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The Effect of Aquatic Therapy on
Strength of Adults with Multiple
Sclerosis

Ellen Broach and John Dattilo

This study was conducted to examine the effects of an Aquatic Therapy (AT) exercise program
on strength of four participants with relapsing-remitting multiple sclerosis. A single subject,
multiple-probe design across participants was used to collect data. Measures of strength were
operationalized through upper and lower extremity measures of quadriceps, hamstrings, hip
flexion, biceps, triceps, and shoulder abduction strength. Mixed results prevent definitive
conclusions regarding the effect of AT on strength. However, these results do have implications
for people with multiple sclerosis with regard to strength since all individuals either maintained
or improved strength.
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Maintaining an active lifestyle has been 1987). More recently, the positive relationship
linked to physical health and longevity for the between physical activity and psychological
general population (Bouchard, Shephard, Ste- health (American College of Sports Medicine,
phens, Sutton, & McPherson, 1990) and for 1990), as well as factors such as social support
individuals with disabilities (Krause & Crew, and enjoyment that facilitate adherence to ac-
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tivity (Petajan & White, 1999; Wankel, 1993)
have been examined and promoted. A disease
such as multiple sclerosis (MS) often results in
problems in physical as well as psychological
health as indicated in decreases in self esteem,
self-determination, and mood alterations, as
well as increases in anger, anxiety, and depres-
sion (National Multiple Sclerosis Society,
1993; Paty & Ebers, 1998). Therefore, inter-
ventions that promote regular physical activity
are an important aspect of treatment for indi-
viduals with physical disabilities, including
MS, and associated problems with health.

Petajan and White (1999) emphasized that
exercise programs for individuals with MS
must be designed to activate working muscles
but avoid overload that results in an increase in
fatigue symptoms. Certain land-based physical
exercises are contraindicated for some individ-
uals because of stress on skeletal or muscular
systems and an increase in fatigue associated
with an increase in core body temperature.
Furthermore, some individuals are unable to
independently perform land-based physical ac-
tivities because of the effects of gravity on
limiting movement (Broach & Dattilo, 2001).
Therefore, aquatic therapy (AT) at sub-maxi-
mal levels in cool water for individuals with
MS is indicated because they can typically
participate with (a) lower body temperature,
(b) less muscle stress, (c) less energy expen-
diture, (d) improved performance, and (e) less
guarded actions associated with fear of falling
(Broach & Dattilo, 1996). Also AT, as a treat-
ment modality is often more conducive to
independent participation in a challenging ac-
tivity and thus may facilitate enjoyment and
adherence to the activity (Broach & Dattilo,
1996). The value of AT is further supported by
findings that aquatic therapy improved land-
based activity function and decreased percep-
tions of physical fatigue in participants with
MS (Broach & Dattilo, 2001).

The data included in this report are part of
a larger study that examined the effect of AT
on participants with MS (Broach & Dattilo,
2001). Broach and Dattilo conducted a single

subject, multiple probe design across four
adults with MS that replicated and extended
the results of an earlier study (Broach, Groff,
Dattilo, Yaffe, & Gast, 1998). The researchers
reported the effects of an aquatic therapy pro-
gram on gross motor behavior and fatigue of
participants. Broach and Dattilo replicated the
dependent measures of walking up and down
stairs and rotations on a stationary bicycle
examined by Broach et al. and extended the
study by including measures of rotations on an
upper ergometer and perceptions of physical
and mental fatigue. Based on findings of
Broach et al., the intervention was modified by
adding two AT strategies (aqua steps and pro-
prioceptive neuromuscular facilitation pat-
terns). The findings by Broach and Dattilo
(2001) supported the work of Broach et al.
(1998) who found increases in lower extremity
behaviors of walking up and down stairs and
rotations on a stationary bicycle. In addition,
all participants improved their rotations on the
upper ergometer and their perceptions of phys-
ical fatigue. Overall, the study indicated AT to
be a useful intervention for lower extremity
and upper extremity physical behaviors and
perceptions of physical fatigue. This report
includes dependent measures that extended the
Broach et al. study to examine effects of the
AT intervention on strength.

Review of the Literature

Characteristics of Multiple Sclerosis
Multiple sclerosis is the most common de-

myelinating disease of the central nervous sys-
tem (CNS) pathways for adults (Anderson et
al., 1992). MS is a disease that primarily man-
ifests in individuals between 20 and 40 years
of age with women being affected more often
than men (Paty & Ebers, 1998). Individuals
with MS often have symptoms that include
muscular weakness, emotional problems, un-
usual fatigue, hypersensitivity to heat, de-
creased visual acuity, pain, and cognitive
dysfunction (National MS Society, 1992).
Furthermore, primary symptoms associated

Third Quarter 2003 225



with MS include decreased strength and de-
pressed affect (Schapiro, 1987).

MS and Strength
Symptoms of MS include those that influ-

ence upper and lower extremity strength.
Damage in only one of a number of locations
in the brain or spinal cord can produce prob-
lems with strength or coordination of the limbs
(Petajan & White, 1999). With damage to the
CNS pathways that regulate strength and co-
ordination, tone increases and muscle mass
diminishes only to the extent that the muscles
are not used (Kent-Braun et al., 1997). Kent-
Braun et al. asserted that changes in skeletal
muscle from disuse significantly affected func-
tion in participants with MS. While Schapiro
(1987) stated that therapeutic exercise is im-
portant to maximize usefulness of the remain-
ing strength, Kent-Braun et al. asserted a ra-
tionale for therapeutic interventions that
include a program of exercise to reverse a
portion of the poor function experienced by
individuals with MS.

