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Objective: To investigate the effect of independent practice of sitting balance
as an addition to standard physiotherapy treatment for patients with stroke.
Design: Randomized controlled trial, using blocked randomization procedure
with 2:1 ratio. 
Subjects: Inpatients with diagnosis of stroke, having achieved one minute of
independent sitting balance but not yet achieved 10 independent steps, and
with no known previous disabilities, pathology or neurological de�cit affecting
mobility prior to stroke. 
Intervention: A four-week regime of independent practice aimed at improving
aspects of balance, as an addition to standard physiotherapy treatment based
on the Bobath Approach.
Main outcome measure: Proportion of patients achieving ‘normal’ symmetry
of weight distribution during sitting, standing, rising to stand, sitting down,
and reaching.
Results: Nineteen subjects were randomized to the control group; nine to the
intervention group. There were no clinically signi�cant differences in measured
outcome between the groups. 
Conclusions: The regime of independent practice had no measured bene�cial
effect on the balance ability of patients with recently acquired stroke.

one treatment approach is more bene�cial at
achieving the goals of physiotherapy than any
another.9–11

The Bobath Approach is the most commonly
used physiotherapy approach for the treatment of
patients with stroke8,12–16; however, the use of the
Motor Learning Approach has increased since
the 1980s.12,13 The Motor Learning Approach is
based on the assumption that functional activities
lost following stroke can be recovered through
practice and repetition.6,7

Introduction

There are a number of different approaches to
physiotherapy for patients with stroke1–7 all of
which lack scienti�c evaluation.8 At present there
is no experimental evidence to indicate that any
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Most physiotherapy approaches for the early
stroke patient include an initial aim of treatment
related to the improvement of a patient’s ability
to maintain balance in sitting.1–7,17,18 Later stage
treatment aims include the restoration of balance
in standing, and during dynamic activities such as
reaching, rising to stand, and sitting down.3,4,6,7 It
is often assumed that recovery of sitting balance
is a prerequisite to the restoration of balance dur-
ing other postures and activities. Hence, this
study aimed to implement a regime of indepen-
dent practice of sitting balance in patients with
stroke and to assess changes in balance during a
number of different postures and activities.

In summary, the aim of this study was to carry
out a pilot randomized controlled trial to inves-
tigate the effect on balance of independent prac-
tice of sitting balance when applied as an addition
to standard physiotherapy treatment. 

Methods

The case-series comprised inpatients at the West-
ern General Hospital, Edinburgh, during the
period February 1997 to November 1997. Inclu-
sion criteria included the diagnosis of stroke
(WHO de�nition19) less than six weeks previ-
ously; attending regular physiotherapy sessions;
the ability to achieve one minute of independent
sitting balance,20 as assessed by their physiother-
apist; unable to achieve 10 independent steps,20

as assessed by their physiotherapist; no known
disabilities, pathology or neurological de�cit
which affected mobility, prior to the current hos-
pital admission; able to understand the nature of
the study and give informed consent. Ethical
approval was granted for this study from Lothian
Research Ethics Committee.

Patients meeting the inclusion criteria were
randomly assigned, using blocked randomization
techniques, to either the Standard Physiotherapy
Group or to the Independent Practice Group,
with a ratio of 2:1. This was achieved using a sys-
tem of sequentially numbered sealed opaque
envelopes. The randomization of patient assign-
ment was carried out in blocks of 12 envelopes
comprising eight standard treatments and four
independent practice. 

Subjects in the Practice Group were invited to

attend practice sessions on �ve days per week,
commencing on the day after the baseline mea-
surements of balance and continuing for four
weeks. During these practice sessions the regime
of independent practice was followed. There was
an absence of literature outlining how indepen-
dent practice to improve balance should be car-
ried out by patients with stroke. Consequently, a
regime of practice was specially designed for this
study, based – wherever possible – on the evi-
dence and knowledge pertaining to the optimal
learning of motor tasks in healthy subjects, and
on the results of a series of investigative sessions
with volunteer patients. The tasks involved mov-
ing a series of simple objects to ‘construct’ a
series of vertical poles, with pegs and rings; and
the use of stepped blocks and stacking tasks. The
objects to be moved were colour-coded to match
guidance lines drawn on the table placed in front
of the patient. The use of different colours and
shapes allowed careful control over the order of
tasks and the angle of reach without necessitat-
ing complicated instructions. Simple instruction
boards were placed in front on the patient to
ensure that the tasks could be carried out inde-
pendently. Attendance at the practice sessions
was encouraged, but was not compulsory. Rea-
sons for nonattendance were refusal (generally
due to tiredness) and alternative appointments
(e.g. MRI scans, occupational therapy assess-
ments). The median percentage of sessions
missed was 20% (10% due to tiredness and 10%
due to other appointments). Details of the tasks,
equipment, movements required and repetitions
can be obtained from the authors on request.

