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In cerebral palsied adults, the cardiovascular 

responses to different types of exercise have not previously 

been ascertained. Therefore, the purpose of this study was 

to determine the blood pressure and heart rate responses of 

adults with cerebral palsy to static muscular contractions 

and to dynamic muscular contractions. 

Fifteen adults with cerebral palsy and 15 able-bodied 

adults (average age for each group = 30 years) performed a 

static exercise protocol and a dynamic resistance exercise 

protocol using each limb (or the limbs capable of meeting 

the requirements of the exercise protocol). Heart rate and 

blood pressure were assessed before, during, and after each 

exercise bout with each limb. During the static exercise 

protocol, each subject performed static contractions at 40% 

of maximal voluntary contraction to fatigue. The dynamic 

exercise protocol for each limb consisted of three 20-second 

bouts of hydraulic resistance exercise each of which was 

followed by 20 seconds of rest. 



No differences were found between the two groups of 

subjects in heart rate and blood pressure during static 

exercise. In dynamic exercise, however, the trend in heart 

rate from bout to bout differed between the groups. In 

addition, the cerebral palsied group's diastolic pressure 

was higher than that of the able-bodied group at the end of 

dynamic exercise. 

The findings of this study indicate that although the 

heart rate and blood pressure responses to dynamic resis-

tance exercise in the cerebral palsied subjects differed 

from the responses of the able-bodied subjects, healthy 

adults with cerebral palsy may safely perform both static 

and dynamic resistance exercise. More research using this 

disabled population is needed so that guidelines for 

prescribing exercise for adults with cerebral palsy may be 

developed. 
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CHAPTER I 

INTRODUCTION 

Cerebral palsy (CP) is a group of nonprogressive 

neuromuscular conditions caused by damage to the motor 

areas of the brain. With an incidence of 3.5 cases per 

1000 births, CP is currently the most common childhood 

handicapping condition in the United States. Over 750,000 

persons in the United States have been diagnosed as 

cerebral palsied, two-thirds of which are over 21 years of 

age (Sherrill, 1986). 

As children, many cerebral palsied individuals receive 

special schooling and therapies. Unfortunately, very 

little emphasis has been given to the maintenance and 

enhancement of independent living for adults with CP. 

Cerebral palsied adults are in need of programs of regular 

exercise to develop and maintain cardiovascular endurance, 

skeletal integrity, and overall wellness (Bleck, 1984). 

Broadhead (1986) emphasized the need to examine 

physiological responses of handicapped individuals before, 

during, and after exercise. At present, little information 

is available to guide physical therapists, adapted physical 

educators, and exercise physiologists in the fitness 

training of cerebral palsied individuals. 



In the past, it was believed that competition and 

physical activity were contraindicated for individuals with 

cerebral palsy (Sherrill & Rainbolt, 1986) due to increased 

excitability and heightened reflex activity. Fortunately, 

current professionals in the areas of physical education, 

physical therapy, recreation, and medicine are in favor of 

the participation by cerebral palsied individuals in 

competitive sports. 

At present, over 3000 CP athletes from 41 states 

participate actively (Adams, 1984) in sports. Sherrill and 

Rainbolt (1986) reported that 464 adults ranging in age 

from 17 to 59 years competed in the 1983 National CP Games 

held in Forth Worth, Texas. In a survey of 172 of those 

athletes, Sherrill & Rainbolt (1986) discovered that 19.1 

years was the average age at which these athletes had 

received their first sports instruction. Adams (1984) 

reported that the most common sports for the CP participant 

are cycling, swimming, track and field, soccer, wheelchair 

team handball, and power weight lifting. Weight training 

has been implicated as a viable means of preparation for 

competition for many of the CP sports. While the effects 

of several weight training regimens have been investigated 

(Healy, 1958; McCubbin & Shasby, 1985; Stark, 1975) the 

acute cardiovascular responses to static and dynamic 
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muscular contractions in individuals with CP have not been 

reported . 

A recent article in The Chronicle of Higher Education 

("Rise Found," 1987) reported that the proportion of 

college freshmen with disabilities tripled from 1978 to 

1985. In 1985, 7.4% of all full-time college freshmen had 

disabilities. Studies that investigate the responses of 

handicapped adults to exercise provide physical educators 

in higher education with valuable information which is 

directly applicable to the classroom and laboratory 

setting. 

The need for investigations concerning acute and 

chronic responses to various types of exercise of cerebral 

palsied individuals is well documented (Bleck, 1984; 

Broadhead, 1986; Brown, 1975; DePauw, 1986; McCubbin & 

Shasby, 1985; Robson, 1972). This study will contribute to 

the body of knowledge concerning exercise and disabled 

individuals. 

Statement of the Problem 

The central focus of the study was the cardiovascular 

responses of cerebral palsied individuals to static and 

dynamic muscular contractions. 



Purposes of the Study 

The purposes of the investigation were to: 

1. Determine the blood pressure and heart rate 

responses of cerebral palsied individuals to static 

muscular contractions. 

2. Determine the blood pressure and heart rate 

responses of cerebral palsied individuals to dynamic 

muscular contractions. 

3. Ascertain the individual differences in these 

responses using different muscle masses. 

4. Compare the blood pressure and heart rate 

responses in muscular contraction of affected and 

unaffected limbs in cerebral palsied individuals. 

5. Draw conclusions which might serve as guidelines 

for training programs for the development of muscular 

strength in individuals with cerebral palsy. 

6. Compare the cardiovascular responses of cerebral 

palsied individuals to static and dynamic muscular 

contractions to the responses of able-bodied individuals. 

7. Compare the static and dynamic strength measures 

of individuals with CP to those of able-bodied individuals. 

Hypotheses 

To carry out the purposes of the study, the following 

null hypotheses were tested: 



1. There is no significant difference between 

individuals with CP and able-bodied individuals for the: 

A) heart rate response to static contractions; 

B) blood pressure response to static contractions; 

C) heart rate response to dynamic contractions; and 

D) blood pressure response to dynamic contractions. 

2. In both the control group and in the C3P group, 

there is no significant difference in blood pressure and 

heart rate responses to static exercise and to dynamic 

exercise. 

3. No significant difference in blood pressure and 

heart rate response exists between muscular contractions 

involving the upper body and muscular contractions 

involving the lower body. 

it. There is no significant difference in the heart 

rate and blood pressure responses of individuals with CP 

between muscular contractions of affected limbs and 

unaffected limbs. 

5. There is no significant difference between the 

able-bodied group and the cerebral palsied group on maximal 

isometric strength and isometric contraction endurance 

time. 

6. There is no significant difference between the 

able-bodied group and the cerebral palsied group for the 

following dynamic strength measures: 



A) peak force; 

B) peak force recruitment time; 

C) power; and 

D) linear or angular velocity. 

Significance of the Study 

The study examined the cardiovascular responses of 

individuals with cerebral palsy to static and dynamic 

muscular contractions. The resting systolic and diastolic 

blood pressure of individuals with cerebral palsy has been 

found to be significantly higher than normal controls 

(Welner, Yosipovitch, & Groen, 1966) . An increased 

peripheral resistance and lower venous capacity in cerebral 

palsied children has also been reported (De Marees & Gross, 

1973; Holmes, Gilfillan, & Cuthbertson, 1967) . Although 

the blood pressure and heart rate responses to exercise of 

healthy able-bodied persons has been studied extensively, 

no previous studies have examined the blood pressure 

response to any type of exercise in individuals with CP. 

The need for such a study is apparent in light of reports 

of elevated resting diastolic and systolic blood pressure 

in cerebral palsied individuals. This study provides 

information which can be used to develop guidelines to 

insure the safety of exercising cerebral palsied 

individuals. 



7 

A complete understanding of the mechanisms controlling 

the cardiovascular response of able-bodied individuals 

during muscular contractions is still unclear (Mitchell & 

Schmidt, 1983; Rowell, 1980). Goodwin, McCloskey, and 

Mitchell (1972) used vibration to excite the muscle spindle 

afferents of antagonist muscles during movement to show 

that the blood pressure and heart rate response to static 

exercise was increased when both the agonist and antagonist 

muscles were activated. The investigators concluded that a 

greater central command was necessary to exert a given 

force under these circumstances. Since in CP, cocontrac-

tion of agonist and antagonist muscles is often seen 

(Milner-Brown & Penn, 1979), the blood pressure and heart 

rate responses of cerebral palsied individuals may provide 

insight into the cardiovascular regulatory mechanisms 

involved in able-bodied individuals. 

The study is significant in that it: 

1. Determined the blood pressure and heart rate 

responses of cerebral palsied individuals to static and 

dynamic muscular contractions. 

2. Increased the knowledge base concerning the 

physiological responses of individuals with CP to exercise. 

3. Provided insight into the cardiovascular control 

mechanisms of able-bodied individuals. 
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4. Provided useful information for the establishment 

of guidelines concerning exercise and training in cerebral 

palsied individuals. 

5. Provided content material for college coursework 

in areas of adapted physical education, physical therapy, 

exercise physiology, and therapeutic recreation. 

Delimitations 

The study was limited to 15 individuals with cerebral 

palsy and 15 able-bodied controls who were residing in the 

Dallas/Forth Worth Metroplex and surrounding areas. 

Limitations 

1. The formulas and methods of assessment of body 

composition have been validated in the able-bodied 

population, but not in the cerebral palsied population. 

2. The cerebral palsied subjects in the study had 

varying degrees and types of cerebral palsy. 

Basic Assumptions 

1 . The cerebral palsied subjects who participated in 

this study were a representative sample of the total 

cerebral palsy population. 

2. The able-bodied subjects who participated in this 

study were a representative sample of the total population, 

3. The measurement techniques used had no effect on 

the subjects' physiological responses. 



CHAPTER II 

REVIEW OF THE LITERATURE 

This study investigated the cardiovascular responses 

of individuals with CP to static and dynamic muscular 

contractions. Topics included in the review of literature 

are cerebral palsy, exercise and cerebral palsy, 

cardiovascular responses to exercise, and cardiovascular 

control mechanisms during exercise. 

Cerebral Palsy 

Cerebral palsy, the most frequent cause of permanent 

physical disability in children (Davis & Hill, 1980), is a 

term used to denote a wide range of motor abnormalities 

which result from damage to the developing or immature 

brain (Milner-Brown & Penn, 1979). About 9025 of those with 

CP suffer damage to or defective development of the brain 

before or during birth. Ten percent of CP is accounted for 

by anoxia, infection, and injury to the brain during early 

childhood (Sherrill, 1986). Maternal infection, 

irradiation, drugs, and blood group incompatibility can 

lead to prenatal CP. During birth, prematurity, delivery 

trauma, prolonged labor, and compression of the umbilical 

cord can lead to brain damage due to head injury or loss of 
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oxygen to the brain cells (Bergquist & Peacock, 1984; Holm, 

1982; O'Reilly & Walentynowicz, 1981). 

The types and severity of disability manifested in 

cerebral palsied individuals vary widely. Six medical 

neuromuscular classifications are often used to describe 

the different types of CP. Spastic CP, the most common 

form, is caused by damage to the motor cortex and affects 

66% of all persons with CP. This results in a combination 

of weakness and increased muscle tone causing a marked 

decrement in the ability to perform precise movements. 

Athetoid CP affects 20 - 30% of cerebral palsied 

individuals and is the result of basal ganglia damage. 

This type of disability may be manifested by slow, 

continuous, involuntary, purposeless movements. Ataxia, 

which is the major disability of B% of the cerebral palsied 

population, is caused by involvement of the cerebellum and 

results in disorders of balance and proprioception. 

Rigidity and tremors are manifested in 4$ and 2%, 

respectively, of the cerebral palsied population. A large 

number of persons with CP are severely involved, have 

multiple handicaps, and are often classified as having 

mixed CP (Bergquist & Peacock, 1984; Sherrill, 1986). 

The movement disorders in CP may also be classified 

according to the affected areas of the body. Quadriplegia 

is used to describe involvement of all four limbs 
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relatively equally. Diplegia predominantly involves the 

lower limbs with only mild involvement of the upper limbs. 

Paraplegia refers to exclusive involvement of the lower 

limbs. Monoplegia affects only one limb; hemiplegia 

refers to the involvement of both limbs on one side of the 

body; and triplegia refers to the involvement of three 

limbs (Bergquist & Peacock, 1984; Jamero & Dundore, 1982). 

A classification system for sports competition by 

cerebral palsied individuals has also been developed in 

order to equalize abilities (see Appendix A). This sytem 

uses eight categories (Class I to Class VIII) ranging from 

severe involvement in all four limbs with very limited 

trunk control to the ability to run and jump freely. This 

system of categorizing individuals with CP is based on 

functional abilities such as range of motion, coordination, 

speed of movement, and balance (McCann, 1984). The 

multiple manifestations of CP such as spasticity, 

athetosis, rigidity, and ataxia, either alone or in 

combination, the varying degrees of severity, and the 

variable numbers of limbs involved make for a most complex 

problem of classification in this population. 

In CP, the etiological factors, locations of lesions, 

and consequent manifestations are diverse. Electromyo-

graphic studies of cerebral palsied individuals have shown 

excessive electrical activity at rest and during volitional 
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and passive movements (Holt, 1966; Nielson, 1972; Sahrmann 

& Norton, 1977). Cocontraction of agonist and antagonist 

muscles during movement is often seen in cerebral palsied 

individuals making movement slow, inefficient, and 

uncoordinated. The ratio of excitatory or inhibitory 

impulses from the afferent nerves is disrupted in CP which 

results in the inability of the antagonist to relax during 

movement (Milner-Brown & Penn, 1979). 

