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The purposes of the study were (1) to measure indices of

aerobic capacity in female, lower-extremity-disabled

athletes utilizing crank ergometry, and (2) to compare these

results with three different groups of able-bodied

individuals. Subjects were 40 females, ages 16 to 37. The

data were analyzed using anova and an analysis of variance.

Conclusions of the investigation were (1) trained para-

plegics can obtain cardiorespiratory responses of the same

magnitude as able-bodied, sedentary individuals, but of less

magnitude than those of able-bodied, trained individuals and

(2) with crank ergometry, upper-extremity and lower-

extremity-trained, able-bodied individuals demonstrate

similar cardiorespiratory responses.
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CHAPTER I

INTRODUCTION

The last 20 to 30 years have seen the gradual devel-

opment of precise guidelines for the application of activity

programs to cardiac and respiratory impaired individuals

(American College of Sports Medicine, 1986). During the

same period, the rehabilitation of patients with lower

extremity disabilities has become increasingly aggressive;

exercise and sports have become an important part of thera-

peutic regimens (Guttmann, 197 6a; Guttmann, 1976b). However,

information regarding the responses to exercise in these

patients is less widely available than that for cardiac and

respiratory patients. This is particularly true regarding

the female population with lower extremity disabilities.

As late as the 1930's, spinal cord injuries resulting in

paraplegia and quadriplegia were almost always fatal within

a few years (Nilsson & Pruett, 1975). During World War II,

methods of treatment and rehabilitation improved (Guttmann,

1946). Since World War II, care of the physically disabled

has continued to improve and consideration of the needs of

the disabled has developed well beyond basic rehabilitation.

The physical, mental, and emotional needs of the disabled

are being explored with a new awareness of the potential

development of the physically disabled.
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Studies have demonstrated the beneficial effects of

physical training on the cardiorespiratory function of

spinal cord-injured subjects (Ekblom & Lundberg, 1968; Engel

& Hildebrandt, 1973; Gass, Watson, Camp, Court, McPherson, &

Redhead, 1980; Knutsson, Lewenhaupt-Olsson & Thorsen, 1973;

Nilsson et al., 1975; Wicks, Lymburner, Dinsdale, & Jones,

1978) and competitive sports have been advocated as an

excellent motivator in the physical, psychological, and

social rehabilitation following spinal cord injury

(Guttmann, 1 9 76a; Guttmann 1976b). The recognition of the

importance of sport in the rehabilitation of patients with

spinal cord injury has led to regular international sporting

events, of which the quadriennial Olympiad for the

Physically Disabled (Stoke Mandeville Games) is the largest

(Wicks, Oldridge, Cameron, & Jones, 1983). The disabled

athlete may be viewed as a target state in the rehabil-

itation of the spinal cord-injured.

Two factors appear to influence the aerobic work

capacity of paraplegics. These two factors are the

subject's level of activity and the level of the injury.

Disabled people who become confined to a wheelchair after

the injury will not in the normal course of events use

sufficient muscular exercise to prevent atrophy of the

muscles in the arms and trunk. The level of the injury also

plays a significant role upon influencing a paraplegic's

aerobic capacity. Upper thoracic spinal lesions result in
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extensive paresis with only small muscle groups remaining to

utilize available oxygen from the circulation. Those

lesions may also affect the sympathetic regulation of the

heart rate and therefore affect the possibilities of

increasing the maximum oxygen uptake. In paraplegics with

low thoracic or upper lumbar lesions the muscles of the arms

and trunk are unaffected (Nilsson et al.,1975).

The international classification of impairment, adopted

by the International Stoke Mandeville Games Federation,

depends on the level of the spinal cord lesion and its

effects on various muscle groups. The international classi-

fication was formulated to group patients with similar

neurological and neuromuscular disabilities, enabling them

to compete within their respective group on a more-or-less

equal basis, but leaving room within a class for the devel-

opment of skills and strength (Guttmann, 1976b). The

International Classification is accepted throughout the

world.

Interest in the physical capacity of persons with

functional impairment of the lower part of the body and legs

has been increasing. The prime focus of this interest has

been on the cardiorespiratory fitness of those with lower

limb disabilities and its possible impact on their

adaptation to their disability. Current research is

investigating training techniques, fitness assessment, and

the performance of disabled athletes.
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Purpose of the Study

The purposes of this investigation were (1) to measure

indices of aerobic capacity in female lower extremity

disabled athletes utilizing crank ergometry, and (2) to

compare the results in the disabled athletes with two

different groups of able-bodied athletes, as well as with a

sedentary group of able-bodied individuals.

Limitations and Delimitations

The limitations of the investigation were:

1. The disabled subjects had been wheelchair-bound for

varying lengths of time;

2. The subjects had participated in sports for varying

lengths of time;

3. The subject's participation in sports was varied in

intensity.

The delimitations of the investigation were:

1. Subject specificity pertaining to sex;

2. Subject specificity pertaining to age (16 to 37);

3. Subjects in the four groups were age-matched;

4. Disabled individuals had all been confined to a

wheelchair for at least 2 years;

5. Disabled individuals had lesion levels between T5

and L5;

6. Arm cranking is an acceptable means of assessing

aerobic capacity in the lower extremity disabled population.
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Definition of Terms

The following terms are defined for this investigation:

Quadriplegia--a dsyfunction, resulting from an injury to

the spinal cord above the first thoracic vertebra, with a

concomitant loss of muscle function.

Paraplegia--a dsyfunction, resulting from an injury to

the spinal cord below the first thoracic vertebra, with a

concomitant loss of muscle function.

High level lesion--an injury to the spinal cord with a

concomitant loss of muscle function between the first

thoracic vertebra and the tenth thoracic vertebra.

Low level lesion--an injury to the spinal cord with with

a concomitant loss of muscle function below the tenth

thoracic vertebra.

Sedentary--an individual who for a period of at least

three months has not participated in an aerobic exercise

program two to three times a week.

Able-bodied athlete--an individual, with full use of the

musculoskeletal system, who trains for, and has competed in

a particular sport or in multiple sports.

Maximum oxygen consumption (aerobic capacity)--the

maximum volume of oxygen consumed and utilized by the

tissues of the body.

Heart rate reserve--the difference between the heart

rate at rest, in the waking condition, and the maximal heart

rate.



CHAPTER II

REVIEW OF LITERATURE

This chapter presents a review of the literature dealing

with investigations pertinent to the physical work capacity

of the lower extremity disabled.

Several studies have directly assessed the maximum

oxygen uptake (V0 2 max) of paraplegics and quadriplegics

(Emes, 1977; Goswami, Ghosh, & Ganguli, 1984; Knutsson et

al., 1973; Zwiren & Bar-Or, 1975). The results from these

studies have demonstrated that the cardiovascular and

respiratory capacities of the inactive physically disabled

population are significantly lower than inactive able-bodied

individuals.

For a wheelchair-bound individual the activity level, in

the course of a normal day, is too low and the muscle mass

engaged in wheelchair propulsion is too small to elicit

training effects in the circulatory system (Engel &

Hildebrandt, 1973; Hildebrandt, Voigt, Bahn, Berendes, &

Kroger, 1970).

Hjeltnes (1982) recorded heart rate continuously for

up to 48 hours in six paraplegics, trying to discover an

objective expression of these patients' daily activity

level, together with the load which certain physical

activities put on the circulatory system. The results

6
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demonstrated that the average load upon the circulatory

system, in these individuals, was 15 to 24% of the heart

rate reserve.

The effort required for walking with crutches and moving

a wheelchair on an upward slope resulted in heart rates, at

times, over 70% of the heart rate reserve. However, a

particularly well trained participant walked on crutches

over a relatively long distance with his heart rate rising

to just above 30% of his heart rate reserve. The greatest

effort was during wheelchair basketball when the heart rate

rose by over 80% of the heart rate reserve for prolonged

periods.

Knutsson et al. (1973) studied 20 subjects with spinal

lesions between C5 and L1. With the exception of one

subject, the maximum arm work capacity was significantly

lower than in able-bodied individuals. Knutsson surmised

that adaptation of the cardiovascular system to physical

inactivity resulted in a decreased work capacity.

Similar results were obtained by Huang, McEachran,

Kuhlemeier, DeVivo, and Fine (1983). Their subjects

consisted of 12 acutely injured paraplegics with complete

spinal lesions between T7 and T12, and seven able-bodied

subjects. Exercise consisted of cranking an arm ergometer

for 3 minute periods beginning with 20 watts (W). The

workrate was subsequently increased by 20W every third

minute up to a maximum of 100W or until the patient reported
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subjective fatigue. The work capacity of the paraplegic

subjects was substantially less than that of the able-bodied

subjects. All able-bodied subjects were able to complete

the work capacity test with ease but none of the paraplegic

subjects were able to do so. All 12 paraplegics could work

at 20W, 11 worked at 40W, five worked at 60W, but only two

could work at 80W. No paraplegic subject could work at

100W.

Ruosteenoja and Karvonen (1955) demonstrated that the

resting heart rate of the disabled was relatively high (89.3

beats per minute(bpm)); significantly higher (p < 0.001)

than that of the controls (72.6 bpm). The population they

studied consisted of 12 male paraplegics, three amputees,

and 20 male students. This finding of a higher resting

heart rate in the disabled population has been further

substantiated in the literature by Huang et al. (1983) and

Hullemann, List, Matthes, Wiese, and Zika (1975). Hullemann

et al. (1975) found a mean resting heart rate of 87 bpm plus

or minus 13 bpm among disabled athletes at the Stoke

Mandeville Games, but stated that this finding could have

been related to psychogenic factors. This was demonstrated

by the fact that even the start situation accelerated the

pulse by 30 beats.

It has been further demonstrated that the heart rate of

the disabled rises at each work load more than that of the

controls (Huang et al., 1983; Ruosteenoja & Karvonen, 1955;
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Zwiren & Bar-Or, 1975) and that the return of the heart rate

to the resting range seems to take more time (Ruosteenoja &

Karvonen, 1955).