Gehlsen, Grigsby, and Winant (1984) con-
ducted pre, mid, and post training measure-
ments of isokinetic peak torque, work, power,
and fatigue on a group of 10 individuals with
MS. The 10-week training program (3 X
week; 1 hour sessions) consisted of swimming
and calisthenics at an intensity of approxi-
mately 60-75% of each patient's maximal
heart rate. Results showed significant im-
provement in isokinetic peak torque during
knee extensions. Significant effects were not
seen in knee flexion. Peak torque changes
occurred over the first five weeks, between pre
and mid trial measurements, with a slight loss
during the second week of training. Upper
extremity measurements of force, work, and
power showed significant improvement in all
measurement tensions between pre and mid
training as well as mid and post training.
While Gehlsen et al. found improved muscle
performance, there were mixed results, a small
sample size, and no control group.

Aquatic Therapy and Multiple
Sclerosis

Physical improvements achieved through
AT have been suggested related to physical
behaviors (Broach et al., 1998; Broach & Dat-
tilo, 2001), strength (Gehlsen et al., 1984;
Tovin, Wolf, Greenfield, Crouse, & Woodfin,
1996), endurance (Edlund, 1980; Routi,
Troup, & Berger, 1994), respiratory function
(Bar-Or & Inbar, 1992), pain (Langridge &
Phillips, 1988; Guillemin, Constant, Collin, &
Boulange, 1994) and range of motion (Peg-
anoff, 1984). Although there is some support
that AT can improve strength, research pro-
cedures used in studies lack rigor and only
one study has examined the effect of AT
on the strength of persons with MS (Gehlsen
et al.).

Purpose and Rationale
The purpose of treatment for MS is to

control symptoms, maintain function and max-
imize quality of life. While primary symptoms
associated with MS include decreased strength
and depressed affect (Schapiro, 1987), there
has been little examination of the effects of AT
on these symptoms. AT has the potential to
provide a functional intervention where partic-
ipants improve or maintain function while par-
ticipating in an enjoyable activity (Broach &
Dattilo, 1996). Therefore, the purpose of this
study was to examine effects of an AT pro-
gram on quadricep, hamstring, hip flexion,
bicep, tricep, and shoulder abduction strength.

Method
Participants and Setting

Participants included four women with re-
lapsing-remitting MS who were at least 18
years old, expressed a desire to participate in
AT, had a doctor's order for AT, had not
participated in AT prior to this study, and had
no medical contraindications to participation
as indicated by responses to a health question-
naire. Participants were selected from a pool of
volunteers in a large city in the southeastern
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United States who were recruited by a written
announcement in a newsletter of the local
chapter of the MS Society and by posting
flyers at the physical rehabilitation facility
where the study was conducted. The partici-
pants included Dorothy (age 53), Teresa (age
52), Anita (age 30), and Margo (age 43).
Dorothy, who utilized a cane for ambulation,
reported that while she was diagnosed with
MS two years prior to this study, her symp-
toms occurred 13 years before her actual di-
agnosis. Teresa, who used a walker for ambu-
lation, was diagnosed with MS five years prior
to this study. Anita, who ambulates without
assistance, was diagnosed with MS two years
before this study. Margo, who is ambulatory
without assistance, was diagnosed with MS 14
years before this study when she became preg-
nant with her first child. All participants stated
that their goal for this AT program included
improving strength. Dorothy and Teresa addi-
tionally noted a desire to find an enjoyable
exercise program that they could do indepen-
dently.

The intervention occurred in an accessible
pool. The water temperature was regulated
from 85° to 87° for all MS programs. The
aquatic therapist used in this study was a
Certified Therapeutic Recreation Specialist, an
MS Aquatic Exercise instructor, and an
Aquatic Exercise Association instructor. In
general, the intervention protocol followed a
four phase format: 10 minutes of walking
warm-ups, 10 minutes of step exercises, 18
minutes of upper body exercises, and 7 min-
utes of lower body exercises.

Data Collection
Muscle Testing

The primary method of data collection in-
cluded observations of the results of the mus-
cle testing collected in a time series manner.
To address the question of the effects of AT on
strength, manual muscle tests were conducted.
Manual muscle tests included measurement of
the strength of the participants' dominant side
(a) quadriceps, (b) hamstrings, (c) biceps, (d)

triceps, (e) shoulder abductors, and (f) hip
flexors. Manual muscle testing using a Mi-
crofit muscle tester (MMT) was used to stan-
dardize strength measures. This hand-held dy-
namometer quantifies peak force in pounds
(Bohannon, 1988). Manual muscle "make"
testing is conducted by having an investigator
apply resistance against a participant's ana-
tomical movement for 5 seconds (Aufsesser,
Horvat, & Croce, 1996). Make tests were used
because of high inter-rater and intra-rater reli-
ability with less experienced testers (Horvat,
1995). Another advantage is that make tests
are likely to yield accurate results and are
comfortable to use with individuals who have
physical and neuromuscular disabilities (Hor-
vat).

