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Chapter 1

INTRODUCTION

Suggestions in recent studies that aerobic physical activities
provide some protection against coronary disease have generated wide-
spread interest in exercise programs (Karvonen, 1957; Cureton, 1969;
Astrand, 1970; ACSM, 1978; DeVries, 1980; and McArdle et al., 1981).
Though exercise is desirable for promoting many different aspects of
health related fitness, it is generally acknowledged that there is an
appropriate amount of exercise necessary for producing optimal fitness
gains. Since cardiovascular fitness is perhaps the most important
aspect of health related fitness, the determination of the correct
intensity of exercise for building this aspect of fitness is especially
important. Heart rate has long been used to monitor the intensity of
the aerobic physical activity to insure that the activity level is
sufficient to promote a "training" effect {Astrand, 1970; ACSM, 1978;
Corbin et al., 1978; DeVries, 1980; and McArdle, 1981) but not so
intense as to be dangerous to the individual.

Heart rate has a near linear relationship with oxygen uptake at
maximal exercise levels (Rodahl et al., 1974). For this reason exercise
heart rate is often used in submaximal fitness tests. During or after
exercise, the heart rate is determined, the lower the heart rate for a
given work load the better the predicted oxygen uptake or the better the

cardiovascular fitness. Thus, post exercise heart rate is important in



two ways: (1) to determine the appropriate intensity of exercise for
promoting cardiovascular fitness gains, and (2) for making submaximal
determination of cardiovascular fitness.

Accurate assessment of post exercise heart rates can be accom-
plished through laboratory techniques using the electrocardiogram and
biotelemetry systems. However, these systems have limited value
because they are not available to the average person. In most field
situations individuals are forced to use palpation of arterial pulse
to count heart rate. This procedure is easy to do and reguires little
equipment. The most common palpations currently used by exercisers are
palpations of the radial and the carotid arteries.

Carotid artery palpation is recommended by several authorities
(Byrd et al., 1972; Fletcher and Cartwell, 1974; Zohman, 1974;

Wenger and MacHab, 1975; Pollock et al., 1977; and DeVries, 1980).
However, some suggest that it may be dangerous. White's (1975, 1977)
studies reflect the potential danger of carotid artery palpation.
Physiological changes in some subjects were first reported by Weiss and
Baker (1933) due to pressure on the carotid artery. One of the changes
was slowing of the heart rate along with syncope and electrocardio-
graphic changes. Guyton (1981) says pressure on the carotid sinuses
can cause a strong response in older people that can stop the heart for
seven to ten seconds.

For the reasons stated above there may be problems associated
with the common procedure of using the carotid pulse in determining the
intensity level of exercise based on heart rate. Since heart rate is

used to determine the heart rate needed to have a "training" effect on
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the cardiovascular system, and since the carotid palpation may actually
affect recovery heart rates, this procedure may cause an inaccurate
post exercise heart rate count. Specifically, the possible slowing
effect associated with taking the carotid pulse, may result in the
intensity of exercise determined from post exercise palpations being
overestimated. Thus the exerciser may work at a higher level of
intensity than desired.

Though the possible problems with using the carotid pulse are
documented in the previous section, not all experts agree on the sub-
ject. Pollock says there is no decrease in heart rate due to carotid
artery palpation, nor is there significant difference between heart rate
during exercise and post-exercise heart rates (1981). Another study by
McArdle reports a rather significant change in post-exercise heart rate
as an indicator of heart rate during exercise (1969). White's study
showed drastic changes in post-exercise heart rate when palpated at the
carotid artery (1975, 1977).

In summation there is a controversy in the research which needs
to be settled. The use of palpation methods may affect the heart rate
and the area of palpation can have an effect on the heart rate as
criterion for heart rate during exercise. This information may effect

people in physical education and related fields.
STATEMENT OF THE PROBLEM

The purpose of this study was to determine if two palpation
methods (carotid and radial) could be used to accurately assess heart
rate. Specifically, the accuracy of the two methods was determined by

comparing heart rate counts using these methods to three EKG criterion



scores: (1) resting heart rate, (2) exercise heart rate, and (3) post-

exercise heart rate.
LIMITATIONS

The following were considered as possible Timitations of this

study.

1. The ability of the subject to count their heart rate.

2. Errors that may arise in the use of the equipment or its
functions.

DELIMITATIONS

The delimitations that were made to define the 1limits of this
study follow:

1. Subjects were Timited to the age group of thirty to forty
years of age.

2. Sampling of this age group was also limited to those who
have been exercising for a minimum of the last three months.

3. The sample size was Timited to twenty people.

4. Subjects were limited to those at Kansas State University
and the city of Manhattan, Kansas.

5. Only two palpation technique methods were used in this

study.

