
Fisioter Mov. 2016 Oct/Dec;29(4): 713-21

ISSN 1980-5918
Fisioter. Mov., Curitiba, v. 29, n. 4, p. 713-721, Oct./Dec. 2016

Licenciado sob uma Licença Creative Commons
DOI: http://dx.doi.org/10.1590/1980-5918.029.004.AO07

[T]

A case study of the effect of cardiovascular 
training on cerebral palsy
 [I]

Estudo do condicionamento cardiovascular na 
paralisia cerebral – um estudo de caso

[A]

Jéssica Silva Teixeira, Luiza Mayara Lima de Jesus Santos, Nayhara Lemos dos Santos, 
Carla Cristine Cunha Casali, Carolina Marques Carvalho Mitre Chaves* 

Universidade de Itaúna (UI), Itaúna, MG, Brazil

[R]

Abstract

Introduction: Cerebral palsy (CP) is a non-progressive disorder characterized by changes in muscle tone and 
voluntary movement, leading to adaptive changes in muscle length and in some cases, resulting in bone de-
formities and increased energy expenditure while performing activities of daily living. Objective: The aim of 
this study was to investigate the effects of cardiovascular training by an adult with athetoid CP. Methods: The 
sample was composed of one patient with athetoid CP. The instruments used were the timed ten-meter walk 
test; the SF-36 quality of life questionnaire, a six-minute walk test and the Timed Up and Go test. Using an exer-
cise bike and resistance exercises for the upper limbs, the patient underwent 24 sessions lasting ifty minutes 
each during eight weeks. Results: In all tests, signi icant improvement was observed at four and eight weeks, 
especially in the irst four, and progressed in the following four weeks. In the post-training period, improve-
ment was observed when compared to pre-training values. The SF-36 questionnaire on quality of life showed 
increase in some areas and decrease in others. Conclusion: Patients with CP can bene it from a physical train-
ing program, which can improve their quality of life and be included in their rehabilitation protocol.
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Resumo

Introdução: A Paralisia Cerebral (PC) é um distúrbio não progressivo que caracteriza-se por alterações no tô-
nus muscular e movimentação voluntária, levando a modi icações adaptativas do comprimento muscular e em 
alguns casos, chegando a resultar em deformidades ósseas e aumento do gasto energético durante a realização 
de atividades da vida diária. Objetivo: Avaliar os efeitos do condicionamento cardiovascular em um adulto 
com PC atetóide. Métodos: Participou do estudo um paciente com quadriparesia atetóide. Como instrumentos 
foram utilizados o Teste de Dez metros; o Questionário de Qualidade de Vida SF-36, o Teste de Caminhada 
de 6 Minutos e Teste Timed Get Up and Go. Foram realizadas 24 sessões, com duração de cinquenta minu-
tos, durante oito semanas, utilizando uma Bicicleta ergométrica e exercícios resistido de MMSS. Resultados: 
Em todos os testes aplicados foi possível observar melhora após a quarta e a oitava semanas, especialmente 
nas primeiras quatro semanas. No destreino, observou-se melhora quando comparado com os valores de pré-
treinamento. O Questionário de Qualidade de Vida SF-36 apresentou melhora em alguns domínios e declínio 
em outros. Conclusão: Um paciente com PC pode se bene iciar de um programa de condicionamento, podendo 
este melhorar sua qualidade de vida, e ser incluído em seu protocolo de reabilitação.

Palavras-chave: Paralisia Cerebral. Condicionamento. Exercício Aeróbico. Adulto.

Introduction

Cerebral palsy (CP) is a group of permanent pos-
tural and movement development disorders that limit 
activities, and are attributed to a non-progressive 
disorder that occurs during fetal development of the 
brain or childhood (1). Studies have shown the in-
creased prospect of life of these patients when they 
do not present signi icant pathologies and receive 
appropriate medical care (2, 3).

The clinical manifestations of CP most commonly 
observed are: changes in posture and balance (4), 
muscle tone (5), spasticity (6), muscle weakness (7) 
and low resistance to physical activity. These changes 
result in lack of control over movements, leading to 
adaptive changes of muscle length, and in some cases 
can result in bone deformities (8). 