Protocols established to increase the accu-
racy of muscle test measures included (a) sta-
bilization, (b) motivation, (c) contraction time,
and (d) contraction length. Stabilization was
required so muscle substitution did not inter-
fere with the recording of the representative
score (Horvat, Croce, & Roswell, 1994). Mo-
tivation was addressed in the muscle testing by
the investigator using the same instructions for
each measure so that participants were moti-
vated at the same level to achieve maximal
effort. Based on suggestions in the literature
(e.g., Horvat, 1995) and the fatigue associated
with MS (Schapiro, 1987), one trial of muscle
testing occurred in this study. The observer
held the position of the MMT for five seconds
on all manual muscle testing measures. Proce-
dures described by Kendall, Kendall-Mc-
Creary, and Provance (1993) were followed to
conduct the manual muscle tests in this study.

Quadriceps. First, the participant sat on a
mat table that was three feet in height. To
conduct the quadriceps measurement, the par-
ticipant sat with knees over the side of the
table holding on to the table. The observer
stabilized participant above the knee and place
the MMT above the ankle with the lower limb
at a 90° angle at the knee. The observer asked
the participant to push against the MMT so
that the extension of the knee joint without
rotation of the thigh was tested.
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Hamstrings. Contraction of both the medial
and lateral hamstring results in knee flexion.
To measure hamstring strength, the partici-
pant, still sitting with knee at a 90° angle,
pushed against a MMT placed below the calf
on the posterior side of the dominant leg with
the participant stabilized at the knee. The par-
ticipant was directed to apply the force that
resulted in knee flexion.

Hip flexor. To test hip flexor strength, the
participant sat with knees bent over the side of
the table holding on to the table. The partici-
pant was asked to raise her knee 8 inches off
the table. With both hands on the MMT, which
was placed above the knee, the observer in-
structed the participant to push against the
MMT.

Biceps. To test bicep strength, the partici-
pant lay supine on the table and the forearm
was supinated with the elbow placed at a 90°
angle at her side. The investigator held the
elbow against the participant's side to avoid
shoulder movement. Pressure was exerted at
the distal end of the forearm above the wrist
(to avoid twisting the wrist) in the direction of
pronating the forearm. The participant was
directed to push against the MMT.

Triceps. To test tricep strength, the partic-
ipant was in a supine position on the table. The
forearm was positioned toward the body with
the wrist in a hammer position. The test in-
volved extension of the elbow while pressure
was placed by the investigator against the
wrist and forearm in the direction of the flex-
ion. The participant was directed to push in the
direction of the MMT.

Shoulder abduction. The investigator
tested for shoulder abduction without rotation.
Kendall et al. (1993) stated that the elbow
should be flexed to indicate a neutral position
of rotation. Shoulder abduction was measured
with the participant sitting on the mat. The
MMT was placed above the elbow and the
participant was stabilized at the shoulder. The
participant was asked to push against and in
the direction of the MMT for abduction re-
sults.

Observer Accuracy
The observers included the primary inves-

tigator and an assistant. The assistant received
all forms, definitions of terms, task analyses of
the muscle test procedures, and data collection
sheets. To establish observer accuracy, the
primary investigator trained the assistant in
documentation, use of the MMT, and observa-
tion procedures prior to the study. Training
included viewing of a simulation video of
manual muscle tests of hamstrings, quadri-
ceps, biceps, triceps, hip flexor, and shoulder
abduction. When 90% agreement of the task
analysis procedures and scores of the muscle
tests was achieved with the primary investiga-
tor, the assistant was deemed ready to serve as
an observer. Validity was calculated using a
gross method of agreement. The gross method
of agreement used for event recording and
recording of the total duration requires divid-
ing the higher number by the lower number
and multiplying the answer by 100.

Observer Agreement
At least once during baseline and one out

of every five of muscles tests, two observers
were present to check for inter-rater reliability.
Inter-rater reliability was sufficient as compar-
isons of agreement to non-agreement were
greater than 90% on the observed muscle tests.
Procedural reliability data for the intervention
were gathered on the same day that observer
reliability data were collected for the depen-
dent measures. Duration of occurrence using
the gross method of agreement was calculated
for each exercise sequence that included ap-
proximately 10 minutes for warm up, 17 min-
utes for lower extremity and step exercises,
and 18 minutes for upper body exercises. In
addition, the actual exercises used in each
exercise sequence were compared to the pro-
posed exercises. At least 82% procedural reli-
ability was maintained throughout the study.

Experimental Design
A single-subject, multiple probe design

was used to determine the effects of AT on
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strength. As with other normative designs, the
intent of single-subject design is to assure that
changes in response to an intervention are the
result of that intervention and are not a conse-
quence of chance or other factors (Dattilo,
Gast, & Schleien, 1993; Tawney & Gast,
1984). Unlike other experimental designs that
compare groups, with single-subject designs
each individual serves as his or her own con-
trol (Dattilo et al.). While there are various
designs used in single-subject research, spe-
cific procedures are employed regardless of
what single-subject design is selected such as:
(a) establishing baseline-probe data, (b) fre-
quent data collection, (c) graphing the data, (d)
verifying inter-observer agreement and (e) us-
ing visual analysis of graphed data (Dattilo
et al.).

Participants were engaged in the AT pro-
gram for at least 8 weeks. Participants were
staggered into the intervention phase with Do-
rothy beginning the intervention first after 6 (5
continuous) baseline measures, Teresa second
after 7 (5 continuous) baseline measures,
Anita beginning third after completing 7 (3
continuous) baseline measures, and Margo be-
ginning fourth after 12 (5 continuous) baseline
measures.

