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The primary objective was to determine the effect of an aquatic exercise programme on the physical
fitness of people with a brain injury. A pre-test–post-test randomized-groups design was conducted.
Sixteen outpatients with a brain injury were included in the study. Eight participants were assigned
to an aquatic exercise group and eight to a control group. The components of physical fitness
measured included cardiovascular endurance, body composition, muscular strength and endurance
and flexibility. Measurements were taken pre- and post-programme. Results indicated an increase in
components of physical fitness for the experimental group but not the control group. Increases in
fitness were reported as having a positive impact on the functional capacity of individuals in the
exercise group as well as enhancing the individual’s ability to complete activities of daily living
successfully. Results indicate that aquatic exercise may positively impact the primary and secondary
physical injuries caused by a brain injury.

Introduction

The disabilities that an individual is faced with after a brain injury are the result of
the combined impact of neurologic damage and secondary problems that accom-
pany the original insult [1]. After a brain injury, damage to any part of the brain
may lead to motor disorders, ranging from paralysis to poorly controlled movements
including spasticity, ataxia and apraxia [2]. Secondary problems that accompany
a brain injury are often caused by the subsequent immobility an individual
experiences and include decreased aerobic capacity, strength, muscle tone and
function and increases in body fat [1]. This decrease in fitness and mobility has
been reported to increase the metabolic cost of an activity [3, 4]. Therefore, an
individual with a brain injury may find it harder to complete activities of daily
living (ADLs) such as climbing the stairs in a house or walking around a shopping
centre. Decreases in ADLs may then negatively influence an individual’s ability to
function independently, causing the person to become dependent on caregivers
or family members [1, 5]. For example, due to decreased range of motion and
immobility, an individual living out in the community may find it harder to get
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around and attend physical therapy or occupational rehabilitation classes. This
decreased functional capacity will increase the pressure on health care providers
and care givers who have to support the brain injured population, resulting in
high economic costs [6, 7]. The high cost of caring for people with a brain
injury is accentuated by the fact that the life expectancy and population is increasing
as a result of an increase in medical support provided immediately post-injury [8, 9].

As a result of the nature of a brain injury and the diversity of physical functions
that can be negatively affected, specialists are faced with a myriad of injuries to
rehabilitate. Currently, exercise or physical activity is not typically prescribed to
people with a brain injury, especially to people who live in the community.
However, it is widely accepted that regular exercise participation leads to numerous
health benefits, including lower mortality rates, improved cardiorespiratory fitness
and enhanced psychological well-being [10–12]. Significantly for people with a
brain injury, research has indicated that exercise may positively impact physical
injuries such as spasticity and range of motion. Changes in these areas of physical
functioning occur due to the adaptability of the neuromuscular and skeletal system.

Mechanisms of recovery

The plasticity of the central nervous system (CNS) and peripheral neuromuscular
system ensures simple motor skills can be learned again during recovery from
injury, such as a brain injury or stroke [13]. However, potential adaptations in
the neuromuscular and skeletal system are dependant on the level of physical
activity the individual experiences [14]. For example, after a brain injury the level
of activity (e.g. training to increase walking ability or flexibility) that the neuro-
muscular and skeletal system undergoes is limited due to the damage caused by the
injury, the subsequent immobility and resultant secondary problems (e.g. decreased
strength, muscle tone and increased body fat). This inactivity will cause the potential
state of the muscle to decrease (e.g. decreased strength), so that the neuromuscular
and skeletal system is unable to function at the same level as before the injury
(e.g. climb as many stairs, lift as much weight). Consequently, an individual will
have increased difficulty completing ADLs post-injury such as walking, climbing
stairs or carrying a backpack. However, with training and the continual repetition
of a movement, the potential state of the skeletal system will increase due to the
plasticity of the neuromuscular system [13, 15]. These changes occur when the
skeletal system is exposed to a pattern of neural and synaptic activity over a
period of time. For example, by practising a movement (e.g. the leg movement
required during walking), an individual must stimulate neural activity in the spinal
cord, brain stem, cerebellum and cerebral cortex to make that pattern possible.
This process causes adaptations in the CNS to occur [16]. Therefore, if a person
with a brain injury regularly practises walking activities during exercise sessions,
the potential state of the muscles involved (e.g. leg muscles) would increase (e.g.
enhanced strength and range of motion) as a result of the increased neural activity in
the spinal cord, brain stem, cerebellum and cerebral cortex. Consequently, after a
period of training sessions, the individual will be able to walk further.