Fasano, Barolat-Romana, Zeme, and Sguazzi (1979) 

reported that the basic mechanism of spasticity is a 

central defect in the traffic regulation of peripheral 

afferents as they are transmitted to the spinal cord. 

Bobath (1980) observed that the individual with CP is less 

competent to deal with afferent inflow than nonhandicapped 

individuals. Although the cerebral palsied person may 

retain the ability for integrated response, this response 

is often short-circuited into the synaptic chains of a few 

typical patterns of abnormal reflex activity. The mature 

and intact central nervous system (CNS) is able to absorb a 

large quantity of afferent inflow and to react with a 

variety of discrete and selective motor responses. 

According to Bobath (1980), the fundamental handicap of an 

individual with CP is therefore, not one of input, unless 

this is also affected, but one of elaboration within the 

CNS. 
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Hemodynamics in Cerebral Palsied Individuals 

Welner, Yosipovitch, and Groen (1966) reported 

elevated mean resting systolic and diastolic blood 

pressures in patients who had suffered acute paralytic 

poliomyelitis and in patients suffering from other 

disabling diseases or disorders. The systolic and 

diastolic blood pressures of the group of individuals with 

crippling conditions other than poliomyelitis, which 

included 20 patients with CP, were significantly higher 

than that of normal controls. These observations were 

confirmed by Holmes, Gilfillan, and Cuthbertson (1967), who 

reported a significant incidence of peripheral 

vasoconstriction in the spastic paralysis associated with 

CP. In 1973 > DeMarees and Gross measured the pressure 

venous capacity, the blood flow during rest, and the blood 

flow after 3 minutes of ischemia in the calf muscles of 10 

children with CP. When compared to controls, the cerebral 

palsied children revealed significantly lower values for 

the venous capacity and for the reactive blood flow. 

According to the authors, the difference between the 

control group and the CP group was due to increased 

resistance of the surrounding tissues, increased resistance 

of blood vessel walls, and smaller blood vessel volume of 

the extremities. 
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Exercise and Cerebral Palsy 

Aerobic Exercise 

An analysis of the literature dealing with responses 

to exercise in individuals with CP reveals that most of the 

research was performed on European school children and 

adolescents. Lundberg and his colleagues have performed 

the most extensive research concerning the responses of 

individuals with CP to aerobic exercise (Ekblom & Lundberg, 

1968; Lundberg, 1973, 1975, 1976, 1978, 1984; Lundberg, 

Ovenfors, & Saltin, 1967 ; Lundberg & Pernow, 1970). When 

maximal aerobic power was indirectly assessed from 

submaximal heart rate during bicycle ergometry, the 

performance of children with CP was only 50% of 

non-handicapped children (Lundberg, 1973). The maximal 

aerobic power of children and adolescents with CP, when 

directly assessed, has been found to be 10 to 30% less than 

that of controls (Bar-Or, Inbar, & Spira, 1976; Dresen, de 

Groot, Brandt Carstius, Krediet, & Meijer, 1982; Lundberg, 

1978; Lundberg, Ovenfors, & Saltin, 1967). The mechanical 

efficiency of cerebral palsied individuals was found to be 

low, particularly in individuals with spastic CP (Berg & 

Bjure, 1980; Lundberg, 1975, 1976). The metabolic, 

respiratory, and hemodynamic responses to conditioning in 

children with CP are similar to those of healthy, 

nonhandicapped children (Bar-Or et al., 1976; Berg, 1970b; 
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Dresen, de Groot, Mesa Meuor, & Bowman; Ekblom & Lundberg, 

1968; Lundberg, Ovenfors, & Saltin, 1967; Lundberg & 

Pernow, 1970)., 

In 1970, the physical working capacity, lung volumes, 

nutrition, body composition, and activity levels of 41 

Swedish school children with CP were studied extensively 

(Berg, 1970a, 1970b, 1970c, 1971; Berg & Bjure, 1970; Berg 

& Isaksson, 1970; Berg & Olsson, 1970; Bjure & Berg, 1970). 

In addition, methods of evaluation of the physical working 

capacity of individuals with CP were investigated. These 

investigators found that the physical working capacity of 

children with cerebral palsy was 71% of that of able-bodied 

children. With training, the physical working capacity in 

the disabled children was increased to 90% of normal 

values. Based upon the findings of these studies, Berg 

(1970c) concluded that the children with CP were usually 

not given the opportunity for vigorous exercise which 

favored the development of physical working capacity. 

In a review of the studies dealing with the aerobic 

capacity of individuals with CP, Brown (1975) concluded 

that the main limiting factor in the physical working 

capacity of cerebral palsied subjects is muscular 

inefficiency. This motor inefficiency is due in part to 

the basic motor disorder itself, but is also due to the 

daily living conditions of the subjects in which exercise 
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was not encouraged. Bar-Or (1983) and Robson (1972) 

stressed the importance of exercise programs designed to 

increase the cerebral palsied individual's physical working 

capacity. 

Muscular Strength 

The literature appertaining to the assessment of and 

the development of muscular strength in individuals with CP 

is sparse. Knott (1952) observed improvements in 

functional performance in CP patients after participation 

in a therapeutic resistance program. Healy (1958) compared 

the effects of two methods of strength training in children 

with spastic CP. It was found that an 8-week training 

program involving either isotonic or isometric contractions 

produced significant increases in strength and range of 

motion at the knee joint; however, no significant 

difference was found between the two methods of training . 

In a similar study involving children with athetoid CP 

(Meditch, 1961), both the isotonically and isometrically 

trained groups improved significantly on measures of 

muscular strength, with no difference in strength gains 

between the groups. 

Stark (1974) investigated the effects of an 8-week 

progressive resistance exercise program directed at 

improving knee extension strength in children with spastic 

diplegia. No differences after training were found in the 
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time required to climb six steps, the time required to 

stand, or in knee extension strength on the cable-

tensiometer. 

An 8-week swimming program did not increase the 

isometric strength of the hip flexor muscles of two 

subjects with spastic CP (O'Brien, 1975). The isometric 

strength of the hip extensor muscles and flexibility at the 

hip joint, however, were increased by the swimming program. 

Bazar (1978) compared the grip strength of 120 adults 

with cerebral palsy with the values obtained from 136 able-

bodied adults. The strength of the dominant hand of males 

and females in the CP group was 45% and 75% of able-bodied 

males and females, respectively. 

The effects of a 6-week isokinetic resistance exercise 

program on torque development and movement time of 

adolescents with CP were reported by McCubbin and Shasby 

(1985). Significant differences were observed on both 

movement time and torque development for the isokinetically 

trained group. 

Short and Winnack (1986) assessed the performance of 

adolescents with CP on several measures of physical 

fitness. The test items included body composition, 

sit-ups, timed leg raise, timed trunk raise, grip strength, 

flexed arm hang, pull-ups, standing broad jump, softball 

throw, sit and reach, and a long distance run. The CP 
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subjects were found to be significantly behind the 

able-bodied controls on virtually all performance measures, 

with the exception of body composition. It is of interest 

to note that, unlike the able-bodied group, the CP group 

did not improve on the test items with age. The authors 

suggested that the failure of older CP subjects to surpass 

the younger CP subjects on the test items may have been due 

to a lack of emphasis on the development of fitness in 

therapeutic and/or educational settings for these 

individuals. 

No studies reported the blood pressure responses to 

exercise in cerebral palsied individuals. It appears that 

in light of the studies mentioned earlier (DeMarees & 

Gross, 1973; Holmes et al., 1967; Welner et al., 1966), 

which reported elevated resting blood pressures and 

increased peripheral resistance to blood flow in 

individuals with CP, it is important to investigate the 

effect of exercise on the cerebral palsied individual's 

blood pressure. The safety of the execution of both 

dynamic and static muscular contractions by individuals 

with cerebral palsy has not been addressed. 

Cardiovascular Responses to Exercise 

The cardiovascular adaptations 'associated with work 

depend upon the specific type of exercise performed 

(Asmussen, 1981; Cunningham, Petersen, Peto, Pickering, & 
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Sleight, 1972; Lind & McNicol, 196.7; Mitchell & Wildenthal, 

1974; Tuttle & Horvath, 1957). There are generally two 

main types of muscular contractions. Static or isometric 

exercise involves a sustained effort where the tension is 

exerted continuously. In isometric muscular contraction, 

there is a change in muscular tension with little change in 

the muscle length. Rhythmic or dynamic exercise involves a 

change in muscle length and involves alternate periods of 

contraction and relaxation of the muscles. In both dynamic 

and static exercise, the contracting muscle changes 

chemical energy into mechanical energy and tension is 

produced with some loss in the form of heat (Asmussen, 

1981). Most muscular exercise is neither purely dynamic 

nor static, but is a combination of both modes of muscular 

contraction (Fetrofsky, 1982). 

Static Exercise 

In 1920, Lindhard (cited in Mitchell & Wildenthal, 

1974) studied the cardiovascular adjustments that occurred 

during fatiguing isometric contractions. He observed a 

dramatic rise in both the systolic and diastolic blood 

pressure when subjects performed heavy and prolonged 

weight-bearing physical exertion. These observations were 

later confirmed when Alam and Smirk (1937, 1938a) reported 

the results of a series of experiments in which human 

subjects performed predominantly isometric exercise. Also 
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in 1938, Asraussen and Hansen demonstrated that isometric 

exercise performed by the leg produces increases in oxygen 

uptake, cardiac output, heart rate, and blood pressure. 

Alam and Smirk (1937, 1938a) observed that at the cessation 

of exercise, heart rate and blood pressure rapidly returned 

to normal. Several years later, Tuttle and Horvath (1957) 

verified these earlier observations and emphasized the 

difference in cardiovascular responses to static and 

dynamic exercise. In the 1960's, several investigations of 

the effects of isometric exercise were undertaken by Lind 

and his colleagues (Lind & McNicol, 1967; Lind, McNicol, 

Bruce, MacDonald, & Donald, 1968; Lind, Taylor, Humphreys, 

Kennelly, & Donald, 1964). These studies reported the 

cardiovascular responses to static exercise of varying 

intensities and to static contractions involving various 

muscle masses. 

The blood pressure response to isometric exercise has 

now been well documented in the literature (Alam & Smirk, 

1937; Lind et al., 1964; Lind & McNicol, 1967; Petrofsky, 

Burse, & Lind, 1975; Petrofsky & Lind, 1975). Unlike 

dynamic exercise, in which the mean blood pressure often 

shows little change, both the systolic and diastolic blood 

pressure increase throughout a fatiguing isometric 

contraction and attain a final value that is typically 50% 

or more above the resting level, regardless of the resting 
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pressure at the onset of contraction (Petrofsky et al., 

1975; Petrofsky & Lind, 1975). According to Lind et al. 

(1964), during non-fatiguing isometric contractions, the 

blood pressure increase is much more modest and generally 

reaches a steady state within a few minutes. 

When contractions are sustained at tensions that are 

non-fatiguing, that is, less than 15% maximal voluntary 

contraction (MVC), the increase in blood pressure is 

proportional to the tension exerted by the muscles. During 

static contractions at 5% MVC, both systolic and diastolic 

blood pressure may increase by 5 - 10 mmHg. For 

contractions at 10% MVC, the increase is about 10 - 20 

mmHg. During contractions at these tensions, once the 

blood pressure increases, it stays constant throughout the 

duration of the contraction (Petrofsky, 1982). 

In contrast, during contractions sustained at 

fatiguing tensions, there is a continuous increase in blood 

pressure throughout the duration of the contractions (Lind 

et al. , 1964). During sustained contractions at greater 

than 15 - 20% MVC, there is a continual rise in systolic, 

diastolic, and mean arterial pressure. The rate of 

increase is proportional to the muscular tension and is 

steeper than increases in either heart rate or cardiac 

output. It is common for mean blood pressure to rise 40 

mmHg during an isometric contraction to fatigue (Lind & 
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McNicol, 1967). This elevation of mean blood pressure 

helps to increase or maintain blood flow to the contracting 

muscles, which tend to compress the intramuscular blood 

vessels. Despite this response, blood flow is never 

adequate to meet the metabolic requirements of the muscles 

and fatigue is inevitable. The rate of fatigue is directly 

related to the intensity of the contraction (Lind & 

McNicol, 1967). 

Although static exercise causes a marked increase in 

mean arterial pressure, the increases in heart rate and 

cardiac output are relatively small (Lind et al, 1964; 

Mitchell et al., 1977; Mitchell & Wildenthal, 1974; 

Petrofsky & Phillips, 1986). During isometric 

contractions, heart rate rarely exceeds 120 beats/min (Lind 

et al., 1964; Petrofsky and Lind, 1975; Petrofsky and 

Phillips, 1986; Tuttle & Horvath, 1957). As in the blood 

pressure response to isometric exercise, the rise in heart 

rate is related to the tension developed by the contracting 

muscles. According to Fardy (1981), when muscular 

contractions are less than 10 - 20% MVC, heart rate 

increases only 10 beats/min., and a steady state is 

achieved after the contraction is held for 2 or 3 minutes. 

At 20 - 25% MVC, heart rate can be expected to rise by 15 -

30 beats/min (Lind et al. , 1964). With a 50?, MVC, 

however, a 30 - 60 beat/min. increase in heart rate can be 
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expected (Lind & McNicol, 1967). Both heart rate and blood 

pressure increase steadily throughout a fatiguing isometric 

contraction (Petrofsky & Phillips, 1986). 