Procedures
This study consisted of three phases: base-

line, intervention, and follow-up. Baseline was
used to assess strength for each participant.
The intervention consisted of the MS AT pro-
gram. After completing the intervention, a fol-
low-up phase was used at two, four, and six
weeks to determine the maintenance effect of
the intervention.

During baseline, participants came to the
rehabilitation center three days a week at 9:00
a.m., completed a 24-hour medical history
form, were tested on the dependent measures,
and were offered the opportunity for free swim
in the pool after observations. Although all
participants' MS remained in remission
throughout the study, the 24-hour medical his-
tory form was administered to help explain
fluctuations in behaviors and detect the possi-

bility of exacerbations. The form included
questions about perceptions of sleep quality,
overall physical feeling, changes in medica-
tions or therapy, and problems that may affect
performance.

All strength measures were completed in
the same order to prevent multi-test interfer-
ence with carry-over effects of sequencing.
Initial probes on dependent measures were
conducted on all participants. Continuous
measures were taken on the first randomly
selected participant for at least five sessions
during baseline. When a stable baseline level
and non-accelerating trend was established on
primary dependent measures (e.g., a strength
measure), the intervention was introduced to
the first participant. Continuous measures
were taken in baseline on the second randomly
selected participant for at least five sessions
and until an appropriate level and trend were
achieved. The dependent measures were then
probed again for all participants and taken
continuously for the first and second partici-
pant with the second participant entering the
intervention. The sequencing of probing and
the AT condition continued until the interven-
tion was introduced to all participants.

During the intervention, after testing on the
dependent measures, participants attended the
MS AT program designed to improve partici-
pants' gross motor performance, upper and
lower extremity strength, and endurance. AT
was conducted in a small group setting at
regularly scheduled times (3 X week). During
follow-up, all participants were re-tested two,
four, and eight weeks after the intervention
ended on all dependent measures.

Social Validity

Social validity of the projected outcomes,
intervention procedures, and effects were as-
sessed. A physical therapist, an occupational
therapist, and the research review committee at
the rehabilitation center, as well as the local
MS society director critiqued the projected
outcome measures. All reviewers agreed that
the projected strength outcomes were socially
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significant and relevant goals of an AT inter-
vention.

Appropriateness of the intervention proce-
dures were assessed every fifth session of the
intervention using five open-ended questions
that reflected participants' opinions regarding
program importance, satisfaction, and sugges-
tions for change. To address social importance
of effects, a four-item questionnaire using a
3-point Likert scale format, was administered
before and after the study to the AT partici-
pants, adult family member of each partici-
pant, and the AT instructor that allowed them
the opportunity to comment on the impact of
the effectiveness of the AT on physical ability,
strength, and endurance, as well as the overall
value of the AT.

Data Analysis
Visual analysis of graphed data was con-

ducted following the guidelines described by
Tawney and Gast (1984). Data stability, level
changes, trend direction, and percent overlap
were considered within and between the con-
ditions of baseline and intervention. Data
within the conditions were considered stable if
80% of the data points fell within a 15% range
of the mean of all data points of a condition.
Level changes were identified by noting the
difference in the last data point of the first
condition and the first data point value of the
second condition. Trend direction (accelerat-
ing, decelerating or zero-celerating) was iden-
tified by using split-middle analysis (Tawney
& Gast) unless the data path was stable with an
obvious trend. Within baseline, trends were
examined to guide discussions regarding ap-
propriate introduction of the intervention. Par-
ticipants with zero-celerating or decelerating
trends for at least three continuous sessions
were considered appropriate for the interven-
tion phase of the study. Between condition
trends were compared by identifying changes
in level direction and stability between base-
line and intervention. Percent overlap was cal-
culated by dividing the number of data points
in the AT condition that fell in the range of
baseline-probes data by the total number of

data points in the second condition and multi-
plying the results by 100. When the percentage
of overlap was low, the impact of the inter-
vention on the target behavior was more easily
determined (Tawney & Gast). Unless acceler-
ating trends were obvious, high overlap gen-
erally represented maintenance or lesser effect
of the AT.

Results
Results were observed in the baseline, in-

tervention, and follow-up conditions of the
study for strength. Participants' peak force in
pounds was quantified for quadriceps, ham-
string, hip flexor, shoulder abduction, bicep
and tricep strength.

Quadriceps
As seen in Figure 1, during baseline, Dor-

othy showed a stable, zero-celerating trend in
quadricep strength (M = 36). Although the
amount of force Dorothy exerted initially
dropped and was variable during first 50% of
the intervention, her behavior stabilized during
the last half of the intervention when she
achieved a 7-pound mean improvement over
the baseline (M = 43). Dorothy's follow-up
scores were stable and maintained a mean
score 2 pounds above the intervention mean
(M = 45). However, the extended latency
effect after the intervention was implemented
decreased confidence that the intervention in-
fluenced quadricep strength.

Teresa's data demonstrated a slight decel-
erating trend in quadricep strength during
baseline (M = 41). During the intervention,
the quadricep force exerted was variable and
slightly accelerating with a mean score equal
to baseline and an 86% overlap of scores
between conditions (M = 41). Teresa's fol-
low-up data showed a mean strength score
below her baseline mean (M = 37). Therefore,
Teresa did not increase but maintained quad-
ricep strength between baseline and the AT
intervention.