Zwiren and Bar-Or (1975) evaluated the cardiopulmonary

functions during rest, submaximal, and maximal exercise in

habitually active and in sedentary paraplegics, who had been

wheelchair-bound for several years. Their population

included the following age-matched groups of men: (1)

wheelchair-bound sedentary individuals, (2) wheelchair-bound

athletes of international caliber, (3) able-bodied sed-

entary, and (4) able-bodied athletes of national Israeli

teams. All of the disabled subjects retained complete or

partial use of their trunk muscles.

The male paraplegics of international caliber achieved a

significantly higher VO2 max (35.0 ml/kg/min) than did the

able-bodied sedentary individuals (25.8 ml/kg/min). The

same was true for maximum oxygen pulse and maximum pulmonary

ventilation (VEmax). Ventilatory equivalent (VE/VO2max) was

lower in the two athletic groups than in the sedentary

groups. This investigation did not find a significant

difference between the wheelchair athletes and the able-

bodied athletes. Maximum heart rate did not differ

significantly among groups.

Emes (1977) compared two groups of male basketball

players. One group, comprised of 20 subjects, were members

of wheelchair teams of national caliber. The remaining
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group was comprised of 20 able-bodied members of an "A"

basketball league. Both groups had been preparing for

national competition for approximately 3 months prior to the

investigation. Paraplegics and amputees comprised the

wheelchair players. The physical work capacity in kpm/min

as assessed on a crank ergometer was not significantly

different between the able-bodied athletes and the wheel-

chair athletes, and when body weight was considered there

was no significant difference (able-bodied athletes: 8.2,

SD = 1.2 kpm/min/kg; wheelchair athlete: 8.9, SD = 2.5

kpm/min/kg).

Gass and Camp (1979) investigated the cardiorespiratory

and related functions at rest and during maximal treadmill

exercise in a group of Australian male paraplegic athletes.

The subjects pushed their wheelchairs on a motor driven

treadmill while both speed and grade were increased up to 8

minutes, in 2 minute increments, after which only the speed

continued to increase until exhaustion. The mean maximum

heart rate (HRmax) was 179 bpm plus or minus 20 bpm with a 1

minute post exercise heart rate of 145 bpm plus or minus 16

bpm. The maximum heart rates ranged from 120 to 200 bpm and

many of the subjects reached maximum values comparable to

similarly aged able-bodied subjects. The maximum heart

rates achieved in this investigation were comparable to

results obtained during maximal arm ergometry in several

previous studies (Ekblom & Lundberg, 1968; Hullemann et al.,
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1975; Pollock, Miller, Linnerud, Laughridge, Coleman, &

Alexander, 1974; Zwiren & Bar-Or, 1975), but lower than

heart rates for paraplegic women during short distance and

slalom events (Hullemann et al., 1975).

The V0 2 max of the investigation by Gass and Camp (1979)

was similar to the values reported during maximum arm

ergometry in another group of wheelchair athletes (Zwiren &

Bar-Or, 1975). Similar results were also found in a group

of paraplegics, with long standing disabilities, after a 7

week training program (Nilsson et al., 1975).

The resting systolic blood pressure (M = 135 mmhg.) of

the disabled athletes in the investigation by Gass and Camp

(1979) is consistent with the findings of Pollock et al.

(1974). Pollock et al. (1974) observed a mean resting

systolic pressure of 138 mmHg in eight sedentary disabled

men before training was instituted and a mean resting sys-

tolic pressure of 131 mmHg following the training program.

The findings of Gass and Camp, (1979) were higher than

values obtained on similarly aged able-bodied individuals

(Pollock, Wards, & Ayres, 1977).

Hullemann et al. (1975) reported a resting blood

pressure of 141/96 mmHg plus or minus 19/12 mmHg in the

paraplegics he studied at the 1972 Stoke Mandeville Games.

This high blood pressure at rest was viewed as a result of

the generally larger arm size of the disabled, especially

since 32 of the 50 subjects assessed on this particular
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parameter were weight lifters. In four of the subjects who

in light athletics, the blood pressure was markedly lower

(136/89 mmHg plus or minus 10/10 mmHg).

The V0 2 max (M = 1302 ml/min plus or minus 436 ml/min)

and maximum oxygen pulse of Hullemann's subjects who were

primarily weight lifters, was lower than in able-bodied

persons. There were no differences in the maximum heart

rates (180-200 bpm) when compared with non-disabled

athletes. Hullemann surmised that sports characterized by

quickness, dexterity, and strength were not able to train

the cardiopulmonary systems substantially. Swimming was

recommended.

Relatively little can be found in the literature con-

cerning the female disabled population. Wicks, Head,

Oldridge, Cameron, and Jones (1977) measured maximum oxygen

uptake with both arm cranking and wheelchair ergometry in 72

athletes at the 1976 Olympiad for the physically disabled.

Eleven of his subjects were female. The tests were of the

progressive work type to a symptom-limited maximum termi-

nation. They found a VO2 max of 15.5 ml/kg/min and 25.1

ml/kg/min for female quadriplegics and paraplegics

respectively.

Wicks et al. (1983) in a similar investigation, also

consisting of 72 wheelchair athletes, of which 11 were

female, compared the V0 2 max of the female athletes to that

of the males. Multi-stage incremental exercise testing with
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both arm cranking and wheelchair ergometry was performed.

The initial work load in the arm cranking test was loadless

cranking at 60 revolutions per minute (rpm), with increments

of 100 kpm/min (16.3W) for paraplegics and 50 kpm/min (8.2W)

for quadriplegics. This investigation demonstrated that the

VO 2 max of the females was less (p < 0.001) than that

reported in the males for both modes of testing, and that

these particular females were able to generate a higher

VO 2 max during crank ergometry than in wheelchair ergometry.

During the XXI International Stoke Mandeville Games,

spiroergometric and telemetric studies were carried out on

84 male and 14 female paraplegic athletes (Hullemann et al.,

1975). Hullemann's purpose was to determine the cardio-

vascular and pulmonary efficiency in different classes of

disability and various kinds of sport. The spiroergometric

studies involved only two females, but 12 females were

involved in the telemetric portion of the investigation. It

was demonstrated that the highest heart rates of 180 to 205

bpm were reached in dashes and slaloms, and in swimming.

Hildebrandt et al. (1970) and Voigt and Bahn (1969) have

conducted investigations that each included 17 disabled

females, as well as 13 disabled males. Neither of these

investigations were particularly interested in studying the

physiological responses of the female disabled subjects to

an aerobic work capacity test. Hildebrandt et al. (1970)

was interested in comparing the physiological responses of
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his group, as a whole, to wheelchair versus arm crank

ergometry. He also compared two different types of wheel-

chairs with respect to metabolic requirement, circulatory

load, and steering accuracy. Voigt and Bahn's investigation

(1969) studied metabolism and pulse rate while propelling a

wheelchair up an incline.

There is direct evidence from studies (Coutts, Rhodes, &

McKenzie, 1983; Coutts, Rhodes, & McKenzie, 1985), as well

as results of sport competitions (Hullemann et al., 1975),

to indicate that the lesion level has some relationship to

exercise capacity and endurance performance. In general,

these studies indicate the expected trend, i.e as func-

tional muscle mass is reduced, so is the VO 2 max, power

output, and ventilation. In addition, quadriplegics exhibit

lower maximum exercise heart rates as a consequence of their

loss of cardiac sympathetic control.

Coutts et al. (1983) investigated some of the cardio-

respiratory responses of eight quadriplegics and 13

paraplegics to maximal wheelchair exercise and analyzed the

effect of the level of the spinal lesion on these responses.

The subjects were grouped according to the international

classification system for competition in disabled sports

(Appendix A). Causes of disability other than spinal

lesions were classified on the functional abilities of

muscle groups that were equivalent to the lesion level

categories.
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Analysis of variance provided a basis for regrouping the

subjects into quadriplegics (Q), high-lesion paraplegic

(HLP), and low-lesion paraplegic (LLP) groups and indicated

significant differences (p < 0.05) in maximum power output,

(24,47, & 80W) and oxygen uptake (0.97, 1.62, & 2.42 1/min)

for quadriplegics, HLP's and LLP's respectively. The values

reported for VO 2 max are consistent with the findings of

Hullemann et al. (1975). The quadriplegics had a

significantly lower maximum heart rate (110 bpm) compared

with paraplegic values (175 & 190), whereas the HLP, in

contrast to the LLP, had a lower maximum ventilation (66 vs

101 1/min) and a lower oxygen pulse (9.3 vs. 1 2 .7ml/beat).

There was a lack of difference between all groups in the

ventilatory equivalent for oxygen indicating that the lower

ventilation of quadriplegics and HLP's is in proportion to

their reduced VO 2max. The authors surmised that fairly

obvious differences in wheelchair performance and

physiological responses do occur among quadriplegics,

high-lesion paraplegics, and low-lesion paraplegics.

Hullemann et al. (1975) studied 100 paraplegics, during

competition at the Stoke Mandeville Games, to determine

cardiovascular and pulmonary efficiency in different classes

of disability and various kinds of sport. Both men and

woman were investigated. With the exception of five

individuals, all subjects were in classes 2 through 6 of the

international classification. Vital Capacity increased from
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3913 ml in disability class 2 to 4858 ml in class 5. The

maximum expiratory flow rate (MEFR) showed the same tendency

to rise within disability classes. The increase in MEFR

from disability class 2 to 3 was statistically significant

(p < 0.02). There were no consistent differences in the

ventilation equivalent between the performance classes.

Within the disability classes, the vital capacity increased

the lower the transverse lesion was located in the spinal

cord. These differences might have been statistically

demonstrable with a larger sample of subjects.

When the total work was expressed as the sum of the

watts expended during the whole of the loading phase, a

statistically significant (2 < 0.02) increase in the working

capacity with a decrease in the degree of disability was

demonstrable. There was no demonstrable difference, between

the disability classes, in the behavior of the heart rate.

Blood pressure had approximately the same value in all the

disability classes; a mean of 165/93 mmHg plus or minus

10/11 mmHg during maximum exercise. The V0 2 max increased

from 691 ml (class 2) to 1541 ml (class 6). The maximum

oxygen pulse increased in a similar way. The difference for

VO 2 max between classes 2 and 6 was statistically significant

(p < 0.5).

