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ABSTRACT

LICATA, S. M. A comparison between three different submaximal
walking conditions. M.S. in Adult Fitness/Cardiac Rehabilitation,
1988. 75 pp. (P. K. Wilson)

The 3 walking conditions compared in this research were: walking with no
weights (NW), walking with walking sticks (WS) and walking with 2 1bs
hand weights (HW). Active males from 20:-31 yrs old volunteered for the
study (N=21)., Each S was randomly assigned the order in which they
would take the tests., The physiological variables compared between the
3 groups were: ventilation (VE), absolute oxygen consumption (AOC),
relative oxygen consumption (ROC), respiratory exchange ratio (RER),
heart rate (HR), rating of perceived exertion - general (RPEg) and arms
(RPEa), systolic (SBP) and diastolic blood pressure (DBP). A one way
analysis of variance with repeated measures was performed on the data.
The physiological variables that resulted in sig F-ratios (p< .05) were
analysed using a Scheffe’ post-hoc test. The Scheffe’ post-hoc test
identified where the diffs were between the 3 test groups. The Scheffe’
post-hoc test revealed that the following variables were sig higher

(p < .05) vhen NW was compared to WS: ‘VE, AOG, ROG, RER, HR, RPEa and
SBP. The Scheffe’ post-hoc test further revealed that the following
variables were sig lower (p < .05) when NW was compared to HW: VE, AOGC,
ROC, RER, HR, RPEa, SBP and DBP., The Scheffe’ post-hoc test also
revealed that the RPEa was sig higher (p < .05) with WS than when they
walked with HW.
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CHAPTER I

INTRODUCTION

Since the exercise craze of the 70's and 80's people have been in
search of the perfect physical fitness exercise. Exercise programs are
often discontinued for a variety of reasons. Most people do not comply
with exercise programs due to lack of motivation and intolerable work
intensity (Rippe, Ward, Haskell, Freedson, Franklin, & Campbell, 1986).

There are many different ways of achieving physical fitness. Some
traditional cardiorespiratory fitness activities used for training
include: walking, swimming, joggi+c, bicycling and aerobic dance.
According to the American College of Sports Medicine'’s Guidelines for
Graded Exercise Testing and Prescription (1986), cardiorespiratory
fitness activities must involve continuous motion utilizing large muscle
groups. These activities must increase the heart rate up to 65-90% of
an individual's maximum heart rate.. This intensity must be maintained
for 15 to 60 minutes of continuous or discontinuous activity (ACSM,
1986). Walking may be the most popular method used to improve or
maintain cardiorespiratory fitness.

Hand held weights which are carried while walking have been studied
to determine if significant physioclogical changes result with training.
Research by Zarandona, Nelson, Coulee and Fisher (1986) has indicated
that significant increases in oxygen consumption and heart rate are
elicited by carrying a five pound weight. Research by Graves, Pollock,
f Montain, Jackson, and O'Keefe (1987) also indicates that a hand held
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weight of 5 pounds in each hand is enough to increase oxygen consumption @

significantly during w._king.

during exercise has been of recent concern. Zarandona, Nelson, Conlee,
and Fisher (1986); Graves et al. (1987); and Graves, Sagiv, Pollock and
Miltenberger (1988) observed blood pressure responses during exercise
with hand held weights. Zarandona et al., (1986) found no significance
in the blood pressure responses collected during the study. Graves et
al., (1987) found that there was a significant increase in systolic
blood pressure associated with the use of 3 pound (lbs.) hand weights.
In a further study in 1988, Graves et al. examined the hemodynamic
responses of hypertensive responders to hand held weights during
exercise at submaximal levels. They found that significant differences
were noted for diastolic blood pressures but not for systolic blood
pressures.

Weighted walking sticks are a new type of hand held apparatus
(Robert Olufs, Personal Communication, October 10, 1987). It has been
suggested that they also increase the aerobic benefit of walking when
they are carried in a manner similiar to that of hand held weights.
There is-no current information published on (X-ER-WOX) weighte& walking
sticks and their physiological effects during walking.

The design differences that exist between the walking sticks and
the hand weights allows for different usage téchniques. The walking
stick easily comes into contact with the ground when it is used
properly. When performingrexercise with the walking sticks the backward

movement: of the arms can be accomplis’:zd without gripping the stick




handle. Conversly, the hand held weights do not contact the ground

during exercise and must be gripped throughout the performance of the
exercise, If hand held welghts cause an increase in blood

pressure and energy cost, and walking sticks increase the energy cost
without increasing blood pressure, this would suggest that the walking

sticks would be more advantageous.