Quadricep force during baseline for Anita
was stable and slightly decelerating (M = 42).
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FIGURE 1. QUADRICEP STRENGTH
ACROSS PARTICIPANTS.

During the intervention, Anita showed a vari-
able, accelerating trend (M = 46). Anita's
pounds of quadricep force during follow-up
was one score above her baseline mean (M =
43). However, the variable data and the 72%
overlap of scores between baseline and inter-
vention decrease confidence that a change of
quadriceps strength was associated with the
intervention.

The pounds of force exerted by Margo was
variable and accelerating during baseline
(M = 57). This accelerating trend continued
during the intervention with a 20-pound mean
improvement (M = 77). However, since the
amount of force Margo exerted during base-
line was accelerating, her continued improve-
ment in strength during the intervention cannot
be attributed to the AT. Margo's pounds of
force scores during follow-up showed a decel-

erating trend while maintaining a mean score
above baseline mean (M = 74).

To conclude, while pounds of quadricep
force exerted by three of the four participants
was decelerating or zero-celerating in base-
line, variable data for Dorothy and Teresa and
high percentages of overlap (50% to 83%) for
Dorothy, Teresa and Anita, decrease confi-
dence in the effect of AT on increasing the
quadricep strength of the three participants.
Therefore, while all participants maintained their
strength, there is no support that AT sessions
improved quadricep strength as indicated by
pounds of force exerted by participants.

Hamstrings
As seen in Figure 2, Dorothy's data for

hamstring strength was slightly decelerating

Aquatic Therapy Follow-up

Sessions

FIGURE 2. HAMSTRING
ACROSS PARTICIPANTS.

STRENGTH
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during baseline (M = 20). During the inter-
vention, the data was stable with a slightly
improved mean and a zero-celerating trend for
48% of the intervention followed by a vari-
able, accelerating trend and improved level for
the last 52% of the intervention resulting in a
24% overlap of scores between baseline
probes and intervention (M = 28). Follow-up
data for Dorothy showed a mean score 5
pounds above the intervention mean (M = 33).

Teresa exhibited a zero-celerating trend
during baseline for pounds of hamstring force
(M = 19). Upon entering the AT, Teresa
demonstrated a variable trend with level
changes below baseline for the first 3 sessions,
followed by an accelerating trend that decel-
erated with missed classes from session 24 to
29 to a level below baseline. The absences and
decelerating trend coincided with illness and a
fall as reported on her 24-hour medical history
forms. Beginning session 39, Teresa again
demonstrated an improved level then main-
tained a zero-celerating trend for the last 30%
of the intervention. Despite Teresa's variable
scores, she demonstrated an improved mean
during the intervention compared to baseline
mean and a low percentage overlap which
increased confidence that the AT program in-
fluenced her hamstring strength (M = 22).
Follow-up scores for Teresa indicated that af-
ter the intervention ended she achieved scores
below the intervention level but above base-
line (M = 21).

Split-middle analysis showed that Anita
had slightly decelerating baseline scores for
pounds of hamstring strength (M = 24). Upon
initiation of the intervention, a latency effect in
hamstring strength for the first 9 sessions was
observed. This latency coincided with Anita's
reported migraine headaches. Beginning with
session 10, Anita's data showed an improved
level despite variability resulting in a 30%
overlap of scores between the baseline and
intervention condition (M = 30). The latency
of effect, decreased confidence that the AT
caused the improved scores for hamstring
strength. Anita's follow-up scores for hamstring

strength were zero-celerating with a mean score
above the intervention mean (M = 34).

During baseline Margo's data demon-
strated a variable accelerating trend that stabi-
lized with zero-celeration (M = 36). Margo
demonstrated an improved relative level after
an initial latency period during the interven-
tion with a 14-pound mean improvement
(M = 50). Follow-up scores showed that
Margo maintained a mean score 3 pounds
below her intervention mean (M = 47).

In summary, while hamstring strength for
participants improved during the intervention,
extended latencies for two participants, vari-
able intervention scores and moderate overlap
of scores between conditions for all but Margo
decrease confidence in conclusions regarding
the effect of the intervention. Therefore, there
is not enough evidence to conclude that par-
ticipation in 24 AT sessions improved strength
of participants as measured in pounds of ham-
string force.

Hip Flexors
As seen in Figure 3, during baseline, Dor-

othy demonstrated a stable zero-celerating
trend in pounds of hip flexor force (M = 8).
During the intervention, Dorothy's behavior
was stable and accelerating with an improved
relative level after scores below her baseline
for session 3 and 4 (M = 14). Dorothy's
behavior associated with hip flexor force dur-
ing follow-up accelerated after the first fol-
low-up session then became zero-celerating for
the last two follow-up scores resulting in a mean
score above her intervention mean (M = 17).

Teresa demonstrated a stable zero-celerat-
ing trend for hip flexor strength during base-
line (M = 10) that continued into the interven-
tion with a mean one pound above baseline
mean and 75% overlap of scores. During fol-
low-up, Teresa demonstrated a decelerating
trend for hip flexor force with a mean below
baseline (M = 7). Therefore, Teresa's data
show no effect of the AT on hip flexor
strength.