The low resistance to physical activity observed in 
these individuals can be attributed to reduced oxida-
tive capacity of the paretic muscles, overall decrease 
of aerobic resistance, and recruitment of motor units 
with increased energy expenditure during activities 
of daily living and sub-maximal exercise (9). The 
combination of these factors can lead to functional 
and social losses, and these patients tend to become 
increasingly sedentary (10).

According to Batista et al. (10), patients with 
CP bene it from aerobic training, which should be 
included in rehabilitation programs. Gains in func-
tional ability were observed in CP patients in aerobic 
conditioning programs, with less energy expendi-
ture in activities of daily living (ADL) and reduced 

cardiovascular risk, with bene its in control of blood 
pressure (BP) and improvement in maximal oxygen 
consumption (VO2 max).

Rizetti et al. (11) investigated the effects of muscle 
strengthening on walking in adolescents with diple-
gic spastic CP, and veri ied improvements in muscle 
strength and functional capacity in walking.

In addition, individuals with CP are possibly physi-
cally un it, and therefore performance of a itness pro-
gram is hampered due to their physical limitations from 
motor incoordination. Studies show that children with 
CP present changes in autonomic postural adjustments 
that directly in luence heart rate (12). Such changes 
associated with other comorbidities from the kinetic-
functional clinical picture of an individual with CP sug-
gest functional loss and premature aging in adult pa-
tients (13). Given the lack of studies that include aerobic 
training in the rehabilitation protocol for adults with CP, 
the aim of this study was to evaluate the feasibility and 
effects of cardiovascular training on an adult with CP.

Methods

This study was submitted to the Human Research 
Ethics Committee, and received opinion number 
867.273. Participants’ prior authorization was re-
quested and granted through signature of a free and 
informed consent form.

This was a case study carried out in the 
Comprehensive Physical Therapy Clinics of the 
University of Itaúna, in the southeastern Brazilian 
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state of Minas Gerais. One adult male participated 
in the study, who was 35 years old and had a clini-
cal diagnosis of athetoid CP. The participant had no 
cognitive de icit, and was graduated in computer 
science. At the time the study was carried out, the 
participant worked in the IT department of the uni-
versity, a holder of political of ice, and required the 
aid of caregivers to perform activities of daily living, 
including personal hygiene and feeding. This man 
was accustomed to practicing physical activity on 
the weekends, for example, he played the position 
of goalkeeper in soccer. The participant had a scis-
sor gait and used the aid of a walker adapted with 
front wheels. The participant’s motor dysfunctions 
included: quadriplegia; loating tone with involuntary 
movements; tonic re lexes that dominated posture 
and interfered with postural alignment; motor inco-
ordination and postural changes such as: pronated 
feet, valgus and semi lexed knees, hips adduction 
with internal rotation and kyphoscoliosis. The pa-
tient did not present cardiovascular diseases, and 
complained of fatigue during the practice of activities 
of daily living, especially those involving associated 
movements of upper and lower limbs.

Experimental Design

The evaluations were carried out in four stages dur-
ing the study: before the start of training, during train-
ing (four weeks), at the end of the eight-week training, 
and thirty days later, the retention period (10).

Initially, anamnesis was performed to collect 
personal data, anthropometric measurements and 
postural changes.

 The participant was classi ied according to the Gross 
Motor Function Classi ication System (GMFCS), which 
assessed his level of motor impairment related to sitting 
and walking, and starting voluntary movement. The 
GMFCS is divided into ive levels, and the higher the 
score, the greater the motor impairment (14).

The evaluation criteria selected for the pres-
ent study were: walking speed, functional capacity, 
quality of life, mobility and balance. The tools used 
for these criteria were: the 10-meter walk test (TM-
10), the six-minute walk test (SMWT), the Borg scale, 
the abbreviated version of the SF-36 quality of life 
questionnaire (SF-36), and the Timed Up and Go test 
(TUG), all duly validated, easy to apply and feasible 
for clinical practice.

Figure 1 - Flowchart of the care protocol proposed in the study.

In addition to quantitative testing, qualitative de-
scriptive analysis was performed by means of notes 
from the reports that the patient kept during the course 
of training, in order to check possible positive factors 
or even problems that could occur during this phase.

The blood pressure of the patient was monitored 
at the beginning and end of each procedure in all as-
sessments and treatment sessions.