Several studies have highlighted the adaptability and plasticity of the neuromus-
cular and skeletal system [13, 16, 17]. Investigations examined hyperactive spinal
stretch reflexes (SSRs), which are caused by increased electrical impulses travelling
along the spinal cord to the working muscle. Hyperactive SSRs are associated with
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spasticity in a limb, such as that experienced after a brain injury and stroke.
Theoretically, therefore, by down-training the SSR in the affected limb, impulses
which stimulate the muscle will fire less frequently, causing some of the spasticity
in the affected limb to be reduced. Ultimately, this may lead to a greater range of
motion and control in a limb. The ability of six stroke patients to down-train
hyperactive biceps muscle SSRs was examined [17]. The study consisted of nine
training sessions, which included 250 random stretches 1–5 seconds apart in the
biceps brachii. Results indicated that the magnitude of the SSR during the treat-
ment phase was significantly different ( p<0.007) from baseline recordings. The
average reduction in amplitude in the training interval was 35.5%, indicating that
the biceps brachii muscle SSR of patients may be down-trained, thus reducing
spasticity in the limb. This result has important implications for people with a
brain injury who have lost partial motor control of a limb due to increased spasticity.
By practising a skill such as walking repetitively, the SSR in the affected leg area
may be down trained, thus causing the spasticity to be decreased and increasing
range of motion.

Previous research into the effects of exercise on people with a brain injury

Several studies have been conducted into the area of exercise and people with a
brain injury. Investigations indicate that people can increase components of physical
fitness following aerobic training [1, 18–20], mobility training [21], arm ability
training [22], balance and co-ordination training [23] and neuromuscular training
[4]. Although no research has been conducted into the impact of resistance training
or flexibility training on people with a brain injury, research with elite athletes
with cerebral palsy has indicated that strength and range of motion can be increased
following a 10-week exercise intervention [24]. However, a weakness with each of
the studies listed above was that they were completed in a laboratory environment
and that participants were selected from residential or acute care facilities.
Consequently, results may not be applicable to people who are outpatients (live
in the community) at a rehabilitation centre. Currently, no research is available
examining the effect of an exercise programme on the physical fitness of people
with a brain injury living in the community. Aquatic exercise was selected as the
mode of activity because swimming pools are widely accessible to people living
in the community and there are numerous benefits associated with swimming.

Aquatic exercise and people with a brain injury

Aquatic exercise can increase physical, psychosocial, cognitive and leisure skill
development [25–27]. Physical benefits related to participation in aquatics include
exploring movement possibilities and attempting patterns of movement in the water
without fear of falling or weakness, due to the decreased gravity and increased
buoyancy [26, 28]. The ability to practice skills such as walking allows for a pattern
of neural activity to occur which will change the state of the muscle (e.g. increased
strength, flexibility).

Aquatic activities also increase vital capacity, breath control and cardiorespiratory
fitness [28]. Water increases the pressure on the lungs, forcing individuals to breathe
deeper to ensure sufficient air intake during rhythmic breathing. Taking deeper
breaths serves to increase vital capacity, which has been shown to decrease after a
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brain injury [20, 29, 30]. Decreased vital capacity results in rapid fatigue and
decreased ability to complete ADLs such as walking and carrying bags. Decreased
vital capacity leads to a lower quality of life, as individuals are forced to become
more dependent on others for assistance. By increasing cardiorespiratory fitness and
vital capacity, individuals will be better equipped to complete everyday tasks and
skills independently (e.g. walking, getting dressed, getting out of bed) without
undue fatigue. Individuals could then practice everyday skills, improve motor con-
trol and feel better about themselves physically and mentally [27].

Therefore, the purpose of this study was to examine the effect of an 8-week
aquatics programme on the physical fitness of individuals with a brain injury.
Components of fitness measured included cardiovascular endurance, muscular
strength and endurance, range of motion and body composition. It was hypothe-
sized that there would be an increase in the components of physical fitness in the
exercise group, but not in the control group.

Method

Participants

A stratified random sampling technique was used. A pool of participants was created
from individuals who were outpatients at a local rehabilitation centre, who were
above level six (confused–appropriate) on the Ranchos Los Amigos Scale of
Cognitive Functioning or had experienced the brain injury more than 1 year
prior to the start of the programme. These inclusion criteria were used in an attempt
to ensure that the group was as homogenous as possible and that instructions during
the fitness tests could be understood and followed safely. Participants were then
randomly sampled from this pool to either a control or experimental group.
The final sample included 16 participants with an acquired brain injury who
ranged in age from 33–45 years old (M 37.65; SD 2.34). The sample included
eight men and eight women (see table 1 for participant details). Individuals
were then randomly assigned to either a control group or an experimental group.
The experimental group completed an 8-week exercise programme that consisted
of 24 exercise sessions (three times a week) each lasting 1-hour. Each participant
was assigned an instructor who worked with the participant throughout the
programme for instructional and safety reasons. The control group was assigned
an 8-week vocational rehabilitation class. The vocational class was a reading
and writing programme based on improving hand and creative writing ability
post-injury. The vocational rehabilitation class was a typical programme offered
at the rehabilitation centre, although none of the control group had previously
completed the class.