Shepherd, Blomqvist, Lind, Mitchell, and Saltin (1981) 

provided an excellent summary of the events involved in the 

cardiovascular responses to static exercise. With the 

onset of the isometric contraction, signals are received by 

the cardiovascular centers from the motor areas of the 

brain and from receptors which sense the degree of activity 

of the contracting muscles. The afferent impulses reach 

the spinal cord via group III and IV nerve fibers and 

ascend into the cardiovascular centers of the brain. As a 

consequence of these inputs to the brain, the vagal 

activity to the heart decreases while the sympathetic 

outflow increases. This results in increases in heart 

rate, cardiac output, contractility of the left ventricle, 

and systemic arterial diastolic and systolic pressures. 

Since stroke volume remains unchanged, the increase in 

heart rate is responsible for the increase in cardiac 

output. The total systemic vascular resistance is 

unchanged or increases only slightly. Therefore, the 

increase in blood pressure during isometric exercise is due 

primarily to the increase in cardiac output. The change in 

blood flow to exercising muscles represents a compromise 

between vasodilation induced by the release of metabolites 
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from the contracting muscles, and compression of the blood 

vessels by the contracting muscles, as well as vasocon-

striction due to sympathetic outflow of catecholamines. 

During exercise, there is also an increased sympathetic 

noradrenergic outflow which restricts the blood flow to the 

vascular beds of nonactive muscle (Shepherd et al., 19B1). 

Muscle fiber composition has been found to be 

correlated to the blood pressure response during static 

exercise (Petrofsky, Phillips, & Lind, 1981; Petrofsky, 

Phillips, Sawka, et al., 1981). Lind et al. (1964) 

suggested that the difference in the blood pressure 

response to a contraction of 5% MVC and to a contraction of 

10% MVC may have been due to a greater recruitment of fast 

twitch motor units to sustain the contraction of 10% MVC. 

In experiments with cats, Petrofsky, Phillips, Sawka, et 

al. (1981) found that, when fast twitch motor units were 

stimulated to contract isometrically, the blood pressure 

increased throughout the duration of the exercise. With 

contraction of slow twitch motor units, the pressor 

response was markedly reduced. These results suggest that 

fiber composition may bear a relationship to the 

cardiovascular response associated with exercise in 

humans. Mitchell and Schmidt (1983) concluded that the 

response may be due to a difference in blood flow, 

metabolism, or in distribution and sensitivity of group III 
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and group IV afferent nerve endings in the slow and fast 

twitch muscle fibers. 

Lind et al. (1964) concluded that the blood pressure 

response to isometric contractions was determined by the 

intensity and duration of the muscular contraction and that 

the size of the muscle mass involved was unrelated to the 

pressor response. In 1967, Lind and McNicol provided 

evidence to warrant the conclusion that the important 

factor controlling the increases in heart rate and blood 

pressure during static contractions was the relative 

tension exerted by the muscles. They found that neither 

the absolute tension generated nor the muscle mass involved 

was related to these cardiovascular responses. Mitchell et 

al. (1981) provided data which challenged the conclusions 

by Lind and his cohorts (1964, 1967). Mitchell et al. 

(1981) found that the size of muscle mass involved as well 

as the absolute tension developed was related to blood 

pressure response during static exercise. Using a direct 

measure of sympathetic nerve activity, Saito et al. (1986) 

found that the increase in sympathetic outflow to the 

muscles during sustained hand grip was proportional to the 

tension of the contracting muscle. 

Dynamic Exercise 

Although heart rate increases almost immediately after 

onset of either isometric or dynamic exercise, the 
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magnitude and rate of increase is greater during dynamic 

contractions for the same relative effort due to a more 

powerful sympathetic drive (Shepherd et al. , 1981). During 

dynamic exercise, heart rate may increase to levels above 

200 beats/min. (Petrofsky & Phillips, 1986). Dynamic 

exercise involving a large mass of skeletal muscle is 

accompanied by a great demand for oxygen to supply the 

metabolic needs of the contracting muscles. Consequently, 

large increases in cardiac output, heart rate, and stroke 

volume are observed during dynamic exercise (Mitchell & 

Wildenthal, 1974). The increase in preload on the heart 

during dynamic exercise is due to the additive effects of 

the muscular pump and the greater respiratory effort 

(Shepherd et al., 1981). 

Another difference between static and dynamic exercise 

is in the respective effects of each on blood flow to 

contracting muscles. In sustained static exercise at 

greater than 15% MVC, blood flow may be impeded or 

completely blocked during the whole contraction period. In 

dynamic exercise, however, blood flow alternates between a 

restricted flow during the periods of contraction and a 

compensatory high blood flow during periods of muscular 

relaxation (Asmussen, 1981). 

During dynamic exercise, the heart rate and cardiac 

output can increase greatly, but the mean arterial blood 
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pressure shows little or no change (Lind & McNicol, 1967; 

Mitchell & Waldenthal, 1974). The systolic blood pressure 

increases during dynamic exercise while the diastolic 

pressure remains constant or decreases. The fall of 

peripheral vascular resistance allows the perfusion of the 

active muscles with no need to evoke a rise in mean 

arterial blood pressure (Lind & McNicol, 1967). 

During isometric exercise, the cardiac output 

increases slightly, there is an increased afterload on the 

heart, and there is an increase in both systolic and 

diastolic blood pressure. In contrast, dynamic exercise 

causes an increase in the preload on the heart, a large 

increase in cardiac output, an increased systolic pressure, 

and a reduced or unchanged diastolic pressure (Petrofsky & 

Phillips, 1986). Comparisons of static and dynamic 

exercise have involved descriptions of the cardiovascular 

responses to dynamic exercise using large muscle groups and 

the responses to static exercise using small muscle groups. 

Recently, several investigators have suggested that the 

size of active mass involved rather than the mode of 

contraction may be a primary determinant of the hemodynamic 

responses to exercise (Blomqvist et al., 1981; Buck, 

Amundsen, & Nielson, 1980; Kilbom & Persson, 1981; 

Mitchell, Schibye, Payne, & Saltin, 1981). 
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Cardiovascular Control Mechanisms During Exercise 

In spite of nearly 100 years of interest in the topic, 

the mechanisms responsible for the cardiovascular changes 

that occur during dynamic or static exercise have not been 

completely defined. Over the years, two principal 

mechanisms have been implicated in these responses. It has 

been hypothesized that central command, or cortical 

irradiation, is the primary mechanism involved. This 

concept suggests that the cardiovascular responses are due 

to a direct action of the motor cortex on the 

cardiovascular centers in the brainstem. The other 

cardiovascular regulatory mechanism that has been 

implicated is a peripheral reflex that originates in the 

exercising muscle (Mark, Victor, Nerhed, Seals, & Wallin, 

1986; Mitchell & Schmidt, 1983; Mitchell & Wildenthal, 

1974; Rowell, 1980). 

Central Command 

In 1895, Johanson (cited in Mitchell & Schmidt, 1983) 

proposed that one or both of two distinct mechanisms of 

neural control may be responsible for the cardiovascular 

responses to exercise. Krogh and Lindhard (1913) 

elaborated the hypothesis that the cardiovascular responses 

to exercise are due to a direct action of the central 

command descending from the higher motor cortex to the 

medullary cardiovascular centers. One method of looking 
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for an effect of central irradiation has been to reduce the 

muscular strength by partial curarization of the exercising 

muscle in human subjects. Using this methodology, 

Asmussen, Johanson, Jorgensen, and Nielson (1965) found 

that a greater central command was required to achieve a 

given level of muscular work when the subject was weaker, 

and that the increases in blood pressure, heart rate, and 

ventilation were greater. Thus, the cardiovascular 

response appeared to be related to the greater motor 

control command needed to achieve a given level of work. 

In experiments in which the central command required 

to achieve a given force was varied, Goodwin, McCloskey, 

and Mitchell (1972) examined the cardiovascular responses 

of humans to static exercise. Vibration of a skeletal 

muscle excites the primary afferents of the muscle 

spindles. If the spindle afferents are activated by 

vibration, they reflexly cause an increase in motor 

activation of the muscle so that less central command is 

required to maintain the same force. If the primary 

spindle afferents are activated by vibration in the 

antagonists however, they cause a reflex inhibition of the 

contracting muscles so that greater central command is 

required and the conscious effort has increased. The 

investigators found that when tendon vibration was used to 

excite the muscle spindles of human biceps so that less 
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central command was necessary for the biceps muscle to 

exert a given force isometrically, the increases in blood 

pressure and heart rate were less than the control values. 

Similarly, when the biceps were activated, and thus 

increased the central command necessary for the triceps of 

the same arm to exert a given amount of force, the rise in 

blood pressure and heart rate was greater. Goodwin et al. 

(1972), therefore, concluded that there is irradiation of 

the cardiovascular control areas by descending central 

motor command during voluntary static exercise in humans. 

Freund, Rowell, Murphy, Hobbs, and Butler ( 1979) 

performed studies in which the sensory fibers from the 

exercising extremities were blocked. The cardiovascular 

responses to mild dynamic exercise were normal during 

blockade of the small sensory nerve fibers. A normal 

increase in arterial blood pressure occurred during static 

exercise during blockade as well. These results suggest 

that the small sensory fibers are not essential for the 

cardiovascular responses to mild dynamic and static 

exercise. 

The results of the studies mentioned in this section 

support the hypothesis that, in humans, part of the 

increase in sympathetic outflow and the decrease in vagal 

outflow that cause the cardiovascular responses to exercise 

are due to impulses initiated by the higher centers of the 
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brain. The exact location of these centers is unknown. 

The impulses may arise in the motor cortex, other motor 

areas, and/or centers not directly involved in motor 

control (Shepherd et al., 1981). 

Peripheral Reflex Control 

Fifty years ago, Alam and Smirk (1937, 1938a) were the 

first to provide support for the hypothesis that the 

cardiovascular adjustments to exercise are due to a reflex 

originating in the contracting muscle. Alam and Smirk 

(1937) reported a reflex rise in heart rate and arterial 

blood pressure during forearm or leg exercise provided that 

the rate of performance of exercise was sufficient to cause 

a retention of the metabolic products of muscular activity 

in the muscles. When blood flow to the exercising muscle 

was occluded, responses continued after exercise stopped 

and remained until vascular occlusion was removed. They 

concluded that the metabolites produced by working muscles 

initiated the cardiovascular reflex by stimulating the 

sensory nerves. 

Asmussen, Nielsen, and Wieth-Pedersen (1943) 

substantiated that conclusion when they compared the 

cardiovascular response to voluntary leg exercise with that 

produced by direct electrical stimulation of the muscles 

(elimination of central command). Since the blood 

pressure, heart rate, and cardiac output were all increased 
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regardless of how the exercise was produced, they concluded 

that the cardiovascular response was not due to cortical 

irradiation. 

Animal studies have shown that if the dorsal root 

receiving afferents from the contracting muscles is 

sectioned, the hemodynamic changes evoked by induced 

isometric exercise are abolished (McCloskey & Mitchell, 

1972). The investigators also determined the type of 

afferent nerve fibers that carry the reflex impulses. 

Preferential blockade of large myelinated afferent fibers 

(types I and II) did not abolish the cardiovascular 

responses. Blockade of the small myelinated (type III) and 

unmyelinated (type IV) fibers abolished the responses 

completely. It was concluded that types III and IV 

afferent fibers mediate the reflexly induced cardiovascular 

responses during muscular contraction (McCloskey & 

Mitchell, 1972). 

Schibye et al. (1981), using electromyographical 

activity as an index of central command, reported the blood 

pressure and heart rate response to static contraction when 

an attempt was made to keep central command constant. They 

concluded that a peripheral control mechanism is involved 

in the cardiovascular response to static exercise and that 

it is probably mediated by muscle afferents that are 
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excited by metabolic changes in the contracting skeletal 

muscle. 

Mitchell, Kaufman, and Iwamoto (1983) demonstrated 

participation of types III and IV muscle afferents in the 

increases in heart rate, cardiac output, and blood pressure 

during exercise. Researchers have failed however, to 

delineate the precise nature of the metabolites responsible 

for the activation of the metabolically sensitive type III 

and IV fibers. Mitchell and Schmidt (1983) reported that 

stimulation of afferent nerves can cause marked changes in 

blood pressure. These changes, however, are not always 

predictable and depend on the type of afferent fiber being 

activated, the frequency of stimulation, and the condition 

of the subject being studied. 

It has been proposed that a metabolite released from 

an isometrically contracting muscle may be responsible for 

eliciting the blood pressure raising reflex (Alam and 

Smirk, 1937; Fallentin, Sidenius, & Jorgensen, 1985; Lind 

et al., 1964; Petrofsky, Phillips, and Sawka, 1981). Lind 

et al. (1964) suggested that potassium is the leading 

candidate since it matches the time course of the blood 

pressure reflex. During either dynamic or static muscular 

contraction, potassium is lost from the intracellular space 

to the intercellular space and into the blood. An 

accumulation of potassium occurs within a muscle due to a 
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restricted blood supply during an isometric contraction. 

Immediately after cessation of exercise, potassium washes 

out as blood pressure returns to control values. This 

concept was supported by Petrofsky et al. (1981), who 

further suggested that the proportion of slow twitch motor 

units involved in the contraction may modify the release of 

the metabolite such that the magnitude of the pressor 

response might vary in muscles of different fiber 

composition. 

There is strong evidence that both central command and 

peripheral reflex control mechanisms can be responsible for 

the cardiovascular responses to exercise (Mitchell & 

Wildenthal, 1974; Shepherd et al., 1981). It appears that 

redundancy is an important feature of cardiovascular 

regulation, which makes it difficult to evaluate each 

control mechanism separately in human subjects (Lewis, 

Haller, & Blomqvist, 1984; Mitchell and Schmidt, 1983; 

Rowell, 1980). The interaction of multiple systems in the 

exercise response may so far have masked the importance of 

any given system. 