Evaluation of functional capacity

The SMWT was applied. This test is simple, 
secure, and enables a comprehensive and inte-
grated response of all systems involved during 
the exercise, based on the distance traveled in 
six minutes. The SMWT has a submaximal level, 
and because most activities of daily living are 
performed at submaximal levels, it is an optimal 
way to evaluate physical capacity. The following 
equation is currently used to measure the total 
distance traveled (TDT) (15):

TDT6pred = 356.658 - (2.303 x age) + (36.648 x 
gender) + (1.704 x height) + (1.365 x HR variation)

Assessment of walking speed

The TM-10 was used to measure walking speed, in 
which the participant was asked to walk at a comfort-
able speed, wearing his own shoes, for a distance of 14 
meters. The irst and last two meters were disregard-
ed, and the time to travel 10 meters was timed (16). 

Evaluation of balance and functional mobility

The Timed Up and Go test (TUG) was used to mea-
sure the time (seconds) spent by the participant to 
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Figure 1a - Adaptation of the track at the foot of the participant.
Figure 1b - Bandages were placed around the kneesto avoid 
hip adduction and internal rotation during the exercise. 

The irst session of the training program was dis-
regarded in order familiarize the patient with the 
proposed protocol (10).

The cardio-respiratory training program was done 
on a horizontal ergometric exercise bike (Movement 
Brudden Perform H3, Brazil).

Patient reports were collected throughout the 
training protocol, and recorded in a logbook.

The treatment protocol totaled 24 sessions last-
ing approximately 50 minutes each, three times per 
week on alternate days (10).

The fourth evaluation was performed 30 days af-
ter the last session, in order to assess the participant 
in the post-training period. He did not carry out any 
kind of physical activity in addition to activities of 
daily living (22) during the study.

Results

The participant was classi ied at level III of the 
GMFCS, which corresponds to walking with the aid of 
equipment, with limitations in gait and in the community.

get out of a standard armchair (height approx. 46 
cm), walk a distance of three meters, turn around, go 
back to the chair and sit down again (17).

Evaluation of quality of life

The abbreviated version of the SF-36 question-
naire on quality of life was applied by three under-
graduate physical therapy students. In this test, the 
patient was aided when prompted, without inter-
ference in their responses. The questionnaire is 
made up of 36 items grouped into eight domains: 
functional capacity, physical aspects, pain, general 
health, vitality, as well as social, emotional and men-
tal health aspects. The inal score ranged from 0 to 
100, and the lower the score, the worse the general 
state of health (18).

Level of dyspnea and fatigue in the lower limbs 
was measured by the modi ied Borg scale, a subjec-
tive, self-reporting test that consists of a score from 0 
to 10, where 0 represents no effort and 10 represents 
maximum effort (19).

Rehabilitation protocol

After the initial evaluation, the participant began 
a conditioning program that consisted of initial 15 
minutes (20) of proprioceptive neuromuscular facili-
tation resistance exercises (PNF) of the upper limbs, 
20 minutes of bike exercise (due to dif iculty of the 
patient to walk for prolonged time, with consequent 
involuntary movement, and therefore not choosing 
the treadmill) and 15 minutes of stretching of the 
ischiotibial and adductor muscles. 

The aerobic exercise program started with moder-
ate intensity levels of maximum heart rate (40 - 50%), 
and progressed to higher levels (50 - 80%). The heart 
rate was checked at three times before, during and 
after the training session (21). In all sessions, the 
modi ied Borg scale was used to observe the partici-
pant’s level of fatigue.

Some adaptations were necessary for application 
of the training protocol, such as: use of four tracks to 
stabilize and position the lower limbs properly on the 
bike, with two tied at the feet of the participant and 
the other two around the knees (Figure 1a), the latter 
with the aid of two therapists to lead the movement 
and avoid hip adduction (Figure 1b).
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The results of the scores of each domain of the 
SF-36 are shown in Figure 4. In regard to the domain 
functional capacity, an improvement was observed 
in the irst four weeks along with a slight decline at 
the end of eight weeks, returning to pre-treatment 
values. The values found in the post-training analysis 
were lower than pre-training values.

Analysis of the pain domain showed a gradual im-
provement in all the evaluations, being the most sig-
ni icant in post-training. The vitality domain showed 
a decline in all evaluations. On the other hand, the do-
mains general state of health, emotional and mental 
health aspects maintained signi icant values during 
all evaluations, and the latter increased in the post-
training evaluation.