Coutts (1984) designed a study to note the relationships

between oxygen uptake and power output during wheelchair

ergometry in disabled subjects, and to compare these
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relationships in groups of subjects classified by level of

disability. His subjects included eight quadriplegics, six

high-lesion, and seven low-lesion paraplegics. Each subject

completed a continuous, progressive work rate test on a

wheelchair ergometer.

A significant relationship was noted in both paraplegic

groups (r = .93) for power output and oxygen uptake. The

correlation (r = .21) between power output and oxygen uptake

for the quadriplegics was not significant. The high corre-

lation between the high-lesion and low-lesion paraplegics

indicated a similarity in the oxygen uptake responses of

these individuals. While maximum power output and oxygen

uptake may be different, due to differences in muscle mass,

the two paraplegic groups demonstrated a close agreement in

the workrate-oxygen uptake relationship.

Wicks et al. (1983) investigated the cardiorespiratory

responses to progressive incremental arm cranking and wheel-

chair ergometry in 72 elite physically disabled athletes.

The small number of females studied made it possible only to

compare female and male paraplegics as single groups.

There were no differences in maximum power developed

during wheelchair ergometry between the paraplegic classes,

however maximum power in arm cranking was significantly

different (p < 0.05) between male paraplegic classes. Class

2 generated a significantly lower (p < 0.05) maximum power

than did classes 3, 4, and 5. Maximum power generated by
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the male quadriplegics was lower (. < 0.001) than that

observed in paraplegics during both modes of exercise.

Female paraplegics had lower (p < 0.05) maximum power than

males during both modes of exercise.

Mean VO 2max for males during arm cranking was 13.4

ml/kg/min plus or minus 3.1ml/kg/min in classes LA and 1B,

23.0 ml/kg/min plus or minus 5.9 ml/kg/min in class 2, 28.0

ml/kg/min plus or minus 6.2 ml/kg/min in class 3, 31.0

ml/kg/min plus or minus 6.6 ml/kg/min in class 4, and 37.7

ml/kg/min plus or minus 4.5 ml/kg/min in class 5. There was

a significant difference in VO2max between male paraplegic

classes. Class 2 had a significantly lower VO 2max than

classes 3, 4, or 5 (P < 0.05), with class 3 also signifi-

cantly lower than class 5 (p < 0.05). V02 max was higher

(p < 0.001) in male paraplegics than in male quadriplegics.

Maximum heart rate and pulmonary ventilation were signifi-

cantly (p < 0.01) higher in male paraplegics than in male

quadriplegics.

Wolf and Magora (1976) carried out orthostatic and

ergometric evaluations of the cardiovascular system in 18

males (aged 18 to 62) with complete traumatic spinal cord

lesions at various levels: three quadriplegics, five

high-lesion paraplegics (T1-T6), seven low-lesion para-

plegics (T7-T12), and three lumbar paraplegics. The heart

rate, blood pressure, and EKG were examined at rest in the

supine position and after 8 minutes on a tilt table. The
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test was positive if the rise in heart rate exceeded that of

the supine pulse by more than 20%. In addition, each

patient underwent a multi-stage arm ergometer test where

heart rate, blood pressure, and EKG were continuously

recorded. Orthostatic hypotension and tachycardia were

found in five patients with a lesion above T7; three quadri-

plegics had orthostatic hypotension without a significant

change in heart rate. Negative orthostatic tests and normal

physiological responses of heart rate (increases of up to

150-170 bpm) during effort were found in both the low

thoracic and lumbar groups. In none of the cervical or high

thoracic patients did the heart rate reach submaximal

levels.

The systolic blood pressure decreased, sometimes

markedly, in the cervical and high thoracic subjects in the

erect position; it further decreased during effort in all

cervical and high thoracic paraplegics as compared to the

supine position. In the low thoracic and lumbar groups, the

systolic blood pressure did not change excessively as a

result of changes in position, however, there was a marked

increase in systolic blood pressure during effort. The

authors concluded that under normal conditions, the cardio-

vascular system performs normally in low thoracic and lumbar

paraplegics during both change of position and exercise. In

cervical and high thoracic lesions, due to the lack of a
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compensatory process severe changes of heart rate and blood

pressure occur.

Endurance training has been shown to have a significant

effect upon the cardiovascular function of adult men

(Cureton, 1969; Pollock, 1973). These exercise regimens

were usually followed by individuals having normal function

of their arms and legs. Many disabled people cannot train

by the conventional methods of running, walking, or bicy-

cling used by those with normal lower extremity function.

Hjeltnes (1982) followed 15 paraplegics with repeated

tests during their first stay in the hospital for primary

rehabilitation. The purpose of this investigation was to

detect changes in cardiorespiratory response and regulation

resulting from a primary, general rehabilitation experience.

The patients carried out graded work with their arms up

to two submaximal and one maximal load. The first test (Ti)

took place 8 to 10 weeks after the date of injury, while the

second test (T2) took place about 2 months later, and the

third test (T3) about 2 months later again. During the

period between Ti and T2 , the patients mainly trained in

the sitting or lying position, i.e. in a wheelchair or on a

mat. Training consisted of education and crutch walking in

the period between T2 and T3.

The results of this training showed an improvement of

30% as assessed by an average increase in VO 2 max from 22.5

ml/kg/min to 28.5 ml/kg/min. With submaximal loads a
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characteristic reduction in heart rate developed in the

course of the same period under the same load. The stroke

volume increased through the training period with the low

workloads, but not with the high ones. The absolute values

for stroke volume were however, relatively small when

compared with a group of healthy individuals. The results

of this investigation indicate a definite training effect.

In an investigation by Ekblom and Lundberg (1968) a 40%

increase in maximum work capacity and a decrease in heart

rate of eight bpm (Q < 0.01)was noted after training in

eight paraplegics. In subjects with a median age of 17

years the training in this investigation was carried out for

30 minutes twice a week for 6 weeks. The training was

intended to involve large muscle groups continuously for 2

to 5 minutes and included rapid wheelchair driving, throwing

medicine balls, and using dumb-bells. In the intervals

between the various exercise activities the subjects drove

their wheelchairs continuously.

In another investigation over a period of 16 weeks

duration, 13 male paraplegics, aged 13 to 42, were tested

during active wheelchair propelling on a treadmill ergometer

once or twice weekly (Engel & Hildebrandt, 1973). In

general, a significant process of adaptation to wheelchair

propelling was observed, through an increase in the oxygen

pulse and a decrease in heart rate (also under resting

conditions), respiratory volume, and oxygen uptake.
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Knutsson et al. (1973) instituted arm training in ten

spinal cord-injured individuals. Each training session

consisted of alternate work (2 minute) and rest (2 to 4

minute) periods. The first, as well as the last work period

were of low intensity. The intervening work periods were

progressively increased in intensity, with the third to the

fifth work periods usually driving the heart rate up to

between 140 and 180 bpm. The mean work performance of all

subjects before training was 40.2W plus or minus 27.3W and

after training it was 56.5W plus or minus 30.6W (j < 0.02).

Subjects with lesions between T7 and Li had a mean increase

in work performance of 50%. The subjects with lesions above

T7 did not demonstrate a change in work performance.

Seven paraplegics, in an investigation by Nilsson et

al. (1975) took part in a training program that lasted for 7

consecutive weeks. Subjects trained 3 times a week by

cranking on a standard monark cycle ergometer, while seated

on the floor, followed by weight lifting. They exercised

for 3, 4 minute periods with a 3 minute rest period between

each work period. The workload was increased as the

training progressed so that the heart rate was maintained at

a near maximal level.

Following the 7 weeks of training, the oxygen uptake of

the subjects increased in six out of the seven cases. The

mean V0 2max increased significantly (p < 0.025) from 1.88

1/min to 2.08 1/min or 12%. The increase in performance



23

was even greater, from 612 kpm/min to 804 kpm/min or 31%

(p < 0.005). An increase in mechanical efficiency was

demonstrated during training with the increase in mechanical

efficiency, at approximately 300 kpm/min being significant

at the .05 level.

Four of the subjects, who had voluntarily undertaken

physical training since their injury had developed powerful

arm and trunk muscles. Their VO 2 max at the beginning of the

study was markedly higher than the others. This agrees with

the observation of Secher, Ruberg-Larsen, Binkhorst, and

Bonde-Petasen (1974), who found that athletes, who train the

muscles of the arms and trunk extensively, can achieve a

VO 2 max during arm work of the same order of magnitude as

that obtained during leg work. The increase in VO 2 max was

greatest in subjects with low spinal lesions and with low

pre-training values.

Gass and Watson et al. (1980) investigated the cardio-

respiratory responses of seven high level spinal lesion

subjects, who participated in an exercise program 5 days a

week for 7 weeks. The exercise consisted of propelling

their wheelchair on a treadmill. Mean minute ventilation

increased from 25.86 1/min plus or minus 16.01 1/min to

34.64 1/min plus or minus 13.90 1/min, an increase of 34%

( < 0.05). The mean VO 2 max increased by approximately 34%

from 9.5 ml/kg/min plus or minus 4.6 ml/kg/min to 12.7
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ml/kg/min plus or minus 5.9 ml/kg/min at the posttest which

was highly significant (p < 0.01). The training program of

these paraplegics, with high level lesions, had no signif-

icant effect on increasing maximum heart rates or on

decreasing recovery heart rates (p > 0.05). The results of

this study indicated that high level spinal cord-injured

subjects could improve their physical work capacity by a

program of regular exercise.

Pollock et al. (1974) conducted an investigation to

determine the effects of arm pedaling as an endurance

training regimen for the disabled. Eight sedentary disabled

men (group 1) averaging 38 years of age volunteered to train

30 minutes, 3 times weekly for 20 weeks. Eleven sedentary

able-bodied men (group 2) followed a similar routine, and

ten additional able-bodied men (group 3) acted as controls.

Training heart rate averaged approximately 155 to 165 beats

per minute. Groups 1 and 2 were tested initially (T1), and

after 10 weeks (T2) and 20 weeks (T3) of training, while the

control group completed tests after TI and T3.