Purpose

The primary purpose of this study was to compare the physiological
responseés of normal walking to that of walking with the addition of

hand held weights, and walking-sticks at a submaximal level.

Need for the Stud

"Jigorous walking has a significant effect on the cardiovascular
function and body composition of adult men" (gollock, Miller, Janeway,
Linnerud, Robertson & Valentino, 1971, p.126). Walking also has a
relatively low risk of injury in comparison to running "because there is
no air borne phase" (Stamford, 1986, p.296). Additional research
indicates that vigorous walking with hand held weights can increase the
energy expenditure and heart rate response over that of vigorous walking
alone (Rippe et al., 1986). Studies done by Pollock et al., (1971), .
Rippe et al,, (1986) and Stamford (1986) support the fact that walking
is a good form of cardiovascular exercise. More studies should be
conducted in an attempt to -seek out alternative forms of walking that

will increase aerobic benefits without the need for progression from

walking to running.



A number of 'studies have suggested that hand held weights of 1, 3
and 5 pounds range may increase the energy cost of individuals that walk
with no weights (Graves etAal., 1987; Makalous, Araujo, and Thomas,
1988; Zarandona et al., 1986). There have also been a number of studies
that have suggested that 1 and 3 pound hand held weights do not increase
the energy cost of individuals that walk with no weights (Graves et al.,
1988; Zarandona et al., 1986).

The hemodynamic responses associated with hand held weights has
been reported in a number of different research articles (Graves et al.,

1987; Graves et al., 1988; Zarandona et al., 1986). Some of the studies
concluded that hand held weights of 3 or 5 pounds caused a significant
rise in systolic blood pressure (Graves et al., 1987; Zarandona et al.
1986). In 1988 Graves et al., observed the hemodynamic responses
associated with hand weights and concluded that 3 pound weights caused a

"~ significant rise in diastolic blood pressure.

Weighted walking sticks are a relatively new product that should
be studied so that its energy cost and hemodydamic responses can be
documented. Currently there has been no literature published on the
iphysiological effects of (X-ER-WOX) weighted walking sticks produced by

- Robert Olufs (Robert Olufs, Personal Communication, October 10, 1987).

Hypothesis

The following hypothesis was tested- in this study: There are no
significant physiological differences between normal walking, walking

viﬁhrhand'held weilghts, and walking with walking sticks at 4.0 mph.




_Assumptions

The following assumptions were made pertaining to this study:

1. One instructional period on the treadmill would be sufficient
for the subjects to coordinate the use of the walking devices and be
comfortable with the testing procedure.

2, The subjects were active men based on the answers received on a
physical fitness questionaire (appendix A).

3. The subjects did not eat food within the two hours prior to the
testing.

4. The subjects did not consume caffeine within 24 hours prior to
testing.

5. The subjects did not participate in any vigorous»eiercise within

24 hours prior to testing.
Delimitations

The following delimitations were made pertaining to this study.

1. The thirty active subjects ranging in age from 20-31 volunteered
freely for this study at the University of Wisconsi#-LaCrosse.

2. The speed of the treadmill was set at 4.0 mph for all the
subjects in the test.

3. The arm movements for the hand held weights were performed at
ievel II intensity described by Schwartz (1982). Two pound Heavy Hands
hand-held weights were used during this study.

4., The arm movements performed while testing the walking sticks




were és described by Robert Olufs (Personal Communication, October 10,

1987).
Limitations

The following limitations pertain to this study:

1. Arm motions during testing were not identical each time, but
gross fluctuations in form were addressed.

2. Blood pressures were taken by the same individual throughout the
resting proceedure to help eliminate any individual differences in
technique.

3. The subjects were unfamiliar with the use of walking sticks so a
brief introduction was conducted.

4. The treadmill speed of 4.0 mph was held constant to allow for a
physiological steady state to be easily achieved by the subjects.

5. The walking sticks varied in weight due to the length

differences that existed between the subjects.
Definition of Terms

1. Arm Rating of Perceived Exertion (RPEa) is a value equated with the

degree of fatigue felt by the arms of the subjects (ACSM, 1986).

"2, General Rating of Perceived Exertion (RPEg) is a value equated witl
the degree of fatigue felt by the whole cardiovascular system (ACSM,
11986).

3. Beckman Metabolic Measurement Cart (BMMC) is a programmed open air

' analyzer that was used for gas collection during testing.




6. Hond Weights (HK) avre. hand held welghts used during exercise.

The 2 pound hand held weights were qSed during this investigation,
5. Walking Sticks (WS) are hand held sticks with a height of

arm pit level and weight of approximately 1-1.5 pounds.