Mark et al. (1986) used direct intraneural recordings 

to show that central command and muscle afferents produce 

highly differentiated cardiovascular responses and that the 

two mechanisms are not redundant as had been concluded 

previously. The findings also demonstrated a dissociation 
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of heart rate and muscle sympathetic nerve responses during 

both static and dynamic exercises. In addition, the data 

indicated that non-fatiguing rhythmic exercise is not 

accompanied by mass sympathetic discharge. This study 

challenged several widely held concepts concerning 

cardiovascular responses to exercise and demonstrated the 

need for more research in the area. 

Diseases and Disorders as Models of Cardiovascular 

Regulation During Exercise 

The responses to exercise of individuals with 

neuromuscular diseases, sensory disorders, and lesions of 

the brain or spinal cord have been studied to gain a better 

understanding of the mechanisms involved in cardiovascular 

regulation during exercise in able-bodied individuals (Alam 

& Smirk, 1938b; Asmussen et al., 1943; Haskell et al., 

1981; Hendershot, Petrofsky, Phillips, & Moore, 1985; 

Lewis et al., 1984; Lind et al., 1968; Marin-Neto, Maciel, 

Gallo, Junqueira, & Amorim, 1986; Sharpey-Schafer, 1956). 

Evidence that a central mechanism is responsible for the 

cardiovascular responses to exercise has been provided by 

experiments on patients with afferent sensory disorders 

(Alam & Smirk, 1938b; Duncan, Johnson, & Lambie, 1981). 

Alam and Smirk (1938b) found the same pressor responses to 

ischemic dynamic exercise in the calf muscles of both 

normal and insensitive legs. Normal responses were found 
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in patients with sensory defects involving the forearm 

muscles which were studied during static hand grip exercise 

(Duncan et al., 1981). Both of these studies concluded 

that a central mechanism was implicated in evoking the 

cardiovascular response during voluntary exercise in 

humans. 

Other evidence has suggested that central command 

plays little or no role in eliciting responses to exercise. 

Asmussen et al. (1943) reported a normal heart rate and 

blood pressure response to electrically stimulated (no 

central command) bicycle exercise in a patient with tabes 

dorasilis, a form of chronic neurosyphilis in which there 

is a progressive degeneration of the posterior spinal 

column and roots with marked loss of sensory proprioception 

in the legs. Sharpey-Shafer (1956) observed a rise in 

arterial pressure, but no increase in heart rate in a tabes 

dorasilis patient who ran in place for more than one 

minute. 

Lind et al. ( 1968), in contrast to the findings of 

Alam and Smirk ( 1938b) and Duncan et al. (1981), found 

evidence that a reflex mechanism is responsible for the 

cardiovascular changes during static exercise. In a 

patient with unilateral syringomyelia, a progressive 

disease of the nervous system in which muscle afferents are 

affected, sustained contractions of the normal forearm 



37 

muscles caused a blood pressure rise which was not seen 

during similar contractions of the affected forearm. 

When muscles of quadriplegics are electrically 

stimulated, the blood pressure increases to levels observed 

in nonhandicapped individuals, thereby eliminating central 

command as an input in this response (Hendershot et al., 

1985). When electrical stimulation is used to make muscles 

contract in quadriplegics, an increase is observed in both 

systolic and diastolic arterial pressure, although little 

change in systolic or diastolic pressure is observed in 

paraplegics. McCloskey and Mitchell (1972) demonstrated 

that the blood pressure raising reflex was linked through 

the lower spinal cord. Therefore, it is not surprising 

that in paraplegic subjects (where the blood pressure 

raising reflex is inhibited with a damaged cord) , the blood 

pressure raising reflex in itself can be altered. 

Summary 

Cerebral palsy is a nonprogressive, noncontagious 

movement disorder that involves the inability to adequately 

deal with afferent inflow. Research related to exercise in 

cerebral palsied individuals is sparse. Only a few 

investigations have examined the responses of cerebral 

palsied individuals to strength training and aerobic 

exercise. No studies to date have investigated the blood 
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pressure and heart rate responses to static and dynamic 

muscular contraction in individuals with CP. 

Although the cardiovascular responses of able-bodied 

individuals to static and dynamic muscular contractions 

have been studied extensively, many unanswered questions 

remain concerning the regulatory mechanisms involved. 

Similar investigations of individuals with neuromuscular 

disorders may provide information that will be of benefit, 

not only to that specific population, but to the 

able-bodied population as well. 



CHAPTER III 

PROCEDURES FOR COLLECTION OF DATA 

The major purpose of this study was to examine the 

cardiovascular responses to exercise in individuals with 

cerebral palsy. The methods and procedures used to 

investigate these responses will be described in this 

chapter. The chapter includes a description of: (1) the 

subjects, (2) the methods of data collection, (3) the 

instrumentation used in the study, (4) the exercise 

protocols, and (5) the statistical analyses performed. 

Subjects 

The CP group consisted of 9 males and 6 females 

ranging in age from 18 to 51 years. The average age was 

30 years. The cerebral palsied subjects had varying types 

and degrees of disabilities. A decription of each subject 

may be found in Table 1. 

In the CP group 8 subjects had spastic CP, 5 had 

athetoid CP, and 2 had ataxic CP. Using the United States 

Cerebral Palsy Athletic Association's classification 

systems (see Appendix A), there were 4 class II subjects, 1 

class III subject, 2 class IV subjects, 3 class V subjects, 

4 class VI subjects, and 1 class VII subject. The AB group 

39 
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consisted of 15 able-bodied individuals who matched the CP 

subjects on age and sex. 

Methods 

Before participating in the study, each subject 

received a verbal and written explanation of the nature and 

purpose of the study (see Appendix B). Once the procedures 

involved in the test were understood, each subject signed 

an informed consent form in accordance with the University 

of North Texas Review Board for the Protection of Human 

Subjects. Prior to exercising, each subject underwent a 

screening process which included a medical history 

questionnaire (see Appendix C), a resting electrocardio-

gram, and resting blood pressure assessment. Also assessed 

before exercise were body composition, height, and weight. 

Body composition was assessed by skinfold calipers at the 

following seven sites: triceps, chest, axilla, subscapula, 

suprailliac, abdomen, and thigh. 

All subjects had been instructed to abstain from the 

consumption of food and from the consumption of beverages 

containing caffeine for a minimum of 2 hours before the 

scheduled test time. Ten of the 15 subjects in the CP 

group were retested to allow for the assessment of the 

reliability of the measurements in this group. The second 

testing session for each subject was conducted a minimum of 

48 hours after the initial session. 
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Instrumentation 

Harpendon skinfold calipers were utilized for the 

assessment of body composition. A standard three-lead 

electrocardiograph (ECG) and strip chart recorder were used 

to monitor heart rate. Blood pressure was measured by 

auscultation on the left arm. When the left arm was the 

exercising limb, the right arm was used to obtain blood 

pressure values. One technician was responsible for all 

blood pressure measurements during the entire study. 

Dynamic exercise was performed on the computerized 

Hydra-Fitness Omnitron Series III-311 (Hydra-Fitness 

Industries, Belton, TX). This resistance device allows for 

the designation of intensity settings for both flexion and 

extension, while the speed of movement is controlled by the 

exercising individual. Resistance to movement can be 

regulated by selecting one of 12 intensity settings on the 

machine. The resistance at each setting is determined by 

the pressure of hydraulic fluid as it passes through an 

aperture from one compartment to another within the 

cylinder. 

The Hydra-Fitness Omnitron Series III—311 has three 

movement settings: chest, shoulder, and leg.. The exercise 

protocol used in this study involved the movements executed 

at the chest setting and at the leg setting. The chest 

setting allows a movement that closely resembles the 
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movement displayed in the bench press exercise. The leg 

setting allows for knee extension. 

The hydraulic resistance machine interfaces with a 

computer which allows for the collection of strength data 

including peak force or torque, power, peak force or torque 

recruitment time, and linear or angular velocity. These 

values are measured during both flexion and extension. 

The static exercise portion of the testing session was 

also performed with the subject seated on the hydraulic 

resistance exercise apparatus as shown in Figure 1. A 4 

foot long, 4 inch by 4 inch board was mounted to the back 

of the machine and served as the supporting frame for the 

cable against which the subject exerted static force. The 

cable was connected to the supporting frame so that the 

static exercise portion of the test protocol would involve 

the same muscle groups as the extension phase of the 

dynamic exercise portion. Maximal voluntary isometric 

strength was measured by cable tensiometer as described by 

Clarke and Clarke (1978). 

Exercise Protocols 

Heart rate and blood pressure were monitored before, 

during, and after both static and dynamic muscular 

contractions. In individuals who were physically capable, 

static contractions of the right arm (RA), left arm (LA), 

right leg (RL), and left leg (LL) were performed. In 
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Figure 1. Subject performing static exercise. 



addition, dynamic contractions of the RA, LA, RL, LL and 

both arms (BA) were included in the protocol. In disabled 

individuals, the limbs capable of meeting the requirements 

of the exercise protocol were utilized. One-half of the 

CP group and one-half of the AB group performed each 

exercise protocol beginning with the upper body, and the 

other half of each group began with the lower body. This 

counterbalanced design was used to avoid problems of 

interpretation of results due to order effect. 

All portions of the testing session were conducted 

with the subject seated on the hydraulic resistance 

apparatus. Each subject was strapped to the chair in 

order to minimize extraneous movement. Appendices D and E 

consist of the forms used in the data collection during the 

static and dynamic portions of this testing session. 

Following the dynamic portion of the exercise session, 

strength data were collected for each limb. 

Static Exercise Protocol 

After a demonstration of the experimental procedure, 

the isometric strength of the first limb was assessed by 

cable tensiometer (Clarke & Clarke, 197B). This 

assessment involved two brief (2 or 3 seconds) maximal 

isometric contractions with the highest amount of tension 

exerted on the cable used as the value for maximal 

voluntary contraction (MVC) for that particular limb. A 
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one minute rest period was allowed between the two 

contractions. Three minutes after the last determination 

of MVC, the subject exerted a static tension of 40% MVC 

which was measured by the cable tensiometer as described by 

Petrofsky, Burse, & Lind (1975). This contraction was 

held until one of the following criteria was met: (a) the 

subject could no longer keep the tension at 40% MVC, (b) 

the subject stopped due to fatigue, or (c) 5 minutes had 

passed. At the completion of the fatigue contraction, a 5 

minute rest period was taken before the subject repeated 

the static protocol for another limb. Static exercise 

using each leg was performed with the knee flexed at a 115 

degree angle. The upper body portion was performed with 

the elbow flexed at a 90 degree angle as recommended by 

Clarke and Clarke (1978). 

Before the assessment of MVC, resting blood pressure 

and heart rate values were recorded. Immediately following 

each MVC, blood pressure and heart rate were assessed. 

Blood pressure and heart rate were also assessed at 90 

seconds and 3 minutes after the second MVC. During the 

fatigue contraction at 40% MVC, heart rate was recorded 

every 30 seconds, and blood pressure was taken each minute. 

Heart rate and blood pressure were measured immediately 

following completion of the 40% MVC and at 90 seconds, 3 
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minutes, and 5 minutes after cessation of exercise (see 

Appendix D). 

Dynamic Exercise Protocol 

For each limb (BA, RA, LA, RL, LL), each subject 

performed three 20-second bouts of dynamic exercise with a 

20-second rest between bouts and 5 minutes of rest between 

exercise modes (Katch, Freedson, & Jones, 1985). Using the 

hydraulic resistance exercise machine with the dial set at 

one (the setting for lowest intensity on the machine), each 

subject performed the maximum number of repetitions 

possible within each 20-second work interval. 

In the RA, LA, and BA exercise bouts, the subject 

began with the handle(s) of the lever arm held close to the 

axillary region just in front of the chest. The back and 

head remained in contact with the machine's upper body 

support. The handle(s) were then moved forward as rapidly 

and forcefully as possible until a full extension position 

was achieved. The arms were then moved back to the 

starting position in a similar fashion during the flexion 

phase of the movement. 

At the start of the leg exercise, the hands grasped 

the underside of the bench to help secure the body. The 

head and back remained in contact with the machine's upper 

body support. The ankles of both legs fit between the 

ankle pads with the middle of the knee aligned with the 
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pivot of the arm lever. To initiate movement, the leg was 

fully extended with maximum effort from an initial position 

at the knee of 90 degrees and then was flexed with maximum 

effort back to the starting position. Subjects were 

encouraged to perform maximally for each 20-second 

exercise bout. 

Resting heart rate and blood pressure values were 

recorded prior to the first dynamic exercise bout for each 

limb. Heart rate was measured from a continuously 

recording ECG at the end of each 20-second work bout and 

at 10 seconds into each 20-second rest period. Heart rate 

was also assessed at the end of each minute of the 5 minute 

rest period for each portion of the dynamic exercise 

session (see Appendix E). Blood pressure was assessed 

immediately following the last 20-second work bout, and 

every other minute during the recovery period. 

Assessment of Strength 

The final portion of the testing session allowed for 

the assessment of peak force, time to peak force, power, 

and linear or angular velocity during extension and 

flexion. Using the hydraulic resistance machine, with the 

intensity dial setting on three, each subject performed 5 

repetitions as quickly as possible. 

The exercises performed were the same as those 

described in the section above for the dynamic exercise 
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protocol. Each arm performed the bench press exercise 

separately and then both arms were used together. Each leg 

performed 5 repetitions of the knee extension separately as 

well. Each subject was encouraged to perform maximally for 

each 5 repetition bout. 