Starting loads of each VO 2max test were individualized

as to fitness level which was determined by each subject's

performance during the orientation sessions. The initial

load lasted 3 minutes followed by increases of 100 kpm/min

every 2 minutes until termination of test. Subjects were

encouraged to pedal between 60 and 70 rpm.
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The control group remained unchanged in all variables,

while both groups 1 and 2 increased in VO2 max, VEmax, and

oxygen pulse. Group 2 improved more in VO 2 max than did

group 1. Maximum heart rate showed no change and resting

heart rate showed a significant reduction under most

conditions for the two exercised groups. Group 1 went from

a resting heart rate of 73.3 bpm to 67.4 bpm. Group 2 began

with a resting heart rate of 62.6 bpm and dropped down to

58.6 bpm. There were no significant differences between

groups 1 and 2. Systolic blood pressure at 1 minute of

recovery decreased significantly for both experimental

groups 1 and 2.

The able-bodied individuals in Pollock's investigation

(1974), also underwent a VO2max test on a treadmill. This

was done to gain insight into the comparability of arm and

leg testing results. Initially, both groups 2 and 3 showed

similar responses to maximum effort during both arm crank

and wheelchair ergometry. Data from the arm crank ergometry

tests were significantly lower for both groups in all

variables when compared to treadmill results at Ti and T3.

The magnitude of difference at T1 was 50% for VO 2 max, 66%

for oxygen pulse, 30% for VEmax, and 7% for maximum heart

rate. The significant changes in these variables found with

arm pedal training brought the T3 crank ergometry values

closer to those found on the treadmill. However, the crank

ergometry values were still lower by 25% in VO 2max, 25% in
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oxygen pulse, 7% in VEmax, and 3% in maximum heart rate,

when compared to the treadmill results.

Zwiren, Huberman, and Bar-Or (1973) found sedentary

disabled subjects to have a VO 2 max of 19.6 ml/kg/min with

arm cranking, while disabled wheelchair athletes, able-

bodied sedentary subjects, and able-bodied athletes showed

higher values (35.0, 25.8, & 38.1 ml/kg/min, respectively).

This data is comparable to the results of Pollock et al.

(1974) and emphasizes the importance of endurance training

for disabled persons.

Spira (1971) studied the influence of sports on selected

fitness measures of paraplegics. Tests of physical per-

formance speed and muscular strength were administered to

two groups of subjects: (1) previous members of a sports

club, and (2) new members. Subjects then chose a desired

sport for participation. Results were compared between

groups. Among the investigator's conclusions were the

following: (1) sports seemed to have a noted influence on

the performance of various tests of physical performance and

(2) the improvements were distinctly proportional to the

length of time in sports participation.

Smith (1967) examined post-season changes in selected

physiological parameters of fitness in 11 wheelchair

basketball players. The results showed no statistically

significant changes for 25 of the 26 variables measured.

The modified version of the Illinois Agility Run however,
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improved significantly over the competitive season. The

reason for the change in this variable only, the study

indicated, was that the agility run was most sensitive to

training and competition.

Pachalski and Mekaiski (1980) showed that a regular

program of swimming over a 3 -year period results in signif-

icant improvements in the cardiorespiratory capacity of

paraplegics.

Gandee (1980) investigated the upper limits of an

"elite" wheelchair marathon racer. Of the wheelchair racers

entered in the 1979 Boston Marathon, this individual

finished first. Physiological responses, to a 5 -minute arm

exercise test utilizing the racing wheelchair mounted upon

training rollers, were assessed. Aerobic capacity was

demonstrated during the maximum arm exercise as depicted by

elevated values for VO 2max of 4.2 1/min and 64.6 ml/kg/min,

oxygen pulse of 24.0 ml/beat, and a maximum heart rate of

176 bpm. These results have significant implications as to

the expected maximum capacities of well conditioned,

endurance wheelchair athletes.

Overall, the research to date indicates that physical

training for the disabled can result in an increase in

maximum oxygen consumption, a decrease in heart rate at a

given work rate, and an increase in arm work capacity. The

extent of these changes is dependent upon the level of

spinal cord lesion.
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Several investigations have compared crank ergometry

to wheelchair ergometry. Wicks et al. (1983) compared

the two modes of exercise in a large group of disabled

subjects (n = 72). He found that the maximum power

generated during wheelchair ergometry was lower (p < 0.001)

than that generated during arm cranking, as found previously

by Brattgard, Grimby, and Hook (1970) and Glaser et al.

(1980). The increase in VO 2 max for a given absolute

increment in power during wheelchair propulsion in the

investigation was more than twice that for arm ergometry.

Female paraplegics were able to generate a higher V02 during

arm cranking, but reported relatively less use of their

wheelchairs at high levels of training, than did the males.

Sawka, Glaser, and Wilde (1980) compared metabolic and

circulatory responses for wheelchair and arm crank

ergometry. Wheelchair dependent (n = 7) and able-bodied

(n = 10) subjects exercised at levels of 30, 90, 150, and

210 kpm/min for each mode of exercise. Generally, V02 VE

stroke volume, heart rate, and systolic blood pressure were

higher for wheelchair ergometry than for arm exericise at

each power output level. This data suggested that wheel-

chair ergometry is inherently more strenuous than arm

cranking and that for given power output levels, arm

cranking elicits lower metabolic and circulatory responses

than wheelchair exercise.
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Hildebrandt et al. (1970) compared the efficiency of

wheelchair driving on a treadmill ergometer with that of arm

cranking in 30 subjects who were unable to walk. Efficiency

increased with increasing slope and speed. In level

driving, efficiency reached an average of 7.7% at 4 km/hr.

Compared with cranking at 20W, 40W, and 60W performed by the

same individuals, the efficiency remained significantly

lower; but, related to the effective work load, the increase

of heart rate closely agreed in both types of work. Since

the heart rate behaved so similarly between wheelchair

driving and cranking in regard to the effective workload,

Hildebrandt concluded that for practical use the cranking

test can be recommended for examining the circulatory

response to wheelchair propulsion.

In another investigation, 20 young healthy females were

studied driving a wheelchair ergometer and an arm ergometer

to determine the mechanical efficiency and the heart rate

response (Brattgard et al., 1970). The mechanical effi-

ciency in driving wheelchairs was approximately 8% when the

effective work load was 15W to 20W (110 kpm/min). With a

work load of lOW (65 kpm/min) the efficiency was lower (6.8%

to 8.1%). The mechanical efficiency in cranking an arm

ergometer with an effective work load of 25W (150 kpm/min)

was 18.6%. This clearly demonstrates that the mechanical

efficiency of wheelchair ergometry is considerably lower

than that of arm cranking. The range for mechanical
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efficiency fell close to the values reported for level

driving by Hildebrandt et al. (1970). Coutts et al. (1983)

found an average net efficiency of 10% in wheelchair

ergometry with 21 wheelchair users. This value was higher

than the above studies, but still considerably lower than

the reported values for the mechanical efficiency of arm

cranking.

Nag, Panikar, Malvankar, Pradhan, and Chatterjee (1980)

demonstrated that cardiorespiratory responses were less when

cranking was performed at heart level and that mechanical

efficiency of cranking increases when performed at the heart

level.



CHAPTER III

PROCEDURES

This chapter presents the procedures used to collect the

data necessary to achieve the purposes presented in Chapter

I.

Subjects

Thirty females, ages 16 to 37, actively involved in

sports and conditioning, as well as ten sedentary females,

participated in this study. Ten of the 30 physically active

females were disabled individuals, the disabilities being

lower-body in nature. They were involved in activities such

as basketball, swimming, and tennis. Of the remaining 20

physically active subjects, ten were able-bodied females who

exercised primarily by use of the upper extremities, such as

in swimming. The remaining ten females were those who

conditioned by use of the lower extremities, in activities

such as running or cycling.

Conditions. --The 20 able-bodied subjects were divided

into upper-extremity-trained individuals and lower-

extremity-trained individuals. This was done in order to

gain insight into the effect of upper extremity versus lower

extremity training, on an aerobic capacity test that

utilizes the upper extremities.

31
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The wheelchair-bound subjects (with one exception)

consisted of individuals in classes 3 through 5 of the

international classification of impairment. The inter-

national classification, groups disabled individuals by

applying standardized criteria based on the level of the

lesion in the spinal cord and on muscle power assessed on a

0 to 5 scale, as outlined by Guttmann (1976b). This system

of classification may be found in Appendix A. Paraplegics

with lesions above T7 (Classes lA - 2), with the exception

of one T5 paraplegic, were not included in this investi-

gation, for reasons mentioned in Chapter I. Paraplegics

with lesions below S2 (Class 6) were not included in this

investigation, due to their relatively small loss of

functional muscle mass.

Procedures

Each subject reported for testing in a post-absorbtive

state, approximately 3 hours after eating. Prior to all

testing, all subjects were informed of the purpose of the

study, the extent of their involvement, and any known risks.

Each expressed their understanding by signing a statement of

informed consent (Appendix B). The four groups of subjects

were age-matched.

Descriptive information pertaining to the following

variables was obtained on all subjects: age, seated height,

height, weight, grip strength, and the extent of sports
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participation. Descriptive information pertaining to the

following variables was obtained on the paraplegic subjects:

nature of the disability, length of time disabled, and the

level of the injury.

Surface electrodes for monitoring EKG were placed on

each individual in the following locations: chest lead

five-anterior axillary line in the left fifth interspace,

left arm lead-inferior mid-left clavicular, right arm

lead-inferior mid-right clavicular, left leg lead-midway

between the last floating right rib and right iliac crest

and a ground placed between the last floating left rib and

left iliac crest.

Each subject sat and rested for 10 minutes. Resting

heart rate, blood pressure, and EKG were recorded. The

subject was then attached to the Beckman Metabolic

Measurement Cart prior to beginning the test and resting

measurements of oxygen uptake, VE, tidal volume,respiratory

rate, and respiratory exchange ratio (R) were taken.