CHAPTER II

REVIEW OF ‘RELATED LITERATURE

Introduction

The following chapter is a review of literature that is related to
the physiological effects associated with walking, walking with hand
weights, and walging with walking sticks. This review covers the
following areas: the importance of walking for exercise, combining arms

and legs, high intensity walking, and perceived exertion.

The Importance of Walking for Exercise

In an article entitled "Walking for Fitness" (Rippe et al., 1986),
a panel of six researchers commented that walking is an almost ideal
activity., They stated that walking improved aerobic capacity, helped
people lose weight, caused fewer injuries than many other forms of
exercise and may bridge the gap to motre intense exercise. The panel
also suggested that walking is an activity that can be performed with a
" companion, is relatively easy and may help prevent osteoporosis.
Stamford (1986) stated that the number one advantage to walking
% was the ease with which it could be performed in any place at any time.
He suggested that walking is a reasonable alternative to running and
. that it is- great for older or over-weight population.
Schultz (1980b), in an article about walking for cardiac
,rehabilitation,'commented thaﬁ walking is a good form of exercise for

8




over-weight individuals., He also stated that walking is the most
commonly prescribed exercise for cardiac rehabilitation patients and
'that these individuals c;n improve aerobic conditioning, lose weight,
and relieve stress without an increased risk of mﬁsculoskeletel
problems.

Walking is an achievable form of exercise for almost anyone. The
dropout rate is low and the intensity level is tolerable (Rippe et al.,
1986). 1t has been suggested that a person’s ability to perform some
type of habitual exercise for life has a greater impact on life span
than does a person’s ability to achieve a high level of fitness which is
discontinued (Paffenbarger, Hyde, Wing, and Hsieh (1986). These studies
document some of the reasons why walking is a great form of
cardiovascular exercise.

Decreases Coronary Heart Disease

Exercise was originally investigated as one way to decrease
coronary heart disease (CHD). A number of studies have compared the
incidence of CHD in active versus sedentary lifestyles, The Coronary
Drug Project (1973) was one study that looked at physical activity and
moxrtality. The study suggested that individuals who engaged in moderate
or vigorous activity had a lower mortality rate and fewer sudden deaths
than those who engaged in light activity. Fox and Skinner (1964) also
conducted a population study and concluded that a lower incidence of CHD
occurred in physically active individuals than in sedentary individuals,
In 1986 Rippe et al. reiterated the same findings of a lower mortality
rate and CHD among active people than sedentary people. They also

suggested that there is a lower.incidence of obedity, osteoporosis, and
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hypertension among active individuals. LaPorte, Dearwater, Cauley,
Slemenda, and Cook (1985)Aalso,found that higher activity levels are
associated with a reduced risk.of cardiovascular disease, obesity,
osteoporosis, and non-insulin-:dependent diabetics,

Physical exercise has since been used to combat other problems that
predispose people to an increaséd risk of CHD. These include obesity,
excessive blood triglycerides and high blood pressure., Blood pressure,
obesity and triglyceride levels are directly related to each other. The
ir'blood and triglyceride levels of obese individuals are often higher than
normal (Fardy, Yanowitz and Wilson, 1988).

Lowers Body Fat

Gillum et al. (1983) stated that physical exercise is an acceptable

way to reduce excess body fat, It has been suggested by Gillum et al.
(1983) that a reduction in body fat and sodium intake is a successful
way to reduce blood pressure in:-individuals with borderline
hypertension,

Lowers Triglvycerides

High blood triglyceride levals are also a risk factor of CHD (Fardy
et al.,1988). Bjorntorp et al. (1972) compared the serum triglyceride
“levels in post miocardial infarction patients that exercised and those
" that did not. They found that ‘there was a 43% decrease in serum
~triglycerides in those who contifnued to exercise after the event.

Lowers Mortality Rates
Paffenbarger et al. (1986) investigated the physical

-activity and other lifestyle characteristics of 16,936 Harvard alumni.