Statistical Analysis 

Statistical analyses for this exploratory study were 

performed using SPSSX (Norusis, 1985; Statistical Package 

for the Social Sciences, Inc., 1983). To examine the test-

retest reliability of several measurements in the CP group, 

reliability coefficients (Cronbach Alpha) were calculated 

(Thomas & Nelson, 1985). The reliability of the following 

measurements was evaluated: MVC, isometric fatigue 

contraction time, number of repetitions in dynamic 

exercise, cardiovascular responses to static and dynamic 

exercise, and dynamic strength measures. 

Descriptive statistics including means, variances, 

standard deviations, and ranges were calculated for all 

dependent variables. To test for differences between the 

CP and AB groups, multivariate analysis of variance was 

used. To compare the cardiovascular responses to upper 

body and lower body exercise in the two groups, and to 

examine the difference in responses to static and dynamic 

exercise, repeated measures multivariate analysis of 

variance was used (Schutz & Gessaroli, 1987). Post hoc 
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analyses included discriminant analysis and univariant 

analysis of variance (Thomas & Nelson, 1985). T-tests were 

used to test for differences in the responses to exercise 

using affected versus unaffected limbs in the CP group. 



CHAPTER IV 

PRESENTATION OF ANALYSIS OF DATA 

This chapter will describe the results of the 

statistical analyses performed on the data. The 

reliability assessment is discussed in terms of 

measurements taken during the static exercise protocol, 

the dynamic exercise protocol, and the dynamic strength 

testing protocol. The description of the comparisons 

between the CP and AB group means begins with an 

examination of physical characteristics of each group. 

The cardiovascular responses to exercise will be 

discussed first in terms of changes from baseline levels 

and then in terms of peak values (or end of exercise 

values). After the responses of each group to static and 

dynamic exercise are discussed separately, the responses to 

the two types of exercise will be compared. Analyses of 

responses to upper versus lower body exercise will also be 

described. The final description of the results involving 

heart rate and blood pressure will entail the analysis of 

the use of an affected and an unaffected limb in the CP 

group. 

Group comparisons on static strength are described in 

terms of MVC and time to fatigue at 40% MVC. The results 

51 
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of the analyses of dynamic strength means will be 

described in terms of flexion and extension. The variables 

analyzed are peak force (or torque), time to peak force (or 

torque), power, and velocity (linear or angular). It 

should be understood that in the assessment of dynamic 

strength of the arms, extension and flexion is a linear 

movement. Therefore, the strength is described in terms 

of force. The movement for leg extension and flexion is 

angular and should be described in terms of torque. To 

simplify the description and discussion of the results, 

dynamic strength will be discussed as if all movement was 

linear. 

Assessment of Reliability in the CP Group 

Static Exercise 

Ten subjects in the CP group completed the entire 

exercise protocol on two different occasions in order for 

the reliability of the measurements used to be evaluated. 

The reliability coefficients of the measurements performed 

during static exercise are presented in Table 2. The 

values for heart rate and blood pressure are the peak 

values during the isometric fatigue contraction. The means 

for static exercise while using the dominant arm (D 

Arm), nondominant arm (ND Arm), dominant leg (D Leg), and 

nondominant leg (ND Leg) are presented in Table 2. 
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The reliability coefficients for the measurements 

taken during static exercise in the CP group ranged from 

.447 to .961 on all variables with the exception of 

diastolic blood pressure. Seventy percent of the 

reliability coefficients presented in Table 2 were 

significant (p < .05). The measurement of diastolic 

pressure during static exercise appeared to be the least 

reliable measurement for this group of subjects. 

Dynamic Exercise 

The results of the reliability assessment of the 

responses to dynamic exercise in the CP group are presented 

in Table 3. The heart rate values at the end of each 

20-second work bout are displayed in the table in addition 

to the peak heart rate values. The blood pressure values 

are those measured immediately following the third 

20-second work bout. The reliability coefficients for the 

cardiovascular responses to the dynamic exercise protocol 

ranged from .564 to .968 with only the reliability 

coefficients for heart rate while exercising with both arms 

not being significant (p > .05). Only seven of the 

cerebral palsied subjects who were tested on two occasions 

were physically capable of performing dynamic exercise with 

both arms simultaneously. 

The stability of individual differences was also 

determined for the number of repetitions performed during 
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each work bout as presented in Table 4. The reliability 

coefficients for the average number of repetitions in the 

CP group ranged from .511 to .965. The reliability 

coefficient for the third bout using the dominant arm was 

the only one that was not significant (p > .05). 

Strength Measures 

The results of the assessment of the reliability of 

the strength measures are shown in Table 5. The strength 

measures used are the peak value for each variable on the 

best of the five repetitions performed by each limb. 

With the exception of peak force during extension with 

the dominant leg, the reliability coefficients ranged from 

.416 to .997. In both flexion and extension the measures 

of power and velocity appear to be more reliable (when 

averaged over limbs) than peak force and time to peak 

force. 

Description of the Two Groups 

To aid in the description of the two groups used in 

this exploratory study, the means and standard deviations 

for each group on several physical characteristics and 

resting cardiovascular measures were calculated (see Table 

6) . 
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Table 6 

Physical Characteristics of Subjects (N = 15 for each group) 

Cerebral Palsied Abie-Bodied 

X SD X SD 

Age (yrs) 30 .06 8 .7 30 .0 8 .42 

Weight (kg) 55 .81 8 .6 71 .75* • 12 .2 

Height (cm) 161 . 12 8 .3 173 .66* 11 .4 

Sum of Skinfolds (mm) 85 .84 35 .5 98 .36 46 .0 

Resting Heart Rate 
(beats/min.) 68 . 6 15 • 3 71 .6 11 .0 

Resting Systolic Pressure 
(mmHg) 113 .3 11 .0 115 .6 8 .7 

Resting Diastolic Pressure 
(mmHg) 79 .9 9 . 6 79 .2 8 .3 

* 2. < 0.01 

The results of multivariate analysis of variance of 

the two groups' means on physical characteristics and 

resting blood pressure and heart rate demonstrated that the 

groups were different [F(6,23) = 3*02, p = 0.02]. Post hoc 

univariate analysis of variance showed that the CP group 

means on height and weight were significantly lower than 

that of the AB group (£ < .01), while the groups were not 

different (p > .40) on resting heart rate and blood 

pressure measures. 
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Cardiovascular Responses to Static Exercise 

It was hypothesized that no significant difference 

exists between the CP group and the AB group on heart rate 

or blood pressure response to static exercise. The changes 

in heart rate, systolic blood pressure, diastolic blood 

pressure, and mean arterial pressure [diastolic + 1/3 

(systolic - diastolic)] from baseline to peak measures 

during the fatigue contraction at 40% MVC were used to 

compare the groups' responses to static exercise (see Table 

7 in Appendix F). Multivariate analyses of variance 

revealed no significant group difference on heart rate 

[F(4,23) = 1.29, P = -30], systolic pressure [F(4,23) = 

1.42, p = .26], diastolic pressure [F(4,23) = .52, p = 

•72], or mean arterial pressure [F(4,23) = .78, p = .55] as 

a result of changes from baseline to peak values. When the 

peak values for each group during static exercise (see 

Table 8 in Appendix F) were analyzed by separate 

multivariate analyses of variance, no differences were 

revealed on peak heart rate [F(4,23) = 2.56, g_ = .07], peak 

systolic pressure [F(4,23) = -83, P = -52], peak diastolic 

pressure [F(4,23) = .23, P = -92], or peak mean arterial 

pressure [F(4,23) = .37, p = .83]. 
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Cardiovascular Responses to Dynamic Exercise 

The hypothesis that no difference existed between the 

CP and AB group on heart rate or blood pressure during 

dynamic exercise was tested by separate multivariate 

analyses of variance. No significant differences were 

found on heart rate [F(5,20) = 1.21, £ = .3^1 , systolic 

pressure [F(5,20) = .96, p = .47], diastolic pressure 

[F(5,20) = 1.28, p = .31], or mean arterial pressure 

[F(5,20) = .39, P = .85] when expressed as changes from 

baseline measures to peak values. The average changes in 

response to dynamic exercise are presented in Table 9 (see 

Appendix F). 

The blood pressure values used in these analyses were 

the measurements taken immediately after cessation of the 

last 20-second bout of dynamic exercise. The heart rate 

value used is the peak value during any of the three 20-

second work bouts. It is of interest to note that while 

significant differences were not found between the groups, 

the average heart rate and systolic changes were consis-

tently greater in the AB group. Also of interest is the 

fact that the average drop in diastolic pressure in 

response to dynamic exercise was consistently greater in 

the AB population. 

When the values for peak heart rate and for peak 

systolic and diastolic pressure at the end of exercise 
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were compared between the two groups, multivariate 

analyses of variance revealed no difference in peak heart 

rate [F(5,20) = 1.80, p = .16], systolic pressure [F(5,20) 

= .99, p = .45], or in mean arterial pressure at the end 

of exercise [F(5,20) = 2.12, p = .11]. However, a 

significant difference between the groups was revealed in 

diastolic pressure [F(5,20) = 3.50, ]D = .02] at the end of 

dynamic exercise. Post hoc univariate F-tests revealed 

that the dominant arm (p < .05) and each leg (p < .01) 

contributed most to the significantly lower diastolic 

pressure in the AB group (see Figure 2). The means for 

peak heart rate and blood pressure at the end of dynamic 

exercise are shown in Table 10 (see Appendix F). 

The average heart rate values at the end of each 

20-second exercise bout are presented in Table 11 (see 

Appendix F). An examination of the average heart rates 

for each 20-second work bout of dynamic exercise revealed 

a trend in the AB group that was not apparent in the CP 

group. For each limb, the AB group's average heart rate 

increased from bout 1 to bout 3. To aid in analysis, for 

each exercise bout, each group's heart rate means were 

averaged across the limbs. These average heart rates were 

then compared by analysis of variance (3 bouts x 2 groups) 

with repeated measures on the first factor. 
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mmHg 

80.7 81.1 

Dominant Arm ES3 Dominant Leg ESD Nondominant Leg 

Figure 2. Diastolic pressure at the end of 
dynamic exercise (p < .05). 

The results of the analysis are shown graphically in 

Figure 3« The groups were different on heart rate means 

across the bouts [F(1,23) = 4 . 6 0 , p = .04] with signifi-

cantly higher heart rates in the AB group on bouts 2 and 3* 

In addition, the analysis yielded a difference in heart 

rate between the bouts [F(2,46) = 33.27, p < .001]. Post 

hoc t-tests showed that the heart rate responses of each 

bout were significantly higher than those of the previous 

bout. The trend in heart rate responses across the bouts 

(interaction of groups x bouts) was also significantly 

different [F(2,22) = 4.32, p = .03]. 
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Figure 3» Heart rate means during bouts of dynamic 
work (p < .05). 

Examination of Table 12 (see Appendix F) reveals the 

average number of repetitions for each 20-second work bout 

using the hydraulic resistance machine set at an intensity 

setting of one (the lightest setting). To aid in the 

statistical analysis, the number of repetitions for the 

three work bouts for each limb was averaged. Multivariate 

analysis of variance revealed a significant difference 

between the CP and AB groups [F(5,20) = 3.95, p = .01]. 

Post hoc analysis using univariate F-tests revealed that 

the AB group had a significantly greater number of 

repetitions for each limb (p < .02). Both groups were 
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consistent across the work bouts in their respective 

numbers of repetitions (see Figure 4). 

REPETITIONS 
40 

35 

30 

25 

20 

15 

10 

JL 
BOUT 1 BOUT 2 BOUT 3 

CP - + " AB 

Figure 4. Average number of repetitions for each bout 
of dynamic exercise (£ < .02). 

Static versus Dynamic Exercise 

The hypotheses that no difference existed in heart 

rate, systolic, or diastolic pressure responses to the two 

types of exercise (static versus dynamic) across the groups 

were tested by multivariate analyses of variance with 

repeated measures on the values for each limb. The average 

changes from baseline to peak (or end of exercise) values 

for each dependent variable are shown in Table 13 (see 

Appendix F). 
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Although no difference in heart rate change existed 

between the CP and AB group, repeated measures analysis of 

variance showed that across the groups, the heart rate 

responses to the two types of exercise were significantly 

different [F(4,20) = 30.14, £<.001]. Post hoc analysis 

revealed a difference in heart rate response to the two 

types of exercise for each limb (£ < .001) (see Figure 5). 

60 

50 

40 

30 

20 

10 

0 

beats/min. 

STATIC CP STATIC AB - DYNAMIC CP DYNAMIC AB 

I Dominant Arm ESS Nondom. Arm 01113 Dominant Leg Nondom. Leg 

Figure 5. Average change in heart rate during static 
and dynamic exercise (p < .001). 

The repeated measures multivariate analysis of 

variance using change in systolic pressure found that the 

systolic response was significantly greater in the AB group 

across the two types of exercise [F(4,22) = 2.80, 
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g_ = .051]. Post hoc analysis revealed a difference between 

the AB and CP groups on the responses using the dominant 

arm (g_ < .05) and the dominant leg (£ < .01). The change 

from baseline values of systolic pressure were signifi-

cantly higher in static exercise than in dynamic exercise 

across the two groups [F(4,22) = 4.76, p = .006]. Post hoc 

analysis demonstrated that this difference was most related 

to the use of the legs (jd < .01). The differences in 

change in systolic pressure are shown graphically in 

Figure 6. 

mmHg 

UBfifil 

STATIC CP STATIC AB DYNAMIC CP DYNAMIC AB 

0 Arm £££3 ND Arm USED D Leg ND Leg 

Figure 6. Average change in systolic blood pressure 
during static and dynamic exercise (jd < .05). 
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No difference was found between the groups in 

diastolic response across the two types of exercise. 