The physiological response to incremental exercise was

determined utilizing crank ergometry, by increasing the

braking force at a constant velocity. A Monark Rehab

Trainer, Model 881 was used to administer the exercise test

in this investigation. A discontinuous protocol was

utilized to facilitate blood pressure measurement and to

limit local fatigue. Arm cranking occurred at heart level.
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Subjects worked in synchrony with a metronome in order

to standardize the cadence of cranking. The exercise bouts

were 4 minutes in duration interspersed with 7 -minute rest

periods. Several previous investigations (Davies, 1968;

Hildebrandt et al., 1970; Magel, McArdle, Toner, & Delio,

1978) have used 4 -minute exercise bouts. Glaser et al.

(1980) used 7 -minute rest periods between exercise bouts

representing a compromise between the 5 -minute and 10-minute

rest periods used in the above mentioned protocols.

The initial work load was loadless cranking at 60 rpm

and was provided as an opportunity to familiarize the

subjects with the testing procedures. Increments of 90

kpm/min (14.72W) were used each bout thereafter. The

subjects were encouraged to continue exercising for as long

as possible.

Expired gases were continuously sampled and analyzed by

the Beckman Metabolic Measurement Cart. This physiological

data was obtained during the final minute of each exercise

period and during the first, third, fifth, and seventh

minutes of each rest period.

EKG and heart rate were monitored continuously by direct

lead bipolar Quinton electrocardiograph, model 633. Heart

rate was recorded each minute throughout the entire test.

Blood Pressure was taken and recorded during the first

15 seconds of the first, third, fifth, and seventh minutes

of each recovery period.
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Panikar, Malvankas, Pradhan, and Chatterjee, (1980)

stated that the criteria for maximum aerobic capacity should

be the highest level of steady oxygen uptake at which there

is no material change in oxygen uptake with an increase in

breaking load and/or the heart rate reaches close to the age

related maximum. Therefore, exercise was terminated by

either (1) physical exhaustion to the point where the

subject could no longer maintain the required velocity, (2)

severe general or arm pain, or (3) the subject's achieving a

plateau in oxygen uptake.

Statistical Analysis

A four (group)-by-two (rest/maximum) analysis of

variance with repeated measures was used to analyze the

data. A one factor anova was used to determine the simple

main effects in the data. Appropriate descriptive

statistics were computed for all variables. Significance

was set at the 0.05 level.



CHAPTER IV

RESULTS

This chapter presents the results generated to achieve

the purposes presented in Chapter I. These include

descriptive information pertaining to the disabilities of

the paraplegics, the descriptive statistics of the study,

including the means and standard deviations of the vari-

ables, and an analysis of variance. The information

pertaining to the physical disabilities is contained in

Table I. The descriptive statistics of the variables are

presented in Tables II through V.

The data obtained for Table I were collected on 10

female paraplegics involved in wheelchair sports. The data

obtained for Tables II through V were collected on 30

females, ages 16 to 37, who were actively involved in sports

and conditioning, as well as on 10 sedentary females. Ten of

the 30 physically active females were paraplegics involved

in wheelchair sports, 10 were able-bodied female swimmers

and 10 were able-bodied female runners or cyclists.

Each individual underwent a maximum aerobic capacity

test, utilizing crank ergometry, in order to determine the

physiological response to incremental exercise. This was

done by increasing the braking force at a constant velocity.

36
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Table I presents descriptive information pertaining to

the physical disabilities of the paraplegic subjects and the

sports they participate in. Tables II through V present the

means and standard deviations of the physical character-

istics, and performance times, of the paraplegic, sedentary,

lower-extremity-trained, and upper-extremity-trained groups

of subjects.

TABLE I

PHYSICAL DISABILITIES OF PARAPLEGIC
SUBJECTS (N=10)

ID Years Cause of Level of Sports
Number Disabled Disability Injury Participation

1 3.0 Trauma T11 Tennis, Basketball

2 12.0 Trauma T10 Weight lifting

3 16.0 Spina T12 Tennis, Basketball
Bifida Swimming, Track

4 34.0 Polio L4 Swimming

5 8.0 Trauma T12 Softball, Archery

6 2.7 Spinal T7 Tennis
Menigitis

7 10.0 Trauma T5 Tennis, Basketball

8 17.0 Spina L2 Basketball, Track
Bifida Swimming

9 27.0 Spina T12 Tennis
Bifida

10 2.0 Trauma T12 Tennis, Swimming
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TABLE II

PHYSICAL CHARACTERISTICS AND PERFORMANCE
TIMES OF PARAPLEGIC SUBJECTS (N=10)

Variable Mean STD DEV Min Max
Age (years) 24.40 6.62 16.00 36.00
Weight (kg) 54.07 15.15 31.50 79.00
Height (cm) 158.50 12.34 134.62 175.26
Seated height (cm) 80.76 3.98 76.20 86.36
Grip strength (left) 21.12 4.65 13.00 27.50
Grip strength (right) 30.41 3.14 26.30 36.10
Hours of training/week 4.90 3.14 1.00 12.00
Sports activity (years) 3.31 3.31 0.30 10.00
Resting heart rate (bpm) 83.60 10.99 66.00 97.00
Resting systolic blood

pressure (mmHg) 108.00 16.65 80.00 128.00
Resting diastolic blood

pressure (mmHg) 69.00 11.05 50.00 90.00
Resting respiratory

volume (1/min) 6.73 2.72 3.30 12.20
Resting respiratory

rate (breaths/min)* 19.88 3.83 14.90 27.70
Resting tidal volume

(ml/min)* 386.25 145.40 150.00 580.00
Resting oxygen uptake

(ml/min) 171.00 83.06 30.00 290.00
Resting oxygen uptake

(ml/min/kg) 3.20 1.36 0.80 5.20
Resting respiratory

exchange ratio 0.80 0.08 0.65 0.89
Maximum heart rate (bpm) 177.10 14.34 150.00 198.00
Maximum systolic blood

pressure (mmHg) 144.60 24.89 118.00 182.00
Maximum diastolic blood

pressure (mmHg) 75.80 7.33 66.00 90.00
Maximum respiratory

volume (1/min) 47.30 13.68 22.10 67.00
Maximum respiratory

rate (breaths/min)* 43.16 8.42 26.90 54.70
Maximum tidal volume

(ml/min)* 1147.50 373.35 540.00 1640.00
Maximum oxygen uptake

(ml/min) 1081.00 366.86 620.00 1770.00
Maximum oxygen uptake

(ml/min/kg) 20.52 4.63 16.60 31.90
Maximum respiratory

exchange ratio 1.02 0.19 0.78 1.33
Total time elapsed 38.71 12.67 22.90 57.90
*N=8
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TABLE III

PHYSICAL CHARACTERISTICS AND PERFORMANCE
TIMES OF SEDENTARY SUBJECTS (N=10)

Variable Mean STD DEV Min Max
Age (years)
Weight (kg)
Height (cm)
Seated height (cm)
Grip strength (left)
Grip strength (right)
Hours/week of training
Sports activity (years)
Resting heart rate (bpm)
Resting systolic blood

pressure (mmHg)
Resting diastolic blood

pressure (mmHg)
Resting respiratory

volume (1/min)
Resting respiratory

rate (breaths/min)*
Resting tidal volume

(ml/min)*
Resting oxygen uptake

(ml/min)
Resting oxygen uptake

(ml/min/kg)
Resting respiratory

exchange ratio
Maximum heart rate (bpm)
Maximum systolic blood

pressure (mmHg)
Maximum diastolic blood

pressure (mmHg)
Maximum respiratory

volume (1/min)
Maximum respiratory

rate (breaths/min)*
Maximum tidal volume

(ml/min)*
Maximum oxygen uptake

(ml/min)
Maximum oxygen uptake

(ml/min/kg)
Maximum respiratory

exchange ratio
Total time elapsed

26.70
63.55

170.56
86.02
17.78
26.01
0.00
0.00

78.00

111.50

71.50

9.03

18.89

465.56

266.00

4.26

0.77
167.30

136.70

74.60

46.01

36.02

1311.11

1172.00

19.19

1.00

38.15

2.79
18.63
6.02
3.69
3.46
4.72
0.00
0.00

10.48

5.02

4.88

2.54

4.94

116.52

104.58

1.37

0.11
18.43

9.17

8.85

13.28

10.17

240.54

215.45

4.37

0.18
7.11

21.00
50.50

160.02
80.01
12.70
20.30
0.00
0.00

56.00

105.00

64.00

6.30

9.90

250.00

150.00

2.70

0.59
144.00

122.00

64.00

24.20

20.90

1060.00

800.00

11.10

0.78
24.00

30.00
113.80
180.34
91.44
23.10
33.90
0.00
0.00

93.00

120.00

82.00

14.90

25.70

630.00

500.00

6.90

0.94
207.00

152.00

92.00

63.90

48.70

1650.00

1490.00

24.00

1.27
45.70

2 2 - - mi - - i

__-- - __ i - _ " _ f

.L 1T A

*N=9
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TABLE IV

PHYSICAL CHARACTERISTICS AND PERFORMANCE
TIMES OF LOWER EXTREMITY TRAINED

SUBJECTS (N=10)

