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Lateral weight transference exercises following
acute stroke: a preliminary study of clinical
effectiveness
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Objectives: To evaluate a training programme aimed at improving lateral weight
transference in patients following acute stroke to determine main treatment effects,
if any, to inform the design of future studies.

Design: A single-blind randomized controlled trial.

Setting: The Stroke Unit at The James Cook University Hospital, Middlesbrough, UK.
Subjects: Thirty-five patients with an acute stroke,

Interventions: All subjects received their usual care, including physiotherapy. The
treatment group (n=17) received 12 additional therapy sessions {over four weeks)
comprising exercises aimed at improving lateral weight transference in sitting
delivered by trained physiotherapy assistants.

Main outcome measures; Measures of dynamic reaching, sitting and standing, and
static standing balance were undertaken by a blind independent observer.

Results: Specific measures of weight displacement in standing and reaching, and
timed standing up and sitting down did not detect any differences over time
regardless of group. Neither were there any sighificant changes over time, except for
sway during static standing (p < 0.01) and time to return to their original position
during dynamic reaching (p=0.01),

Conclusions: A training programme aimed at improving lateral weight transference
did not appear to enhance the rehabilitation of acute stroke patients. Improvements
observed in postural control in standing and sitting may be attributable to usual care
or natural recovery.
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Introduction

Following acute stroke, the ability to move outside
the base of support in sitting, balance in standing
and move from sitting to standing and back again
1s critical to independence. The evaluation of
physiotherapy intervention in stroke rehabilitation
is a priority area for physiotherapy research.!s?
Accordmg to physiotherapy treatment approaches
based on’neurophysiological’ prlnt::lples3 “ the abil-
ity to selectively transfer weight is deemed essential
to enable achievement of these basic functional
tasks. A recent Cochrane review’ recommended
that future research should concentrate on inves-
tigating clearly defined and described techniques
regardless of their theoretical origin.

Patients, at least one year following stroke, in the
experimental group of a two-week forward reach-
ing task-related programme were able to reach
further and faster, increase the load through the
affected lower limb and improve activation of leg
muscles to improve balance compared to a control
group. ° The experimental group also improved in a
sit-to-stand activity, however, the sample size was
small. Therefore, the purpose of this study was to
cvaluate a training programme aimed at improving
lateral weight transference in patients following
acute stroke to determine main treatment effects, if
any, on specific measures of weight displacement in
standing and reaching. We also used measures of
standing up and sitting down. In addition, we
recorded length of stay in hospital and the dura-
tion and number of treatment sessions. Data from
this preliminary study will inform sample size
calculations for, and assist in the design of, future
randomized controlled trials.

Methods

Approval was granted by the local research ethics
committee and consecutive patients admitted to
the stroke unit at The James Cook University
Hospital, Middlesbrough, UK were approached.
They were included in this study if they met the
following criteria; aged over 1§ years with an acute
vascular stroke (haemorrhage or infarct) present-
ing with hemiplegia; medically stable; able to
co-operate with treatment and give informed

consent, previously independently mobile indoors
with or without a stick around their home; and
previously independent in personal activities of
daily living. They were excluded if they had a
history of any other neurological pathology, con-
ditions affecting balance, vertigo, medication
affecting balance, dementia, impaired conscious
levels or concomitant medical illness or musculo-
skeletal conditions affecting upper limbs, hips,
spine impairing their ability to undergo therapy.
Patients with serious perceptual problems (assessed
using the Rivermead Perceptual Assessment
Battery and the Rey-Osterreith Complex figure
copying test with scores below 30), severe recep-
tive dysphasia, or, those classified as having the
‘pusher syndrome™ determined clinically were also
excluded.

All patients received their usual care, including
physiotherapy, but were randomly allocated to a
usual care only group, or to the treatment group
recetving 12 additional therapy sessions (a total of
6 h over four weeks) (Figure 1). Group dllocatmn
was via randomized permutated blocks.” The
project manager held details of assignment and
revealed these to the recruiting physiotherapist via
telephone only when the patient was due to be
allocated to a group. The code was not broken
until all patients had completed the study and all
analysis was complete.