4



Chapter 2
REVIEW OF THE LITERATURE

Individuals need to know what type of exercise to do, which
ones are good and bad, and how to perform each exercise correctly.
For cardiovascular fitness it is important for individuals to know the
correct intensity of exercise necessary to produce a training benefit
especially if the prevention of cardiovascular diseases is 'the goal.
Cooper (1965) and others advocate the continuous type program such as
walking, jogging, cycling, swimming, and running in place while
Astrand (1970) and colleagues recommended the intermittent type
program. To select an effective program it is important to be able
to count exercise heart rate accurately. The literature has been
reviewed to give the reader an overview of research related to various

heart rate palpation techniques.
DETERMINING EXERCISE INTENSITY

Regardless of the type of exercise chosen, selection of the
appropriate amount of exercise is critical. However, determining the
amount of exercise can be a problem for the exerciser. Once the
exercise modality is chosen, the problem is to determine the correct
intensity (how hard), duration (how long), and frequency (how often).
The questions “How much exercise is enough?" and ﬂwhat type of exercise

is best for developing and maintaining fitness?" are frequently asked.



For best results exercise must be done above the "Threshold of Train-
ing" (Chart 1). The fThreshold of Training" is the minimal amount of
exercise necessary to benefit the cardiovascular system (McArdle et
al., 1967; Astrand, 1970; Corbin et al., 1978; Terry et al., 1979; and
DeVries, 1980)}. Exercise heart rate can be used to determine threshold
values. While the threshold represents the lower level of heart rate
necessary to produce cardiovascular fitness, the target zone repre-
sents the optimal level. In other words one must elevate the heart
rate higher than the thresho%d and to an optimum target value if fit-

ness is to be produced (see Chart 1).

Chart 1. Optimal Exercise Intensity

HIGH HIGH
MAX IMAL
EXERCISE IN EXCESS OF THAT - INTENSITY  HR
NECESSARY TO IMPROVE FITNESS R
TEREREOLY s m——————am— HREAEOLD
OPTIMAL |
OF OVERLOAD
| |
LOWER LOW LOW
TRAINING  --ommmmmmscmmmemcaassacnssa- THRESHOLD ~ INTENSITY  HR
EXERCISE NOT SUFFICIENT TO
IMPROVE FITNESS
NORMAL

Corbin, Dowell, Lindsey, and Tolson. Concepts in Physical Education--

=

Instructor's Resource Manual, 3rd ed. Dubuque, Iowa: William C. Brown,
1978, pp. 75.

DeVries (1980) offers two ways to determine intensity levels, by
dose (a given distance being covered) or response (based by heart rate).
Heart rate is by far a safer and more practical method of prescription.

Dose allows far no control of intensity--a set distance is given to be



covered but no time. Whereas heart rate allows a control over the
intensity.

It is generally accepted that the threshold heart rate is 60%
of one's heart rate range and that the target zone is 60 to 80% of
one's heart rate range (Karvonen, 1957). Maximum heart rate is
established as 220 minus the person's age. Maximum heart rate minus
resting heart rate times 60 percent plus resting heart rate is equal
to the threshold of training. (Threshold of training = .60 [(220 -
age) - Resting HR] + RHR.)

Costill (1968) used 5 well trained distance runners for whom
the Karvonen Method overpredicted measured % 002 max. Costill's find-
ing showed the overprediction of exercise intensity to be 4% at 60%
exercise intensity which falls in line with Davis (1977). Davis'
(1975) study seems to be the first to systematically evaluate the
accuracy of the Karvonen method to % 002 max. None of the Karvonen
method predictions of exercise intensity were significantly different
from the measured values. The Karvonen method resulted in only a 2.6%
above the Net 902 max. Taylor's (1969) study of heart rate showed 50%
QOZ max by Astrand method roughly corresponds with 6% max heart rate
range by the Karvonen methor. Though training intensity determined
from measures of oxygen consumption is highly accurate, it is impos-
sible without special equipment. The use of heart rate to establish
exercise in terms of intensity is an effective alternative. The
relationship between Astrand @02 max and Karvonen heart rate range is
very constant. This study shows the application of the progressive

overload principle in that those of high fit were not stressing the

system above the normal. Higher fit subjects need greater absolute



8
intensity (higher workload) to stress the system. DeVries (1977) also
feels heart rate max relates very closely to actual 902. He feels
there is a clear advantage in expressing the exercise heart rate in
percent of heart rate max. McArdle et al. (1981) says that heart rate
max and % ?02 max are related in a predictable way regardless of sex or

age. He relates only an error of +8% in predicting one from the other

(Chart 2).
Chart 2. Relation between Percent Max QOz and
Percent Max Heart Rate
PERCENT MAX H.R. PERCENT MAX VO,
50 28
60 42
70 56
80 70
90 83
100 100

William D. McArdle, Frank [. Katch, and Victor L. Katch.
Exercise Physiology. Lea and Febiger, 1981.