Physician’s approval to participate in the exercise programme and fitness tests
was received for all participants. The fitness tests utilised in the research study were
based on the guidelines outlined in The Brockport Physical Fitness Test Manual
[31] and the ACSM’s Exercise Management for Persons with Chronic Diseases and
Disabilities [32]. These guidelines were used in an attempt to ensure that the testing
procedures were suitable for people with a brain injury. All participants were not
involved in any other form of physical activity, including physical therapy, through-
out the duration of the programme.
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Table 1. Participant demographics

Participant Gender
Age
(years) Group

TSI
(months) Medical information

1 M 33 Exercise 61 Cane for walker, spasticity in right side, moderate ataxia
2 M 40 Exercise 45 Mild spasticity in right side
3 M 41 Exercise 52 Wheelchair for mobility, severe spasticity in right side
4 M 45 Exercise 16 Severe memory deficits, mild spasticity in right side, mild ataxia
5 F 33 Exercise 26 Wheelchair for mobility, severe spasticity in right side, severe ataxia
6 F 37 Exercise 57 Cane for walker, mild spasticity in right side
7 F 45 Exercise 47 Wheelchair for mobility, blind, speech impediment, mild spasticity
8 F 36 Exercise 22 Walking frame for mobility, moderate spasticity in right side
9 M 34 Control 13 Wheelchair for mobility, severe spasticity in right side, severe ataxia
10 M 39 Control 24 Mild spasticity in right side, mild ataxia
11 M 38 Control 36 Cane for walker, moderate spasticity in right side
12 M 33 Control 45 Wheelchair for mobility, severe spasticity in right side
13 F 41 Control 56 Wheelchair for mobility, mild spasticity in right side, moderate ataxia
14 F 43 Control 49 Wheelchair for mobility, moderate spasticity in right side
15 F 40 Control 41 Mild spasticity in right side
16 F 33 Control 29 Walking frame for mobility, moderate spasticity in right side

TSI: Time since injury.
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Measures

Sub-maximal cycle ergometry
The protocol for the sub-maximal cycle ergometry test was taken from ACSM’s
guidelines [32]. After the completion of a 5 minute warm up, a pedalling rate of
50 rpm and a starting output of 25 W with 25 W increases every 2 minutes was
implemented until individuals reached 75% of their theoretical maximum, as meas-
ured by the Karvonen method (ACSM, 2000). Rate of perceived exertion (RPE)
[33] was also measured after each minute of exercising.

Body composition
Skinfold thickness was measured at the chest, thigh and abdomen for men and
tricep, suprailiac and thigh for women following procedures described by the
Anthropometric Standardization Manual [34]. Calibrated Lange callipers were
used and all measurements were taken on the right side of the participant’s body.
Measurements were taken by the same technician three times in each area, and the
mean of the measurements was then recorded.

Modified curl-up
The modified curl-up test measures abdominal strength and endurance. Participants
completed as many abdominal curl-ups as possible (maximum 75) at a cadence of
one every 3 seconds. Participants lay in a supine position on a mat, with their feet
flat on the floor and knees at 140�. Arms were kept straight and hands were placed
on the front of the thighs with palms against the thigh and fingers outstretched.
As participants curled up, his/her hands slid along the thighs until the fingertips
reached the patellae (�10-inches).

Dynamometer grip strength
In order to measure hand and arm strength, participants were seated on a straight-
backed, arm less chair, with their feet flat on the floor. The handle of the dynam-
ometer was adjusted to fit the hand of the participant. The participant was then
instructed to squeeze the handle as hard as possible. Three trials were administered,
with a 1-minute rest taken between attempts. Tests were completed on both sides
of the body.

Flexibility—sit and reach
A sit and reach box was used to test the flexibility of the hamstrings and lower back.
Movements into the fully stretched position were controlled and not jerky.
Participants were allowed three attempts with a 1-minute rest between trials.