Variable Mean STD DEV Min Max
Age (years)
Weight (kg)
Height (cm)
Seated height (cm)
Grip strength (left)
Grip strength (right)
Hours/week of training
Sports activity (years)
Resting heart rate (bpm)
Resting systolic blood

pressure (mmHg)
Resting diastolic blood

pressure (mmHg)
Resting respiratory

volume (1/min)
Resting respiratory

rate (breaths/min)*
Resting tidal volume

(ml/min)*
Resting oxygen uptake

(ml/min)
Resting oxygen uptake

(ml/min/kg)
Resting respiratory

exchange ratio
Maximum heart rate (bpm)
Maximum systolic blood

pressure (mmHg)
Maximum diastolic blood

pressure (mmHg)
Maximum respiratory

volume (1/min)
Maximum respiratory

rate (breaths/min)*
Maximum tidal volume

(ml/min)*
Maximum oxygen uptake

(ml/min)
Maximum oxygen uptake

(ml/min/kg)
Maximum respiratory

exchange ratio
Total time elapsed

27.20

60.49
168.09
87.76
21.08
26.91
7.90

6.40
61.10

103.20

68.80

7.64

18.09

444.44

226.00

3.71

0.75
167.50

148.20

73.00

56.91

41.84

1416.67

1564.00

26.05

0.97
52.14

5.07
7.76
4.88
5.10
5.45
3.02
2.18
4.81

13.52

9.20

8.34

3.16

7.20

239.85

87.58

1.35

0.07
12.47

18.91

7.62

12.34

9.58

332.68

157.56

3.18

0.09
8.54

22.00
55.50

160.02
83.82
11.00

23.60
5.00
0.50

39.00

92.00

58.00

2.20

8.90

120.00

70.00

1.10

0.68
147.00

120.00

60.00

39.20

28.80

1140.00

1320.00

20.40

0.82
34.30

37.00
80.10
177.80
101.60
27.30
33.30
12.00
13.00
89.00

118.00

82.00

11.30

33.60

950.00

310.00

4.90

0.94
183.00

178.00

86.00

75.60

51.70

2250.00

1740.00

30.70

1.07
63.00

*N=9
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TABLE V

PHYSICAL CHARACTERISTICS AND PERFORMANCE
TIMES OF UPPER EXTREMITY TRAINED

SUBJECTS (N=10)

Variable Mean STD DEV Min Max
Age (years) 23.80 4.05 19.00 29.00
Weight (kg) 64.77 5.29 57.20 71.10
Height (cm) 168.78 5.83 162.56 175.90
Seated height (cm) 86.11 2.20 82.55 88.90
Grip strength (left) 21.89 3.51 16.70 26.20
Grip strength (right) 28.61 3.98 22.70 36.00
Hours/week of training 4.90 3.84 2.00 13.00
Sports activity (years) 9.50 5.87 4.00 21.00
Resting heart rate (bpm) 72.80 16.79 46.00 98.00
Resting systolic blood

pressure (mmHg) 112.60 8.06 100.00 126.00
Resting diastolic blood

pressure (mmHg) 68.40 9.74 56.00 90.00
Resting respiratory

volume (1/min) 9.42 3.22 3.20 13.90
Resting respiratory

rate (breaths/min) 17.39 3.57 10.90 23.90
Resting tidal volume

(ml/min) 544.00 184.94 300.00 820.00
Resting oxygen uptake

(ml/min) 254.00 93.36 90.00 410.00
Resting oxygen uptake

(ml/min/kg) 3.90 1.27 1.30 5.80
Resting respiratory

exchange ratio 0.83 0.08 0.72 0.95
Maximum heart rate (bpm) 177.80 11.29 155.00 198.00
Maximum systolic blood

pressure (mmHg) 155.80 15.42 136.00 186.00
Maximum diastolic blood

pressure (mmHg) 70.20 13.28 50.00 100.00
Maximum respiratory

volume (1/min) 68.55 14.86 50.10 96.00
Maximum respiratory

rate (breaths/min) 43.04 7.03 26.10 49.80
Maximum tidal volume

(ml/min) 1658.00 614.81 1180.00 3290.00
Maximum oxygen uptake

(ml/min) 1672.00 314.11 1190.00 2220.00
Maximum oxygen uptake

(ml/min/kg) 25.80 4.18 18.60 31.20
Maximum respiratory

exchange ratio 1.04 0.14 0.91 1.35
Total time elapsed 54.06 7.14 45.20 66.90
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Table VI presents the dependent variables that were

significant at the .05 level by group, by time (rest versus

maximum), and interaction. The significant interactions

indicated in Table VI are illustrated in Figures 1-4.

TABLE VI

ANALYSIS OF VARIANCE

Variable GroupTime Interaction
Heart rate (bpm)

Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

Respiratory
volume (1/min)

Respiratory rate
(breaths/min)

Tidal volume
(ml/min)

Oxygen uptake
(ml/min)

Oxygen uptake
(ml/min/kg)

Respiratory
exchange ratio

Grip strength
(kg)

* < .05

= .014)*

(. = .313)

= .765)

= .002)*

(. = .573)

(. = .053)

(. = .000)*

(. = .003)*

(. = .422)

(p = .099)

(0 = .000)*

(.2=

(.2=

(p =

.000)*

.001)*

.000)*

.000)*

.000)*

.000)*

.000)*

.000)*

.000)*

(p = .098)

(p = .019)*

(i = .426)

(a = .003)*

(.2 = .121)

(. = .323)

(2. = .000)*

(.a = .000)*

(. = .992)

(p = .178)_ 1

, L/ ,Ii, L
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(68.55 UE)

(56.91 LE)

(47.30 PARA)
(46.01 SED)

70.0-

65.0-

60.0-

55.0-

50.0-

45.0-

10.0-

9.0-

8.0-

7.0-

6.0-

Rest Maximum
Figure 1--Illustration of the interaction for

respiratory volume.

(9.42 UE)
(9.03 SED)

(7.64 LE)

(6.73 PARA)
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(1672.00 UE)

(1564.00 LE)

(1172.00 SED)

(1081.00 PARA)

(266.00 SED)
(254.00 UE)

(226.00 LE)
(171.00 PARA)

Rest Maximum

Figure 2 -- Illustration of the interaction for oxygen
uptake (ml/min).
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(26.05 LE)

(25.80 UE)

(20.52 PARA)

(19.19 SED)

27.0-

26.0-

25.0-

24.0-

23.0-

22.0-

21 .0-

20.0-

19.0-

5.0-

4.5-

4.0-

3.5-

3.0-

Rest Maximum

Figure 3 -- Illustration of the interaction for oxygen
uptake (ml/min/kg).

(4.26 SED)
(3.90 UE)
(3.71 LE)

(3.20 PARA)

-

-
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160-
(155.80 UE)

155-

150-

(148.20 LE)
145-

(144.60 PARA)
140-

(136.70 SED)
135-

115-
(112.60 UE)

110- (111.50 SED)
(108.00 PARA)

105-
(103.20 LE)

100-

Rest Maximum

Figure 4 -- Illustration of the interaction for systolic
blood pressure.
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In the following discussion of the descriptive vari-

ables, significance is set at the .05 level. The mean age

of the four groups was similar. The paraplegic (PARA) group

was significantly shorter than the other three groups, both

in total height and in seated height. No two groups were

significantly different in weight, although the mean weight

of the PARA group was 6.4 to 10.7 kilograms less than the

mean weights of the other three groups. The mean value, of

7.90 hours of training per week, for the lower-extremity-

trained (LE) group was significantly higher than the mean

value of 4.9 hours for the upper-extremity-trained (UE) and

PARA groups. However, the UE group had been training for a

greater number of years than the other two groups. This

difference was significant between the UE group and the PARA

group. The LE group was not significantly different from

either group, on this particular variable.

The variables that were significantly different when

analyzed across the four groups were resting heart rate,

maximum respiratory volume, maximum oxygen uptake, and total

time elapsed at VO 2 max. All physiological parameters demon-

strated increases when analyzed by time. Interactions

occurred among groups with the following variables: systolic

blood pressure, respiratory volume, and oxygen uptake.

The UE and LE groups had total test times that were

significantly greater than the PARA and SED subjects.
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The LE group demonstrated the lowest mean resting heart

rate (M = 61.10 bpm). This value was significantly lower

than the PARA (M = 83.60 bpm) and SED (M = 78.00 bpm)

group's mean resting heart rates. The UE group's mean

resting heart rate of 72.80 bpm was not significantly dif-

ferent from any of the other groups. The maximum heart

rates were not significantly different among the four

groups, although the PARA and UE groups were able to achieve

mean maximum heart rates that were 10 beats higher than

those of the SED and LE groups.

The UE group demonstrated the highest resting respi-

ratory volume (VE) and the PARA group the lowest, however

the difference in this value at rest was not significant.

At maximum, the UE group demonstrated a significantly higher

VE (M = 68.55 1/min) when compared to the VE's of the PARA

group (M = 47.30 1/min) and the SED group (M = 46.01 1/min).

The LE group was not significantly different from any of the

other groups (M = 56.91 1/min). The interaction for respi-

ratory volume occurred between the SED and the LE/PARA

groups as is depicted in Figure 1.

The SED group demonstrated the highest mean resting V02 ,

followed by the UE and LE groups and finally, by the PARA

group. The difference in these values at rest was not

significant. The mean resting value for the PARA group

however, was 55 ml/min to 95 ml/min less than the other

groups. At maximum, the UE and LE groups had significantly
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higher oxygen uptakes than did the SED and PARA groups,

indicating that an interaction had taken place. These are

illustrated in Figures 2 and 3.

The systolic and diastolic blood pressures were not

significantly different among groups at rest, or at maximum.

The UE group began with a mean resting systolic value of

112.60 mmHg, followed by decreasing values of 111.50 mmHg,

108.00 mmHg, and 103.20 mmHg for the SED, PARA, and LE

groups, respectively. At maximum, the SED and LE groups had

reversed positions with the values being 155.80 mmHg, 148.20

mmHg, 144.60 mmHg, and 136.70 mmHg for the UE, LE, PARA and

SED groups, respectively. This indicates that an inter-

action had taken place as is depicted in Figure 4.

There was not a significant difference in grip strength

between groups, but there was a significant difference

between grip strength of the left hand and grip strength of

the right hand.

None of the other variables demonstrated a significant

difference between groups. Minute ventilation was one of

the variables that did not demonstrate a significant dif-

ference between groups at rest, but did at maximum. The

results for this variable indicated different mechanisms

among groups for obtaining minute ventilation.

Minute ventilation is a product of respiratory rate and

tidal volume. At rest, the PARA group achieved their minute

ventilation primarily by their respiratory rate. The UE
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group achieved their minute ventilation by a larger contri-

bution of tidal volume. The LE group and the SED group had

equal contributions of respiratory rate and tidal volume.

At maximum, the PARA group continued to achieve their minute

ventilation primarily by increasing their respiratory rate.

At maximum, in the other groups of subjects tidal volume and

respiratory rate contributed equally to minute ventilation.