7'They found that active:people involved. in walking the equivolent of nine
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miles or more per week had a 21% lower risk of death. They also found
that sedentary individuals had a 31% -higher cardiovascular mortality
rate than active persons,
Lowers Anxiety and Depression

Morgan (1985) from the University of Wisconsin-Madison has
extensively studied the psychology involved in exercise. In 1985 Morgan
stated that regular physical activity is associated with a decrease in

anxiety and depression while increasing an individual's overall self-

esteem,
Cardiovascular Benefits

The cardiovascular benefits of walking have been studied by a number
of researchers. Most have concluded that fast walking is an adequate
exercise to increase cardiorespiratory fitneéss and decrease body fat

(LaPorte et al., 1985; Pollock et al., 1971; Rippe et al., 1986; Schultz

1980a, 1980b).
Porcari et al. in 1987 conducted two related studies which
determined whether fast walking was intense enough to elicit a training

heart rate. A training heart rate was defined as a heart rate greater

than or equal to 70% of a person'’s maximal heart rate. The first study

used 343 subjects of which 165 were men and 178 were women. The

subjects walked a mile as fast as possible and then heart rate i
measurements were taken. Ninety-one percént of all the women and 83% of
the men 50 years old or older reached the appropriate heart rate of

greater than or equal to 70% of their maximum heart rate. In the second

study ten highly trained men were instructed to perform fast walking for

30 minutes.. They were instructed to reach a target heart rate greater
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than or equal to 70% of their maximal heart rate. During the exercise
the subjects were given feedback on their heart rates. These
individuals maintained the appropriate intensity for an average of 25
minutes during the exercise, Porcari et al. (1987) concluded from these
two studies that fast walking was an adequate aerobic stimulus for most
adults.

Pollock et al. (1971) also studied walking and its cardiovascular
effects on sixteen sedentary men with a mean age of 48.9 years. The
subjects exercised four times per week for 40 minutes per session. This
training frequency continued for 20 weeks. The study also ulilized a
control group of eight men with similar qualifications. The
experimental group started with 2.5 miles for week one and progressed to

3.25 miles during each of the last four weeks. The experimental group

significantly increased in maximal oxygen uptake by 28%, pulmonary

ventilation 158 (STPD), and oxygen pulse 21%. Body composition showed
that total body weight decreased by 1.3 kilograms (kg) and percent body
fat by 1.1%. It was concluded that vigorous walking had enough impact on

cardiovascular functioning and body composition of these individuals to

cauge significant physiological changes.
Lower Risk of Injury

Schultz (1980a; 1980b) in two different articles about the benefits
of walking stated that in addition to the cardiovascular benefits there
is also a decrease in the risk of orthepedic injuries associated with
-other forms of cardiovascular exercise. Rippe et al. (1986) also
'qommentéd'on the ‘decrease in injury associated with walking as a form of

aerobic exercise as opposed. to many other forms of exercise.




Stamford (1986) stated that theie is an increase in the risk of
orthopedic injury when a person proceeds from walking to running. He
Vadded that the primary cause for the increased occurance of injury is
attributed to the force with which the feet hit the ground. Stamford
(1986) stated that the forces.of running are equivalent to 2 1/2-3 times

that of body weight. He stated that walking is safe for older and
overweight individuals and that walking with hand weights can increase
its caloric expenditure to egceed that of running.

Stamford (1984) in an earlier article about injuries to runners
stated that weekly distances are an important factor in a large variety
of injuries. He commented that runners aches and pains resulted from
running stride imperfections. The imperfectigns are then multiplied by
the extra force inflicted by running on the musculoskeletal system. He
stated that the force of impact as a result of running is 3-5 times that
of walking.

In 1982 Daffner, Martinez and Gehweiler commented that the segment
of our population that runs several miles daily are the people that
commonly experience injuries of the musculoskeletal variety such as
muscle strains, ligamentous abnormalities and stress fractures.

Newell and Bramwell (1984) stated that anywhere from 23-40% of the
runners in a number of studles had knee complaints. Newell et al,

(1984) stated that the reason for this is that there are more runners,
they are running more often and for longer distances. Another factor
the researchers cited as a cause of injury was a rapid change in the

type of running program. These changes included excess mileage,

intensive workouts or hill work; Newell et al. (1984) also stated that

s oo i




while running 3 times the individual’s body weight goes into the foot.

The energy cost of walking is slightly less than that of running
(Howley & Glover, 1974; Rippe et al., 1986) but the incidence of injury
is also lessened. Borysyk et al. in 1981 found that walking with

vigorous arm swinging increased the energy cost significantly.

Exercising the Upper and lower Body Together

Many of the studies that investigate the physiologic response of
combining upper and lower body exercises have examined its effect on
maximal oxygen uptake (VOzmax) (Bergh, Kanstrup & Ekblom, 1976;

Gleser, Horstman & Mello, 1974; Nagle, Richie & Giese, 1984; Secher,
Larsen, Binkhorst & Petersen, 1974; Talor, Buskirk & Henschel, 1955).
All of these studies concluded that maximal oxygen uptake was increased
with an increase in the working muscle mass.