However, the responses to static and dynamic exercise 

differed with dynamic exercise causing a drop in pressure 

and static exercise producing an increase in pressure as 

shown in Figure 7 [F_(4,22) = 10.47, p < .001]. Follow-up 

analysis showed that this difference in diastolic response 

was significant on each limb (]D < .001). 

mmHg 

STATIC CP STATIC AB - DYNAMIC CP DYNAMIC AB 

I Dominant Arm INNM Nondom. Arm EIH3 Dominant Log ^ Nondom. Leg 

Figure 7. Average change in diastolic pressure during 
static and dynamic exercise (£. < .001). 

No difference was found between the groups on changes 

in mean arterial pressure across the two types of exercise. 

The two exercise types did produce significantly different 
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mean arterial pressure responses [F(4,22) = 16 .93» P. 

< .001]. Post hoc analysis revealed that the significantly 

greater change in mean arterial pressure during static 

exercise when compared to dynamic exercise was caused by 

exercise with each limb (p < .001) as shown in Figure 8. 

mmHg 

STATIC CP STATIC AB - DYNAMIC CP DYNAMIC AB 

HI D Arm ESS ND Arm HMD 0 Leg ^ NO Leg 

Figure 8. Average change in mean arterial 
pressure during static and dynamic exercise 
(p < .001) . 

As shown in Figure 9» when peak (or end of exercise) 

values were analyzed for differences between static and 

dynamic exercise, heart rate [F(4,22) = 39.37, p < .001], 

diastolic pressure [F(4,22) = 17-78, p < .001], and mean 

arterial pressure [F(4,22) = 14.37, p. < .001] were 

different depending on the type of exercise performed. 
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Post hoc analysis of variance revealed that all limbs 

contributed to the difference in static and dynamic peak 

values of heart rate, diastolic pressure and mean arterial 

pressure (£ < .001). The CP group did not differ from the 

AB group on peak values for heart rate, systolic pressure, 

diastolic pressure, or mean arterial pressure across the 

two exercise types. 

STATIC CP STATIC AB - DYNAMIC CP DYNAMIC AB 

- HEART RATE DIASTOLIC PRESSURE MAP 

Figure 9. Peak responses to static and dynamic 
exercise (p < .001). Heart rate was measured in 
beats/min. Diastolic pressure and mean arterial 
pressure (MAP) were measured in mmHg. 

Upper Body versus Lower Body Responses 

Separate repeated measures multivariate analyses of 

variance for heart rate, systolic pressure, diastolic 
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pressure, and mean arterial pressure were performed to 

test the hypotheses that no differences existed between 

responses to exercise using the upper body and responses 

to exercise using the lower body. In response to static 

exercise, none of the cardiovascular changes from baseline 

values were different between upper body and lower body 

exercise (£ > .05). In dynamic exercise, upper body work 

caused significantly greater heart rate change from 

baseline levels [F(1,27) = 7-78, p = .01] than did lower 

body work (see Figure 10). No difference was found in the 

blood pressure responses to upper and lower body dynamic 

exercise. 

70 

60 

60 

40 

30 

20 

beate/min 

D Arm ND Arm D Leg ND Leg 

- - - CP AB 

Figure 10. Heart rate change during dynamic 
exercise while using the upper body and the 
lower body (p < .01). 
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When peak values for heart rate, systolic pressure, 

and diastolic pressure were used in the analyses of upper 

and lower body static exercise, no differences were found. 

In dynamic exercise, however, peak heart rate [F(1,27) 

= 14.18, £_ = .001] and end of exercise systolic values 

[F(1,27) = 4.57, P = .042] were significantly greater in 

response to upper body exercise than lower body exercise 

(see Figure 11). 

150 

140 

130 

120 -

100 
ARMS CP ARMS AB 

HEART RATE 

LEGS CP LEGS AB 

+ - SYSTOLIC PRESSURE 

Figure 11. Peak responses to exercise using the 
arras and legs (p < .05). Heart rate was measured 
in beats/min., and systolic pressure was measured in 
mmHg . 

Affected versus Unaffected Limbs 

It was hypothesized that no difference existed in the 

CP group between the cardiovascular responses to the use of 
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affected and unaffected limbs. Within the CP group, one 

arm was noticeably more affected than the other in six 

subjects. Five cerebral palsied subjects had one leg more 

affected than the other. T-tests were used to compare the 

responses to exercise while using affected and unaffected 

limbs. It is not surprising that no significant differ-

ences were found in view of the small sample size used for 

the analyses. 

Strength Measures 

Static Strength 

Concerning static strength measures, it was hypothe-

sized that no difference between the groups existed in 

maximal voluntary contraction and in time to fatigue at 40% 

MVC. The group means are presented in Table 14 (see 

Appendix F). 

The multivariate analysis of variance showed that the 

AB group had significantly higher MVC values than the CP 

group [F(4,24) = 9.83, p < .001]. Post hoc discriminant 

function analysis showed that the legs contributed to the 

difference between the groups (p_ < .001) (see Figure 12). 

Although the means for time to fatigue at 40% MVC were 

consistently higher in the CP group, a significant 

difference was not revealed [F(4,23) = 1.36, £ = .28]. 
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CP AB 

Dominant Leo ESS Nondorninant Leg 

Figure 12. Static strength as measured by 
maximal voluntary contraction (£ < .001). 

consistently higher in the CP group, a significant 

difference was not revealed [F(4,23) = 1 .36* p_ - .28]. 

Dynamic Strength 

The means for the two groups on peak force, peak force 

recruitment time, power, and velocity during both extension 

and flexion are presented in Table 15 (see Appendix F). 

During both flexion [F_(5,21) = 11.17, P. < .001] and 

extension EF(5,21) = 14.41, £ < .001] peak force was 

greater in the AB group with each limb contributing to the 

difference. Peak force recruitment time during extension 

did not differ between the groups. During flexion, 
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however, peak force recruitment time was significantly less 

in the AB group [F(5,19) = 11-58, £. < .001] (see Figure 

13). Post hoc discriminant analysis indicated that the 

arms contributed to the difference between the groups. 

Power during extension [F(5,21) = 5.15, p = .0031, power 

during flexion C F_( 5,21) = 8.13, P < .001], velocity during 

extension [F(5,21) = 13-23, £>. < .001], and velocity during 

flexion [F(5,20) = 7-84, £_ < .001] were all greater in the 

AB group. All four limbs contributed to the differences 

between the CP and AB groups on power and velocity (see 

Figure 14). 

0.20 
sec. 

a 06 -

aoo 
FLEXION CP FLEXION AB 

• Dominant Arm ESS Nondominant Arm 

Figure 13. Peak force recruitment time during 
dynamic exercise (p < .001). 
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1 2 0 " 

1 0 0 -

EXT OP EXT AB 

— PEAK FORCE 

FLEX CP FLEX AB 

POWER • * " VELOCITY 

Figure 14. Peak force, power, and velocity during 
dynamic exercise (p < .003). Peak force was measured 
in lbs., power in watts, and velocity in inches/sec. 

Summary 

In the CP group, the analysis of data demonstrated 

high reliability on measurements of static and dynamic 

strength. The results of the assessment of reliability of 

the cardiovascular responses to exercise were generally 

high with the exception of diastolic pressure during 

static exercise. During dynamic exercise, the reliability 

coefficients were lowest when both arms were used. For 

each limb and for each response during dynamic exercise, 

the reliability coefficients were significant at the .05 

level. 

Although no differences were seen during static 

exercise, dynamic exercise produced significantly higher 
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diastolic pressures in the CP group than the AB group. 

Across the two types of exercise, the AB group's change in 

systolic pressure was higher than the CP group. The trend 

in heart rate responses to the three work bouts of dynamic 

exercise differed significantly between the groups. In 

addition, the AB group scored better on the following 

strength measures: MVC, peak force (extension and 

flexion), power (extension and flexion), velocity 

(extension and flexion), peak force recruitment time 

(flexion). 

When dynamic exercise was compared to static exercise, 

differences were found in changes in heart rate, systolic, 

diastolic, and mean arterial pressure and in peak heart 

rate, peak diastolic pressure, and peak mean arterial 

pressure. Upper body dynamic exercise caused significantly 

higher heart rate and systolic pressure responses than 

lower body dynamic exercise. The results described in this 

chapter are discussed in Chapter V. 



CHAPTER V 

SUMMARY OF FINDINGS, DISCUSSION, CONCLUSIONS, 

AND RECOMMENDATIONS 

Summary of Findings 

The cardiovascular responses to static exercise and to 

dynamic exercise using hydraulic resistance equipment of 15 

adults with CP have been compared to the responses of 15 

able-bodied adults. Heart rate and blood pressure were 

assessed before, during, and after each exercise bout. 

Each limb (or the limbs capable of meeting the requirements 

of the exercise protocol) performed static and dynamic 

exercise. 

No significant differences in heart rate and blood 

pressure responses were observed during static exercise. 

In response to dynamic exercise, however, the trend in 

heart rate from bout to bout differed between the groups. 

The CP group's diastolic pressure was higher than the AB 

group at the end of dynamic exercise. 

Dynamic and static strength were assessed in each 

group revealing significant differences. The only strength 

variables on which the groups did not differ were peak 

force recruitment time during extension in dynamic exercise 

and time to fatigue at 40% MVC in static exercise. 

78 
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Discussion 

Reliability Assessment 

Using 10 cerebral palsied subjects, the reliability 

of the various measurements used in the study was evaluated 

by the test-retest method. With the exception of the 

diastolic pressure during static exercise, the reliability 

coefficients were moderately high to very high. The lack 

of reliability in the measurement of diastolic pressure 

during static exercise may have been due to the 

involuntary movement of the subjects during the assessment 

process. The muscle spasticity, and the inability to 

relax the nonexercising muscles in some subjects may have 

been a factor. 

As in the present study, Katch, Freedson, and Jones 

(1985) examined the reliability of heart rate responses to 

hydraulic resistance exercise using the same protocol of 

three 20-second work bouts with 20 seconds of rest after 

each work bout. The procedures used in their study 

differed from this one, however, in that their subjects 

(who were able-bodied) used both arms and both legs 

simultaneously for all work bouts on the Hydra-Fitness 

apparatus. In the present study, the reliability 

coefficients were high across the three work bouts. With 

the exception of exercise using both arms, all of the 

reliability coefficients in this study for heart rate and 
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blood pressure were significant (p < .05) for each work 

bout and for each limb. It seems reasonable that the small 

number of cerebral palsied subjects (N_ = 7) able to perform 

the dynamic exercise using both arms simultaneously was a 

major factor involved in the lack of significance for the 

reliability coefficients for two-arm exercise. 

The evaluation of reliability demonstrated that the 

Hydra-fitness equipment was well-suited for the assessment 

of strength in the cerebral palsied group. Each limb could 

be exercised independently of the other body parts while 

the subject's weight was supported. The nonexercising 

limbs could be stabilized to eliminate extraneous movement. 

The support of body weight and control of extra movement 

were important factors in the high reliability of the 

static strength measures as well with the coefficients 

being significant (p_ < .01) for every limb on MVC. 

Comparison of Responses in the Two Groups 

Static exercise. The discussion of the results of the 

analyses which compared the cardiovascular responses to 

exercise between the CP and AB groups is difficult due to 

the lack of related information in the literature regarding 

exercising cerebral palsied individuals. Using the .05 

level of significance, no differences were found between 

the groups on any of the cardiovascular responses to static 
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exercise. It should be noted, however, that for every 

limb, the average change from baseline in heart rate, 

systolic pressure, and diastolic pressure was higher in the 

AB group than the CP group during static exercise. 

Accordingly, for each limb the peak values for heart rate, 

systolic, and diastolic pressure were higher in the AB 

group for each limb. It appears that the power of the test 

for significant differences was hampered by the small 

sample size. 

Dynamic exercise. Analyses of the peak (or end of 

exercise) values and of the values for change from baseline 

during dynamic exercise revealed a significant difference 

only in the diastolic blood pressure at the end of 

exercise. The significantly higher diastolic pressure in 

the CP group may have been due to the subjects' muscle 

spasticity which may have limited vasodilation in 

exercising muscles during dynamic exercise. Although the 

diastolic pressure was significantly higher than the AB 

group, the values were not so high as to cause concern for 

safety during exercise in the CP group. 

Note should be made of the fact that for every limb, 

during dynamic exercise, the AB group's change from 

baseline measures for heart rate and systolic pressure were 

greater than the CP group. The AB group also had greater 

decreases in diastolic pressure in response to dynamic 
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exercises than the CP group. Similarly, peak heart rate 

means and means for systolic pressure at the end of 

exercise were higher in the AB group for every limb. 

Although statistically insignificant, the consistency of 

these responses across all limbs raises the question 

concerning the adequacy of sample size to distinguish 

differences in these two groups on cardiovascular 

responses. 

Katch et al. (1985) used an identical protocol of 

hydraulic resistance exercise to examine the reliability of 

heart rate and respiratory gas exchange measurements during 

weight lifting exercise. The subjects in the University of 

Massachusetts study performed the exercise using both arms 

or both legs simultaneously with the Hydra-Fitness 

machine's intensity setting on three. With the dial set 

at one, the present study involved the use of each arm 

separately, both arms together, and each leg separately in 

order for the cerebral palsied individuals to perform any 

exercise of which they were physically capable. Probably 

due to the higher resistance setting, the subjects in the 

previous study performed fewer repetitions per bout and had 

higher heart rates than the AB subjects in this study. 