CHAPTER V

DISCUSSION

The purposes of this investigation were to (1) measure

indices of aerobic capacity in female lower extremity

disabled athletes utilizing crank ergometry, and (2) to

compare the results in the disabled athletes with two

different groups of able-bodied athletes, as well as with a

sedentary group of able-bodied individuals.

No two groups demonstrated significant differences in

mean age. This is most probably the result of the fact that

the four groups were age matched. No two groups demon-

strated significant differences in mean body weight.

However, the PARA group had a mean weight that was 6.4 kilo-

grams to 10.7 kilograms less than the mean weights of the

other three groups. This was probably related to the fact

that the PARA group was significantly shorter than the other

groups and also to the muscle atrophy of the lower trunk and

extremities of the PARA group.

Wicks et al. (1983) conducted an investigation that

included nine elite female wheelchair athletes who were in

classes 2 through 5 of the International Classification and

had a mean age of 28 years. These nine females had a mean

body weight of 51.00 kilograms and a mean seated height of

79.35 centimeters. The mean values of 54.07 kilograms

51
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for body weight and 80.76 centimeters for seated height, in

the current investigation are comparable to those found by

Wicks et al. (1983).

No significant difference was found among groups for

grip strength in the present investigation. This indicates

that the cardiorespiratory system was the primary limiting

factor to exercise, not upper body strength. The mean

values for grip strength of the PARA group in this investi-

gation were 21.12 kilograms for the left hand and 30.41

kilograms for the right hand. These values are somewhat

lower than those found in a previous investigation by Wicks

et al. (1983). He reported mean values for female wheel-

chair athletes of 35.14 kilograms for the left hand 36.60

for the right hand.

A significant difference was found between the mean

resting heart rate of the LE group and the PARA/SED groups.

The UE group demonstrated a mean resting heart rate value,

that although 11.70 bpm higher than the mean value of the LE

group, was not significantly different from any of the

groups, at the .05 level. This difference in the mean

resting heart rate value among the groups is probably

related to the hours per week spent in training by each

group. The LE group trained a mean value of 7.90 hours per

week, while the UE and PARA groups trained a mean value of

4.90 hours per week, and the SED group exercised only

sporadically. The difference in the hours spent training
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per week was significant at the .05 level. The LE group

spent more time training each week than the other two

exercising groups.

A high mean resting heart rate for paraplegics has been

demonstrated elsewhere in the literature (Hullemann et al.,

1975; Huang et al., 1983; Ruosteenoja & Karvonen, 1955).

Ruosteenoja and Karvonen (1955) demonstrated a mean resting

heart rate of 89.3 bpm with 15 disabled men. Huang et al.

(1983), in an investigation with twelve men who had spinal

cord injuries between T7 and T12, demonstrated a mean

resting heart rate of 92 bpm plus or minus 14.1 bpm. The

mean duration of time since their injuries was only 62 days.

Thus, these men were still adapting to dsyfunction and were

not well trained. Hullemann et al. (1975) carried out an

investigation on athletes during the XXI International Stoke

Mandeville Games and attributes the high mean resting heart

rate found in his investigation to psychogenic factors. He

found that even the start situation for competition accel-

erated the heart rate by 30 beats. The paraplegics in the

present investigation had all been disabled for at least two

years and were not competing against any one else. That

could explain why the resting heart rate (M = 83.60 bpm) of

the paraplegics in the present investigation, although still

high for athletes, was somewhat lower than what was sited in

the above studies.
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Ruosteenoja and Karvonen (1955) hypothesized that

paraplegics have a smaller stroke volume and that in order

to attain the cardiac output they have to rely more upon

raising their pulse rate. Since paraplegics have venous

return from a proportionately larger area of inactive muscle

tissue, this is a logical supposition.

Furthermore, the paraplegics in the current investi-

gation were involved in sports and competition and there has

been evidence in the research to indicate that the resting

heart rates of paraplegics can be decreased with training

(Pollock et al., 1974).

Maximum heart rates were not significantly different

among the four groups. Other investigations substantiate

this finding of similar maximum heart rates between wheel-

chair and able-bodied athletes (Pollock et al., 1974; Zwiren

& Bar-Or, 1975). The mean maximum heart rate of 177.10 bpm

for the PARA group in this investigation is comparable to

maximum heart rates found for male paraplegic athletes

(Gandee et al., 1980; Gass & Camp, 1979), male and female

paraplegic athletes (Hullemann et al., 1975; Wicks et al.,

1977), and female paraplegic athletes (Wicks et al., 1983),

but higher than the maximum heart rate values found by Wolf

and Magora (1976) with 18 male paraplegics, 3 to 6 months

after their injuries. Wicks et al. (1977) found that the

maximum heart rate was not influenced by the cause of the

disability in paraplegics i.e, polio versus a spinal cord
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injury. This was also found to be true in the present

investigation. Hullemann et al. (1975) demonstrated that

the highest heart rates in the paraplegics he studied were

found among swimmers. This was also found to be true in the

present investigation where the maximum heart rates of the

swimmers in the PARA group appeared to be higher (M = 187

bpm) than the others in that group (M = 170.5 bpm).

There was no significant difference between groups with

the resting or maximum blood pressures. This agrees with

the findings of Wolf and Magora (1976), who stated that

under normal conditions, the cardiovascular system performs

normally in low thoracic and lumbar paraplegics during

exercise.

The PARA group in this investigation demonstrated a

lower mean resting blood pressure (108 mmHg plus or minus

16.65 mmHg / 69 mmHg plus or minus 11.05mmHg) than that

found for paraplegics in other investigations. Hullemann et

al. (1975) demonstrated a resting blood pressure of 141 mmHg

plus or minus 19 mmHg / 96 mmHg plus or minus 9 mmHg and a

maximum blood pressure of 165 mmHg plus or minus 10 mmHg /

93 mmHg plus or minus 11 mmHg to a crank ergometry test. He

viewed this elevation as a result of the generally larger

arm size of the disabled, since the majority of his test

subjects trained either exclusively or additionally with

weights. In four of his subjects who engaged exclusively

in light athletics, the blood pressure was lower
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(M = 136 mmHg plus or minus 10 mmHg / 89 mmHg plus or minus

10 mmHg). Hullemann et al. (1975) did not find significant

differences in blood pressure between disability Classes II

through VI.

In an investigation by Gass and Camp (1979), 16 disabled

male athletes (15 paraplegics and one quadriplegic) demon-

strated a mean resting blood pressure of 135 mmHg / 79.10

mmHg. Pollock et al. (1974) demonstrated a mean resting

blood pressure of 138 mmHg plus or minus 15.2 mmHg / 89 mmHg

plus or minus 9.6 mmHg prior to a training program in para-

plegics (N = 8). After training for 30 minutes, 3 times a

week for 20 weeks, the paraplegics in Pollock's investi-

gation demonstrated a mean resting blood pressure of 131

mmHg plus or minus 11.1 mmHg / 87 mmHg plus or minus 10.2

mmHg. The paraplegics in these investigations were men and

in the case of Pollock's investigation were considerably

older (M = 38 years). These differences help to explain why

the blood pressures of the PARA group found in the current

investigation were lower than those of the above mentioned

studies.

The interaction that occurred between the SED, PARA,and

LE groups with systolic blood pressure (Figure 4) is indic-

ative of the physical condition of these groups. The LE

group demonstrated the largest magnitude of change from the

resting state to maximum, followed by (in decreasing order)
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the UE, PARA, and SED groups. This trend indicates a

training effect.

The difference in minute ventilation (VE) at rest was

not significant among groups, however the UE group achieved

the highest minute ventilation and the PARA group, the

lowest. At maximum, the difference between the UE and the

PARA/SED groups became significant. The UE group was

comprised of swimmers who are known to have higher lung

volumes. Also the swimmers had trained for the greatest

number of years. The PARA group was smaller, both in

stature and in body weight, than the other groups. They

also had decreased use of the muscles of respiration to

expand the lungs. Thus, their smaller VE.

Wicks et al. (1983) demonstrated a mean VEmax of 55.55

1/min, with arm crank ergometry, in nine female paraplegic

athletes completing at the 1976 Olympiad for the Physically

Disabled. A mean VEmax of 47.30 1/min was demonstrated in

the current investigation for the PARA group. The slight

difference in these two values can be attributed to a higher

level of training by the subjects competing at the national

level. The mean VEmax of 47.30 1/min found in the current

investigation is higher than the mean VEmax of 32.33 1/min

found by Wicks et al., (1978) with three untrained females

paraplegics. The mean VEmax (47.30 1/min) found in the

current investigation is similar to that found by Nag et



58

al., (1982) with 11 paraplegics (M = 52.00 1/min) and Rhodes

et al., (1981) with 20 male paraplegics (M = 40.45 1/min).

An investigation by Glaser et al. (1979) was conducted

with 30 able-bodied untrained females who had a mean age of

21.6 years. They demonstrated a mean VEmax of 48.38 1/min

during a progressive, discontinuous wheelchair ergometry

test. The exercise bouts were 4 minutes in duration with 5

minute rest periods. This value was very similar to the

mean VEmax of the SED group (M = 46.01) found in the present

investigation to a progressive, discontinuous arm crank

ergometry test with 4 minute exercise bouts and 7 minute

rest periods.

In an investigation by Zwiren and Bar-Or (1975) four

groups of men were studied: wheelchair athletes, wheelchair

sedentary individuals, able-bodied athletes, and able-bodied

sedentary individuals. At maximum, significant differences

in VE were noted between the able-bodied athletes and the

wheelchair athletes/able-bodied sedentary individuals. The

difference between the wheelchair athletes and the able-

bodied sedentary group was not significantly different. The

same trend was present in the current investigation between

the UE and the PARA/SED groups.

The interaction that occurred between the SED group and

the LE/PARA groups with VE (Figure 1) is indicative of the

physical condition of these groups. The LE and UE groups

demonstrated the greatest magnitude of change from the
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resting state to maximum, followed by the PARA and SED

groups. This trend indicates a training effect.