Cureton (1969) indicated that a heart rate of 150 beats/min is
essential for a training effect to occur, while Cooper (1965) has indi-
cated by his point system that an inverse linear relationship exists
between intensity and duration of training. Burke (1975) showed a
minimum intensity requirement of 75% of heart rate max to show aerobic
improvement. Atomi's (1978) study using young women indicates that
intensity is a more important factor than frequency for improving 002
max. His subjects showed improvement by working at 60% QOZ max--with

heart rate range of 140-150 beats/min--for 8 weeks. Wenger (1975} had
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similar findings in that submaximal training was similar to heavy work-
loads as long as the relative training load is at least 60% 002 max.

He used two groups training at 100% and 60% of their 002 max for 7
weeks comparing low fit subjects to high fit subjects. Gledhill (1972)
compared high fit to Tow fit at the same intensity of 120 beats/min.,
only the low fit group improved significantly.

Astrand (1970) has a general principle to cover the low and high
fit difference: "An adaptation to a given load takes place; in order to
achieve further improvement, the training intensity has to be
increased.” The overload must increase as the body adjusts to the
load to show more gain.

McArdle et al. (1981) uses the term "training-sensitive zone."
He feels people should consider themselves "average" and use the age
adjusted maximum heart rate in Chart 3. All people of particular age
don't fit; there is usually a #10 beat/min individual variation. He
uses a "Rule of Thumb," maximum heart rate is established as 220 minus
the person's age. By the chart (Chart 3) as long as the exercise heart
rate is maintained within this zone a conditioning of the aerobic
systems occurs.

Pollock's (1981) study showed high intensity levels are not
necessary to maintain cardiovascular fitness in middle-aged men. Using
fourteen sedentary men in Pollock's data showed that intensity can be
decreased provided that direction increases as long as total energy
costs remain equal.

One of two methods can be used to determine what the "Target
Heart Rate" needs to be to raise intensity to reach the "Threshold of

Training."
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3. Maximal Heart Rates and Training-Sensitive Zones for Use
in Aerobic Training Programs for People of Different Ages
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(1) Karvonen method % heart rate range
(2) Astrand % QOZ max
Based on the evidence "Threshold of Training" {s at least 60% of heart

rate range or 50% of 002 max.
METHODS OF DETERMINING HEART RATE

Heart rate response is a better method for determining inten-
sity than is prescription, or even ?02 max. Heart rate range has its
advantages in that sophisticated equipment is not necessary to predict
or monitor it. The American College of Sports Medicine (1978)
recognizes the need for guidelines and is in agreement with intensity
levels along with frequency, duration, and mode of activity.

With the understanding of the threshold of training and target
heart rate, we need a field procedure for monitoring based on the heart
rate itself. This heart rate allows for the gaverning of the intensity
level. Palpation of the carotid artery is recommended by various
authorities. Included among these are authorities in exercise and
coronary heart disease like Fletcher and Cartwell (1974), as well as
Naughton and Hellerstein (1973). The use of target heart rate and
carotid heart rate monitoring are tools of some Cardiac Rehabilita-
tions and Exercise Prescriptionists. Carotid artery monitoring is also
being advocated in books on exercising (Davies and Knibbs, 1971;
Gledhill et al., 1972; Zohman, 1974; and Corbin et al., 1978).

One of the first studies approaching the possible problem of
palpation techniques was a study by Cotton and Dill (1935). Their
study dealt mainly with immediate recovery from strenuous work. They

were studying the accuracy of prediction of true exercise heart rate



12
from observations made in recovery. They found a ten second reading
immediately after exercise to be the best way to approximate. Their
study dealt with only immediate recovery from strenuous work.

McArdle, Zwiren, and Magel used varying intensities along with
different number of times to count post-exercise heart rates (1969).
The heart rate was counted immediately following exercise, starting at
four seconds and at ten seconds post-exercise. They found a 7.6 per-
cent average error during the ten seconds of recovery period. In the
four second recovery (four to fourteen seconds) the average under-
estimations increased to 5.7 percent in strenuous work and to a maximum
of 13.5 percent in more moderate exercise. McArdle says, "This
variability may introduce serious errors when the post-exercise heart
rate is used to infer the heart rate during exercise." McArdle used
only ten male volunteer students with a mean age of twenty years.