Goniometer measurements
A goniometer was used to measure the range of motion at several different joints.
Measurements were taken with a goniometer by the same qualified tester pre- and
post-programme [35]. The accuracy of the goniometer was assessed prior to testing
by measuring 10 random angles drawn by a protractor [36].
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Procedure

Prior to testing, the research investigator contacted the rehabilitation centre and
informed them of the content of the study. After permission to sample from the
outpatients was received, 16 participants who met the cognitive functioning and
time since injury criteria were contacted. Participants were then randomly assigned
to either the control or experimental group where individuals were informed about
the content of the programme. Informed consent was then received from each
participant followed by the physician’s approval. Participants in the experimental
and control groups completed the battery of physical assessments pre- and post-
programme. Physical testing was conducted in two 1-hour sessions in a lab
environment. The 8-week aquatics and vocational rehabilitation programmes
followed.

The 8-week aquatic intervention consisted of 24 sessions (three sessions a week)
at a local swimming pool, which each lasted �1-hour. Sessions were divided into
three categories: (a) aerobic activities, (b) resistance activities and (c) mixture of
resistance and aerobic activities, with each session being completed on eight occa-
sions. An alternating treatment design was then implemented to ensure that each
treatment occurred randomly throughout the 8-week programme [37]. Participants
were each assigned an instructor who would assist the participant during exercise
sessions. During exercise sessions, all participants wore Polar Heart rate monitors,
and heart rate was kept within 50–70% of maximum rate, as determined by the
Karvonen method [11].

Data analysis

The statistical analysis was produced using Statistical Package for Social Sciences
(SPSS11.0V) for Windows (SPSS Inc. 2002). Paired sample t-tests were computed
to determine any statistical differences between pre- and post-fitness scores.
However, due to the small sample size, effect sizes were also computed. Effect
sizes determine the practical significance of the difference between pre- and post-
scores for physical fitness measurements, which is recommended when sample size
is small [38] and statistical significance needs to be determined [39, 40]. Effect size
indicates the size of the difference between scores in standard deviation units and
the amount of total variance accounted for by the independent variable [41]. An
effect size of 0.50 indicates that half a standard deviation separates the average
participant between groups. An effect size ranging from 0.20–0.50 is considered a
small effect, 0.50–0.80 medium and greater than 0.80 large [42, 43].

Results

Hypothesis: components of physical fitness will increase
post-aquatic programme

The means, standard deviations and effect sizes for the experimental group are
reported in table 2 and the control group in table 3. Significant differences between
pre- and post-test measures at p¼ 0.05 level are highlighted with an asterisk. Paired
t-tests indicated that statistically significant pre- to post-test differences existed for
several of the ROM measurements used during walking, including hip flexion on
the right (t¼�4.914) and left side (t¼�4.255), right hip extension (t¼�4.816)
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and knee flexion on the right (t¼�4.890) and left side (t¼ 13.133). The practical
significance of these results is emphasized by the large effect sizes recorded for right
hip extension (2.54) and knee flexion on the right (1.65) and left side (0.77) and the
moderate effect size for right hip flexion (0.53). A statistically significant difference
and large effect size was also found for elbow flexion in the right (t¼�4.081;
ES¼ 1.06) and left side (t¼�3.257; ES¼ 1.04). Statistically significant differences
were also reported for the sit and reach (t¼�2.966; p<0.05), grip strength for the
right (t¼�3.055) and left (t¼�4.320), body composition (t¼ 6.125; ES¼ 0.51),
cycle ergometry time (t¼�7.638; ES¼ 2.69) and cycle wattage (t¼�13.748;
ES¼ 2.01).

Discussion

Results from this investigation support the hypothesis that there would be an
increase in components of physical fitness following participation in the aquatics
programme. Participants within the experimental group experienced increases in
all physical fitness parameters measured, indicating that exercise can improve the
physical fitness of people with a brain injury (for statistically significant increases
see table 2). No improvements in function were reported for the control group,

Table 2. Means, standard deviations, effect sizes and significant differences for the physical fitness tests of the
experimental group