The treatment comprised exercises aimed at
improving lateral weight transference in mttmg
and standing based on the work of Davies* and
was delivered by trained physiotherapy assistants.
This included repetition (practice) of self-initiated
goal-orientated activities in various postures with,
where appropriate, manual guidance and verbal
encouragement of these movement strategies (feed-
back) (Appendix 1). Reaching in sitting or stand-
ing postures is preceded and accompanied by
posuu al adjustments resulting in segmental align-
ment.® Outcome measures included lateral reach-
ing in sitting, standing up, sitting down, and static
standing and were undertaken by a blind indepen-
dent observer at baseline, four weeks (retest) and
eight weeks (follow-up). Three repetitions of each
activity were undertaken on each test occasion
with rest periods between each, the mean value was
used for analysis. These measures of pc1f01mance
selected to be relevant to a clinical setting, were
repeatable,” !’
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Figure 1 Flow diagram of participants' progression through the trial

Lateral reach test

Patients were seated with their thighs fully
supported on the seat device of a Balance Perfor-
mance Monitor (SMS Technologies Ltd., Harlow,
UK) positioned on a table, the height of which was
adjusted to ensure that their feet were off the
ground throughout the test. Patients were asked to
reach sideways with their unaffected arm and
touch a target positioned at the height of C7
during sitting and at a distance of 125% of their
arm length (measured from the acromioclavicular
joint to the tip of the extended middle finger).
Patients were asked to sit up straight prior to
commencement of the test and, if successful in
reaching the target, a buzzer sounded that sig-
nalled them to return to their start position, The
hearing impaired were given a visual signal. No
instructions were given about movement speed.
Data was collected for 30 s at 10 Hz and
commenced 10 s prior to the instruction to start
the test providing data relating to the start and
recovery position. Maximum weight displacement
was calculated as the difference between the mean
weight displacement during quiet sitting prior to
the reach movement and the maximum displace-
ment recorded. Time to return to quiet sitting was
calculated as the time taken from maximum weight

displacement recorded until the last movement as
judged from synchronized video recordings.

Static standing balance

Patients stood barefoot unsupported on the
footplates of the Balance Performance Monitor
for a maximum of 30 s. No visual feedback or
verbal communication was given during the test.
Individual stance (width and angle) was recorded
at baseline and repeated for subsequent tests.
Lateral weight displacement was calculated as the
mean of the 300 lateral (left/right) data points; the
mid-line value was set at 0%. Sway is the standard
deviation of the lateral weight displacement.

Sit-to-stand-to-sit

Patients were seated on an adjustable height
armless chair with a backrest. The height of the
chair was set at 120% of the distance from the
floor to the joint line of the knee during standing
for each subject, Patients used their preferred foot
position and were allowed to use their arms to
assist rising. No instructions were given about
speed of movement. A timing device (University of
Teesside, UK)'! was used to collect data, initiation
of standing was loss of contact with a press-
ure switch on the backrest of the chair and the
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end-point was the head breaking an infrared beam
on attainment of full height.

Repeated measures analysis of variance was used
to test for between-group differences and changes
in measurement values from baseline to retest and
follow-up. A per protocol analysis was used, with
only data from patients with measurements at all
three visits able to be analysed. The statistician
(PF) was blind to the nature of group allocation
until completion of analysis. A significance level of
5% was used.

Results

The recruitment period was from 10 September
2001 to 14 February 2002. Baseline characteristics
are outlined in Table 1. The groups did not differ
(statistically significantly) in any of these charac-
teristics.

Eleven physiotherapists, and one student phy-
siotherapist and two physiotherapy assistants
working under the supervision of a physiothera-
pist, were involved in the delivery of physiotherapy
deemed usual care for this sample. Patients in the
usual care group (n = 18) received 2535 sessions of
therapy, total duration 8643 min, and those 1n the
treatment group (n= 17) received, as their usual
care, 217 sessions, total duration 7135 min. The
average duration of a session was 5.5 min longer
in the treatment group, mean 38.4 compared to

32.9 min, however as the sessions are not indepen-
dent of each other it is not appropriate to test
for differences in session duration. The average
individual session duration per patient was
not statistically significantly different between
the groups (Mann—Whitney U-test; U= 145.0,
p=0.79).

Patients in the treatment group between them
received 181 additional treatment sessions, mean
10.6 sessions, each of 30 min duration (total
3430 min).