The present study found that the AB group had 

significantly higher heart rate means than the CP group for 

each 20 second work bout. As observed by Katch et al. 
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(1985), the average heart rate increased in the AB group 

consistently from Bout 1 to Bout 3. This trend of 

increasing heart rates for each successive work bout was 

not present in the CP group. 

The significantly greater heart rate means in the AB 

group for each exercise bout across the limbs may be a 

result of the significantly greater number of repetitions 

performed by the AB group. This does not, however, explain 

the difference between the two groups in heart rate trends, 

due to the fact that the number of repetitions for the AB 

group did not increase with each successive work bout as 

did heart rate. 

Both exercise types. When the responses of the two 

groups across both static and dynamic exercise were 

analyzed, the AB group demonstrated greater changes 

(increases) from baseline to end of exercise in systolic 

pressure than the CP group (p = .05). This difference is 

somewhat surprising in view of previous reports of higher 

peripheral resistance at rest (Demarees & Gross, 1973), a 

higher incidence of peripheral vasoconstriction (Holmes et 

al., 1967), and higher resting systolic and diastolic 

pressures (Welmer et al., 1966) in cerebral palsied 

individuals than in controls. In the present study, the 

resting measures on heart rate, systolic pressure, and 

diastolic pressure were not different in the AB and CP 
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groups. It was suspected, however, that due to the muscle 

spasticity found in most cerebral palsied individuals, the 

CP group might respond to exercise with higher systolic 

blood pressures. It appears that the muscle spasticity in 

this group of subjects had no effect on their systolic 

pressure. 

Static versus Dynamic Exercise 

The difference in cardiovascular responses to static 

and dynamic exercise that were observed during this study 

are similar to the results of other studies. The findings 

of this study support the reports of others (Perez-

Gonzalez, 1981; Shepherd et al., 1981) that dynamic 

exercise causes a greater change from baseline values in 

heart rate and a significantly greater peak heart rate 

than static exercise. 

The cardiovascular responses to static exercise are 

influenced by the amount of tension exerted (expressed as % 

MVC) (Lind et al., 1964; Lind & McNicol, 1967), and by the 

amount of muscle mass involved in the contraction (Buck et 

al. , 1980; Lewis et al., 1985; Mitchell et al., 1981). No 

other study was found which involved static exercise at 40% 

MVC using the extensors in each of the four limbs. 

Therefore, it is difficult to make direct comparisons of 

the findings of the present study with the results of 

other studies. 
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When the increases in heart rate during static 

exercise are averaged across the limbs, the average 

increases in this study were 22 beats/min. and 26 

beats/min. for the CP and AB groups, respectively. These 

findings are similar to those of Petrofsky et al. (1975) 

who reported increases of 24 beats/min. in males and 29 

beats/min. in females during static handgrip exercise at 

40% MVC. The average peak heart rate during static 

exercise for the CP group was 92 beats/min. and 99 

beats/min. for the AB group. This is comparable to the 

average peak heart rate values of 100 beats/min. during 

static handgrip exercise at 40% MVC in a group of 100 

able-bodied men as reported by Petrofsky and Lind (1975). 

Previous investigations have shown, as did this study, 

that during dynamic activity, systolic blood pressure 

increases and diastolic blood pressure usually remains 

unchanged or declines (Fardy, 1981; Mitchell & Wildenthal, 

1974). Static contraction, on the other hand, causes an 

increase in systolic and diastolic pressure, resulting in 

an increased mean arterial pressure [diastolic pressure + 

1/3 (systolic - diastolic)] (Fardy, 1981; Lind & McNicol, 

1967; Mitchell & Wildenthal, 1974). The present study 

revealed that dynamic exercise produced a change in mean 

arterial pressure of 3.4 mmHg and 1.6 mmHg in the CP and AB 

groups respectively. Static exercise caused changes of 
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2 0 . 7 mmHg and 2 8 . 6 raraHg in mean arterial pressure in the CP 

and AB groups, respectively. Significantly greater changes 

from baseline to end of exercise in systolic pressure 

occurred during static exercise than for dynamic exercise. 

The end of exercise value for diastolic pressure was 

significantly less for dynamic than static exercise. 

Static exercise caused an increase in diastolic pressure in 

both the CP and AB groups. 

It has been the practice of some investigators to 

compare the cardiovascular responses to static exercise 

using small muscle groups, such as handgrip exercise, to 

dynamic exercise using large muscle groups, such as bicycle 

exercise and treadmill exercise (Fixler et al., 1979; Lind 

& McNicol, 1 9 6 7 ; Tuttle & Horvath, 1 9 5 7 ) . The present 

study, however, involved the use of the same muscle mass in 

both static and dynamic exercise so that meaningful 

comparisons between the two types of exercise may be made. 

Using static and dynamic handgrip exercise, Lewis et al. 

( 1 9 8 3 ) reported results that conflict with the findings of 

this study. An equally large pressor response was produced 

by both static and dynamic exercise performed to a common 

endpoint with identical small muscle groups. The typical 

reduction in systemic resistance during dynamic exercise 

was not observed by Lewis et al. ( 1 9 8 3 ) but was observed 

during dynamic exercise in the present study as evidenced 
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by the lower diastolic pressure than found in static 

exercise. Miles et al. (1987) observed large increases in 

mean arterial pressure in response to maximal leg extension 

exercise on Universal weight lifting equipment. Though 

considered dynamic, it would appear that the exercise in 

the investigation by Miles et al. (1987) had more of a 

static component, due to high resistance loads, than did 

the present study. 

Upper Body versus Lower Body 

When comparisons were made between the responses to 

upper and lower body static exercise, no differences in 

heart rate, systolic blood pressure or diastolic pressure 

were observed. These findings are in keeping with the 

opinions of Lind and McNicol (1967) that at the same rela-

tive tension, size of muscle mass does not affect the 

cardiovascular responses to static exercise. The findings 

of Buck et al. (1980), Kilbom and Persson (1981), and 

Mitchell (1981), however, challenge this theory. Those 

studies reported higher blood pressure responses to static 

exercise involving large muscles than to static exercise 

with the same relative tension involving smaller muscle 

groups. 

During dynamic exercise, the present study revealed 

higher heart rates and higher systolic pressure in response 

to upper body exercise than in lower body exercise. These 
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findings are in agreement with the results of investiga-

tions by Astrand et al. (1965), Taguchi and Horvath (1987), 

and Vokac et al. (1975). These investigators demonstrated 

that at submaximal workloads dynamic exercise using smaller 

muscle mass is more stressful on the cardiovascular system 

than exercise with larger muscle mass, resulting in higher 

heart rates and higher arterial blood pressure. 

Affected Limb versus Unaffected Limb 

It is unfortunate that the sample size was not large 

enough to allow for a more powerful test of differences in 

the cardiovascular responses to exercising with an affected 

limb and with an unaffected limb. With a larger sample 

size, the results may have provided insight into the 

mechanisms for the heart rate and blood pressure responses 

to exercise in able-bodied individuals. 

Several investigators have examined the cardiovascular 

responses to exercise with weakened or partially paralyzed 

muscles (Alan & Smirk, 1938b; Asmussen et al., 19^3; 

Asmussen et al., 1965, Goodwin et al., 1973, Haskell et 

al., 1981; Hendershot et al., 1985; Lewis et al., 1984; 

Lind et al., 1968; Marino-Neto et al., 1986; Mitchell et 

al., 1981; Sharpey-Schafer, 1956). Lind et al. ( 1968) 

compared the responses to static exercise at 50% MVC using 

an affected and an unaffected arm in a patient with 

unilateral syringomyelia, a progressive neural disease 
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involving the muscle afferents, who had spasticity in his 

legs, and one arm much more affected than the other. Using 

the affected arm, the blood pressure showed no change from 

baseline, and heart rate increased only half as much as 

when the unaffected arm had been used. The authors 

concluded that since exercise with the affected arm caused 

no change in blood pressure, the pressor response is not 

initiated by some higher center in the brain (central 

command). 

Other studies found that when a greater effort is made 

in partially paralyzed or weakened muscles to achieve the 

same degree of isometric contraction as normal muscles of 

opposite limbs, although the amount of tension is less, the 

pressor response is similar (Asmussen et al., 1965). In an 

interesting investigation, Goodwin et al. ( 1972) used a 

vibrator to excite muscle spindles of the human biceps, so 

that less central control was necessary for the biceps to 

exert a given force. The blood pressure response was less 

than under control conditions. The investigators also 

activated the spindles of the biceps, increasing the 

central command necessary for the triceps of that limb to 

exert a given force. In this situation, which is similar 

to cocontraction of agonists and antagonists in cerebral 

palsied individuals, the rise in pressure was greater. The 

authors concluded that the cardiovascular response to 
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static exercise is due to central command. In the present 

study, during static exercise, the heart rate and pressor 

responses of the CP group were not higher than the AB 

group. Therefore, the results of this study do not 

support this conclusion. 

Mitchell et al. (1981) reported the results of a study 

involving five soccer players who each had an injured leg 

and a strong leg. When each leg performed isometric 

exercise at 40% MVC, the pressor response was always higher 

for the strong leg. However, when the strong leg and the 

weak leg were producing the same absolute force, the 

pressor response was the same. The authors concluded that 

the blood pressure response to static exercise could best 

be explained by the combined action of central command and 

peripheral reflex mechanisms. 

It becomes obvious that the precise mechanisms of 

control of cardiovascular responses to exercise are not 

completely understood. The nature of the disability 

manifested in individuals with cerebral palsy provides an 

opportunity for further study of this mechanism. 

Comparison of Strength Measures 

Static strength. When the MVC for each group was 

averaged across the limbs, the CP group's strength was 57% 

of the AB group as measured on a cable tensiometer. Bazar 
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(1978) compared isometric grip strength of 120 cerebral 

palsied individuals with that of 136 able-bodied individ-

uals. The CP males grip strength was 45% as strong as the 

AB males. In the females, the CP group was 75% as strong 

as the AB group. 

Although the difference was not significantly 

different (£> .05), the CP group held the 40% MVC fatigue 

contraction for an average of 44 seconds longer than the 

AB group. Although the AB group was 43% stronger than the 

CP group, the CP group's static contraction endurance time 

was 137% longer than the AB group. 

This unexpected finding was verified in the 

literature. Using a static exercise protocol identical to 

the one used in the present study, Petrofsky et al. (1975) 

examined the physiological responses to 40% MVC to fatigue 

in men and women. Although the cardiovascular responses to 

the isometric fatigue contraction were similar in males and 

females, the average strength for females was 58% of the 

MVC of the males. The females, however, held the 40% MVC 

to fatigue for an average of 123% longer than the males. 

The authors expressed surprise at this finding, but did not 

offer an explanation for the difference in endurance time 

between men and women. 

Dynamic strength. For purposes of discussion, the 

measures for the CP and AB groups on dynamic strength were 
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averaged across the limbs. On measures of peak force 

during extension and during flexion, the average for the 

CP group was 44$ of the peak force of the AB group. The 

differences between the groups on velocity were similar to 

those on peak force. During extension and flexion, the 

average velocity in the CP group was 43% and 39$, 

respectively, of the velocity of the AB group. The largest 

difference in dynamic strength measures between the two 

groups was in power. The averages of the CP group were 

only 27$ and 28$ of the AB group means for power during 

extension and flexion, respectively. On peak force 

recruitment time during extension, the CP group mean was 

78$ of the AB group mean and was not significantly 

different. The groups were different on peak force 

recruitment time during flexion, with the CP group mean 

being 54$ of the AB group mean. 

It is of interest to note that the ratio of the means 

for flexion and extension were similar between the two 

groups with the exception of peak force recruitment time. 

For the CP group, the value for extension was 66$ as fast 

as the value for flexion. In the AB group, however, peak 

force recruitment time for extension was only 46$ as fast 

as in flexion,, The abnormal retention of reflexes, some of 

which involve increased extensor tone, in cerebral palsied 

individuals (Sherrill, 1986) may be related to the 
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similarity in peak force recruitment time during extension 

in the CP and AB groups. 

Conclusions 

Caution must be used in arriving at conclusions based 

on results of studies with small groups. Based upon the 

results of this study, it appears that healthy cerebral 

palsied individuals may perform both static and dynamic 

exercise without fear of higher than normal, or unsafe 

responses in heart rate and blood pressure. It may also be 

concluded that the procedures, protocols, and equipment 

used in the study provide a reliable method of strength 

assessment and of assessment of cardiovascular responses 

to exercise in cerebral palsied individuals. 

Conclusions concerning the difference and similarity 

of responses in cerebral palsied and able-bodied adults 

are more difficult to draw. The results showed no 

statistically significant differences in responses to 

static exercise. It is interesting to note that for 

dynamic exercise, the heart rate and systolic pressure 

change from baseline and values at the end of exercise were 

higher in the AB group for every limb in the sample, though 

not significantly higher. Considering the significantly 

different diastolic pressure at the end of exercise and the 

different trends in heart rate across the work bouts, it is 

concluded that cerebral palsied adults' cardiovascular 
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responses to dynamic hydraulic resistance exercise were 

different than those of the able-bodied adults. 

Recommendations 

Continued investigation concerning the physiological 

responses to exercise in cerebral palsied individuals is 

certainly warranted. The utilization of electromyography 

to eliminate or account for accessory muscle activity 

during the static contraction at 40% MVC would be useful in 

standardizing fatigue time and would provide definite 

endpoints for the contraction. 

The recommendation for investigations to utilize a 

larger sample size of cerebral palsied individuals is 

apparent. With a larger CP group, comparisons within the 

CP group could be made according to type of CP, sports 

classification, number of limbs affected, age, sex, etc. A 

larger sample size would not only aid in the comparison of 

physiological responses to exercise between CP and AB 

groups, but would allow for control of the variability 

within the CP group. 