Fitness measure Pre score (SD) Post score (SD) ES

Shoulder Flex. (RS) 171.8 (6.9) 172.5 (6.5) 0.10
Shoulder Flex. (LS) 171.9 (7.0) 174.1 (4.9) 0.31
Shoulder Exten. (RS) 46.4 (31.1) 48.3 (28.5) 0.06
Shoulder Exten. (LS) 54.6 (19.5) 55 (19.1) 0.02
Elbow Flex. (RS) 129.3 (14.1) 139.8 (6.6) 1.06*
Elbow Flex. (LS) 135.0 (9.8) 145.1 (2.9) 1.04*
Elbow Exten. (RS) 16.1 (22.3) 13.1 (18.1) 0.17
Elbow Exten. (LS) 0 (0) 0 (0) 0.00
Hip Flex. (RS) 77.1 (26.5) 89.3 (19.7) 0.53*
Hip Flex. (LS) 78.1 (15.3) 80 (14.9) 0.13*
Hip Exten. (RS) 26.5 (1.3) 29.8 (1.7) 2.54*
Hip Exten. (LS) 27.1 (12.6) 27.9 (10.8) 0.06
Knee Flex. (RS) 128.8 (2.3) 135.9 (5.8) 1.65*
Knee Flex. (LS) 134.9 (5.1) 138.8 (5.2) 0.77*
Knee Exten. (RS) 1.9 (1.2) 2.3 (1.7) 0.31
Knee Exten. (LS) 1 (1.7) 1.3 (2.3) 0.25
Sit and reach 14.4 (4.2) 14.8 (3.8) 0.12*
Dynamometer (RS) 17.6 (12.1) 21.7 (13.4) 0.34*
Dynamometer (LS) 28.8 (15.7) 29.8 (15.4) 0.06*
Muscular endurance 53.3 (30.0) 59.3 (21.7) 0.24
Body composition 20.2 (4.2) 18.4 (3.3) 0.51*
Cycle ergometry Time 5.87 (0.83) 9.6 (2.1) 2.69*
Cycle ergometry Watts 87.6 (23.1) 143.8 (34.7) 2.01*

* p<0.05.
Note: Guidelines for measurements: Goniometer¼ degrees; Sit and reach¼ inches; Dynamometer¼ kilograms;

Muscular endurance¼ number of abdominal curl-ups; Body composition¼ percentage body fat; Cycle ergometry
time¼minutes; Wattage¼ kilograms.
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also indicating that aquatic exercise can improve physical fitness. Results have
several important implications for people with a brain injury.

First, increases in range of motion (ROM) recorded from goniometer meas-
urements have important implications for the individuals in this study, as increased
ROM positively affected the participants functional capacity and ability to complete
ADLs independently. For example, the experimental group demonstrated increases
in ROM measurements at the joints used for walking. Measurement sites included
hip flexion, hip extension, knee flexion and knee extension. This increase in range
of motion and strength developed in the pool was shown to positively impact
walking activities on land. For example, participants in the exercise group reported
an increased ability to walk further independently from the car to the swimming
pool during exercise sessions. This was a task several participants had been unable to
complete unassisted before the programme began. Two participants in the exercise
group also progressed from using a wheelchair to a walker frame over the 24 aquatic
sessions. This increase in walking ability was considered as a significant improvement
in functional capacity by each participant, as they were able to complete a greater
number of everyday tasks more quickly, efficiently and independently. These
changes were attributed to participation in the aquatic programme, as the control
group did not report any functional changes.

Table 3. Physical fitness test results for the control group

Fitness measure Pre score (SD) Post score (SD) ES

Shoulder Flex. (RS) 176 (8.9) 175.7 (8.1) �0.03
Shoulder Flex. (LS) 175.3 (12.6) 175.8 (9.8) 0.04
Shoulder Exten. (RS) 48 (28.8) 47.7 (29.1) �0.01
Shoulder Exten. (LS) 59.7 (21.2) 58.3 (26.8) �0.05
Elbow Flex. (RS) 143.2 (18.7) 142.6 (16.5) �0.04
Elbow Flex. (LS) 147.2 (13.7) 146.6 (15.3) �0.04
Elbow Exten. (RS) 7.5 (12.3) 8.2 (14.8) 0.05
Elbow Exten. (LS) 0 (0) 0 (0) 0.00
Hip Flex. (RS) 76.4 (19.2) 77.2 (21.9) 0.04
Hip Flex. (LS) 79 (23.4) 78.7 (22.9) �0.01
Hip Exten. (RS) 25.9 (11.2) 26.7 (11.8) 0.07
Hip Exten. (LS) 29.1 (12.4) 28.5 (11.2) 0.05
Knee Flex. (RS) 132.4 (8.9) 132.5 (7.7) 0.01
Knee Flex. (LS) 135.6 (7.5) 136.1 (8.6) 0.06
Knee Exten. (RS) 2.7 (1.3) 2.6 (1.4) �0.07
Knee Exten. (LS) 1.3 (1.7) 1.4 (1.6) 0.06
Sit and reach 14.2 (6.4) 14.5 (7.7) 0.04
Dynamometer (RS) 21.3 (12.7) 21.6 (13.2) 0.02
Dynamometer (LS) 33.6 (17.4) 32.8 (18.1) �0.04
Muscular endurance 61.4 (25.3) 62.3 (26.1) 0.03
Body composition 17.1 (4.1) 16.8 (5.1) �0.06
Cycle ergometry Time 5.5 (1.5) 5.4 (1.6) �0.06
Cycle ergometry Wattage 87.4 (32.6) 84.8 (37.2) �0.07