All subjects continued to attend for their stan-
dard physiotherapy treatment, which was based
on the Bobath Approach. If patients were dis-
charged from hospital no follow-up treatment or
measurement was undertaken.

Measurements of outcome
The measurement system21,22 comprised a stan-

dard chair mounted on a small wooden base-box
(Figure 1). Placed within the seat of the chair,
under the feet, and in the armrests, were a series
of force-measurement platforms capable of mea-
suring vertical force. A switch attached to the
backrest served to identify whether the subject
was in contact with the backrest. The total verti-
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affected and the unaffected side during
reaching laterally as far as possible to the
affected and unaffected side, from a sitting
position, using the unaffected arm to reach
with.

� The mean symmetry of weight distribution
having achieved a quiet sitting posture, fol-
lowing the movement of reaching out to the
affected and unaffected sides.

The testing protocol used standardized instruc-
tions and sequencing of tests, however during all
movements the movement investigated was what
the patient would ‘do naturally’. The assessor was
not blinded to the group of the patients; but did
not see data from any patient until that patient
had been discharged from the trial (data were
automatically stored on a computer and were not
accessed until a patient was discharged).

Data analysis
Based on the data from a sample of healthy

subjects (n = 40), a ‘normal’ range of symmetry
was de�ned as any value falling within the range
of 90% of the healthy subject data (i.e. between
the 5th and 95th percentiles) for each of the

cal force supporting the subject could be calcu-
lated using the sum of the forces from all mea-
surement sections, and the distribution of force
to the left and right could be determined. Addi-
tionally there was a remote hand-held switch for
operator-controlled event marking. Data were
collected at 50 Hz. Extensive calibration checks
indicated that the measurement system was
appropriate for the measurement of human
movement.23

De�cits in balance could manifest as an abnor-
mal alignment of body parts with asymmetry of
posture and movement, an inability to adjust to
alterations in the centre of gravity, or as an
inability to control the body parts during move-
ment.2–7,24 In order to objectively assess changes
in any of these aspects of balance during a num-
ber of different postures and movements, the fol-
lowing outcome measures were adopted:

� The mean symmetry of weight distribution
during sitting, standing; rising to stand and
sitting down. Rising to stand and sitting down
were divided into two distinct phases: the
seat-on and the seat-off phases.

� The maximum weight transference to the

Figure 1 The measurement system.
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assessed movement tasks. According to the task
performed, a mean or peak symmetry index (SI)
was calculated for each patient, and the propor-
tion of patients achieving ‘normal’ weight distri-
bution determined for each task. Patients were
categorized as ‘unable’ if unable to perform a
given task independently.

Results

Details of randomization and follow-up are pro-
vided in Figure 2. The pro�les of the control and
practice groups at entry into the trial are detailed
in Table 1. The proportion of the control and
practice group subjects ‘unable’ to perform each

Figure 2 Progress through the trial, including �ow of participants, withdrawals and timing of outcome
measures.

Eligible patients
n = 33

Not randomized
n = 5

(5 refused)

Baseline assessment
n = 28

Randomization

Practice Group
n = 9

Control Group
n = 19

Week 4 assessment
n = 5

Week 4 assessment
n = 15

Week 6 assessment
n = 5

Week 6 assessment
n = 11
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function, or performing each function with ‘nor-
mal’ symmetry values were determined. The
mean and range of the proportion of subjects
‘unable’ or with ‘normal’ symmetry values are
displayed in Table 2. 

There were no signi�cant differences between
the two groups on any of the test weeks for the
symmetry of weight distribution during sitting,
standing, rising to stand, sitting down or reaching
(p > 0.05). Signi�cantly fewer patients in the
practice group than in the control group had ‘nor-
mal’ weight distribution during sitting after
reaching to the affected side in week 4 (p =
0.027). Exploration of data on this test week indi-
cated that the patients in the practice group
tended to distribute more weight on the affected
side than patients in the control group.