Pollock, Broida and Kendrick's study concluded that training
heart rates of 80 percent to 90 percent magnitude can be accurately
estimated during recovery for ten seconds (1981). The palpation
technique for estimating heart rate can be adequately assessed by adult
men while in training. They suggest post-exercise heart rate to within
2 percent for their age group of twenty-five to fifty-five year old
males. They based their findings and study on maximum and percent of
maximum heart rate values.

Though previous studies recommended the carotid pulse for
counting heart rate, studies by White showed a cardiac slowing and
occasionally cardiac abnormalities from palpation of the carotid
artery (1975, 1977). White used 117 subjects between the ages of

twenty-three and sixty-three, male and female. His study showed a 14
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percent average decrease in heart rate due to carotid sinus reflex from
palpation techniques. From these 117 subjects, ]01 showed a signifi-
cant decrease in heart rate following carotid artery palpation. Weiss
and Baker state that the reduced heart rate is due to a reflex increase
in the vagal nerve to the heart and a simultaneous reflex inhibition of
the cardiac accelerator nerves (1933). Weiss and Baker claim that, in
a small percentage of patients, "definite pathological changes" occur

following carotid sinus simulation (1933).
SUMMARY

While there are not many studies in this area there is some
discrepancy in findings. Cotton and Di11 (1935), McArdle, Zwiren, and
Magel (1969), and White (1975, 1977) show changes in the post-exer-
ciser's heart rate of 5 percent to 14 percent as compared to actual
heart rate. Pollock, Broida, and Kendrick (1981) only show a 2 per-
cent change which would lead you to believe that post-exercise heart
rates are good indicators of actual heart rate.

White's studies (1975, 1977) indicate that palpation of the
carotid artery could be hazardous to health and also a poor indicator
of heart rate. If so the radial artery palpation may be a better
indicator of actual post heart rate.

Boone, Rape, Ribisl, and Miller (1980) state that "the carotid
technique should be used with some caution when training cardiac
patients to keep them from training at too high heart rate response
during the endurance phase of a typical cardiac training session."”
Their study dealt with 40 patients from the Wake Forest Cardiac

Rehabilitation Program. The experimenter palpated in the first
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minute and the subject in the third minute of resting, exercise, and
recovery. There was a significant drop in heart rate during recovery

with palpation by both experimenter and subject.



Chapter 3
PROCEDURES
SELECTION OF SUBJECTS

Subjects in this study were twenty healthy males and females
(12 males and 8 females) between the ages of thirty and forty years
(X = 33.8, S.D. 2.5) and who had pursued a program of aerobic exercise

for at Teast three months.
PROCEDURES

Subjects reported to the laboratory for orientation which
included (1) an introduction to procedures and equipment and methods
of palpation of the carotid and radial arteries, and (2) a practice or
trial run. Subsequently each subject reported to the lab two addi-
tional times. At these sessions heart rate was monitored for each
subject at rest, during exercise, and immediately following exercise.
A standard electrocardiogram (EKG) V-5 lead was used to determine the
heart rate criterion for all three phases. Half of the subjects used
carotid artery palpations during the first session and radial artery
palpations during the second. The other group started with the radial
artery and finished with carotid palpations. Random assignment was

empioyed to determine which artery was initially palpated.

15
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Palpation Techniques

Subjects were shown how to palpate the heart rate at two loca-
tions: at the carotid artery using the dominant hand, halfway between
the thyroid cartilage and the prominent angle of the mandible at the
Tevel of the hyoid bone; at the radial artery using the dominant hand,
on the anteriolateral aspect of the wrist at the level of the super-
ficial palomar branch. Subjects practiced the palpation of both

carotid and radial arteries on day one using ten second counts.

Testing Procedures

To establish the resting heart rate the subject lay for a five
minute rest after instruction and EKG hook-up. When resting heart rate
was established, a ten second EKG strip was recorded on a Narco
Physiograph. The subjects then palpated the carotid and/or radial
artery to determine resting heart rate by palpaticn method and an EKG
was also taken at the same time for criterion counting. Subjects were
instructed to palpate the artery and instruct the tester when they were
ready to start counting. The stop watch, palpation count, and the EXG
were all started together. They rested two minutes and repeated the
same procedures for three trials. The Karvonen formula was used to
establish a moderate work load of 60 percent of maximum heart rate
range to determine predicted steady state level. The subject then
had a trial introduction to the treadmill. Subject introduction to the
treadmill was by instructor from Quinton Instruction Manual for Model
18-60 allowing for maximum feeling of security (1968, p. 7). The
treadmill was operated at 3.3 miles per hour for all subjects. The

speed was calibrated before testing each subject using the procedure in
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the manual. During the introduction the treadmill was inclined to an
angle necessary to raise the subject to the predicted steady state
Tevel.