The length of stay in hospital was mean
(standard deviation) 23.1 (17.5) days and 26.5
(15.7) days for usual care and treatment groups
respectively and was not statistically significantly
different,

Table 2 shows group means (SD) for individuals
who performed the test at baseline, retest (four
weeks) and follow-up (eight weeks) respectively.
Measures of weight displacement in standing and
reaching, and timed standing up and sitting down
did not detect any statistically significant differ-
ences over time regardless of group. Neither were
there any significant changes over time within
groups, except for sway during static standing
(F[1,24] =12.02, p <0.01) and time to return to
their original position during dynamic reaching
(F[1,29] = 8.94, p =0,01). However, the time taken
to stand up from sitting and to sit from standing
appeared to decrease at retest then increase at
follow-up. No differences were detected in lateral
weight displacement in standing or sitting even

Table 1 Mean (SD) baseline characteristics of registered patients (N = 35)

Treatment (n=17) Usual care (n= 18)

Sex (maleffermale)

Age {years)

Side of hemiplegia {left/right)

Woeight (kg)

Height {m)

Body mass index (kg/m?)

Mean time from stroke to recruitment

Modified Rivermead Mobility Index on admission
First stroke

Stroke classification

Total anterior circulation infarction (TACI)
Partial anterior circulation infarction (PACI)
Lacunar circulation infarction {LACH)
Posterior circulation infarction {POCI)
Other/no report

0/8 9/9

71.5 (10.9) 70.7 (7.6)

9/8 11/7

76.1 (18.4) (n=14) 71.8 (11.9) (n=14)
1.66 (0.10) 1.66 (0.07) (n=17)
27.2 {3.9) {n=14) 26.1 (3.7) (n=14)
26.5 (16.7) 23.1(17.5)

24.7 (8.1} (n = 6) 24.4 (8.9) (n=8)
13 15

2 3

7 5

4 4

1 3

3 2




Table 2 Test characteristics by group

-

Treatment (n=17)

Usual care (n= 18)

Lateral reach test

Maximum weight displacement (%)

Baseline 69.3 (12.0) (n=17) 1.4 (13.2) {n=18)
Retest 66.3 {12.2) (n= 156} 1,4 (12,0) (n=18)
Foliow-up 68.2 (12.5) {n =15} 1.7 (7.6) (n=16]

Time to return to quiet sitting (s)

Baseline 2.9 (1.8) (n=17) 2.6 (0.8) (n=18)
Retest 1.9 (0.8) (n=1b) 2.1 (0.7) (n=18)
Follow-up 2.6 (1.3) (n=15) 1.9 {0.5) (n=16)

Static standing balance

Lateral weight displacement (% bodyweight: to expected
side)

Baseline 3.8 {33.6) (n=16) 5.3 (30,1) (n=13)
Retest 6.1 (33.8) (n=15) 3.4 (27.0) (n=17)
Follow-up 2.5 (327) (n=18) ~0.2(283) {n=1b)

Lateral weight displacement (% bodyweight: absolute)

Baseline 22.6 (24.2) (n=16) 10.3(28.7){h=13)
Retest 24.4 (23.4) {(n=16) 19.2 (18.8) (n=17)
Follow-up  19.6 (25.8} (n=15) 18.0 (21.3) {n=185)

Sway (% lateral weight displacement)

Baseline 7.4 {6.2) (n=16) 6.4 (2.7) (n=13)
Retest 4,8 (3.6) (n=15) 4,5 (2.9) (n=17)
Follow-up 4.2 (2.4) {n=15}) 3.7 (2.4) (n=15)
Sit-to-stand-to-sit
Sit-to-Stand (s)
Baseline 5.5 (7.5) (n=14) 8.9 (17.0) (n=12)
Retest 3.3 {3.7) {(n=15) 2.6 (1.2} (n=1b)
Follow-up 4.2 (7.3} (n=14) 2.9 (2.5) (n=15)
Stand-to-Sit (s)
Baseline 51{7.7) {n=14) 3.9(3.3) (n=12)
Retast 2,7 (1.1) {(n=15) 2.9 (1.8) (n==15)
3.1 (3.1) (n==14) 2.5 {1.3) (h=15)

Follow-up

Table shows group means (SD} for individuals who performed
the test at baseline, retest (four weeks) and follow-up (eight
weeks) respectively.

when values were analysed taking into considera-
tion the expected side of weight displacement by
side of hemiplegia.