Gleser et al, (1974) studied maximal exercise that utilized the
upper and lower body in an attempt to see if V02 max is dependent on the
total amount of working muscle mass. They tested ten male subjects on a
bicycle ergometer. They had the subjects exercise maximally with the
legs alone and then added arm work to maximal leg work. The added arm
work resulted in a 10% increase in the maximal oxygen uptake. The

results of this study suggested that the V02 max is a function of the

‘muscle mass involved in the exercise. This study also suggested that it

is doubtful whether the V02 max is limited by the hearts ability to pump
blood.

Secher et al. in 1974 studied sixteen subjects who performed

-makximal work with arms, legs, and combined arm and leg work on cycle
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ergometers. Eleven of the subjects were arm trained, two leg trained
and three were non-athletes. All of the subjects were tested for
maximal oxygen uptéke and blood lactic acid concentrations during each
of the three tests. .They found the maximal oxygen uptake was 106% of
that which was recorded during leg cycling alone and equal to that
experienced during treadmill running. Thiz indicates the difference in
V02 max between leg cycling and treadmill running to be the result of
different muscle mass involvement.

In 1976, Bergh et al. studied ten male subjects. They were tested

for maximal oxygen uptake while performing uphill running, leg cycling,
and combined arm and leg cycling. The combined arm and leg exercise was
performed in four separate ways. First they arm cycled with 10% then
20%, 30% and 40% of the total work. The subjects also performed sub-
maximal or maximal arm cycling while maximally leg cycling. The V02
recorded during up hill running was the same as combined arm and leg
cycling when the arms performed 20 or 30% of the total work. The
researchers concluded that maximal oxygen uptake to a certain extent is
dependent on the total muscle mass involved, They also concluded from

the study that the maximal oxygen consumption in combined arm and leg

cycling is influenced by the percentage of arm to the total work being

done as well as the subjects fitness level while bicycling or performing

arm work,
In 1984 Nagle et al. studied ten non-arm trained males. They
wanted to determine the relative contributions of arms and legs in

producing maximal oxygen uptake. The subjects performed progressive

exercise until exhaustion on a bicycle leg ergometer and an instrumented.
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push pull arm ergometer. Exercise was performed using the following
relative -contributions: 100% arms, 100% legs, 10% arms/ 90% legs, 20%
arms/ 80% legs and 30% arms/ 70% legs. Four of the subjects exercised
with their hands on the stationary bars while exercising with 100% legs.
The other subjects kept their arms hanging at their sides during 100% -
leg cycling. The maximal oxygen uptake was not significantly different
when comparing relative exercise of 10% arms/ 90% legs versus 20% av» s/
80% legs. However, the maximal oxygen uptake of 10% arms/ 90% legs was
sigﬁificantly greater than that for 100% arms, 100% legs, and 30% arms/
70% legs. Nagle et al. (1984) concluded that exercise with the relative
contribution of 10% arms/ 90% legs, 20% arms/ 80% legs or 100% legs with
hands on stationary bars elicited the highest maximal oxygen uptake.
They also concluded that when the subjects exercised using 100% legs
with their hands on the stationary bars the stabalizing effect alone
caused a 10-20% increase in maximal oxygen uptake.

The overall result of these studies suggests that adding arm work
to maximal leg ergometry significantly increased maximal oxygen uptake.
Maximal leg ergometry combined with arm work will produce maximal oxygen
uptake values which may be equal to those recorded during maximal
treadmill running (Bergh et al., 1976). The previously mentioned

- studies suggested that working muscle mass may play a key role in
dictating the maximal oxygen uptake.

In 1981 Mosardi, Gandee and Norris performed a training study with

' e1even men in an attempt to determine if conditioning associated with

:rleg,work was comparable to that associated with arm and leg work. S§ix

men ‘éxercised with arms and legs while five men exercised with legs only
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for six weeks. The subjects trained using interval training 3 times per

week at 3 miles (4.83km) per session., It was found that the men that
exercised with arms and légs could perform more work at a lower heart
rate. This indicates that there is iess physical stress on the heart
and skeletal muscles. This also indicates that the feeling of physical
stress may be related to the metabolic rate for a given area of working
muscle rather than overall metabolism. It was then concluded that lower

heart rates at the same workload would cause less stress on the heart,

High Intensity Walking

In 1969 Soule and Goldman examined at the extra energy cost of
loads carried on the hands, head or feet. In the study ten male subject
walked 20 minutes on a treadmill at speeds of 4.0, 4.8 or 5.6 kilometers
per hour (km/hr). The subjects performed this exercise under the

following five conditions: with no load, with 4 or 7 kilograms (kg) in

each hand, with 6 kg on each foot and with 14 kg on the head. The
energy cost per kilogram of weight carried on the head was 1.2 times
that without weight. At 5.6 km/hr the energy cost per kilogram of
weight carried by the hands was 1.9 times that of no load for both 4 and
7 kg. At speeds less than 5.6 km/hr the 7 kg load was 1.9 times the
ene” y cost which was measured when the subjects carried no load. When
the subjects carried a 4 kg load in the hands the energy cost per
kilogram of weight was 1.4 times that which was measured without weight.
The energy cost per kilogram of load carried on the feet increased from