To evaluate the effect and accuracy of palpation immediately
after exercising, the subjects exercised on the treadmill to the pre-
determined steady state level. After reaching this level the subjects
had five seconds to step off the treadmill, palpate the carotid and/or
radial artery, and count it for ten seconds. A ten second EKG record-
ing was taken prior to stopping for exercise heart rate and a ten
second strip was also recorded during palpation. After palpation for
ten seconds, the subject again got on the treadmill, exercised for two
minutes, and repeated the same procedure for three trials. This was
also repeated on the third day for the other artery to be palpated.

Palpation techniques do not allow the subject to count frac-
tions of a cardiac cycle. They were counted to the nearest heart
beat. Heart rate counted on the EKG tracing was by QRS spikes within

each time interval.
STATISTICAL ANALYSIS

ANGVA procedure was used on resting and working palpation
technigues for (1) order effect; (2) counting; (3) post-exercise;
and (4) mean heart rates. A Duncan's Post F test was also used on
exercise heart rate for order effect. Correlation coefficients were

also calculated to establish relationships between variables studied.



Chapter 4

RESULTS

This chapter presents the results of the study. For clarity,
the results are presented under the following headings: subjects,
order effect, resting heart rate counting, exercise heart rate count-

ing, recovery heart rates, and correlation coefficients.
SUBJECTS

Twelve male and eight female Kansas State University faculty,
staff, and students volunteered to participate as subjects for this
experiment. Subjects ranged in age from 30 to 40 years of age with a
mean age of 33.7; S.D. 2.4. The preceding age category was selected
because it seems to be the age group leading a sedentary life style
before starting an exercise program. Table 1 presents the means and
standard deviations of the subjects' ages (in months), Tength (inches),

weight (1b) and percent of body fat on these subjects.
ORDER EFFECT

Resting EKGs were taken on all subjects to establish a base-
1ine RHR. A1l subjects palpated RHR 6 times (3 carotid, 3 radial),
half starting with carotid palpation and half radial palpation in an

attempt to prevent any order effect,

18
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Table 1

Means and Standard Deviations of the Subjects

Male Female All
Mean $.D. Mean 8.0. Mean Sulds
Age 33.8 2.03 34.3 2.89 33.:7 2.4
Height (inch) 703 4.61 65.6 3.96 68.5 3.2

Weight (1b.) 166.6 14.63 134.1 17.3] 1536 22.4

% Fat 10 1.99 18.8 2.54 13.5 g1

N 12 8 20

An ANOVA for order (regardless of which palpation was made
first) was used for the principal variables of interest. This analysis
yielded no significant difference for order for resting heart rates,
F(5,114) = 0.26, P > .05. Regardless of which palpation technique was
used first (carotid or radial) the first count was the same as the Tast
count. Either method can be used to determine RHR.

Working EXGs were taken on all subjects at the end of a 6 minute
exercise bout. A1l subjects palpated WHR 6 times (3 carotid, 3 radial),
half starting with carotid palpation and half radial during session II
and III in an attempt to prevent any order effect.

A second ANOVA for order (exercise heart rate) was also cal-
culated. This analysis yielded no significant difference for order
for work heart rates, F(5,114) = 0.96, P > .05. Regardless of which
palpation technique was used first the counts were the same. There

was no order effect.
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RESTING HEART RATE COUNTING

An ANOVA procedure was used to determine if differences existed
between mean heart rates as determined from different palpation pro-
cedures and to determine if resting rates determined by palpation
differed from resting rates determined by EKG heart rate counting.
Carotid and radial arteries palpation counting was used for the
analysis and EKG wa§ used as criterion for comparison.

This analysis yie]déd no significant effects between the means
for the two types of palpations, F(1,228) = 0.27, P > .05 nor did heart
rates determined by palpation differ from those determined by EKG
counting F(1,228) = 0.07, P > .05. The analyses show no differences
between the three trials for counting resting heart rates, F(2,228) =
0.64, P >.05. Finally there were no significant interactions. Mean

resting heart rates are presented in Table 2 for the reader's informa-

tion.
Table 2
Resting Heart Rates
Carotid Radial
Totals
Pal. EKG Pal. EKG :
Trial 1 11.25 11.41 11.75 1188 11.56
Trial 2 1135 11.50 11.55 11.40 11.45
Trial 3 13.25 11.30 11.10 11.20 11.21
Total 11..28 11.40 11.47 11.48 11.40
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DURING EXERCISE HEART RATES

While heart rates were not counted by palpation during
exercise, heart rates were monitored using EKG tracings during
exercise. To determine if palpations after exercise were effective
in assessing during exercise heart rates, a 2 (type of palpation)

x 2 (recovery vs during) x 3 (trials) ANOVA was used. There was no

significant mean effect for type of palpation F(1,228) = 0.57,

P < .05, nor was there a main effect for differences between recovery

heart rate (palpation) and during exercise heart as measured by EKGs

F(1,228) = 4.53, P < .05.

variables.

