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ABSTRACT

Objective. Circuit class therapy is a cost-efficient model of treatment that can be beneficial in a setting with
limited resources. Current literature has conflicting results regarding which is a more effective approach to stroke
rehabilitation: focusing on functional training or on improving impairments. This pilot study provides preliminary
information comparing the effects of a task-oriented versus an impairment-focused circuit class therapy on
walking ability among patients with chronic stroke.

Method. Eighteen participants with a single episode of chronic stroke and limited mobility were randomized into
task-oriented circuit class (task group) (n=9) and impairment-focused circuit class (impairment group) (n=9). Both
groups underwent intervention thrice a week for four weeks. Blind examination was done using the Ten Meter
Walk Test for comfortable gait velocity (CGV) and fast gait velocity (FGV), Time Up and Down Stairs (TUDS), and Six
Minute Walk Test (6MWT).

Results. All participants completed the treatment sessions without adverse effects. After four weeks of treatment,
the task group showed statistically significant within-group change in CGV (0.12+0.08, p=0.003) and FGV (0.25+0.22,
p=0.007). The impairment group only showed statistically significant improvement in 6SMWT (25.80+31.2, p=0.038).
There were no statistically significant changes between the groups in all outcome measures.

Conclusions. The preliminary data from this pilot study suggest either program can improve walking-related
outcomes and may not be different, although this needs to be confirmed using an appropriately-powered trial.

Key Words: chronic stroke, circuit-based exercise, task-oriented training, impairment-focused treatment, walking capacity,
gait velocity, stair ambulation

INTRODUCTION
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after stroke is globally accepted.® In developing countries,
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13,000 physical therapists in Philippines in 2018 which is
disproportionate to the growing number of stroke cases in
the country.’

Patients who survive a stroke live with the long-
standing effects of the condition. One of the main goals of
stroke rehabilitation, especially for patients at the chronic
stage, is to increase their walking ability, and levels of
activity and participation.® Despite improved ambulation
with rehabilitation, many patients still have functional
impairments even after discharge from the hospital.”
Mobility and community participation remain limited for
most patients even after six months since the onset of their
condition.® Mobility inside and outside the home is further
compromised with the decrease in activity of persons with
stroke the less active or more sedentary a person with stroke
becomes over time.%’

Circuit class therapy is a physical therapy treatment
model used in stroke rehabilitation where the patients are
treated in groups. Patients move through a circuit of different
stations where they repetitively practice functional tasks or
exercises in each station.'®'? The activities are adapted
and progressed individually according to the performance
of each patient.’® Circuit class therapy is cost-efficient
because it allows intensive training of several patients with
fewer therapists which can be very beneficial in a setting
with limited resources. Moreover, because it is conducted
as a class, it provides participants with opportunities to
interact and learn from each other and provide each other
support.’® Many recent studies on the use of circuit class
therapy in stroke rehabilitation have shown its effectiveness
in improving standing and walking ability. A meta-analysis by
Veerbeek et al found that circuit class composed of mobility-
related activities improved walking distance, balance, and
walking ability regardless of the chronicity of the stroke.™
Similarly, a meta-analysis by English et al found that task-
oriented circuit class therapy demonstrated superiority over
individualized treatment or usual care in improving walking
capacity (MD 60.86, 95% CI 44.55 to 77.17; F = 27%), gait
speed (MD 0.15, 95% CI 0.10 to 0.19; I = 14%), walking
independence (OR 1.91, 95% CI 1.01 to 3.62; P = 34%),
and ability to stand up, walk, and turn around (MD -3.62,
95% CI -6.09 to -1.16; P = 0%)."