* p<0.05 and a minus sign (�) indicates a decrease in performance.
Note: Guidelines for measurements: Goniometer¼ degrees; Sit and reach¼ inches; Dynamometer¼ kilograms;

Muscular endurance¼ number of abdominal curl-ups; Body composition¼ percentage body fat; Cycle ergometry
time¼minutes; Wattage¼ kilograms.
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Secondly, results indicated that range of motion increased at the elbow within
the experimental group. Before the programme began, each participant in the
experimental group had reduced ROM in the right elbow due to spasticity. Due
to the nature of swimming activities such as the arm action during breast stroke,
the elbow was continually required to flex and extend. The elbow flexion and
extension required during swimming was seen to have a positive effect on the
ROM of the elbow for the experimental group, as a 10� increase (ES¼ 1.06) in
goniometer measurement was reported post-programme. Again this improvement
was reported as having a positive influence on the functional capacity of participants
within the experimental group, who reported that they were able to dress more
efficiently and quickly. One participant within the experimental group also reported
an increase in ability to support herself upright with the use of a handrail in the
shower. This type of increase in functional capacity is beneficial to a person with
a brain injury, because they are able to complete ADLs independently. It has
also been suggested that self-confidence and self-esteem can be increased when
individuals are able to complete ADLs independently [44].

Thirdly, an increase in the muscular endurance of participants within the
experimental group was recorded as the number of abdominal curls completed
increased from 55 to 61. Enhanced abdominal strength was important for two
of the participants within the experimental group who spent much of their
time seated in a wheelchair. Increased abdominal strength allowed them to sit
up straight in the wheelchair and move unassisted from a seated position into
the wheelchair.

Fourthly, the experimental group demonstrated a greater increase in grip
strength than the control group. Increases in grip strength were greater for the
spastic right side (þ4.00 kg) than the left side (þ1.00 kg) for the experimental
group. The right hand had the greatest potential for increased strength, as it was
not typically used prior to participation in the programme. Although no specific
attention was made during the programme to develop grip strength, each partici-
pant completed exercises that may have contributed to the increases. For example,
tricep dips were performed in the corner of the swimming pool, which involved
individuals gripping the side of the swimming pool for support. Also, participants
each completed modified pull-ups by using the step handles into the swimming
pool, which again involved gripping a bar for support. This enhancement in grip
strength was seen to increase the functional capacity of one participant who was
able to begin gripping and using the braking system on her walking frame. An
improvement in her ability to use her walking frame allowed her to move around
with increasing independence and speed, which had a positive impact on her
functional capacity.

Finally, sub maximal cycle ergometry time (M 3.73; SD 1.47min) and wattage
(M 56.2; SD 28.9 kg) increased for the experimental group. Participants in the
experimental group increased the duration of the ride and the resistance cycled
against while maintaining the same heart rate and RPE scale ratings for pre- and
post-testing, indicating that individuals did not have to work harder to cycle further
and against a greater resistance. Several participants noticed changes in functional
capacity as a result of the improved cycle ergometry time, specifically that they
were able to walk further. Consequently, the individuals felt less fatigued when
walking to and from the pool.
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Conclusion

The key to the rehabilitation process is the relearning of skills. These acquired skills
then assist the individual to become more independent and develop a satisfying
lifestyle [45]. Results from this study indicate that the environment provided
by aquatic exercise enables individuals to develop the physical skills integral to
this rehabilitation process and the individual’s future. By providing an exercise
programme that meets regularly, is safe and fun, it is possible to positively impact
the functional capacity of people with a brain injury. Results also indicate that
people with a brain injury can respond to a training stimulus as physical work
capacity, ROM and muscular strength and endurance improved. Consequently,
aquatic exercise programmes can play an integral part in the rehabilitation pro-
grammes currently available to outpatients with a brain injury.

