} The best of two time trials is used as the agility score with at least
Table 17. Police officer standards for vertical jump power test. o five minutes of rest allowed between trials
,QW Norms on the agility run test for police officers are presenfed
Fitness ' Age_Groups ; in Table 18 ‘Th t i
Category 20-29 yrs (n=80) 30-35 yrs (n=64) ~?¢ . e test was not given to officers over age 35.
Vertical Jump (ins) Vertical Jump (ins) o
Excellent 25.0 and above 26.0 and above :?4 Table 18. Police officer standards for ITTinois Agility Run Test (11)
Good 20.0 to 24.5 20.0 to 25.5 igf [
;'
Average 17.5 to 19.5 16.5 to 19.5 f;,,,i Fitness ' Age Groups
Below Average 12.5 to 17.0 10.0 to 16.0 1l Category 20-29 yrs (n=75) 30-35 yrs (n=60)
e ; 3 Agility Time (sec) . Agility Time (sec)
Poor . 12.0 and .below. - 9.5 and beTow o Excell '
(:(} xcellent 16.7 and below 16.2 and below
~é§i. Good 16.2 to 17.7 16.3 to 18.1
Agility - An agility run test reflects the ability to change directions )‘ Average 17.8 to 18.6 18.2 to 19.7
. . .2 to 19.
d d quickly. Several basic movements have been combined into one test £
and speed quickly eve g:é Below Average 18.7 to 20.2 19.2 to 21.0
in the figure-eight I17inois Agility Run. The test is described in Pl P
g g gility § oor 20.3 and aboye 21.7 and above
detail by Cureton (11). %7§
4
As shown in Photograph 8, the officer starts from a flat prone & ) . _
%‘i -Discussion of Results
position with hands on the starting Tine and then reacts to the starting &
- A1l test results should be explained carefully to each officer

signal. The course consists of the following: .
J g with opportunity for discussion. Strengths as well as weaknesses should

1. Sprint 30 feet, stride stop and place at least one foot over b . |
@ pointed out before an exercise prescription is given. A rating scale

the boundry Tine, turn and sprint back 30 feet. ‘ ]
Y P g or profile chart is an excellent way of summarizing test results and

2. Left turn around chair on starting line and zig-zag in a o .
presenting them visually to the officer for interpretation. Tables 19

figure-eight fashion around the chairs up and back to 24 st o )
0 24 show examples of how a fitness profile may be presented to officers

(see Photograph 9). .
of different ages. Space s also provided for recording actual scores

3. Sprint 30 feet up and back as described in Step 1 above except on each table.

finish with a dash over the starting line. e )
The profile is used to indicate the officer's initial leyel of

The total time to negotiate the course is recorded to the nearest 0.] . ; - )
fitness but more fmportantly is used to show Progress through a prescribed

second. Gym shoes must be worn for the test and a warmup is required. , . A C ws
exercise program. Retesting then becomes an important requirement in the

Practicing the course by a sTow jog is recommended as a warmup procedure.
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evaluation process. One of the most important impacts on an officer's
attitude toward exercise is to be able to show progress as a result of the

hard work required in an exercise program.

Summary
The medical screening examination helps to assure the health and

safety practices of the program. The complete fitness profile including
cardiovascular-respiratory, body composition, and motor ability measures
identifies the level of fitness for an individual, enables proper exercise
prescription, and demonstrates the progress that is possible through a

systematic, supervised program.
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Table 19. Fitness Profile Chart for Police Officers, Ages 20-29 Years.

NAME = AGE HEIGHT WEIGHT
Bruce  Maximum Three-Min.
.Fitness Resting  Treadmill Oxygen . Step Test 1.5 Mile 12-min Body
Catedory Heart Rate - Time Intake H.R. Run Run ' Fat
gory beats/min min:sec. - ml/kgemin beats/min min:sec miles %
Below: .Above - - Above- - Below . Below. Above - Below
Excellent. a4 13:12 52.9 © 69 10:15 1.75 6.7
Good . 45 13:11 - 52.8 70 . 10:16 1.74 - 6.8
o 58 , 11:24 44.8 97 - 12:00 1.50 - 17.3
| 59 - 17:23 44.7 98 12:01 1.49 17.4
Average 66 - - . 10:30.  40.8 111 14:30 1.25 22.6
_ 67 10:29 ©40.7 112 14:31 1.24 22.7
Below Average . 79 .- 842 32.8 139 16:30 1.00 33.2
80 - 8:4] " 32.7 140 16:31 0.99 33.3
Poor Above Below ~ Below Above Above Below Above