Task-oriented treatment and treatment focused on
improving specific impairments are two conceptually
different rehabilitation approaches that are commonly
applied in the treatment of chronic stroke. Task-oriented
treatment emphasizes repeated performance of specific tasks
to address activity limitations.’®"” Treatment focused on
improving impairments aims to restore faulty body functions
such as strength, range of motion, and body symmetry.’® It
remains a subject of debate which of the two is the more
effective approach to stroke rehabilitation. Current literature
on this matter shows conflicting results. There are studies
that suggest that the “bottom-up” approach of focusing on
impairment is more effective for patients with moderate

to severe stroke.'”? Other studies have shown that both
approaches are equally effective with no clearly superior
approach for improving mobility post stroke.?™ It is
still unclear which approach would yield better effects on
walking ability.

Most of the studies on circuit class therapy in stroke
rehabilitation primarily utilized functional tasks in the
treatment protocol. Occasionally, these programs included
some exercise stations for strength or fitness.'®" However,
majority of the research still consider circuit class therapy to
be primarily for task-oriented training.’ The effect on post-
stroke walking ability of a circuit class therapy with stations
focused on improving impairments such as strength, weight-
bearing symmetry, and gait symmetry has yet to be explored.
Furthermore, its effects on walking ability have yet to be
compared with a more task-oriented circuit program.

'The objective of this pilot study was to gather preliminary
information to compare the effects of a task-oriented circuit
class program and an impairment-focused circuit class
program on the walking ability among patients with chronic
stroke. Data from this pilot study may provide information
to better understand the difference in the effects of the two
approaches when applied using a circuit class training model.
The results may help inform rehabilitation professionals
in selecting better interventions for their patients. Being a
pilot study, this can also provide information to determine
the feasibility of conducting the same study in a larger
scale. Information from this study can help in identifying
relevant modifications in research methodology and
possible issues in the administration of the two circuit class
therapy programs.

MATERIALS AND METHODS

For this pilot study, we applied a parallel pretest-
posttest design.” Treatment sessions and data collection were
conducted at a university-based outpatient rehabilitation
center in Manila, Philippines. Ethics approval was obtained
from the Ethics Review Committee of the University of the
Philippines Manila College of Allied Medical Professions.

Participants

This study recruited participants via convenience
sampling over a 12-month period. We used word-of-mouth
advertisement to recruit participants from a hospital-based
stroke support group and their community-based network.
All interested individuals underwent medical screening
and were also screened by the authors using interview and
assessment of level-ground walking and stair ambulation.
They were included if they had a stroke that occurred at
least six months ago; and were able to follow three-step
instructions in English or Filipino. The authors utilized the
criteria by Shumway-Cook et al in determining a person’s
limited walking ability. At the time of recruitment, volunteers
should be unable to walk 0.8 km of level surface and/or climb
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at least 1 flight of stairs without support or assistance.*
However, to be included in the study, they should be able
to ambulate at least 10 m with or without a gait aid to be
able to meet the demands of the circuit programs. To prevent
other factors from affecting the results of the study, patients
already receiving exercise training or physical therapy at the
time of recruitment were excluded. Those who had multiple
strokes, or unstable or severe cardiovascular, musculoskeletal,
and neurological conditions were also excluded from the
study. Lastly, those who did not ambulate independently
in the community or walked with an assistive device prior
to the stroke were also excluded. After screening, eligible
participants were oriented to the study protocol and provided
written consent. Randomization of the participants to the two
groups was done by a person who was not a member of the
research team. An equal amount of sealed opaque envelopes
for each of the interventions were created. An allocation
sequence using a random numbers table was generated and
the envelopes were arranged accordingly. For every new
participant, the top envelope was chosen to determine the
participant’s intervention.

Out of the 23 volunteers, eighteen (18) were found
eligible for the trial. We excluded five volunteers because
they had uncontrolled hypertension, rheumatic heart disease,
multiple strokes, or were receiving physical therapy during
the time of the trial. Eighteen participants were randomly
allocated to either task-oriented circuit class therapy group
or the fask group (n = 9) or to the circuit class therapy group
focused on impairment or the impairment group (n = 9) as
shown on Figure 1. Treatment interviews showed that most
participants had hemiparesis, asymmetrical gait, limitations
in stair ambulation, and limitations in walking outside their
homes. The mean onset of stroke was 38.7 = 17.5 months
for the zask group and 59 + 55.4 months for the impairment
group. Overall, demographic characteristics of the two groups
were comparable at baseline as shown in Table 1.