Discussion

We used specific measures of weight displacement
in standing and reaching, in addition to timed
standing up and sitting down to evaluate a training
programme aimed at improving lateral weight
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transference in patients following acute stroke,
We found that there were no significant differences
between the groups for any of these outcome
measures. However, there were significant differ-
ences within groups; sway values during static
standing decreased significantly over time, and
the time taken to return from maximum weight
displacement back to the original resting position
during reaching in sitting also decreased signifi-
cantly over time. These results indicate an im-
provement in postural control in standing and
sitting.

Previous studies have investigated the effect of
modifications of posture and direction on variables
relating to reaching forward in healthy sub-
jects.'»!® A further study of stroke patients
revealed that after a two-week task-related pro-
gramme subjects were able to recach further and
faster, increase the load through the affected lower
Iimb and improve activation of leg muscles to
improve balance compared to a control gmup
The experimental group also improved in a sit-to-
stand activity. However, the sample size was small
and the population comprised subjects at least one
year following stroke. Other authors have reported
the use of the BPM for training lateral weight
distribution in standing followmg st10kc '% The use
of visual feedback was promising,'” reducing
asymmetiry and regaining a normal pattern of
weight distribution after four weeks training.
However, this comprised a single case series and
further work in this area has not been undertaken,

The overall lack of general treatment effects of
either usual care only or in combination with a
specific component of treatment, lateral weight
transference, observed in our study may be attri-
butable to several causes. Explanations could
include the small sample size, heterogencous nat-
ure of our sample, the treatment dose, clinician
bias, the timing of interventions, choice of outcome
measures, the type of intervention, and the in-
dividualized mixture of interventions that make up
usual care,

There is a lack of randomized controlled trials in
this area and thus this study was designed to
determine the main treatment effects, if any, to
inform sample size calculations for, and the design
of, future studies. We recruited a relatively small
sample of 35 patients during a five-month period,
but not surprisingly, despite our inclusion criteria,
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they were heterogeneous for cerebral damage
characteristics, other associated problems and
time of commencement of therapy. However, their
average age was 71 years and initial scores on the
Modified Rivermead Mobility Index were similar
to those reported in the literature.'® Although
these participants represented only one-third of
admissions during this period they were deemed a
representative sample of patients who would re-
ceive therapeutic input in other rehabilitation units
and thus our results have implications for current
practice.

For the significant results (sway during static
standing and time to return to original position
during sitting) over time, the study had power over
90%. However, the small effect sizes observed for
all other comparisons indicate that a much larger
total sample would be required, possibly necessi-
tating the need for a multicentre approach.

The treatment dose, an additional 12 sessions
(6 h), on first impression may be deemed small.
However, patients in the usual care group received
a total of 7135 min physiotherapy while those in
the treatment group received 8643 min. The
additional therapy received by the treatment group
represented a 63% Increase in total therapy time.
This would have corresponded to a 76% increase
for those in the usual care group. These values are
similar to the amount of total treatment, from 5 to
36 h, stated in studies identified in a recent
Cochrane review,” and compare to the 67%
additional therapy received by the experimental
group in a study investigating the effect of intensity
of therapy in a neurological rehabilitation set-
ting.!” Furthermore, the average amount of daily
treatment received by intensive rehabilitation
groups, based on a research synthesis of nine
studies, was 48.4 min compared with 23.4 min for
control groups. Meta-analysis revealed small but
statistically significant intensity-effect relationships
in activities of daily living and neuromuscular and
functional outcomes,'®

It 1s difficult to blind patients and therapists mn
trials examining the efficacy of a physical inter-
vention., The introduction of bias by therapists
with knowledge of group allocation was monitored
using standardized coded treatment sheets for all
patients. This revealed that there was no statisti-
cally significant difference between the groups in
the average individual session duration per patient.

We assume therefore, that our attempts at mini-
mizing bias were successful,

It has been reported that the time course of
functional recovery is during the first 3~6 months
following stroke. Indeed 80% of patients in the
Copenhagen Stroke Study achieved their best
walking function in the first five weeks.!® The
length of stay in hospital in our study was within
this time frame and thus the timing of our
interventions could potentially have had the opti-
mum level of impact.

Patients needed a high level of ability to
independently stand up from sitting and maintain
standing for 30 s. Four patients were unable to
achieve standing and five were unable to maintain
standing at baseline but were able to on subsequent
occasions (floor effect). However, these data were
not taken mto account as a per protocol analysis
was used, with only data from patients with
measurements at all three visits able to be ana-
lysed.