DATA COLLECTION FORM
Date
Test 1
Test 2
Test 3

Instructions: Record the individual's scores in the spaces provided above according to date of testing and

type of test. Circle the individual's.actual score in each test on the profile chart to identify varying
levels of fitness. ’ ' ,
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Table 20. Fitness Profile Chart for Police Officers, Ages 20-29 Years.

NAME AGE HEIGHT © WEIGHT
Fitness Flexibility Bench Press Pushups Situps Vertical Jump Agility Run

Category (in) (1b) (reps)  (reps/min) (in) (sec)
Above Above Above Above Above Below
Excellent 25.9 227 43 51 25.0 16.1
25.8 226 42 50 24.5 16.2
Good 19.7 174 28 40 20.0 17.7
19.6 173 27 39 19.5 17.8
Average 16.6 147 20 35 17.5 18.6
16.5 " 146 19 34 17.0 18.7
Below Average 10.5 94 5 24 - 12.5 20.2
10.4 93 4 23 12.0 20.3
Poor Below Below Below Below Below Above

DATA COLLECTION FORM
- Date
Test 1
Test 2
Test 3

Instructions: Record the individual's scores in the spaces provided above according to date of testing and
type of test. Circle the individual's actual score in each test on the profile chart to identify varying
levels of fitness. :
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Table 21. Fitness Profile Chart for Police Officers, Ages 30-39 Years.
NAME AGE HEIGHT WEIGHT
Bruce Maximum Three-Min.
Fitness Resting Treadmill Oxygen Step Test 1.5 Mile 12-min Body
Catedqor Heart Rate Time Intake H.R. Run Run Fat
gory beats/min min:sec ml/kgemin  beats/min min:sec miles %
Excell £ Below Above Above Below Below Abave Below
xcelien 44 12:22 47.4 73 11:00 1.65 13.8
Good 45 12:21 - 47.3 74 11:01 1.64 13.9
61 10:37 ~ 40.2 102 13:00 1.40 21.5
A 62 10:36 40.1 103 13:01 1.39 21.6
verage 69 1 9:44 36.6 117 15:30 1.15 25.4
Below A 70 9:43 36.5 118 15:31 1.14 25.5
elow Average 85 7:59 29.3 147 17:30 0.95 33.0
86 7:58 29.2 148 17:31 0.94 33.1
Poor . Above BeTow Below Above Above Below Above
DATA COLLECTION FORM
Date
Test ] '
Test 2 -
Test 3

Instructions: Record the individual's scores in the spaces provided above according to date of testing and
type of test. Circle the individual's actual score in each test on the profile chart to identify varying

levels of fitness.

RS e Sy

oty e a8 et ey e+ S




7

LLL

Table 22. Fitness Profile Chart for Police Officers, Ages 30-39 Years.

NAME

AGE HEIGHT
Fitness Flexibility Bench Press Pushups Situps Vertical Jump Agility Run
Category (in) (1b) (reps)  (reps/min) (in) (sec}
Above Above Above Above Above Below
Excellent 26.4 20] 37 45 26.0 16.2
26.3 - 200 36 44 25.5 16.3
Good 19.2 161 23 34 20.0 18.1
i 19.1 160 22 33 19.5 18.2
verage ]5.6 141 17 29 16.5 19.1
15.5 ' 140 16 28 16.0 19.2
Below Average 8.4 100 3 18 10.0 21.0
v 8.3 99 2 17 9.5 21.1
Poor Below Below Below Below Below Above
DATA COLLECTION FORM
Date
Test 1
Test 2
Test 3

Instructions: Record the individual's scores in the spaces provided above according to date of testing and
type of test. Circle the individual's actual score in each test on the profile chart to identify varying

Tevels of fitness.
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Table 23. Fitness Profile Chart for Police Officers, Ages 40-52 Years.