A split-middle calculation indicated that
Anita's data for hip flexor force was variable
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FIGURE 3. HIP FLEXOR STRENGTH
ACROSS PARTICIPANTS.

and zero-celerating during baseline (M = 26).
During the intervention Anita's data pertaining
to hip flexor force was variable and slightly
accelerating (M = 33). However, during the
first nine sessions Anita's behavior was vari-
able with many scores at or below baseline,
which contributed to the 29% overlap of
scores between conditions. The remaining
63% of the intervention scores, except one,
was above baseline level. While, Anita's fol-
low-up scores for hip flexor force resulted in a
mean below the intervention and above base-
line mean (M = 29), her decelerating fol-
low-up trend indicated that her hip flexor
strength was returning to baseline.

The split-middle method was used to de-
termine Margo's decelerating trend during
baseline (M = 35). During the intervention,
five out of Margo's first six scores were below

baseline-probes scores. Margo's scores then
returned to an improved level that she main-
tained for the remainder of the intervention
(M = 39). During follow-up, Margo showed a
decelerating trend that maintained a mean
score below the intervention and equal to base-
line (M = 35).

To conclude, improvements associated
with the participants' ability to exhibit hip
flexor force were seen for three out of four
participants. All four participants demon-
strated stable zero-celerating or decelerating
baseline-probes. During the intervention par-
ticipants demonstrated variable scores and im-
proved their pounds of hip flexor force as
indicated by higher mean scores during the
intervention than during baseline. However,
despite Teresa's improved mean, the high per-
cent overlap and low mean score improvement
indicated no change in her hip flexor strength.
Therefore, there was no replication of effects
of the AT program across participants on im-
proving hip flexor strength.

Triceps
As seen in Figure 4, the pounds of tricep

force that Dorothy exhibited during baseline
was stable with a zero-celerating trend (M =
11). During the intervention, and after an ini-
tial 3 session latency, Dorothy displayed a
stable, accelerating trend that became variable
mid-intervention for 8 sessions. During the
last 48% of the intervention the data stabilized
and maintained a zero-celerating trend result-
ing in an overall mean improvement of 3
pounds over baseline mean (M = 14). Dor-
othy's follow-up scores showed an accelerat-
ing trend resulting in a mean score equal to the
intervention mean score (M = 14).

During baseline, Teresa also displayed a
stable zero-celerating trend in pounds of tricep
force (M = 14). Teresa demonstrated a zero-
celerating trend that remained above her base-
line scores throughout the intervention (M =
20). During follow-up, the pounds of force
Teresa exhibited were accelerating, maintaining
a mean score above baseline mean (M = 18).

Anita demonstrated a slightly decelerating
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FIGURE 4. TRICEP STRENGTH ACROSS
PARTICIPANTS.

trend during baseline in pounds of tricep force
(M = 20). This decelerating trend continued
during the intervention and follow-up. As a
result, no change in mean scores was demon-
strated during the intervention (M = 20) while
follow-up mean scores (M = 19) were below
baseline probes mean.

Margo's behavior presented a stable zero-
celerating trend for tricep strength during
baseline (M = 22). During the intervention,
Margo presented an improved level and accel-
erating trend that began to show a decelerating
trend during the last six sessions of the inter-
vention and a 10 pound mean improvement
over baseline mean (M = 32). Follow-up
scores showed that Margo's behavior re-
mained above baseline but below the interven-
tion with a decelerating trend (M = 30).

In summary, there is some support to con-

clude that participation in approximately 24
sessions improved strength performance for
three out of four participants as indicated by
the pounds of tricep force exhibited. All par-
ticipants demonstrated stable zero-celerating
or decelerating trends during baseline-probes.
During the intervention all participants, except
Anita, showed an improved mean in pounds of
tricep force with a low percent overlap be-
tween baseline and the intervention.

Biceps
As seen in Figure 5, Dorothy demonstrated

variable, decelerating baseline scores for
pounds of bicep force (M = 18). During the
intervention, Dorothy displayed variable ac-
celerating scores for pounds of bicep force
with a latency effect for the first 4 intervention
sessions. Dorothy continued this variable, ac-

Aquatic Therapy
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FIGURE 5. BICEP STRENGTH ACROSS
PARTICIPANTS.
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celerating trend for the remainder of the inter-
vention resulting in a 7-pound mean improve-
ment over baseline and a 12% overlap of
baseline and intervention scores. During fol-
low-up, Dorothy showed an accelerating trend
with a mean score above the overall interven-
tion mean for pounds of bicep force and equal
to the mean of the final 50% of the interven-
tion scores (M = 27). While Dorothy's scores
were variable prior to entering the interven-
tion, her low percentage overlap during the
intervention and level change increase confi-
dence in the effectiveness of the AT.

Teresa showed a stable, decelerating trend
during baseline for bicep strength (M = 18).
After entering the intervention, Teresa demon-
strated an improved level with a variable,
accelerating trend (M = 26). Teresa's fol-
low-up scores for pounds of bicep force indi-
cated a decelerating trend associated with the
third data point while maintaining a mean
above the intervention mean (M = 29).

Anita's data during baseline showed a sta-
ble, slight decelerating trend for pounds of
bicep strength (M = 28). This trend changed
with the implementation of the intervention
and an improved level and a stable, zero-
celerating trend was exhibited (M = 36). Ani-
ta's data during follow-up displayed a decel-
erating trend while maintaining a mean score one
pound above the intervention mean (M = 37).