Although the proportion of patients able to
stand, rise to stand and sit down increased over
the test weeks, there was no tendency for the pro-
portion of subjects with ‘normal’ symmetry of
weight distribution to change in a particular
direction over time, for any of the functions.

Discussion

This study was unable to provide any evidence
that demonstrated any measured bene�cial effect
of the independent practice of sitting balance.
With one exception, there were no signi�cant dif-
ferences in the ability of patients in the practice

or control groups to achieve ‘normal’ weight dis-
tribution during any of the measured outcomes.
The one exception was that, at the end of the
four-week practice period, patients in the prac-
tice group demonstrated a tendency to return to
a less symmetrical sitting position following
reaching to the affected side. This difference
between the groups was not sustained at the fol-
low-up (week 6) assessment. 

The signi�cant difference between the groups
for the symmetry of weight distribution during
sitting after reaching to the affected side pro-
vided some evidence of a change in motor per-
formance. However the clinical implications of
this very speci�c change in motor performance
are not known. As the limited change in motor

Table 1 Patient characteristics at entry into trial

Control group Practice group

Number of subjects 19 (100%) 9 (100%)

Number of TACIsa 6 (32%) 2 (22%)
Number of PACIsa 3 (16%) 3 (33%)
Number of LACIsa 5 (26%) 4 (44%)
Number of POCIsa 2 (11%) 0 (0%)
Number of PICHsa 3 (16%) 0 (0%)

Number of left hemiplegics 10 (53%) 7 (78%)
Number of right hemiplegics 9 (47%) 2 (22%)

Number of males 12 (63%) 0 (0%)
Number of females 7 (37%) 9 (100%)

Age, mean years (SD) 68.4 (13.4) 73.1 (10.3)

aStroke classi�cation according to Bamford et al.25: TACI, total anterior circulation infarct; PACI, partial anterior circulation
infarct; LACI, lacunar infarct; POCI, posterior circulation infarct; PICH, primary intracranial haemorrhage.

Clinical messages

� A pilot randomized trial showed no mea-
sured bene�cial effect for stroke patients
when they carried out a practice regime
aimed at improving sitting balance, as an
addition to standard physiotherapy treat-
ment.

� Despite six weeks of physiotherapy, the
ability of patients with stroke to maintain
postures and move with ‘normal’ weight dis-
tribution did not increase.
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identify and address speci�c kinematic problems
and to provide individualized feedback on per-
formance restricted changes in motor perfor-
mance and, consequently, motor learning.
Furthermore, to avoid contamination between
the control and practice groups and to achieve
satisfactory methodological rigour the practice
sessions took place once per day in a room
removed from the ward environment, rather than
taking place throughout the day within the ward
environment, as may have been preferable for
motor learning. Thus, although the study design
may have been scienti�cally rigorous, the inter-
vention studied may not have met with the crite-
ria for optimal motor learning. 

Due to limited resources this study did not use
a blinded assessor, and patients in the control
group did not receive any ‘placebo’ intervention.
A further source of potential bias could have
been the failure to blind members of the clinical
rehabilitation team (nurses, physiotherapists,
etc.) to the treatment group allocation of
patients. Observations made during this study
suggest that the regime of independent practice
was viewed, by both rehabilitation staff and
patients, as ‘additional’ while the standard phys-
iotherapy sessions were generally viewed as a
more compulsory part of the daily routine.
Larger scale studies should control for these
potential sources of bias. 

The measurement system used in this study
collected data from a number of different force
sections. However the symmetry index used in
data analysis combined the force measurements
from the different sections into ‘left’ and ‘right’.
Potentially valuable and interesting data may
have been obtained from the different force sec-
tions: future data analysis should evaluate the
symmetry of force distribution across the various
sections of the measurement system.

Conclusions

This pilot randomized controlled trial demon-
strated no clinically signi�cant differences
between patients who were or were not invited
to attend independent practice sessions aimed at
improving sitting balance. 

However, a surprising �nding of this study was

performance was not sustained during the week
6 assessment (‘retention test’), this study provides
no evidence of independent practice resulting in
a change in motor learning. 