4.2 to 5.8 to 6.3 as speed increased from 4.0 to 4.8 to 5.6 km/hr.

. The study concluded that because of the increased amount of leverage
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required to move with weight added to the head, hands or feet some extra
energy costs must always be incurred.

The previously cited study may have caused Leonard Schwartz M.D. to
invent the product known as Heavy Hands. Schwartz (1982) stated in his
book about Heavy Hands that combining arm to leg work allowed
individuals to exercise longer and more comfortablely than exercise of
equal intensity which utilized leg work only. Schwartz (1982) also
claimed that combined arm and leg work resulted in fewer injuries and
more panaerobic benefits.

For those individuals that desire a higher intensity in their
walking program but do not desire to start jogging, Heavy Hands may be
the answer.

An investigation was conducted by Zarandona et al. (1986) that
examined the physiological responses to hand held weights during walking

and running, They studied thirty trained men carrying either nothing, a
one pound or a five pound weight while exercising on a treadmill. The
purpose of the study was to investigate if using hand held weights
produced a rise in heart rate and blood pressure that was
disproportionate to the rise in oxygen consumption. The subjects V02
and heart rates were measured during walking and running to see if they
increased proportionately. Both walking and running while carrying a 5
pound weights produced significant increases in V02. However, only
‘walking produced sig;ificant differences in heart rate. The amount of
oxygen used per heart beat, or oxygen pulse, was also compared between

‘the three groups. Zarandona et al. (1986) found that oxygen pulse did

-not . differ between the study groups. Zarandona et al. (1987) also found




that there was a significant rise in systolic blood pressure. The rise

in blood pressure occurred between the walking subjects carrying the 5
pound hand weights‘and the subjects that carried no weights. Conversly,
there was no significant riserin blood pressure when comparing the
walking group that carried the 5 pound weights and the group that
carried the 1 pound weights. Zarandona et al. (1986) concluded that
carrying hand held weights can help increase the training intensity for
walkers that do not wish to jog or runners who do not wish to run at
higher speeds.

Another study was conducted in 1987 by Graves et al. also studied
the physiological responses to walking with hand held weights. They
studied 12 untrained males who completed three sub-maximal and two
maximal treadmill tests. It was found that when the subjects walked at
a constant speed and grade while carrying three pound hand weights their
heart rate, oxygen uptake, respiFatory exchange ratio, ventilation,
systolic blood pressure, diastolic blood pressure, rate pressure product
and rating of percieved exertion were significantly greater (p< 0.01)
than when they walked without the hand weights. They found that maximal
exercise with and without the three pound hand weights resulted in
similar physiological responses. However, the time to exhaustion during
the maximal test was significantly reduced (p< 0.0l) by running with the
hand weights. The significant increase in diastolic blood pressure éhat
Graves et al. (1987) foun@ occurred when subjects that were walking
without hand weights at 60 and 70% of their maximum heart rate reserve
added 3 pound hand weights. This study concluded that 3 pound hand

weights can increase the energy cost of training 1 MET or 7 to 13 beats
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per minute. It also indicated that hand weights may be very useful for
individuals who want to increase the intensity of walking but do not
want to start running. Graves et al. (1987) suggested that due to the
increased blood pressure response associated with the use of hand held
weights caution should be used when prescribing exercise for individuals
vwhere increasing afterload may be a problem.

Stamford (1984) also commented on the use of hand held weights
during exercise. He stated that the benefits of these weights are that
they increase energy cost, improve aerobic fitness and help strengthen
the muscle groups involved in the activity. Stamford (1984) also
stated that walking with arms hanging by the side of the body increases
the energy cost very little. In contrast, bending the elbows and
briskly swinging the arms back and forth increases the energy cost of
walking considerably.