Margo's behavior related to pounds of
force exhibited was variable with an acceler-
ating trend during baseline (M = 40). Margo's
pound of force continued an accelerating trend
during the intervention that became stable and
slightly decelerating for the last 5 sessions of
the intervention (M = 43). Margo's follow-up
behavior related to pounds of force maintained
a mean equal to her baseline mean. However,
no conclusions were apparent regarding the
effects of the AT because Margo's accelerat-
ing trend during baseline was maintained dur-
ing the intervention.

To conclude, even though all participants
showed improved mean scores for bicep
strength during the AT, the results for Margo
did not break the predicted accelerating pat-

tern. Therefore, three of the four participants'
scores for bicep strength reflected therapeutic
outcomes associated with AT.

Shoulder Abductor
As seen in Figure 6, during baseline, Dor-

othy, who had range of motion restrictions in
both of her shoulders, showed a stable, zero-
celerating trend in the pounds of shoulder
abductor strength exhibited (M = 5). Upon
entering the intervention, Dorothy's strength
relative to the amount of shoulder abductor
force showed a two session latency followed
by an improved level and accelerating trend
that became zero-celerating for the majority of
the intervention (M = 11). During follow-up,
Dorothy maintained her intervention mean
score (M = 11) with an accelerating trend.

Aquatic Therapy Follow-up
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FIGURE 6. SHOULDER ABDUCTOR
STRENGTH ACROSS PARTICIPANTS.
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Teresa's data for pounds of shoulder ab-
ductor strength was variable, zero-celerating
during baseline (M = 10). Once the interven-
tion began, Teresa's pounds of shoulder ab-
ductor strength was variable with a slight ac-
celerating trend. While Teresa's scores
decelerated during the last five sessions of the
intervention, she continued to maintain a mean
above the baseline mean (M = 13). Teresa's
follow-up scores for pounds of shoulder ab-
ductor strength maintained the lower level she
exhibited during the last five sessions of the
intervention with a mean score equal to the
intervention mean score (M = 13).

Anita showed a variable, zero-celerating
trend in the pounds of force she exhibited
during baseline (M = 21). Anita's scores were
slightly decelerating upon entering the inter-
vention resulting in a two-pound mean de-
crease compared to her baseline mean (M =
19). Anita's follow-up maintained a mean
equal to the intervention mean that was below
the baseline mean.

During baseline, the pounds of shoulder
abductor strength exhibited by Margo was sta-
ble with a zero-celerating trend (M = 30).
Margo's intervention data for pounds of shoul-
der abductor strength was latent for 4 sessions,
then became variable with an accelerating
trend and an improved level that was main-
tained despite a decelerating trend for the last
50% of the intervention (M = 36). Margo's
follow-up scores of shoulder abductor strength
presented a decelerating trend while maintain-
ing a mean above baseline mean (M = 33).

To conclude, the data shows therapeutic
outcomes associated with AT for Dorothy's,
Teresa's, and Margo's shoulder abductor force
with Anita showing a slight decelerating trend
between conditions. All participants exhibited
zero-celerating trends during baseline. Upon
entering the intervention three of the four par-
ticipants exhibited mean scores that were
higher than baseline.

Summary of Strength Data
Visual analysis of the data found mixed

results associated with the effects of AT on

strength. First, lower extremity strength anal-
ysis of the data reflected no conclusions of
improvement for participants in quadriceps or
hamstring strength, while behavioral improve-
ments associated with the participants ability
to exhibit hip flexor force were seen for three
out of four participants. Analysis of the upper
extremity data found that three out of four
participants showed improved tricep strength,
bicep strength and shoulder abductor strength
during the AT intervention. Follow-up scores
for most participants maintained a level at
least above baseline mean for the two, four and
eight week follow-ups. However, decelerating
trends for some participants during follow-up
indicated that further follow-up may have re-
sulted in lower mean scores.

Social Validity
Social validity of effects and procedures

were assessed. Social validity of effects were
assessed pre and post intervention by family
members, participants, and the AT instructor.
Respondents to the social validity of effects
questionnaire agreed that before the interven-
tion they expected it to be effective (M = 2.24,
with 3.0 being very effective) and after the
intervention was over that they perceived the
intervention to have had an effect on physical
ability, strength, and endurance (M = 2.5,
with 3.0 being very effective). Responses to
the five open ended questions about the social
validity of AT procedures indicated that the
participants were satisfied with the AT proce-
dures. In addition, participants stated they felt
the most important outcomes included free-
dom of movement, energy, social interaction,
and relaxation.

Discussion
The investigation was undertaken to deter-

mine effects of participation in AT on partic-
ipants' strength. Visual analysis of the data
suggests some improvements in upper and
lower extremity strength. However, because
results were not replicated across all partici-
pants, effects of the AT intervention was not
established for strength.
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Overall, this study failed to show that the
AT program influenced strength of the four
participants. However, hamstring, quadricep,
hip flexor, tricep, bicep and shoulder abductor
strength did improve or remain close to base-
line level for participants throughout the re-
search indicating a delay in the progression of
their condition. Kent-Braun et al. (1997) and
Schapiro (1987) indicated that maintenance of
strength over time is an important outcome of
activity interventions for individuals with MS.

Gehlsen et al. (1984) reported significant
improvements in hamstring force with mixed
results in quadricep force as a result of aquatic
exercise. Gehlsen et al. found that an exercise
program improved force measures in upper
extremity strength. This study did not support
the Gehlsen et al. study results. Gehlsen et al.
did not detail the aquatic exercises and in-
cluded a small sample of people with no con-
trol group. Therefore, comparisons between
the results of the Gehlsen et al. study and this
study should be considered with caution as the
differences could be attributed to a variety of
factors.