No pattern of increased numbers of control or
practice group subjects with ‘normal’ symmetry
indices was observed for any of the 10 tasks. A
common goal of physiotherapy treatment for
stroke patients is the achievement of ‘normal’
movement, emphasizing ‘normal’ symmetry of
movement and weight distribution during func-
tional tasks. This study was unable to provide any
evidence for the successful achievement of this
goal during six weeks of physiotherapy treat-
ment. This unexpected �nding has fundamental
implications for physiotherapists involved in the
treatment of stroke patients. If repeated in a
larger trial, these results would challenge whether
the goals of improving aspects of balance in
patients with stroke are appropriate, and whether
the treatment techniques used to achieve these
goals are successful. 

Limitations of study
This pilot study had low numbers of partici-

pants, and a relatively high number of with-
drawals. The sample included in this study had
all attained one minute of independent sitting
balance, and therefore may have excluded
patients for whom rehabilitation of sitting bal-
ance was a key physiotherapy aim. This study
concentrated on one very speci�c measure of
force distribution during posture and movement:
further outcomes, relating to general functional
ability in addition to measures speci�c to aspects
of balance, may have detected changes between
the groups.

There was a lack of evidence in the literature
pertaining to the speci�c nature of the tasks to
be practised to restore sitting balance, or the
number of repetitions of such a task required to
effect a permanent change in motor performance.
The practice regime adopted in this pilot study
was therefore novel and exploratory. In order to
standardize the intervention all patients carried
out an identical practice regime. However the
Motor Learning Approach emphasizes the iden-
ti�cation and re-education of speci�c kinematic
components of a movement for each individual
subject.8 It could be argued that the failure to
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rehabilitation: bases for Swedish physiotherapists’
choice of treatment. Physiother Theory Pract 1992;
8: 49–55.

13 Carr JH, Mungovan SF, Shepherd RB, Dean CM,
Nordholm LA. Physiotherapy in stroke
rehabilitation; bases for Australian physiotherapists’
choice of treatment. Physiother Theory Pract 1994;
10: 201–209.

14 Lennon S. The Bobath concept: a critical review of
the theoretical assumptions that guide physiotherapy
practice in stroke rehabilitation. Phys Ther Rev
1996; 1: 35–45.

15 Davidson I, Waters K. Physiotherapists working with
stroke patients: a national survey. Physiotherapy
2000; 86: 69–80

16 Lennon S, Baxter D, Ashburn A. Physiotherapy
based on the Bobath concept in stroke
rehabilitation: a survey within the UK. Disabil
Rehabil 2001; 23: 254–62

17 Lane REJ. Facilitation of weight transference in the
stroke patient. Physiotherapy 1978; 64: 260–64.

18 Gerber M. Symptoms in adult hemiparesis – new
approaches and their therapeutic implications in the
Bobath concept. In: Harrison MA ed. Physiotherapy
in stroke management. London: Churchill
Livingstone, 1995.

19 Hatano S. Experience from a multicentre stroke
register: a preliminary report. Bull World Health
Organ 1976; 54: 541–53.

20 Smith M, Baer GD. The achievement of simple
mobility milestones following stroke. Arch Phys Med
Rehabil 1999; 80: 442–47.

21 Durward BR. The biomechanical assessment of
stroke patients in rising to stand and sitting down.
PhD thesis, University of Strathclyde, Glasgow,
1994.

22 Rowe PJ, Durward BR. The continued development
of a clinical measurement system for the assessment
of functional movements following stroke. Final
report. Edinburgh, UK: Scottish Of�ce Home and
Health Department, Chief Scientist’s Of�ce; 1997
Sept. Report No.: k/RED/6/31/5/F26.

23 Pollock AS. An investigation into independent
practice as an addition to physiotherapy intervention
for patients with recently acquired stroke. PhD
thesis, Open University, 1998.

24 Ashburn A. Physical recovery from stroke.
Physiotherapy 1997; 83: 480–91.

25 Bamford J, Sandercock P, Dennis M, Burn J,
Warlow C. Classi�cation of natural history of
clinically identi�able subtypes of cerebral infarction.
The Lancet 1991; 337: 1521–26.

that, despite six weeks of physiotherapy treat-
ment, the ability of patients with stroke to sit,
stand, rise to stand and sit down with ‘normal’
weight distribution, and the ability to transfer
weight on to one side during reaching, did not
increase and was not altered by additional inde-
pendent practice. This lack of measured change
in balance ability, of patients in either treatment
group, has fundamental implications for physio-
therapy treatment for patients with recently
acquired stroke. Further research is required to
investigate this unexpected result.
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