Finally, and most importantly, regular exercise facilitates the development of
the individual’s autonomy as they attempt to re-establish their place in society.
Considering the popularity of walking and exercise as lifestyle habits for the general
population, if individuals with a brain injury can achieve a level of locomotor ability
that places them within the societal norms to complete these tasks then they can
walk or exercise with family and friends. An increased walking ability enhances the
chance that the individual can follow a socially acceptable pattern of behaviour and
integrate his or her self back into a social and family environment.

Acknowledgement

We thank all of the participants in the study and all the volunteers who made this
investigation possible.

References

1. BATEMAN, A., CULPAN, J., PICKERING, A. D. et al.: The effect of aerobic training on rehabilitation
outcomes after recent severe brain injury: a randomized controlled evaluation. Archives of Physical
Medicine and Rehabilitation, 82: 174–182, 2001.

2. YLVISAKER, M. and FEENEY, T. J.: Collaborative brain injury intervention: positive everyday routines
(San Diego, CA: Singular Publishing Group, Inc.), 1999.

3. OLGIATI, R., BURGUNDER, J. M. and MUMENTHALER, M.: Increased energy cost of walking in
multiple sclerosis: effect of spasticity, ataxia, and weakness. Archives of Physical Medicine and
Rehabilitation, 69: 846–849, 1988.

4. JANKOWSKI, L. W. and SULLIVAN, S. J.: Aerobic and neuromuscular training: effect on the capacity,
efficiency, and fatigability of patients with traumatic brain injuries. Archives of Physical Medicine and
Rehabilitation, 71: 500–504, 1990.

5. WOLMAN, R. L., CORNELL, C., FULCHER, K. et al.: Aerobic training in brain injured patients.
Clinical Rehabilitation, 8: 253–257, 1994.

6. KWAN, W. and SULZBERGER, A.: Issues and realities in brain injury, leisure and the rehabilitation
process: input from key stakeholders. Journal of Leisurability, 21: 26–33, 1995.

7. THOMPSON, K., ANTONY, A. and HOLTZMAN, A.: The costs of traumatic brain injury. North
Carolina Medical Journal, 62: 376–379, 2001.

8. MAZUAX, J. M. and RICHER, E.: Rehabilitation after traumatic brain injury in adults. Disability and
Rehabilitation, 20: 435–447, 1988.

9. THURMAN, D. J., ALVERSON, C., DUNN, K. A. et al.: Traumatic brain injury in the United States:
a public health perspective. Journal of Head Trauma Rehabilitation, 14: 602–615, 1999.

10. BROOKS, G. A., FAHEY, T. D., WHITE, T. P. et al.: Exercise physiology, 3rd edn (San Diego, CA:
Mayfield Publishing Company), 2001.

Brain injury and physical fitness 857



11. AMERICAN COLLEGE OF SPORTS MEDICINE: ACSM’s guidelines for exercise testing and prescription, 6th
edn (New York: Lippincott Williams and Wilkins), 2000.

12. BIDDLE, S. J. H. and MUTRIE, N.: Psychology of physical activity (New York: Routledge), 2001.
13. WOLPAW, J. R.: Acquisition and maintenance of the simplest motor skill: investigation of CNS

mechanisms. Medicine and Science in Sports and Exercise, 26: 1475–1479, 1994.
14. JONES, D. A. and ROUND, O. M.: Skeletal muscle in health and disease (Manchester, UK: Manchester

University Press), 1990.
15. ENOKA, R. M.: Muscle strength and its development. Sports Medicine, 6: 146–168, 1988.
16. WOLF, S. L. and SEGAL, R. L.: Conditioning of the spinal stretch reflex; implications for rehabi-

litation. Physical Therapy, 70: 652–657, 1990.
17. SEGAL, R. L., CATLIN, P. A. and COOKE, R.: Preliminary studies on modification of hyperactive

spinal stretch reflexes in stroke patients. Abstracts for the Society for Neuroscience, 15: 363, 1989.
18. HUNTER, M., TOMBERLIN, J., KIRKIKIS, C. et al.: Progressive exercise testing in closed head-injured

subjects: comparison of exercise apparatus in assessment of a physical conditioning program.
Physical Therapy, 70: 363–371, 1990.

19. SANTIAGO, M. C., COYLE, C. P. and KINNEY, W. B.: Aerobic exercise effect on individuals with
physical disabilities. Archives of Physical Medicine and Rehabilitation, 74: 1192–1198, 1993.

20. LAPIER, T., SIROTNAK, N. and ALEXANDER, K.: Aerobic exercise for a patient with chronic multi-
system impairments. Physical Therapy, 78: 417–424, 1998.

21. DORDEL, J. H.: Intensive mobility training as a means of late rehabilitation after brain injury.
Adapted Physical Activity Quarterly, 6: 176–187, 1989.