WEIGHT

NAME AGE HEIGHT
Bruce Maximum Three-Min,
Fitness Resting Treadmill Oxygen Step Test 1.5 Mile 12-min Body
Cateqor Heart Rate Time Intake . H.R. Run Run Fat
-egory beats/min minisec  mi/kgemin  beats/min min:sec miles %
Below Above Above . Below Below Above Below
Excellent 48 11:02 40.1 71 11:30 1.55 16.8
Good 49 11:01 40.0 72 11:31 1.54 16.9
62 9:34 34.3 102 14:00 1.30 22.9
A ; 63 9:33 34.2 103 14:01 1.29 23.0
} verage 69 8:49 31.4 117 .16:30 1.05 26.0
G 8:48 31.3 118 16:31 1.04 26.1
Below Average g3 7:21 25.6 148 18:30 0.85 32.2
: 84 7:20 25.5 149 18:31 0.84 32.3
Poor Above Below Below Above Above Below Above
DATA COLLECTION FORM ?
Date i
Test 1
Test 2
- Test 3

Instructions: Record the individual's scores in the spaces provided above according to date of testing and
type of test. Circle the individual's actual score in each test on the profile chart to identify varying

levels of fitness.
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Table 24. Fitness Profile Chart for Police Officers,vAges 40-52 Years.

NAME AGE HEIGHT WEIGHT
Fitness F]exibi]ity Bench Press Pushups Situps
Category (in) : (1b) (reps) (reps/min)

‘ Above Above Above Abcve
Excellent 23.3 188 28 39
o 23.2 187 27 38
Good 16.3 150 18 26
_ 16.2 149 17 25
Average - 12.8 132 13 19
12.7 131 12 18
Below Average 5.7 95 2 6
S 5.6 9 1 5
Poor Below Below Below Below

DATA COLLECTION FORM
Date
Test 1
Test 2
Test 3

Instructions: Record the individual's scores in the spaces provided

’above.according to date of testing and type of test. Circle the individual's

actual score in each test on the prbfi]e»chart to identify varying
levels of fitness.
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CHAPTER 4
THE EXERCISE PRESCRIPTION

Guidelines and Preliminary Considerations

Exercise prescription is dependent on needs (job description, likes
and dislikes, etc.), goals, physical and health status, age, available
time, and equipment and facilities. These factors vary greatly among
police; therefore, the individual approach to exercise prescription is
recommended (1,3,5,6,11,12,14,17). Officers in the field have a greater
need for muscular strength exercises than the police executive. Thus,
training for the field officer should emphasize both cardiorespiratory
endurance training and muscular strength exercises.

As an officer gets older the need for a preventive health program
becomes more evident. Results shown from the recent study conducted
on 213 police officers showed them to be lower than average in cardio-
respiratory fitness and higher in body fat than the average person.
Their coronary risk factor profile for prediction of coronary heart
disease became significantly higher with age. Lack of regular physical
training was apparent in most police officers studied. Thus, as an
officer gets older, emphasis should be placed more on the development
and maintenance of cardiorespiratory fitness. The initial experience
with endurance maintenance should be of Tow to moderate intensity and
progression which allows for gradual adaptation. On the basis of exper-

jence with adult programs, the abrupt approach can result in discouraging
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future motivation for participation in endurance activities. Improper
prescription also can lead to undue muscle strain or soreness, orthopedic
problems, undue fatigue, and risk of precipitating a heart attack. The
Tatter is rare and occurs mainly with middle-aged and older participants.
Most incidents have occurred because of the lack of previous medical
clearance and evaluation, incorrect exercise prescription, inadequate
supervision, or an extreme climatic condition such as excess heat and
humidity.

The intent of the programs recommended in this section is directed
toward the police officer who would like an exercise program to develop
and maintain cardiorespiratory fitness, and desirable body fat composition
and muscle tone. The following guidelines are geared to the healthy
of ficer who is not physically disabled, and has approximately one hour
of time available 3 to 5 days per week.

The following guidelines are suggested in the exercise prescription prc 2:ss:
Preliminary Suggestions

1. = Adequate medical information available to assess health status
properly. ,

2. Information concerning the present status of physical fitness
and exercise habits.

3. Needs and objectives of the individual for being in an exercise
program.

4. Realistic short-term and long-term goals.
5. Advice on proper attire and equipment for an exercise program.
Suggestions for Initial. Phases of an Exercise Program
1.  Proper education of persons as to the principles of exercise,
exercise prescription, and methods of monitoring and recording

exercise experiences.