Outcome Measures
A physical therapist with more than 20 years of

experience and who was blinded to the group allocation

Table 1. Characteristics and baseline scores of study parti-
cipants (N=18)

Task group Impairment
(n=9) group (n=9)
Sex (M/F) 9/0 7/2
Age (years) 47.2+8.8 49 +11.2
Time since stroke (months) 38.7+17.5 59 + 554
Location of stroke (R/L) 6/3 7/2
Falls in last 3 months prior to 0.2+04 01+023
the study
Comorbidities
Hypertension 8 [¢)
Diabetes Mellitus 2 0
Hyperurecemia 1 0
Barthel Index Score 92775 91.8+5.7

Assessed for eligibility (n=23)

Excluded (n=5)
- not meeting inclusion
criteria (n=5)
- declined to participate (n=0)
- other reasons (n=0)

A 4

~
Randomization (n=18)

I
v v

Task group (n=9) Impairment group (n=9)

~ A 4

Baseline Pre-test (6MWT, FGV, CGV, TUDS)

N A 4
Task-oriented
circuit class training
(3x per week, 4 weeks)

Circuit class training focused
on specific impairments
(3x per week, 4 weeks)

A 4 v

Lost to follow-up (n=0)
Discontinued
intervention (n=0)

Lost to follow-up (n=0)
Discontinued
intervention (n=0)

A 4 A 4

Post-test (6MWT, FGV, CGV, TUDS)

Figure 1. Study flow diagram.

conducted the examination. She assessed the participants
within one week prior to the intervention and after
completion of the treatment. Four outcomes associated with
community ambulation were measured. The Six Minute Walk
Test (6MW'T) measured walking capacity; the Ten Meter
Walk Test (10MWT) measured comfortable gait velocity
(CGV) and fast gait velocity (FGV); and the Timed Up and
Down Stairs (TUDS) measured the ability to negotiate stairs.
These measures had been validated and were shown to have
moderate to excellent inter-rater and intra-rater reliability
for people with stroke.??8'The minimal detectable change at
the 95% confidence level (MCD?95) of CGV and FGV for
chronic stroke were 0.18m/s and 0.13m/s, respectively.? The
minimum detectable change (MDC) among patients with
chronic stroke for the 6MW'T was 36.6 m or a 13% change
while the minimal clinically-meaningful improvement was
estimated at 34.4 for chronic stroke.?>?

The blinded assessor performed all tests in one session
in the same sequence. The 10MWT was tested first
followed by the TUDS. The 6MW'T were performed last to
minimize the effect of fatigue. All outcome measures were
administered twice, and the best performance was used for
statistical analysis.
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Intervention

The participants in both groups received the allocated
treatment three times a week for four weeks with each session
lasting for 60 minutes. The intervention was provided by
trained physical therapists with clinical experience ranging
from one to ten years, assisted by physical therapy students
who were trained in the conduct of the treatment protocol.
During the treatment sessions for both groups, one to two
therapists were present to oversee the administration of the
program. Two to five participants were present during each
circuit class therapy session.