Graves et al. (1988) studied the effects of hand-held, and wrist
weights on metabolic and hemodynamic responses during submaximal
exercise. They used ten men and two women who had hypertensive systolic
blood pressure responses to exercise. Each subject performed one
symptom limited graded exercise test and three submaximal graded
exercise tests. The three submaximal treadmill tests consisted of the
following: 1) 60% maximum heart rate reserve (HRRmax) with a 1.36 kg (3
1bs.) hand held weight (HW); 2) 60% HRRmax with a 1.36 kg wrist weight

(WW); 3) 75% HRRmax with hand held weights., Graves et al., (1988) found

7:1 that the oxygen uptake (V02) .was significantly less during exercise with

- HW and WW at 60% HRRmax than exercise at the same intensity with no

“‘weights (NW). -The same reduction in VO2 was also found when HW were
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compared to NW at a 75% HRRmax intensity. The diastolic blood pressure
was significantly greater (2-5 mmHg) during exercise with HW and WW than
exercise NW at 60% HRRmax. The increase in diastolic blood pressure
(DBP) during exercise with HW may have béen due to the added isometric
component caused by the hands gripping the weight. No significant
differences were noted for systolic blood pressure (SBP), rate pressure
product or mean arterial blood pressure when exercises with HW and WW
were compared to the exercises that utilized NW. There was however a
large variation in individual SBP responses to exercise with HW compared
with NW (-36 to +28 mmHg). It is presently unknown why there was such a
variation in systolic blood pressure. Graves et al. (1988) concluded
that the data suggests that befoyre HW are prescribed to hypertensive
responders and other patient populations, where an increase in afterload
may present a problem, the blood pressure response to HW exercise should
be evaluated.

Makalous, Araujo, Thomas (1988) studied the energy expenditure of
walking with hand weights (HW). They used eleven obese adults in
the study to see if normal walking, walking with increased arm
movements, or walking with 1 1lbs. HW for 30 minutes at 3.4 mph resulted
in additional energy expenditure. The study indicated that walking with
1 lbs. HW increased heart rates (127 vs 120 beats/min), it increased V02
(1.168 vs 1.086 1/min), and resulted in greater energy expenditure
(171.5 vs 159.7 Kcal) compared with normal walking. Makalous et al.
(1988) concluded that 1 1lbs. HW increases the energy cost of normal

walking but only to a small degree.
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The use of hand weights during walking has been addressed by
Schwartz (1982). He described three different levels that can be used
when exercising with hand weights. Level II was the one used during this
study. Level II consists of moving the hand from a mid-thigh position
to a shoulder level position by bending the arm at the elbow. One arm
movement should be performed with each step of the leg.

There are two main problems associated with the use of hand weights

during walking. The first and formost is that there is a higher blood
pressure response during exercise with the use of hand weights (Graves
et al., 1987; Zarandona et al. 1986). The other problem associated with
the use of hand held weights is that swinging weights in large circles
with the elbows straight puts tremendous pressure oun the shoulder and
elbow joints (Stamford, 1984). This can result iﬁ injury to the

fragile connective tissues (Stamford, 1984)

The walking sticks used in this study were produced by Robert
Olufs, a physical therapist. He markets the walking sticks under the
name X-ER-WOX. The advertising literature is based on the idea that
exercising the upper body muscles along with the lower body muscles used
in walking will increase the aerobic effect of walking (Robert Olufs,
Personal Communication, OctoSer 10, 1987).

The walking sticks resemble ski poles. They have a rubber pad on
the distal end, with a hand grip and strap on the superior end. The
walking sticks fit the individual. The correct length should equal the
individual’s height from their arm pit to their feet. To adjust the
- handrstraprthe individual should insert their hand completely through

+ the loop going from the bottom of the loop to the top. Next hold the
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handle with the two straps inbetween the palm of the hand and the
handle. The strap should be tight enough- so the thumb and forefinger
are around the handle. If the strap needs to be adjusted, pull on the
loose ends of the strap until the buckle emerges from the slot and
adjust the buckle (Robert Olufs, Personal Communication, October 10,
1987).

The walking sticks are properly used by extending each arm forward
as described in the methods chapter., The arm to leg ratio should be 1
to 1.5.

The movement phase of the arm should involve a forward and a
backward phase. The forward phase concludes when the elbow is extended
and the walking stick is at a 90 degree angle to the ground. The
backward phase comsists of applying a downward pressure on the strap
with the hand on the grip. The grip should not be held too firmly. By
utilizing the straps properly a firm hold on the grip can be avoided.

There has been no research published on the X-ER-WOX weighted
walking sticks. This is a major reason that this product should be

tested for its potential strengths and weaknesses.
Perceived Exertion

Perceived exertion is a methed by which the exercising individual
can communicate to the person administereing the test about the physical
difficulty of performing. exercise at a given intensity. This form of
feedback utilities the Borg Scale (ACSM, 1986)(See Appendix ). The
Borg Scale has beem used in many different situations in the exercise

arena.