Figure 4 - Scores of each domain of the SF-36 quality of life ques-

tionnaire.

Daily report

In the information collected, there were reports of 
pain in the left lower limb on the anterior region of 
the thigh, and this complaint was absent during the 
course of treatment. In the second evaluation, after 
four weeks of training, the patient reported improved 
walking and reduced fatigue:

“I’m feeling improvement in walking, because my 
knees are not knocking and my fatigue decreased”.

In the seventh session the patient showed low-
er performance during the aerobic exercise, and 
reported not having slept well the night before. In 
the session prior to the third evaluation, the patient 
had lower performance during aerobic exercise, and 
when questioned by the researchers, reported feeling 
anxious due to personal issues.

The values found in the four evaluations for distance 
walked on the SMWT were 154 meters (47.2%); 170 
meters (52.1%), 173 meters (53.6%) and 162 meters 
(49.6%), respectively, considering the expected distance 
of 326 meters. A signi icant improvement was found 
in the irst four weeks, which fell to a lower rate in the 
following four weeks. In the post-training evaluation, 
a decline was observed, but remained improved when 
compared with the pre-training values (Figure 2).

Figure 2 - Values for distance walked in the six-minute walk test.

The values found in the TUG test were 38 seconds, 
30.3 seconds, 24.3 seconds and 30 seconds, respec-
tively, showing a gradual improvement during the 
eight weeks of training (Figure 3). The TM-10 values 
found were 28.6 seconds; 21.3 seconds; 17.3 seconds 
and 26.3 seconds, respectively. A clear improvement 
was also observed in the irst four weeks compared to 
the second four weeks. In the post-training analysis, 
30 days after the treatment was complete, both tests 
showed a decline, though maintained better values 
than the pre-treatment (Figure 3).

Figure 3 - Values found in the TUG and TM-10 tests in relation to the 

variable time (seconds).
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In most of the sessions, the patient did not report 
pain, discomfort or fatigue, demonstrating good ad-
aptation to the treatment.

Discussion

The hypothesis that a patient with athetoid CP 
could bene it from a program of cardiovascular it-
ness, and the viability of this intervention, was ac-
cepted in this study, since this can be a resource to 
improve the functionality and quality of life of these 
patients. In the present study, there was an obvious 
improvement in distance walked on the SMWT, TUG 
and TM-10 tests during the irst four weeks, with 
gradual evolution but in smaller proportions. In the 
post-training evaluation, the patient presented a de-
cline when compared to the period of training, yet 
maintained the best initial values.

According to the results, a training program 
consisting of twenty-four sessions was effective in 
improving cardiovascular itness. Batista et al. (10), 
when conducting a study with children and adoles-
cents with CP for 24 sessions, found reduced blood 
pressure and positive effects on cardiorespiratory 
itness. In the present study, the variable blood pres-

sure was measured but not studied, because it was 
not identi ied as being associated with the primary 
purpose of the study, and also because the patient 
always showed values within the normal range.

In the analysis of the results, it was observed that 
in the irst four weeks, improvement of functional ca-
pacity was higher in relation to the following weeks. 
This inding can be explained by the fact that the par-
ticipant was sedentary, because exercise triggers a 
physiological stress to the organism as a result of the 
great increase in energy demand compared to being 
at rest. Consequently, the regular practice of exercise 
promotes morphological and functional adaptations 
that require an increase in their intensity to obtain 
more signi icant gains (23).

Recent studies that analyzed sedentary behavior 
in cerebral palsy suggest that sedentary behavior 
parameters developed for people with normal mo-
tor skills should not be considered in cerebral palsy 
(24, 25). According to Verschuren, the physiological 
mechanisms, postures and levels of energy expen-
diture representing sedentary behavior in cerebral 
palsy can be very different from those of the general 

population (25), suggesting the importance of un-
dertaking studies on this population.

In the SMWT, a gain was observed in the distance 
traveled, which suggested the relevance of these re-
sults given the musculoskeletal changes present in 
the patient, such as loating, motor incoordination, 
dystonia, muscle weakness and fatigue (26). In addi-
tion to the physiological bene its provided by aerobic 
training, such as lowered blood pressure, improved 
sensory-motor function, aerobic capacity and maxi-
mal oxygen consumption (27).