In the zask group, the participants performed ten different
functional tasks as shown in Table 2. These functional tasks
mimicked the different mobility demands inside and outside
the home. The group was instructed to perform the activities
with as many repetitions as possible and as safely as they
could for five minutes before moving to the next station. The
impairment group performed impairment-focused exercises
as shown in Table 3. Exercises were based on the exercise
protocol for older adults published by Tufts University
and the United States Centers for Disease Control and

Table 2. Task-oriented circuit class therapy

Station Exercise

Station 1 Alternately ascending and descending a ramp and a
flight of stairs with at least three steps; the flight of
stairs and the ramp hand handrails on one side

Station 2 Walking comfortably for five meters then walking with
the fastest speed for another five meters with the
distance clearly marked on the floor

Station 3 Heel lifting

Station 4 Standing up from a chair, walking three meters, turning
around, walking back, and sitting down on the chair

Station 5 Stepping forward, backward, and sideways onto wooden
blocks of various heights

Station 6 Walking on varying surfaces (hard and foam surface)
and over obstacles (shoe boxes and cones) set at
irregular intervals

Station 7 Walking ten meters while carrying a medium-sized
basket to obscure the lower extremities

Station 8 Walking 10 meters while turning head from side to side
Station 9 Standing up and sitting down on chairs of varying height

Station 10 Walking five meters by stepping on floor markers with
progressively narrowing base of support

Table 3. Circuit class therapy focused on specific impairments
Station 1 Pelvic bridging held for six seconds
Station 2 Hamstring curls in standing using ankle weights
Station 3 Knee extension in short sitting with ankle weights
Station 4 Hip abduction in standing with ankle weights
Station 5 Forward and lateral step-ups on a four-inch step-up block

Station 6 Lateral, anterior, and posterior weight shifting within
parallel bars

Station 7 Walking forwards, backwards, and sideways within
parallel bars with turning done for five rounds

Prevention.**'The exercises aimed to improve muscle strength,
weight-bearing symmetry, and gait symmetry. Exercises for
each station lasted for 5 to 7 minutes. The therapists tailored
the progression of the exercises to each participant’s level of
ability. The number of sets were increased when the exercise
was deemed no longer challenging enough for the participant.

Rest periods for both circuit class therapy groups were
provided, if needed. Both groups started and ended their
sessions with supervised standardized warm-up and cool-
down periods comprised of walking, and range of motion
and stretching exercises of the extremities and trunk for
five minutes.

Statistical Analysis

We reported continuous data such as demographic
characteristics as means and standard deviations. When
possible, we used the minimum detectable change (MDC)
and minimally clinically important change (MDIC) for
chronic stroke to interpret the results. In comparing the
effects of both interventions on mobility measures, we
used the one-way between groups analysis of covariance
(ANCOVA), with type of circuit class therapy as the
independent variable, best posttest scores as the dependent
variable, and pretest scores as the covariate. We also checked
the normality, linearity, homogeneity of regression slopes, and
equality of variance to ensure that assumptions for the use
of ANCOVA were not violated. Alpha level was set at 0.05.
We computed the effect size of the zask group in relation to
the impairment group using Partial Eta Squared. An effect
size of 0.10 is considered small, 0.25 as medium, and 0.40
as large. For the analysis, we used the Statistical Package for
Social Sciences” statistical software, version 21 (SPSS Inc.,
Chicago, llinois, USA) for Windows.

RESULTS

All participants completed the treatment as allocated
(Figure 1). The fask group attended an average of 11.66 *
0.71 sessions while the impairment group 10.78 + 1.3 sessions.
Only two absences were allowed to remain eligible to
participate in the trial and none of the participants exceeded
the limit. The participants did not report any adverse effects
in relation to either of the treatment programs.

After 4 weeks of treatment, the zask group showed
statistically significant within-group change in CGV (p =
0.003) and FGV (p = 0.007) (Table 4) (Figures 2 - 5). For
the impairment group, only the change scores of the 6SMW'T
(p = 0.038) showed statistically significant improvements.
There were no statistically significant within-group changes
for the TUDS scores for both groups. As shown in Table
4, there were no statistically significant changes between
the two groups in all of the outcome measures. All of the
outcomes showed small effect sizes. Moreover, only the
FGV reached MCD for the task group. The CGV and the
6MWT for both groups did not reach MCD.
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Table 4. Within-group and between-group comparison of the two circuit class programs