22. PLATZ, T., WINTER, T., MULLER, N. et al.: Arm ability training for stroke and traumatic brain
injury patients with mild arm paresis: a single-blind, randomized, controlled trial. Archives of
Physical Medicine and Rehabilitation, 82: 961–968, 2001.

23. DAULT, M. C. and DUGAS, C.: Evaluation of a specific balance and coordination programme for
individuals with a traumatic brain injury. Brain Injury, 16: 231–244, 2002.

24. HOLLAND, L. J. and STEADWARD, R. D.: Effects of resistance and flexibility training on strength,
spasticity/muscle tone, and range of motion of elite athletes with cerebral palsy. Palaestra, 48:
27–31, 1990.

25. TYSON, A.: Aquatic therapy. Strength and Conditioning, 37: 30–31, 1996.
26. LEPORE, M., GAYLE, G. W. and STEVENS, S.: Adapted aquatics programming: a professional guide

(Champaign, IL: Human Kinetics), 1998.
27. DRIVER, S., O’CONNOR, J., LOX, C. L. et al.: Effect of an aquatics program on psychosocial

parameters of individuals with brain injuries. Journal of Cognitive Rehabilitation, 21: 22–31, 2003.
28. MARTIN, K.: Therapeutic pool activities for young children in a community facility. Physical and

Occupational Therapy in Pediatrics, 3: 59–74, 1983.
29. MURDOCH, B. E., THEODORES, D. G. and STOKES, P. D.: Abnormal patterns of speech breathing

in dsyarthric speakers following sever closed head injury. Brain Injury, 7: 295–308, 1994.
30. MCHENRY, M. A.: Vital capacity following traumatic brain injury. Brain Injury, 15: 741–745,

2001.
31. WINNICK, J. P. and SHORT, F. X.: The brockport physical fitness test manual (Champaign, IL: Human

Kinetics), 1999.
32. PALMER-MCLEAN, K. and WILBERGER, J. E.: Stroke and head injury. In: ACSM (editors) Exercise

Management for Persons with Chronic Diseases and Disabilities (Champaign, IL: Human Kinetics),
pp. 169–174, 1997.

33. BORG, G.: Borg’s perceived exertion and pain scales (Champaign, IL: Human Kinetics), 1998.
34. LOHMAN, A. F.: Anthropometric standardization manual (Champaign, IL: Human Kinetics), 1988.
35. RIDDLE, D. L., ROTHSTEIN, J. M. and LAMB, R. L.: Goniometric reliability in a clinical setting.

Physical Therapy, 67: 668–673, 1987.
36. WATKINS, M. A., RIDDLE, D. L., LAMB, R. L. et al.: Reliability of goniometer measurements

and visual estimation of knee ROM obtained in a clinical setting. Physical Therapy, 71: 90–96,
1991.

37. RICHARDS, S. B., TAYLOR, R. L., RAMASAMY, R. et al.: Single Subject Research (San Diego, CA:
Singular Publishing Group, Inc.), 1999.

38. THOMAS, J. R. and NELSON, J. K.: Research Methods in Physical Activity, 3rd edn (Champaign, IL:
Human Kinetics), 1996.

39. COHEN, J.: Things I have learned (so far). American Psychologist, 45: 1304–1312, 1990.
40. COHEN, J.: The earth is round ( p>0.05). American Psychologist, 49: 997–1003, 1994.

858 S. Driver et al.



41. THOMAS, J. R., SALAZAR, W. and LANDERS, D. M.: What is missing in p<0.05? Effect size. Research
Quarterly for Exercise and Sport, 62: 344–348, 1991.

42. COHEN, J.: Statistical analysis for the behavioral sciences, 2nd edn (Hillsdale, NJ: Lawrence Erlbaum),
1988.

43. SUTLIVE, V. H. and ULRICH, D. A.: Interpreting statistical significance and meaningfulness in
adapted activity research. Adapted Physical Activity Quarterly, 15: 103–118, 1998.

44. BAKER-ROTH, S., MCLAUGHLIN, E., WEITZENKAMP, D. et al.: The impact of a therapeutic recrea-
tion community liaison on successful re-integration of individuals with traumatic brain injury.
Therapeutic Recreation Journal, 25: 316–323, 1995.

45. STUMBO, N. J. and BLOOM, C. W.: The implications of traumatic brain injury for therapeutic
recreation services in rehabilitation settings. Therapeutic Recreation Journal, 24: 64–79, 1990.

Brain injury and physical fitness 859




	first