There was no significant interaction between

These results are in agreement with those of Pollock (1981)

which suggest that post exercise artery palpations can be accurate

predictors of exercise heart rates.

The steady state heart rates

(60%) were lower than those of Pollock (70-80%) but indicated similar

counts for post exercise palpations and during exercise EKG counts.

Mean Heart Rates for EKG's During Exercise and

Table 3

Palpations During Recovery (10 sec)

. EKG Count ’ EKG Count
Ca;2$1d Prior to Rgggal P;igr $o
: Carotid . adia
(Recovery) Palpation (Recovery) Palpation
Trial 1 22 .37 23.11 22.74 22.79
Trial 2 21.74 22.32 21.95 22.34
Trial 3 22.11 22.47 21.63 22.11
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The Tack of a difference between carotid and radial palpations
coupled with no significant interaction suggests that either type
palpation can be used to assess during exercise heart rates if done
immediately after exercise. Previously presented analyses indicated
that the order of treatments did not affect heart rate counting.
Nevertheless, an analysis to determine if heart rates taken earlier
might differ from those taken later in the study was calculated.

Exercise heart rates were established 6 different times and
palpations were made after each of these different EKG counts. Dur-
ing exercise session II subjects were exercised until the criterion
heart rate level was reached. A ten second heart rate was determined
during the last few seconds of this exercise bout. Subsequently an
immediate post exercise (10 sec.) rate was counted (using either the
radial or carotid artery). The subjects alternately exercised and
counted post exercise rates until a total of & counts were made (3
during exercise, 3 immediately after exercise). On the third testing
day, session III, the same procedure was followed but a different
paipation procedure was used. An analysis of variance was calculated
to determine if mean heart rates for any of the 12 trials differed.
The analysis indicated that differences between means existed
F(11,228) = 2.45, P < .05. A1l heart rates both during and after
exercise were counted from the EXG printouts. Thus, as shown in Table
4 the 1st, 3rd, and 5th trials represent during exercise rates for
session II while 2nd, 4th, and 6th represent immediate post exercise
heart rates for session II. Trials 7, 9, and 11 represent during
exercise rates for session III while 8, 10, and 12 represent immediate

post exercise heart rates for session III.
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Table 4

Post F Test for Exercise Heart Rate Order Effect (Duncan's)

12th 8th 4th 10th 6th 2nd 11th 9th 3rd 5th 7th 1st
21.32 21.35 21.52 21.54 21.68 21.86 22.06 22.17 22.47 22.52 22.89 23.01

As can be seen in Table 4 all exercise heart rates (1, 3, 5,
7, 9, and 11) were statistically the same. Also all recovery heart
rates (2, 4, 6, 8, 10, and 12) were statistically the same. As would
be expected fraom the lack of differences between exercise heart rates
and recovery rates as described on the previous pages, exercise heart
rates and the recovery rate which immediately followed them {1 and 2,
Jand 4, 5 and 6, 7 and 8, 9 and 10, and 11 and 12) did not differ.
In no case was the recovery rate different from the rate determined in
the exercise immediately preceding the count. In other words post
exercise heart rates as counted by EKG are statistically similar to
during exercise heart rates, just as post exercise counts using
palpation showed no difference when compared to during exercise
counts.

Correlation coefficients presented in Table 5 illustrate the
relationships between heart rates counted by EKG during exercise and
those counted by palpation during recovery. As can be seen there is
a moderate relationship between during exercise EKG counts and post
exercise palpations. Both carotid and radial post exercise palpa-
tions showed similar relationships to actual during exercise EKG

counts. Either procedure seems to be a reasonable technigue for heart
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rate counting. The slightly lower correlation between carotid and EKG
counts compared to radial and EKG counts could possibly be explained
by the larger standard deviations for the carotid counts as compared

to the radial counts (see Table 6}.