The gradual improvement of the values found 
in the TM-10 and TUG tests can result in improve-
ment of walking speed, balance and functional mo-
bility, which corroborates the indings by Silva and 
Daltrário (28), who, when carrying out walking train-
ing on a treadmill with an individual with CP, noted 
signi icant functional gains with regard to mobility, 
which caused major impact on their daily routine.

Paiva et al. (29), when reviewing the bene its of 
physical exercise in children and adolescents with 
cerebral palsy, concluded that the reports were con-
centrated on improvement in walking variables, 
such as speed and cadence, as well as improvement 
in lower limb muscle strength and aerobic capacity, 
providing better mobility and function, and resulting 
in the higher participation of this population in soci-
ety. In the present study, it was seen that the patient 
obtained improvement in walking speed, mobility 
and functional capacity.

Post-training in patients with cerebral palsy is 
little studied. In this study it was seen that after 30 
days of the end of treatment, the values found were 
better than the pre-treatment, indings, which re-
semble those of Darrah et al. (30), who, when ap-
plying an aerobic training program in cycling and 
muscle strengthening in adolescents with CP, noticed 
that the improvements were maintained at ten weeks 
after inishing the program. A similar behavior was 
observed in individuals without CP. Michelin et al. 
(22), when assessing the effect of one month of post-
training on physical itness of 44 individuals, con-
cluded that at the end of their treatment protocol, 
the strength gains of the lower limbs and aerobic 
capacity were maintained, with only loss in lexibility.

According to Christofoletti et al. (31), quality of life 
can be described as the perception of the individual 
with regard to their personal, social and cultural lives, 
and may be altered by intrinsic and extrinsic factors. 
In this study, by analyzing the values found in the 
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SF-36 questionnaire, there was improvement in the 
domains of pain, social and physical aspects. 

There were declines that were possibly in luenced 
by extrinsic factors, unrelated to the study, which can be 
explained by the information collected in the log report 
that re lected negatively on these results. Among them 
vitality is highlighted, which showed a decline in all 
evaluations, being contradictory to the domains of gen-
eral state of health, physical and emotional aspects and 
mental health, which had positive values in the results. 
The scale on vitality includes levels of energy and fatigue 
(32), and involves physical and mental components. In 
this context, the decreased vitality score may have been 
due to the in luence of personal factors associated with 
physical fatigue of the patient. For Nunes (33), quality 
of life questionnaires address the vision of the patient 
and the impact that the disease causes on their daily 
life, which shows the relevance of this information and 
the need for more studies on the subject.

The patient’s report that after four weeks, “I feel 
improvement in walking, because my knees are not 
knocking and my fatigue decreased”, demonstrates 
subjective improvement in quality of life, which cor-
roborates the indings of Noce et al. (34), who veri-
ied the effects of physical activity on quality of life 

of people with physical disabilities, and concluded 
that regular exercise seems to have a positive effect 
on perceived high level of quality of life.  

Given the scarcity of studies that evaluate the ef-
fectiveness of aerobic training in this population, it is 
necessary to encourage the development of research 
on the subject. Slot et al. (35) reported that this popu-
lation presents cardiovascular risk factors such as 
hypertension and high total cholesterol, which sug-
gests the importance of therapists to be more con-
cerned with cardiovascular dysfunction, and not the 
commonly tested and treated dysfunctions such as 
strength, posture, balance and ADL, including aerobic 
exercise in their treatment protocol.

During the study there were no complications that 
prevented application of the treatment protocol, or dam-
aged the physical and mental integrity of the participant.

Conclusion

The protocol studied proved to be safe and effec-
tive for a patient with athetoid CP. It can be concluded 
that eight weeks of training caused gains in functional 
capacity, mobility and walking speed, with these gains 

being most obvious in the irst four weeks, possibly 
due to the sedentary condition of the participant. 
Such information suggests that a patient with CP may 
bene it from a conditioning program, which can im-
prove their quality of life.  

When looking at the post-training period, a de-
cline was veri ied in all areas measured, showing that 
four weeks without training caused regression in the 
parameters evaluated. Therefore, it is suggested that 
an aerobic program should be included in the rehabil-
itation protocol of these patients, and the non-activity 
period should not be extended.

Given this and the scarcity of literature on the 
subject, further research should be developed with 
a larger number of participants, in order to better 
clarify and emphasize the bene its of the condition-
ing program.
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