It would be of interest to examine the effects of 

different types of training on the cardiovascular responses 

to static and dynamic exercise in individuals with CP. In 

addition, the examination of respiratory measures such as 

oxygen uptake and ventilation during different types of 

exercise in this population would be of interest. 
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SPORT CLASSIFICATIONS FOR PERSONS WITH CEREBRAL PALSY 

Class Description 

Uses motorized wheelchair because almost no 
functional use of upper extremities. Severe 
involvement in all four limbs, limited trunk 
control, has only 25% range of motion. Unable to 
grasp softball. 

Propels chair with feet and/or very slowly with 
arms. Severe to moderate involvement in all four 
limbs. Uneven functional profile necessitating 
subclassification as 2 Upper (2U) or 2 Lower 
(2L) , with adjective denoting limbs having 
greater functional ability. Has approximately 
40% range of motion. Severe control problems in 
accuracy tasks, generally more athetosis than 
spasticity. 

Propels chair with short, choppy arm pushes, but 
generates fairly good speed. Moderate 
involvement in three or four limbs and trunk. 
Has approximately 60% range of motion. Can take 
a few steps with assistive devices, but not 
functionally ambulatory. 

Propels chair with forceful, continuous arm 
pushes, demonstrating excellent functional 
ability for wheelchair sports. Involvement of 
lower limbs only. Good strength in trunk and 
upper extremities. Has approximately 70% range 
of motion. Minimal control problems. 

Ambulates without wheelchair, but typically uses 
assistive devices (crutches, canes, walkers). 
Moderate to severe spasticity of either (a) arm 
and leg on same side (hemiplegia) or (b) both 
lower limbs (paraplegia). Has approximately 80% 
range of motion. 

Ambulates without assistive devices, but has 
obvious balance and coordination difficulties. 
Has more control problems and less range of 
motion in upper extremities than Classes 4 and 5. 
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Moderate to severe involvement of three or four 
limbs, with approximately 70% range of motion in 
dominant arm. 

Ambulates well, but with slight limp. Moderate 
to mild spasticity in (a) arm and leg on same 
side or (b) all four limbs with 90% of normal 
range of motion for quadriplegia and 90 to 100% 
normal range of motion for dominant arm for 
hemiplegia. 

Runs and jumps freely without noticeable limp. 
Demonstrates good balance and symmetric form in 
performance, but has obvious (although minimal) 
coordination problems. Has normal range of 
motion. 
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Research Project: The Cardiovascular Responses to Static 
and Dynamic Muscular Contractions in 
Adults with Cerebral Palsy 

Investigator: Ginger Parrish 

The purpose of this study is to examine the heart and blood 
pressure responses of cerebral palsied individuals to two 
types of exercise. Using special equipment, you will be 
asked to perform exercise in which tension is developed in 
your muscles but little or no movement occurs. To perform 
the other type of exercise you will use special weight 
training equipment to move a lever forward and back several 
times. Heart rate and blood pressure will be measured 
before, during, and after each exercise session. Rest 
periods will be taken between the exercise bouts. 

Before exercising, all subjects will undergo a screening 
process which includes: (1) a questionnaire about your 
medical history; (2) a check of your heart's electrical 
activity; and (3) a measurement of your resting blood 
pressure. If no problems are found, you will be asked to 
participate in one or two exercise testing sessions which 
will require approximately two hours of your time for each 
session. Some muscle soreness may result from this 
exercise. Each subject will be instructed to perform 
stretching exercises before and after the testing session 
to decrease the soreness in the muscles. This soreness is 
common when a person uses his muscles in a way that is 
different from his daily routine. We will make every 
effort to be sure you are safe. You will be continuously 
monitored during all testing. You will be taught how to 
use the exercise equipment. Emergency equipment and 
trained medical personnel are available. 

You will not be paid to participate in this study. The 
only benefit to you will be a more detailed knowledge of 
your physical responses to exercise. As a result of 
participation in this study, you will gain knowledge 
concerning your: resting blood pressure, resting heart 
rate, body fat, and strength measures. The information 
obtained by this study will be used to develop guidelines 
for fitness training of adults with cerebral palsy. 

If you do not fully understand the above explanation of the 
objectives and risks involved in this study, please ask 
questions until all aspects of the study are clear to you. 
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The information which is obtained during this study will 
not be released to any non-medical personnel without your 
written consent. The information obtained, however, may be 
used for scientific purposes. 

I have read this consent form and I understand the 
procedures and risks involved in this study. I have been 
given the opportunity to ask questions and discuss the 
study and its potential risks and benefits. I understand 
that I may withdraw from the study at any time, that I will 
receive no payment, and that I will be able to request and 
receive the results of my exercise testing. 

I hereby give my consent to the study. 

Date Subject's Signature 

Witness 
Consent 

to Subject's 
& Explanation 
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MEDICAL HISTORY 

NAME SEX AGE 

CHECK THE BLANK IN FRONT OF THOSE QUESTIONS TO WHICH YOUR 
ANSWER IS YES. LEAVE THE OTHERS BLANK. 

Has a doctor told you that your blood pressure was too 
high or too low? 
Do you ever have pain in your heart or chest? 
Are you often bothered by a thumping of the heart? 
Does your heart often race like mad? 
Do you ever notice extra beats or skipped beats? 
Are your ankles often badly swollen? 
Do cold hands or feet trouble you in hot weather? 
Has a doctor ever told you that you had or have heart 
trouble, an abnormal electrocardiogram (ECG or EKG), 
heart attack, or coronary? 
Do you suffer from frequent cramps in your legs? 
Do you often have difficulty breathing? 

_Do you get out of breath long before anyone else? 
Do you sometimes get out of breath while sitting still 
or sleeping? 
Has a doctor ever told you that your cholesterol level 
was high? 

Do you now have or have you recently had? 
A chronic, recurrent, or morning cough? 
Any episode of coughing up blood? 
Increased anxiety or depression? 
Problems with recurrent fatigue, trouble sleeping, or 
increased irritability? 
Migraine or recurrent headaches? 
Swollen or painful knees or joints? 
Back pain? 
Kidney problems? 
Any stomach or intestinal problems? 
Any significant vision or hearing problem? 
Any recent changes in a wart or mole? 
Glaucoma or increased pressure in the eye? 

Have you ever had? 
Heart attack Thyroid problems 
Heart murmur Pneumonia 
Diseases of the arteries Bronchitis 
Varicose veins Asthma 
Diabetes Abnormal chest x-ray 
Phlebitis Other lung diseases 
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Dizziness or fainting 
"spells 
Epilepsy or seizures 
"A stroke 
"Mononucleosis 

Injuries to back, legs, 
"arms, or joints 
Broken bones 
[Polio 
[Any nervous or emotional 
"problem 

Comments: 

List any medications you are now taking: 

List any self-prescribed medications you are now taking: 

List any hospitalizations, dates, and reason for 
hospitalization: 

List any drug allergies: 

Date of last physical examination: 

Type of Cerebral Palsy: 
Athetoid Spastic Ata xic Mixed 
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Affected Limbs: 
Right Arm 

Leg 

Comments: 

Left arm Right leg Left 

Are you currently involved in sports participation: 
yes no 

How many years? 

Which sports: 
Boccia 
Bowling 
Track 
Field Events 
_Ambulatory soccer 

Wheelchair team handball 
"Swimming 
^Horseback riding 
^Weight lifting 
"Other : 

What is your sports classification (for track): 
Class 1 Class 2 Class 3 Class 4 
Class 5 Class 6 Class 7 Class 8 

Do you train regularly? 
How: 

Team practice 

yes no 

Trains individually 

How often each week do you exercise (train): 
none once twice three days 
four days five days six days every day 

Comments: 
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STATIC EXERCISE 

RIGHT ARM 

MVC TRIAL 1 (CT READING) 

AFTER MVC1: HEART RATE 

TENSION (LBS) 

BLOOD PRESSURE / 

MVC TRIAL 2 (CT READING) 

MVC2 HR 

40% (LBS) 

TENSION (LBS) 

40% (CT READING) 

***WAIT 3 MINUTES*** 

ENDURANCE CONTRACTION 

CONDITION 

REST 1 

REST 2 

30 SEC. 

1: 00 

1:30 

2:00 

2:30 

3: 00 

3:30 

4:00 

4: 30 

END 

REC. 30 

REC. 90 

REC. 3 MIN. 

REC. 5 MIN. 

TIME TO FATIGUE 

BLOOD PRESSURE 

/ 

HEART RATE 

/ 

/ 
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LEFT ARM 

MVC TRIAL 1 (CT READING) 

AFTER MVC1: HEART RATE 

TENSION (LBS) 

BLOOD PRESSURE 

MVC TRIAL 2 (CT READING) 

MVC2 HR 

40% (LBS) 

TENSION (LBS) 

40% (CT READING) 

***WAIT 3 MINUTES*** 

ENDURANCE CONTRACTION 

CONDITION 

REST 1 

REST 2 

30 SEC. 

1: 00 

1:30 

2 :00 

2:30 

3:00 

3:30 

4:00 

4:30 

END 

REC. 30 

REC. 90 

REC. 3 MIN. 

REC. 5 MIN. 

TIME TO FATIGUE 

BLOOD PRESSURE HEART RATE 
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RIGHT LEG 

MVC TRIAL 1 (CT READING) 

AFTER MVC1: HEART RATE 

TENSION (LBS) 

BLOOD PRESSURE 

MVC TRIAL 2 (CT READING) 

MVC2 HR 

40% (LBS) 

TENSION (LBS) 

40% (CT READING) 

***WAIT 3 MINUTES*** 

ENDURANCE CONTRACTION 

CONDITION 

REST 1 

REST 2 

30 SEC. 

1: 00 

1:30 

2 :00 

2:30 

3:00 

3:30 

4: 00 

4:30 

END 

REC. 30 

REC. 90 

REC. 3 MIN. 

REC. 5 MIN. 

TIME TO FATIGUE 

BLOOD PRESSURE HEART RATE 
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LEFT LEG 

MVC TRIAL 1 (CT READING) 

AFTER MVC1: HEART RATE 

TENSION (LBS) 

BLOOD PRESSURE 

MVC TRIAL 2 (CT READING) 

MVC2 HR 

40% (LBS) 

TENSION (LBS) 

40% (CT READING) 

***WAIT 3 MINUTES*** 

ENDURANCE CONTRACTION 

CONDITION 

REST 1 

REST 2 

30 SEC. 

1 : 00 

1:30 

2: 00 

2:30 

3:00 

3:30 

4:00 

4:30 

END 

REC. 30 

REC. 90 

REC. 3 MIN. 

REC. 5 MIN. 

TIME TO FATIGUE 

BLOOD PRESSURE HEART RATE 
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NAME DATE SID 

BOTH ARMS 

***COUNT 3 OF REPS*** 

***20 SEC WORK, 20 SEC REST THREE TIMES*** 

CONDITION REPS BLOOD PRESSURE 

REST 

W 1 (20) 

R 1 (30) 

W 2 (1:00) 

R 2 (1: 10) 

W 3 (1:40) 

R 3 (1:50) 

REC 1 MIN (2:40) 

REC 2 MIN (3:40) 

REC 3 MIN (4:40) 

REC 4 MIN (5:40) 

REC 5 MIN (6:40) 

HEART RATE 
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RIGHT ARM 

***C0UNT 3 OF REPS*** 

***20 SEC WORK, 20 SEC REST THREE TIMES*** 

CONDITION REPS BLOOD PRESSURE 

REST 

W 1 (20) 

R 1 (30) 

W 2 (1:00) 

R 2 (1:10) 

W 3 (1:40) 

R 3 (1:50) 

REC 1 MIN (2:40) 

REC 2 MIN (3:40) 

REC 3 MIN (4:40) 

REC 4 MIN (5:40) 

REC 5 MIN (6:40) 

HEART RATE 
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LEFT ARM 

***COUNT 3 OF REPS*** 

***20 SEC WORK, 20 SEC REST THREE TIMES*** 

CONDITION REPS BLOOD PRESSURE 

REST 

W 1 (20) 

R 1 (30) 

H 2 (1 :00) 

R 2 (1:10) 

W 3 (1:40) 

R 3 (1:50) 

REC 1 MIN (2:40) 

REC 2 MIN (3:40) 

REC 3 MIN (4:40) 

REC 4 MIN (5:40) 

REC 5 MIN (6:40) 

HEART RATE 
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RIGHT LEG 

***C0UNT 3 OF REPS*** 

***20 SEC WORK, 20 SEC REST THREE TIMES*** 

CONDITION REPS BLOOD PRESSURE 

REST 

W 1 (20) 

R 1 (30) 

W 2 (1:00) 

R 2 (1:10) 

W 3 (1:40) 

R 3 (1:50) 

REC 1 MIN (2:40) 

REC 2 MIN (3:40) 

REC 3 MIN (4:40) 

REC 4 MIN (5:40) 

REC 5 MIN (6:40) 

HEART RATE 
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LEFT LEG 

*** COUNT 3 OF REPS*** 

***20 SEC WORK, 20 SEC REST THREE TIMES*** 

CONDITION REPS 

REST 

W 1 (20) 

R 1 (30) 

W 2 (1:00) 

R 2 (1:10) 

W 3 (1:40) 

R 3 (1:50) 

REC 1 MIN (2:40) 

REC 2 MIN (3:40) 

REC 3 MIN (4:40) 

REC 4 MIN (5:40) 

REC 5 MIN (6:40) 

BLOOD PRESSURE 

/ 

/ 

HEART RATE 

/ 
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