In 1985 Miller, Bell, Collins, and Hashizaki studied the accuracy
of the Borg Scale in relationship to heart rate. The subjects in the
study were post 50 year ﬁld volunteers of which 105 were females and 97
were males. The subjects participated in either a timed 600m walk or a
2 minute walk in place. The 15 point Borg scale was used by the subjects

to indicate physical exertion:following the activity. Heart rates were

measured at the same time by a monitoring device, During the 600m walk
and the 2 minute walk in place significant correlations were found in
the female group. Significant correlations between heart rate and rate
of percieved exertion were only found during the 2 minute walk in place
for the mens group. They concluded it may be easier for an exercising
individual to monitor their intensity by the Borg scale of ratings of
perceive exertion (RPE) than by heart rate.

Chow and Wilmore (1984) investigated the effectiveness of using the
ratings of percieved exertion (RPE) in the regulation of exercise
intensity. They also investigated the efficacy of the training heart
rate (THR) method for regulating exercise intensity by comparing the
subject regulated intensity with that of direct electrocardiogram
measurements. Twenty-nine men participated in this study. Each subject
was randomly assigned to one of:three groups: group 1 (THR), group 2
(RPE), group 3 (control). Group l had a subject selected THR of 60-70%
. of their maximal oxygen uptake. Group 1 was also trained to palpate for

heart rate intensities within their THR zone. Group 2 trained by

"~ maintaining a prescribed level of exercise intensity by monitoring their

RPE.. Group 3 was a control group-and exercised as they wanted to. The

3$ubjects were studied during the:last four-of six submaximal treadmill
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exercise sessions. The study concluded that the exercise intensity in
group 1 (THR) was maintained with 55.3% accuracy. The exercise
intensity in group 2 (RPE) was maintained with 48.5% accuracy and group
3 (control) with a 24.5£ accuracy. These conclusions suggest that the
RPE scale may be equivalent to using heart rate when prescribing
exercise intensity.

Morgan (1981) wrote a summary of research on the psychophysiology
of self awareness during exercise. He suggestéd that the role
perceived exertion plays in exercise is important for pacing the
intensity of an event. He also concluded that it is continuously
available to the participant.

The previously cited articles (Chow et al., 1984; Miller et al.,
1985; Morgan, 1981) utilized a general fating of perceived exe&tion
(RPEg). This pertains to the overall difficulty that is experienced
during the exercising session.

The RPE scale has also been used as a local indicator of fatigue or
difficulty. Ekblom and Goldborg (1971) studied RPE while the subjects
performed work with arms versus legs. They found that while exercising
at the same oxygen uptake, the subjects’ RPE was higher when the arm
work (RPEa) was performed than when the leg work was performed. This
was attributed to the increased blood lactate concentrations measured.
during arm work,

Pandolf, Billings, Drolet, Pimental and Sawka (1984) studied three
different ratings of perceived exertion taken during prolonged exercise

with the upper or lower body. Nine males volunteered to perform 60

minutes of arm crankiné and leg CYcling exercises at similar absolute
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and similar relative tests. The three different RPEs included: muscle
and joint (RPE), ventilatory and circulatory (RPE), and overall (RPE).
During the absolute tests the means for all three RPEs were higher for
arm work than for leg work. They found that lactate and the ventilatory
equivalent of oxygen made the greatest contribution to the total variance
in RPEs. They concluded that RPE may be more closely related to

relative exercise intensity and that the perceptional cues may be more
readily monitored from smaller muscle masses (e.g. upper body).

Sawka (1986) reviewed the physiology of upper body exercise. He
concluded from the review that local RPEs are higher for small muscle
groups due to the enhanced sensitivity to exercise.

In 1984 Pimental, Sawke, Billings, and Trad studied nine males
during arm crank and leg cycling exercises. They completed four 60
minute exercise sessions. They performed the exercise at the same
relative and absolute work loads. They found that when comparing the
upper body to the lower body, at the same absolute VO2 the upper body

produced more lactic acid.

Summary

This review of literature has investigated areas of research that
are related to the topic of walking and its physiological effects. The
review of literature investigation covered the following areas: the
import;nce of walking as a form of exercise, exercising the upper and
lower body together, high intensity walking, and percieved exertion.

The imﬁortance of walking as a form of cardiovascular exercise bhas

: been studied for years. These studies have suggested that walking has


























































































































