Table 5

Correlation between Exercise Heart Rates Counted by Palpation and
During Exercise Heart Rates Counted by EXG

Carotid Radial
Source _ P Source i
Trial 1 .795 Trial 1 .756
Trial 2 .560 Trial 2 .753
Trial 3 719 Trial 3 .760
Table 6

Means and Standard Deviations for Recovery Palpation
Heart Rate Counts

Carotid Radial
Means S0 Means S.D.
Trial 1 22.37 2.50 21.74 1.76
Trial 2 21.74 2.36 21.95 1.68
Trial 3 22.11 1.92 21.63 1.79
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RECOVERY HEART RATES

It was important to compare during exercise heart rates to
recovery heart rates calculated by palpation to see how closely post
exercise rates compared to actual during exercise counts. Also of
importance was the comparison of post exercise heart rates as deter-
mined by EKG tracings and simultaneous post exercise heart rate counts
done by palpation. To do this a 2 {type of palpation) x 2 (palpation
vs. EKG) x 3 (trials) ANOVA was used. The analysis yielded no signif-
cant effects between the means for the two types of palpations;
F(1,228) = 0.19, P > .05. However post exercise heart rates determined
by palpation differed from post exercise heart rates determined by EKG
counting F(1,228) = 3.85, P > .05. There were no significant inter-

actions. Mean values for each of the different groups are presented in

Table 7.
Table 7
Mean Heart Rates for EKG's During Recovery and
Palpaticns During Recovery (10 sec)
Carotid Radial

Pal. EKG Pal, EKG
Trial 1 22.37 21.26 22:74 21.95
Trial 2 21.74 21.31 21.95 21.74
Trial 3 22.11 21,53 21 .63 21.47

As can be seen in Table 7, both types of palpations yield

significantly higher heart rates than the EKG counts. However, the
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lack of a palpation mean effect and the absence of an interaction
indicates that higher heart rate counts are not unique to one method of
heart rate palpation.

Correlation coefficients calculated to detérmine relationships
between post exercise EKG counts and post exercise palpations indicate
strong relationships. These correlations are shown in Table 8. Pal-
pations, regardless of type tend to overcount post exercise heart

rates (see ANOVA results). This is probably because during palpation

Table 8

Correlation between Recovery Heart Rates Counted by Palpation and
Recovery Heart Rates Counted by EKG

Carotid Radial
Source r Source r
Trial 1 .835 Trial 1 .934
Trial 2 ! .309 Trial 2 .923
Trial 3 727 Trial 3 .793

subjects are more likely to count an extra beat at the end of a ten
second count than when the heart rate is counted by EKG and the
time cutoff points are more clear-cut. However, the strong relation
between EKG counts and palpations suggest that palpations are quite
similar to EKG counts across the board. The lower r value for the
third trial may indicate a lessening in concentraticn in counting
when making repeated heart rate counts.

Group data presented here, clearly indicates for those who

exercise reqularly and show no evidence of caronary problems, carotid
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palpation didn't result in depressed heart rates as suggested by White
(1975, 1977) and others (Cotton and Dil11, 1935; McArdle, Zwiren, and
Magel, 1969). If this had been the case there would have been lower
heart rates for both carotid groups (EXG and palpation). This did not

occur.

Table 9

Individual Heart Rates for EKG: During Exercise Compared with
Carotid Palpations During Recovery (10 sec)

Higher Carotid Simitar Counts Lower Carotid
Counts (+ 2 or (less than 2 Counts (-2 or
more beats) deviations) more beats)

Trial 1 1 13 )

Trial 2 3 10 7

Trial 3 £ 12 5

However, taking into consideration individual count and not
group, Tabie 9 indicates that there was more underestimation than
overestimation. Using the standard deviation from Table 6 only 7 of
the 18 are outside of the standard deviation (4 in Trial 15 2 in
Trial 2; and 1 in Trial 3). This could possibly indicate that there is
a chance for some individuals to have the carotid sinus depression.

However, on the overall it dces not have an effect.



Chapter 5

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

The hypothesis put forward by White (1975, 1977) that the
palpation of the carotid artery would cause change in heart rate during
rest, exercise, and post-exercise has been suggested by others. Weiss
and Baker (1933) claim a "Definite pathological change" in a small
percentage of patients occurred following carotid sinus stimulation.
Boone, Rape, Ribisel and Miller study (1980) also showed a signifi-
cant drop in heart rate after palpation of carotid artery. Pollock
study (1981) concluded that training heart rates of 80 percent to 90
percent magnitude can be accurately estimated by palpation technique.
The purpose of this study was to determine whether the palpation of
the carotid artery compared to the radial artery was a better indicator

of exercise heart rate.

DISCUSSION

White (1975, 1977) and others (Cotton and Di11, 1935; McArdle,
Iwiren, and Magel, 1969) say carotid artery palpation technique causes
a change in heart rate due to carotid sinus reflex. The data from
this study will not support this contention. Heart rates at rest
taken by either procedure were quite similar. The same is also true
for recovery heart rates. For the subjects used in this study, carotid

and radial arteries palpation were similar and there were no

28
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statistical differences from actual EKG counts. Apparently no slowing
of heart rate due to carotid artery palpation.