Minute ventilation, as was stated in Chapter IV is a

product of respiratory rate and tidal volume. The fact that

the UE group achieved their resting minute ventilation by a

larger contribution of tidal volume is indicative of their

larger lung volumes. The fact that the paraplegics achieved

their resting and maximum minute ventilation largely through

respiratory rate versus tidal volume, may be attributed to

the fact that paraplegics, even those with lesions below T5

have some impairment of the respiratory musculature/sym-

pathic system

The mean resting oxygen uptake (V02) of the PARA group,

although not significantly different from the other groups,

was 55 ml/min to 95 ml/min less than that of the other

groups. This can be related to their lower resting minute

ventilation and their lower need for oxygen, due to inactive

muscle tissue in the lower trunk and extremities.

The LE and UE groups demonstrated the largest magnitude

of change from the resting state to maximum V02, followed by

the PARA and SED groups. At maximum, the UE and LE groups

had significantly higher mean V02's than did the SED and

PARA groups as depicted in Figures 2 and 3.

The UE, LE, and SED groups were all able to substitute

with the muscles of their lower trunk and extremities in

order to perpetuate the test. The PARA group, due to
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paralysis of the muscles of the lower trunk and extremities,

was unable to do so. By activating more muscle tissue, the

UE, LE, and SED groups generated a need for additional

oxygen and thus generated a higher V0 2 max. This substi-

tution was noted to be greatest among the LE and SED groups.

The UE group apparently did not have as great a need to

substitute with additional muscles in order to perpetuate

the test. This is most probably related to the fact that

swimming mimics the rhythmic motion required for this test.

There was no significant difference in the mean VO of

the UE and LE groups or in the mean V02 of the SED and PARA

groups. This lack of differences could be related to

greater muscle substitution by the LE and SED groups and/or

to the difference in the hours spent training each week by

the LE group versus the UE/PARA groups. It is important to

note the lack of difference in VO 2 max between the SED group

and the PARA group. The results of several studies (Emes,

1977; Goswami et al., 1984; Knutsson et al., 1973; Zwiren &

Bar-Or, 1975) have demonstrated that the cardiovascular and

respiratory capacities of the inactive physically disabled

population are significantly lower than inactive able-bodied

individuals. The cardiorespiratory capacities of paraplegics

however, can be improved with training (Gass et al., 1980;

Nilsson & Pruett, 1975). The fact that the PARA group was

not significantly different from the SED group in V0 2 max is

indicative of their level of activity.
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Wicks et al. (1983) demonstrated a mean VO2max of 26.40

ml/min/kg to an arm crank test with nine females who were in

classes II through V of the International Classification.

This value is somewhat higher than the value of 20.52

ml/min/kg for the PARA group found in the present investi-

gation, but can be related to a higher level of training by

the subjects in Wicks' investigation who were competing at

the national level.

The mean VO 2 max (M = 1081 ml/min) found in the current

investigation for the PARA group was higher than that found

by Nag et al. (1982), who studied 11 lower extremity dis-

abled subjects (M = 777 ml/min) and by Wicks et al. (1978),

who studied one thoracic and two cervical female paraplegics

(M = 913 ml/min). Each of these investigations utilized arm

crank ergometry. The VO2 max (M = 1081 ml/min) found in the

current investigation was similar to that found by Ekblom &

Lundberg (1968) who studied the responses of eight para-

plegic students to a maximum crank ergometry test. The

subjects in their investigation were comprised of boys and

girls with a mean age of 17 years and a mean V0 2 max of 1103

ml/min, after a 6 week training program. The activities

included rapid wheelchair propulsion, using dumb-bells, and

levering movements in a wheelchair and on parallel bars.

There was no significant difference in the respiratory

exchange ratio (R) among the four groups. The fact that the

LE group was the only group that did not reach a mean R
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value of over 1.00 indicates that perhaps they were unable

to continue the test due to muscular fatigue, while the

other groups were more limited by cardiorespiratory fatigue.

The mean value of 1.02 for the PARA group is similar to

the mean value of .98 found by Marincek et al., (1978) in an

investigation with five paraplegics, of whom two were women.

Summary

One of the main goals of the present study was to

examine performance and related variables in female para-

plegic athletes. An additional goal was to compare the

paraplegic's performance with that of able-bodied sedentary

and athletic females.

Studies have demonstrated that the cardiorespiratory

capacities of the inactive physically disabled population

are significantly lower than those of able-bodied indi-

viduals (Emes, 1977; Goswami et al., 1984; Knutsson et al.,

1973; Zwiren & Bar-Or, 1975). In the course of a normal

day, a wheelchair-bound individual will not engage suffi-

cient muscle mass to elicit training effects in the

circulatory system (Engel & Hildebrandt, 1973; Hildebrandt

et al., 1970).

The findings of the present study demonstrate that

paraplegics actively involved in training of the upper body

can elicit cardiorespiratory responses similar to those of

sedentary able-bodied individuals. However, the present
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investigation demonstrated that the cardiorespiratory

responses of paraplegic athletes are less than those of

able-bodied upper or lower extremity trained athletes. The

findings of the present study also demonstrated greater

values, on most parameters, for the UE group. However, the

differences between the UE group and the LE group were not

significant.

The findings of the present study highlight the diffi-

culties of assessing aerobic capacity through crank

ergometry due to substitution of additional muscle groups by

the able-bodied groups.

The clinical relevance of the observations made of the

trained paraplegics is the provision of optimal goals for a

patient commencing a rehabilitation program following an

injury to the spinal cord.

Conclusion

Based on the results of the present investigation the

following conclusions were drawn:

1. Trained paraplegics can obtain cardiorespiratory

responses of the same magnitude as able-bodied sedentary

individuals.

2. Trained paraplegics obtain cardiorespiratory

responses of less magnitude than those of trained able-

bodied individuals.
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3. With crank ergometry, upper extremity and lower

extremity trained individuals demonstrate similar cardio-

respiratory responses.

Recommendations

1. The use of restraints to limit lower trunk and

extremity muscle substitution would provide a clearer

picture of aerobic capacity, to an upper extremity capacity

test.

2. The development of norms for female paraplegics, to

an aerobic capacity test would assist in endurance evalu-

ation.

3. UE, LE, and PARA groups that trained the same mean

number of hours per week, at the same intensity, would

improve the ability to compare the groups.

4. A larger sample size would enhance the applicability

of this investigation.



APPENDIX A

Class

1A. Lesion at or above C6, with triceps unable to contract

against gravity (less than grade three).

1B. Lesion below C7, with good function of triceps and

wrist extensors and flexors, but weak (less than grade

three) finger muscles.

2. Lesion below T1 to T5 inclusive; no balance when

sitting.

3. Lesion below T6 to T10 inclusive; non-functional (grade

one to two) abdominal muscles.

4. Lesion below TLL to L3 inclusive; quadriceps and

gluteal muscles less than grade three.

5. Lesion below L4 to S2 inclusive; quadriceps and

gluteals more than grade three.

6. Minimal muscle deficit.

Guttmann, 1976b
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APPENDIX B

Informed Consent

In order to determine cardiovascular function

I, , hereby consent to voluntarily engage

in a maximum exercise test.

Before I undergo the test, I will be weighed and my

height will be recorded. Five electrodes will be placed on

my chest for monitoring the test by oscilliscope.

I will sit and rest for ten minutes. Following this

period, resting heart rate, blood pressure, and EKG will be

recorded to exclude contraindications to exercise testing.

I will then be instructed to begin breathing into a mask so

that a sample of my exhaled air may be collected. I will

continue to breathe into this mask throughout the test.

Exercise testing will be performed by pedaling an arm

ergometer, increasing the braking force at a constant

velocity. Exercise bouts will be 4 minutes in duration

interspersed with 7-minute rest periods. I will be

encouraged to continue exercising for as long as possible.

This increase in effort will continue until symptoms such as

shortness of breath, or chest discomfort appear. Blood

pressure, heart rate, and EKG will be monitored throughout

the test.
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There exists the possibility of adverse changes

occurring during the test. They could include abnormal

blood pressure, fainting, and disorders of heart rhythm.

Every effort will be made to minimize these risks by

preliminary examination and by observations during testing.

Emergency equipment and trained personnel are available to

deal with any unusual situations which may arise.

The benefits of this testing are the scientific

assessment of working capacity and the clinical appraisal of

health hazards which will facilitate prescription of

conditioning exercise. If abnormalities are found, your

referring physician may be informed and appropriate steps

initiated.

Any questions, regarding the procedure of the exercise

test, or estimations of functional work capacity are

encouraged.

The information which is obtained, will be treated as

privileged and confidential and will not be released to any

person without my express written consent. The information

obtained will be used for statistical or scientific purposes

with my right of privacy retained.

Finally, I am free to withdraw from the activity in this

investigation at any time, without prejudice. Furthermore,

I release and discharge North Texas State University, the

investigators, and any others connected therewith from all
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claims or damages whatsoever that the undersigned may have

arising from, or incident to this test.

I have read the foregoing and I understand it, and any

questions which may have occurred to me have been answered

to my satisfaction.

Date

Signed: Signed:

Sub jectWitness



APPENDIX C

Form

Descriptive Information

A. Name:

Data

I.

II.
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B. Age:

C. Height: _Seated:

D. Weight:

E. Nature of disability:

F. Length of time disabled:

G. Sports participated in:

H. Extent of sports participation:

1. Hours per week:

2. Months/years of participation:

Resting Parameters

A. Heart rate:

B. Blood pressure:

C. Oxygen uptake
(ml/min):

D. Oxygen uptake
(ml/min/kg):

E. Respiratory rate:

F. Minute ventilation:

G. Tidal volume:

H. Respiratory
quotient:

i



III. Maximum Parameters

A. Heart rate:

B. Blood pressure:

C. Oxygen uptake

(ml/min):

D. Oxygen uptake

(ml/min/kg):

E. Respiratory rate:

F. Minute ventilation:

G. Tidal volume:

H. Respiratory

quotient:

IV. Grip Strength

A. Left arm:

Trial one:

Trial two:

Trial three:

Sum:

Average:

B. Right arm:

Trial one:

Trial two:

Trial three:

Sum:

Average:
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