2. Adequate physical leadership in the early stages of the exercise
program to assure propér implementation and progress.

3. Eduéation’and']eéderSHTp are the keys to a successful exercise
program.
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Long-Term Suggestions

1. Reevaluations are necessary for reassessing status of health,
physical fitness, and exercise prescription.

2. Reevaluations are also important in the education and motivation
processes.

The program can begin as soon as the health and fitness status and
needs and objectives of the officers are determined. Having this
information plus knowing the participants' activity interests and available
time, the type and quantity of exercise may be determined. It is important
for the initial exercise experience to be enjoyable, refreshing, and not too
demanding either physiologically or time-wise. The slow gradual approach
to initiating an exercise program will help culture a more positive
attitude toward physical activity and enhance the probability of long-
term adherence. Also, if the prescribed program is too demanding then

adherence is not very likely.

Cardiorespiratory Endurance and Weight Reduction

The research findings reported in Chapter 2 described the amount of
work necessary to develop and maintain an optimal level of cardiorespiratory
endurance. Within certain Timits the total energy cost (calories utilized)
of a training regimen is the important factor in the development of cardio-
respiratory endurance, and weight reduction and control (13). This energy
cost amounts to approximately 900 to 1500 calories per week or 300 to 500
calories per exercise session: Table 1 emphasizes the importance of frequency,
intensity, and duration of training in attaining a certain level of calorie

expenditure and gives general recommendations for exercise prescription.
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Table 1. Recommendations for exercise prescription

1. Frequency 3 to 5 days/week

60% to 90% of maximum heart rate
50% to 80% of maximum oxygen intake

2. Intensity

3. Duration 15 to 60 minutes (continuous)

4. Mode-Activity Run, jog, walk, bicycle, swim

5. Initial Level
of Fitness

High = higher work Toad
lL.ow =.Tower work locad

These recommendations are designed for the needs of the average
police officer and not for highly trained endurance athletes, persons of
low and/or poor health status, or severely handicapped individuals.
Competitive runners usually exercise daily and cover approximately 100
miles per week. On the other extreme, certain debilitating diseases,
suych as coronary heart disease and arthritis, may greatly 1limit individuals
in their initial stages of training.

1. Frequency - Exercise should be performed on a regular basis
from three to five days per weekt Although programs of sufficient
intensity and duration show some cardiorespiratory improyements with
less than three days per week training, no body weight or fat losses
are found. Also, improvement in cardiorespiratory endurance is only
minimal to modest in programs of Jess than three days per week (usually
Jess than ten percent), Participants in one or two days per week programs
often complain that the workRout sessions are too intermittent and break
the continuity of the training regimen; Another common complaint is
that, "It seemed as though I was starting anew each time I came out."

Our experience has shown that these types of complaints often Jead to

dropouts in a program. Under unusual conditions, if time and available
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space are important considerations, then one or two days per week
regimens may be advisable and serve a temporary purpose.
Conditioning every other day is recommended when initiating an
endurance exercise regimen. Daily exercise often becomes too demanding
initially and does not allow enough time between workouts for the musculo-
skaletal system to adépt properly. This nonadaptive state generally
leads to undue muscie soreness, fatigue, and possibTe injury. This
guideline may seem to contradict the research findings reported in
Chapter 2 and the recommendations for exercise prescription shown in
Table 1, however, the data from young men running 30 minutes, five days
per week, or 45 minutes, three days per week showed them to incur injuries
at a significantly higher rate than three days per week programs of 15 and
30 minute durations (15). In fact, the men in the three days per week
programs had Tittle or no injury problems. Most of the injuries that |
did occur concerned problems of the knee, shin, ankle, or foot.
Officers who are considered at a Tow level of fitness and whose
initial programs are restricted to five to 15 minutes per session may

want to exercise twice each day (6). An example of this special condition

is a participant who is placed into a walking program of iow intensity
and short duration. In this case an officer may adapt better to shorter,
but more frequent exerciSe sessions. Another substituie to exercising
every other day is to alternate the regular exercise session with days
of very mild activity. For officers who are initiating a jog-walk
program, stretching and moderate warm-up exercises (calisthenics) for
ten to 15 minutes'fo11owed by a continuous walk for 20 to 30 minutes on

alternate days are recommended.
Participants can begin to increase their frequency of training to a

daily basis after several weeks or months of conditioning. The point in
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time at which this increase in frequency can be accommodated properly is
an individual matter and is dependent upon age and initial level of
fitness. Generally, persons of older ages and jower fitness levels are
more prone to musculo-skeletal problems.