Lack of gains in strength in this study and
mixed results in the other studies may be
related to the general muscular weakness and
contracture problems experienced by individ-
uals with MS (Paty & Ebers, 1998). The extent
of the neurological damage experienced by
participants may have interfered with the abil-
ity of their musculature to improve with exer-
cise. Gehlsen et al. (1984) noted that physical
training cannot change irrevocable central ner-
vous system damage.

Despite mixed results for the strength data,
Broach and Dattilo (2001) found that these
same participants improved their ability to
perform physical behaviors that included stair
walking, bicycling, and use of an upper er-
gometer. While strength measures are impor-
tant indicators, Whyte (1997) stated that it is
just as important to identify and address how
strength may or may not affect physical be-
havior and quality of life. The emphasis of the
health care system is shifting from cure and
medical treatment of chronic diseases such as

MS, to additionally emphasize rehabilitation
and health promotion factors that affect quality
of life (Brandt & Pope, 1997). Whyte empha-
sized that a therapist in a clinical setting may
mention problems with impairments (such as
strength). He added that an astute clinician
should be quick to ask how that problem
interferes with daily behavior. This emphasis
suggests that, in addition to minimizing im-
pairments, an important goal of rehabilitation
is to maximize health behaviors to mediate the
effects of MS and to assist individuals in
maintaining and enhancing their quality of
life.

MS is a progressive disability that is known
to result in a decline in strength for individuals
(Kent-Braun et al., 1997). Kent-Braun and
colleagues recommended exercise to maintain
strength and quality of life for individuals with
MS. While maintenance of strength was not
specifically addressed in this study, the effect
of AT in maintaining strength would be worth
exploring for individuals with a progressive
disability (e.g., MS) that is known to result in
declines in strength. To assess maintenance of
strength, a decelerating trend in baseline is
required to determine that the AT was associ-
ated with a change from reduction in strength
to strength maintenance. Therefore, it would
be useful to examine baseline performance of
participants over an extended period of time to
detect a decelerating trend in strength. This
decelerating performance would illustrate the
need to provide interventions that maintain
strength levels. If an intervention was then
initiated and indicators of strength, which
were decelerating during baseline, became sta-
ble and showed a zero-celerating trend, then
maintenance of strength could be demon-
strated.

A single-subject, multiple probe design
across participants was selected for this study.
While this design controls for threats to inter-
nal validity, there is a limitation related to
generalizations. Since the study included only
four participants, generalizations of the find-
ings of this study are limited without replica-
tion. Because AT is generally conducted one
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to one to meet specific treatment goals, large
experimental studies are difficult to conduct.
Therefore, it is recommended that additional
replications using single-subject design be
conducted to further generalize findings that
pertain to strength and other behaviors.

Variable data is another limitation that may
have influenced outcomes. Participants re-
ported, via the 24-hour medical history form,
experiencing weakness, spasticity, gait prob-
lems, and fatigue throughout the study. Inter-
estingly, abrupt changes in data that resulted in
variability did not consistently coincide with
reports of illness or fatigue. While substantial
research on MS symptoms exists, no re-
searcher has examined effects of daily fluctu-
ations of behaviors on activity involvement in
general and, more specifically, effects of exer-
cise on daily fluctuations of behavior. There-
fore, research incorporating systematic meth-
ods to study variability in performance
associated with MS symptoms is needed.

Considerations when evaluating the impact
of an intervention on participants' strength
include: (a) order in which the dependent mea-
sures are tested, (b) number of trials required
for each test, (c) length of time required to
complete each test, and (d) amount of rest in
between tests. Since completing measures in
identical sequence during each administration
is important to prevent changes in data asso-
ciated with multi-test interference (Tawney &
Gast, 1984), all measures used in this study
were completed in the same order. Number of
trials which are used to assess strength can be
a concern for people with MS since an exces-
sive number of trials can cause fatigue. Al-
though two trials are often used when muscle
tests are administered to assess reliability of
results, because of the likelihood of fatigue,
only one trial for each muscle group was taken
as suggested by Aufsesser et al. (1996). Also,
since it is important to allow participants to
rest to regain their strength in between testing,
rest periods averaging one minute were pro-
vided in this study between each muscle test.

Results of this study indicated that individ-
uals with MS can be encouraged to participate

in AT with the intent of maintaining physical
strength. Management of MS includes ad-
dressing primary symptoms such as strength
that result in disability (WHO, 2000). While
this program is not a substitute for other med-
ical treatments, it is one way individuals can
respond to the recommendation by the Na-
tional Multiple Sclerosis Society (1993) to
manage MS through regular challenging exer-
cise. Individuals with MS should have medical
approval and supervision by a qualified pro-
fessional prior to participating in an AT pro-
gram. In addition, practitioners must be aware
of the effect of the water temperature on rais-
ing core temperature on symptoms of fatigue
for persons with MS. Fatigue level should be
monitored during and after the AT interven-
tion. Individuals with MS may choose to par-
ticipate in AT if they have difficulty in inde-
pendent land-based exercise. AT seems to be a
somewhat beneficial and potentially enjoyable
treatment that can be utilized to help manage
the symptoms of MS.
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