Results would support Pollock et al. (1981) study that palpa-
tion technique can adequately assess exercise heart rate. Actual post
exercise palpations were higher possibly due to counting problems.

The lower r values for the third trial may indicate onset of fatique.

Order was not a factor in any of the trials.
CONCLUSIONS

Based on the results of this study the following conclusions

seem warranted.

1. For normal heaithy exercising adults, carctid palpation
does not seem to depress resting or post exercise heart
rates.

2. Either type of palpation, carotid or radial, appears to be
effective for determining during exercise heart rates
when palpations are started immediately after exercise
and counted for 10 second periods. However, radial
counts seem to be less variable than carotid counts.

3. Palpations, by either the carotid or radial procedure,
probably overcount actual recovery heart rates. Given
the fact that the recovery rates as counted by palpation
are quite similar to during exercise heart rates, this
does not appear to pose a problem for those using palpa-
tions to count heart rate.

4. Palpation by the carotid artery by some individuals could

cause a depressed heart rate. It would be suggested for
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individuals to palpate both carotid and radial arteries
to see if there is a change. Palpation of the carotid

artery must be approached with caution.
RECOMMENDAT IONS

Further research in this area seems warranted. Some factors
which might identify important differences and which might be examined
in future research are listed below:

1. Repeated study using sedentary cardiac patients, and

physically active people. |

2. Repeating this study using cardiac patients.

3. It might be fruitful to examine the same palpation effects

by allowing some other person doing the palpations.
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APPENDIX A
INFORMED CONBENT FORI
Investigator: Williazm Couldry
Iy , do hersby veluntser to
rarticipate in an experiment designed %o study heart rate.
In the study, heart rate will te counied before, during,

and after exercise by palpation (finger pressurs) of the
carotid and radial arteries and will be monitored using

an electrocardiogram (EXG). Percent body fat, and rest-

ing heart rate will be determined.

I understand, I am free to discontinue my partici-
pation in the éxperiment at anytine.

I understand, I will be asked to give personzl infor-
mation concering my ags, height, and weight. I will be
asked to participate in three (3) sessions involving the
use of EKG and <treadmill. I understand the testing will
be 35 to 45 minutes per session. Confidentiality will be
maintained concering personal information collected and
information is available for review if desirsd. .

I understand that in event of physical injury resu-
lting from the research procedures invelved in the exper-
iment, no financial compensation will be available, sincs
siate regulations pronibit Kansas State University from
carrying insurance for such purposes.

To my knowledge, I am in 2 good state of health and
have not had or now have any heart or cardiovascular pro-
blems.

I have read, (or had read to me), and underszand ths
above statement and do hereby volunzarily consent to part-
icipate as a <ubject in this study.

(subject signature) (cdate)

(subject name printed)



POST-EXERCISE CAROTID AND RADIAL ARTERY PALPATICN
AS INDICATORS OF HEART RATE DURING EXERCISE

by

WILLIAM COULDRY

B.S.E., Missouri Western State College, 1979

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Health, Physical Education, Recreation

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1981



The purpose of this study was to determine whether the carotid
or radial artery palpation of post-exercise heart rate were good
indicators of heart rate during exercise. An attempt was made to
determine if there were differences between carotid and radial artery
palpations and an EKG criterian.

Subjects were twelve male and eight female Kansas State Univer-
sity faculty, staff, and student volunteers. Ages of subjects ranged
from thirty to forty years. Al1 subjects had pursued a program of
aerobic exercise for at least three months. Resting EKG and heart
rates were established on the first day along with an introduction to
the procedures and treadmill protocol. Subjects palpated either the
carotid or radial artery to determine post-exercise heart rates.

Each artery palpation was done three of each for ten second count.
Subjects returned for second test to exercise on treadmill. Working
heart rate was established by EKG tracing. Subjects then stepped off
the treadmill and palpated one of the two arteries for ten seconds.
The same procedures were used on the third test day as day two except
the subjects palpated different arteries. Ten subjects palpated the
carotid artery during the second session and the radial artery during
the third. The other ten subjects palpated the two arteries in reverse
order. Subjects were randomly assigned to groups to control for order
effect. Analysis of variance revealed no significant differences and
no interaction between the variables.

This study doesn't support the finding reported by White
(1975, 1977). The finding of this study supports Pollock (1981) that

carotid artery palpation shows no significant differences between



heart rate during exercise and post-exercise heart rates. However it
also indicates that radial palpation may be a better indicator in that

it shows less deviation.