The intervention, based on the work of Davies,
may lack a strong theoretical basis but icorpo-
rated elements of motor learning®*’ including
repetition (practice) of self-initiated goal-orien-
tated activities with, where appropriate, manual
guidance and verbal encouragement (feedback),

Physiotherapists reported that usual care was
loosely based on ‘neurophysiological’ principles,
however, their choice of specific physical interven-
tions during each session was determined on an
individual basis based on the symptomatic pre-
sentation of the patient at the time., Therapy staff
based on the stroke unit during the recruitment
and treatment periods included physiotherapists,

4

Clinical messages

® A training programme aimed at improving
lateral weight transference did not appear
to enhance the acute rechabilitation of
stroke patients,

e Sway values during static standing and
time to return from reaching in sitting
indicated a significant improvement in
postural control over time.

® Improvements observed may be attributa- |
ble to usual care or natural recovery.




students and therapy assistants working under the
supervision of these physiotherapists. This is
representative of clinical practice in the UK where
staffing levels are in a constant state of flux and
junior staff rotate through areas. Therefore, the
physical interventions given to patients in the same
group or between groups may have demonstrated
considerable variability.

Physiotherapy treatment approaches based
on ‘neurophysiological’ principles™ believe that
the interaction between the trunk, the upper limb
and the pelvis are central in the ability to perform
tasks involving reaching outside of the base of
support. It is postulated that loss of selective trunk
activity impairs the ability to utilize the limbs
effectively and to maintain balance without falling
over and much therapy time appears to be devoted
to improving this ability, namely lateral weight
transference. The results of the present study
indicate that a training programme aimed at
improving lateral weight transference did not
appear to enhance the acute rehabilitation of
stroke patients. Improvements observed for sway
values during static standing and the time taken to
return from maximum weight displacement back
to the original resting position during reaching in
sitting indicate an improvement in postural control
in standing and sitting but may be attributable to
usual care or natural recovery.
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Patient sitting on a plinth, with maximum base of support, feet on floor, table in front at elbow height:
Patient’s elbows on table, assistant on affected side, supporting affected arm on table, and
prompting lumbar flexion and extension, maintaining neutral head position and correcting any

1)

2)
3)
4)

5)

Remove table, same starting position as at beginning:

0)
1)
8)

9)

associated cervical extension (10 reps)

Patient and assistant position as in ex 1, patient using unaffected hand to move cones from
unaffected side to affected side within patient’s own base of support (10 reps)
As ex 2, but moving cones forwards and backwards on table with unaffected arm, within patient’s

base of support (10 reps)

As ex 2, but moving hoops over cones on table with unaffected arm, from unaffected to affected

side, reaching out of patient’s base of support (10 reps)
As ex 2, but moving hoops over cones on table forwards and back, reaching out of patient’s base of

support (10 reps)

With unaffected hand, moving hoops from outside base of support on unaffected side of plinth,
and placing on stand in front of patient at height of full reach of patient (10 reps)
Repeat with stand slightly towards unaffected side, and with stand placed slightly towards affected

side (10 reps)

Position as ex 6, with unaffected hand moving hoops from plinth on affected side and placing on

the floor between feet (10 reps)

Position as ex 6, with unaffected hand moving hoops from plinth on affected side and placing on

the floor between feet (10 reps)

Reposition table in front of patient but allow room for standing:
10) Patient’s hands on table, assistant on affected side, patient moves from sitting to standing (10 reps)
11) Patient and assistant position as in ex 1, patient using affected hand to move cones from unaffected

side to affected

12) As ex 2, but moving cones forwards and backwards on table with affected arm, within patient’s
base of side within patient’s own base of support (10 reps)
13) Asex 2, but moving hoops over cones on table with affected arm, from unaffected to aftected side,

reaching out of patient’s base of support. (10 reps)
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Appendix 1 (Continued)

14) As ex 2, but moving hoops over cones on table forwards and back, reaching out of patient’s base of
support (10 reps)

Remove table, same starting position as at beginning:

15) With affected hand, moving hoops from outside base of support on unaffected side of plinth, and
placing on stand in front of patient at height of full reach of patient (10 reps)

16) Repeat with stand slightly towards affected side, and with stand placed slightly towards affected
side (10 reps)