Task group Impairment group Between group comparison
Outcome Post-test Within-group X Post-test Within-group . .
Measure  Baseline after 4 comparison sl after 4 comparison p value Elzct SEe Pl
weeks Difference p value weeks Difference p value Eta Squared)
CGV(m/s) 0.58+0.13 0.69+0.11 0.12+0.08 0.003 0.77+0.31 0.72+0.25 -0.05+0.28 0.61 0.29 0.072
FGV(m/s) 0.72+0.21 0.98+0.33 0.25+0.22 0.007 0.94+0.40 0.84+0.27 -0.10+0.34 0.38 0.07 0.207
TUDS (s) 6521+ 5543 + 9.79+9.76 0.35 54.08 + 5118+ 290+1.81 0.15 0.06 0.223
4547 36.69 21.58 21.57
6MWT (m) 19640 + 216.50 + 20.10 £ 0.06 184.20 + 210 + 25.80+31.2 0.038 0.89 0.049
70.70 60.20 27.60 61.00 70.40

* mean £ standard deviation

** Alpha level was set at 0.05
*** CGV = comfortable gait velocity; FGV = fast gait velocity; TUDS = timed up and down stairs; 6MWT = six minute walk test

220 0.9
2165
0.8 0.77
210
210 0.72
07 0.69
200 0.6 0.58
196.4
05
190
1842 04
180 0.3
0.2
170
0.1
160 0
Task Group Impairment Group Task Group Impairment Group
Legend: M Pretest M Posttest Legend: M Pretest M Posttest

Figure 2. Comparison of the Six Minute Walk Test for both Figure 3. Comparison of the Comfortable Gait Velocity for
groups (meters). both groups (m/s).

12 70
65.21
0.98 8
1 ¥
0.94 £643 54.08
51.18
0.84 50
0.8
072
40
0.6
30
0.4
20
02 10
0
0 Task Group Impairment Group
Task Group Impairment Group
Legend: M Pretest M Posttest Legend: M Pretest M Posttest

Figure 4. Comparison of the Fast Gait Velocity for both Figure 5. Comparison of the Timed Up and Down Stairs for
groups (m/s). both groups (seconds).
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DISCUSSION

'This pilot study aimed to gather preliminary information
to compare the effects of a task-oriented circuit class therapy
and a circuit class therapy focused on specific impairments
on the walking ability among patients with chronic stroke.

Within-group change following circuit class therapy

The effect of a circuit class therapy with stations
focused on improving impairments on post-stroke walking
ability has not been studied before. The results of this pilot
study illustrate that this intervention shows promise in
improving the ability to walk long distances. The intervention
demonstrated statistically significant within-group changes
for the 6MW'T. Majority of the stations in this program
focused on increasing muscle strength which might have
consequently led to the increase in walking distance.
Muscle leg strength of the affected extremity is considered
as one of the important determinants in improving walking
capacity among patients with chronic stroke.” This finding
demonstrated a potentially positive impact of impairment-
focused circuit class therapy on the overall function of patients
because the 6MW'T has shown to be a good predictor of
community walking, and has shown significant correlation
with quality of life after stroke.’**

Within-group change following task-oriented
circuit class therapy

Within group changes showed that the task-oriented
circuit class therapy is effective in improving self-selected
and fast gait velocity. Our findings confirmed what is already
known regarding the benefits of this intervention. According
to a systematic review by English et al in 2017, task-oriented
circuit class therapy was more effective in improving gait
velocity compared to other interventions and it yielded
clinically significant results.” This intervention allows for task
specificity and high intensity of practice which are considered
essential for improving walking.>*%* One of the stations in this
program specifically targeted changing speed which provided
the participants opportunities to practice this particular skill.