2. Intensity-Duration - Although intensity and duration are separate

entities in themselves, it is difficult to discuss intensity without
mentioning its interaction with duration (13). As mentioned in Chapter 2
exercise regimens of Tlower intensity (Tess calorie expenditure), but
with a longer duration period showed similar improvements as the higher

and shorter duration regimens; the total calorie expenditures were

pate

approximately equal for both programs. The caloric difference between
running a mile in eight minutes and running a mile in nine minutes is
minimal; therefore, running a 1little extra time at the slower pace will
offset the extra calories burned at the faster pace. The important concept

is that a certain amount of total work should be completed jn an exercise

session (total calories), and the manner in which {t is accomplished can vary.

The above-mentionéd concept has important implications for exercise
prescription for adults, and it should be remembered that low intensity -
longer duration types of programs are generally recommended for beginners.
This recommendation s particularly true for those officers showing a
poor performance and/or’ presence of coronary hzart disease on their
initial evaluation. The important point is to prescribe a regimen at a
Tow intensity so that the participant can accomplish a sufficient amount
of work. Initiaily the prescription may call for a moderate to brisk
walk for 20 to 30 minutes duration.

Table 1 outlines a certain minimal threshold of intensity which is
necessary for improving cardiorespiratory function. As was mentioned in

Chapter 2 under research findings, programs of Jess intensity than 60
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percent of maximum capacity will show improvements in persons with Tow
initial levels of fitness. These officers genéra11y will qualify for
fitness classifications I or II, as listed in Table 2. Special starter
programs of Jess than 60 percent intensity are recommended for these
Tndividua1s;

The training-duration will vary from day to day and from activity
to actiyity. The important factor {s to design a program that meets the
critebia for improving and maintaining a sufficient Tevel of physical
fitness, is ejoyable (tolerable), and will fit into time demands.

The level of training intensity that can be tolerated will vary
greatly depending on status of fitness and health, age, experience, and
general ability. Long distance runners may tolerate two to three hours
of continuous runnfng at 80 to 90 percent of maximum capacity, but most
beginners cannot perform a continuous effort at this level for more than
a few minutes. In order for beginners to accomplish 20 to 30 minutes of
continuous training, they must choose the proper intensity level. The
proper intensity level for beginners will range from 60 to 70 percent of
maximum capacity (brisk walking programs) to 70 to 80 percent of maximum
capacity (combinations of walking and jogging). Most persons in fitness
categories 1 and II (Table 2) will start with a walking program; and
those in categories I1I and above, a combination walk-jog routine.

The walk-jog routine, or Jow intensity - moderate intensity periods
of work if performing another mode of activity will have a peak intensity
of 85 to 90 percent of maximum capacity and a low intensity of 50 to 65
percent. The average intensity level will range between 70 and 80
percent of maximum capacity (6). Experience has shown that an intensity
level of 50 to 60 percent of maximum can be tolerated comfortably for 20

to 30 minutes by most persons and can. be classified as Jow tc moderate
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TABLE 2. Fitness classifications for exercise prescription for various levels of
cardiorespiratory endurance

Mode of Estimating Maximum Oxygen Intake

Fitness Max O, Intake Bruce Test? 1.5 Mile Run Step Testb
Category (m]/ké-min) (min:sec) (min:sec) HR Count

I. Poor 31.5 and below 8:59 and below 15:01 and above 130 and above
II. Below Average 31.6 to 35.0 9:00 to 9:29 15:00 to 13:29 129 to 120
1II.Average 35.1 to 42.5 9:30 to 70:59 13:30 to 12:01 119 to 95

1V. Good 42.6 to 51.5 17:00 to 13:59 12:00 to 9:31 94 fo 85

V. Excellent 571.6 and above 14:00 and abovye 9:30 and bel