It is important to note, however, that the preliminary
results also showed that the task-oriented circuit class therapy
did not improve walking capacity. This intervention only has
a p value of 0.6 for the within-group change for the 6MW'T.
This is opposite of what is currently known in literature.
Improvement in walking capacity is one of the consistent
findings among studies about task-oriented circuit class
training.” The small sample size in the pilot study may have
contributed to this result. Confirming this result would be
better investigated in a future study with a larger sample size.

Between-group change following both circuit
class therapy

Each of the circuit class therapy programs in this pilot
study showed promising effects of specific aspects of walking

ability, however, there was no significant difference between
the effects of the two programs.

Task specificity and high intensity of practice are main
factors that contribute to improved walking ability post-
stroke.*** Although the function-based circuit programs
have both of these elements, the impairment-focused circuit
program also has the element of high intensity progressive
training. According to literature, circuit class therapy provides
high training intensity which is continually progressed in
each succeeding station which may lead to improved limb
function. 1255 Both programs in this pilot emphasized
repetitive practice in each of the stations, regardless if the
station is focused on functional tasks or exercises. This may
have led to the same improvements seen in both programs.
It may be worth exploring to see if circuit training as the
delivery of intervention rather than the content itself of the
circuit makes this model of intervention potentially effective.

Treatment focused on impairments improve the
patient’s bodily capacity to perform functional tasks. On the
other hand, treatment focused on functional tasks improve
the patient’s capability in performing these tasks. Both
types of intervention may contribute to better functional
ability.” In a study comparing individualized task-specific
program and individualized impairment-focused treatment,
the results revealed that both programs have similar effects
in improving mobility post stroke.?? 'The result of the pilot
study is consistent with this assertion. A recent systematic
review also demonstrated that no approach is considered
superior over the other in improving mobility after stroke.
The review showed that physical therapy is more effective
if the different approaches are mixed.”» However, this will
need to be investigated formally if this pattern will still be
observable in a proper well-designed clinical trial.

Limitations and Recommendations

The two circuit programs were shown to be feasible and
safe to administer especially in a resource-limited setting.
Both programs utilized readily available material seen in
most physical therapy clinics. The protocol utilized at most
two therapists per session provided that the number of
patients undergoing a group session did not exceed five. It
is possible for one therapist to safely monitor at most three
patients undergoing the circuit at the same time. The need
for resources is considerably less compared to one-on-one
treatment. Moreover, there were no adverse reactions noted
by the participants from any of the treatment programs.

'The study has several limitations. Being a pilot study, the
sample of patients was deliberately small and underpowered.
Although, the small size expectedly affected the results
of the study, we were still able to obtain some statistically
significant findings. Our study used 4 weeks as the duration
of the intervention which according to Jeon and colleagues,
is enough to reveal medium effect sizes.” We, however, still
recommend using a longer training duration in future studies
to determine if there would be any difference in the results.
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In terms of assessment, the present study only focused on
functional measurements as patients with stroke perceive
these as important indicators of recovery.** However, since the
impairments were not monitored, we might have missed some
improvements in these areas brought about by the training.
Moreover, we also recommend monitoring biomechanics and
gait parameters using a more objective instrumented gait and
motion analysis system. We also recommend conducting a
follow-up assessment after the end of the program to see if
any of the improvements will be maintained.

Although these limitations affect the generalizability of
the results, we were able to gather information that increased
our understanding of the circuit class therapy and the two
approaches in stroke rehabilitation. Given the limits of the
pilot study, we were able to test this research methodology
which we found useful in conducting a future study with
an appropriate sample size.*’

CONCLUSION

Based on this pilot study, both circuit class therapy
programs aimed at improving impairments and aimed at
improving walking activities have promising effects on
specific aspects of walking ability. Although, there was no
significant difference between the two, our preliminary
findings suggest that either a task-oriented circuit class
therapy or an impairment-focused circuit class therapy may
be useful. However, this will need to be confirmed using
an appropriately-powered trial.
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