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STROKE PATIENTS’ SYMMETRICAL BODY-WEIGHT DISTRIBUTION WHILE
RISING/SITTING DOWN
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ABSTRACT. A force platform with an auditory output
consisting of two electronic balances was used to
reinforce symmetrical body-weight distribution in
stroke patients. Forty patients randomly assigned to an
experimental group or a control group practised rising
and sitting down for 15 min, thrice daily, S days a week
for 6 weeks. The experimental group but not the control
group received ground reaction force feedback through
the auditory output. Vertical ground reaction forces
under each foot were measured with two force plates.
Mean difference in improvement of body weight distri-
bution on the paretic leg was 13.2+10.7 (M, SD) per
cent total body weight in the experimental group and
5.1+ 6-7 per cent in the control group in rising (p <0.01)
and 12.7+7.5 per cent total body weight and 4.6 + 6.6
per cent in sitting down tests (p <0.001). The patients in
the experimental group achieved in average close to a
symmetrical body-weight distribution while rising and
sitting down. Improvements in physical performance
and sit-stand tests were greater in the experimental
group (p<0.05 and p <0.01, respectively). No differ-
ences were seen in improvement in performance of
activities of daily living. Symmetry in body-weight
distribution in rising and sitting down correlated with
high scores in physical performance, motor function in
rising, and with functional ability.

Key words: vertical ground reaction force feedback, auditory

output, stroke, hemiplegia, rising, sitting down, body-weight
distribution, symmetry.

When a healthy person rises or sits down, the body-
weight is usually distributed nearly symmetrically on
the two legs but may be borne more on the right or the
left leg, depending on whether the person intends to
move to the right or to the left after standing up (7). In
contrast, following early recovery after stroke some

patients spontaneously and constantly weight-bear on
the non-paretic leg when getting up from and sitting
down on a chair (4, 7).

Immediately after the occurrence of a stroke,
patients use the non-paretic side and learn how to
manage in activities of daily life, compensating with
the intact side of the body. Although they may be able
to weight-bear on the previously paretic leg, while
rising and sitting down (12) some patients continue to
distribute body-weight unevenly. Thislearning pheno-
menon, termed ‘learned non-use’ (27), may result in
secondary complications such as reduced mobility of
the ankle joint (7), low muscle force, shortened triceps
surae muscles, hypertonus (22) and osteoporosis (28)
of the unloaded leg. If the patient fails to relearn a
motor behaviour aiming at weight bearing on the
affected leg, an asymmetrical pattern of body-weight
distribution may become habitual due to an acquired,
no longer adequate, pre-programmed motor plan (6)
for rising and sitting down. Difficulties arise when
balancing on the non-paretic leg without relevant
support from the affected leg.

Learning new motor tasks depends heavily upon
sensory information. After learning when the skill has
been acquired, the skill depends largely on prepro-
grammed commands that require little or no feed-back
(6). Augmented feedback to reinforce relearning of
daily motor tasks in the initial cognitive stage has been
studied by Gentile (15) who advised the use of
knowledge of performance (KP) during the fixation
phase in the training of motor tasks of a closed type,
i.e., movements performed under stationary environ-
mental conditions (25). Wallace & Hagler (29) also
concluded that KP is a strong feedback source in the
acquisition of a closed motor skill.

In stroke patients the intrinsic feedback may be
compromised, resulting in inadequate relearning of
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Fig. 1. The training device; a force platform consisting of two electronic balances, sensing vertical ground reaction forces under

each foot.

motor skills (18). Augmented visual and/or auditory
feedback from EMG, vertical force or joint position
has thus been used since the beginning of the 1960’s to
facilitate relearning of motor activities. Studies have
shown the beneficial effects of different devices for
auditory feedback to achieve symmetrical weight-
bearing in standing and in walking (2, 9, 20, 21, 30).
No study, to our knowledge, has concerned the effects
of auditory feedback to achieve symmetrical weight-
bearing while rising and sitting down.

A vertical ground reaction force feedback device
with an auditory output was therefore constructed*
(Fig. 1). The purpose of the study was to evaluate the
effect of training with this device (@) to reduce the
asymmetric weight-bearing on the legs in rising and
sitting down and (b) to enhance the physical perfor-
mance in patients with stroke. The aim was further-
more to find out whether there was a correlation
between symmetry of body-weight distribution on the

*Karolinska Institute, Department of Medical Engineering,
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lower extremities while rising/sitting down and high
scores in physical performance, motor function and
independence in activities of daily living in patients
with hemiparesis after stroke.

PATIENTS AND METHODS

Forty-two stroke patients were studied one week to three
months after a cerebrovascular insult. The patients should be
able to understand and follow instructions, have adequate
hearing and be able to stand up independently. Patients with
normal motor function in the lower extremities, who stood
up with ataxia or who had severe cognitive deficits were
excluded. Forty-two stroke patients, with informed consent,
all in-patients from Rehabilitation departments in Stock-
holm were randomly assigned, decided by lot, to an experi-
mental group or a control group, equally large. Forty
patients completed the study. Patient characteristics of the
two groups are shown in Table 1.

Body-weight distribution measurements

The vertical floor reaction forces under each foot were
determined with two strain-gauge force transducers attached
to two platforms (23).

The patient sat in a standardised position on an adjustable,
armless chair with a back support. The seat height was set to



Table 1. Characteristics of the stroke patients (mean
and SD ) and number ( No) in the experimental (n=20)
and the control group (n=20)

Experimental  Control

Age (Mean, SD) 64.6+6.7 65.1+9.0
Weight 70.4+19.9 69.5+11.8
Height 173.8+7.8 167.3+9.9
Female (No) 4 11
Male 16 9
Cerebral haemorrhage 3 3
Cerebral infarction 15 17
Unspecified 2
Involved side, left/right 12/8 8/12
Hemianopia 4 2
Sensory deficits S 8
Sensory loss 5 1
Cognitive deficits

time 1

space 3 S

body image 4 4

visual perception S 4
Muscular hypertonus 4 6
Days since stroke incidence 38+18 38+22

the patient’s knee height, determined as the distance from the
lateral knee joint line to the floor, with the tibia perpendicular
to the floor. The trunk was upright and the thighs supported
for 3/4 of the femoral length. The patient placed one foot
firmly on each platform right above the strain gauge force
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transducers. The patients were instructed to stand up, to
stand for one minute and to sit down again. The instructions
were: ‘“‘Please stand up, as you usually do’” and after one
minute of standing “‘Please sit down, as you usually do”. A
few pretest trials were allowed, for the patients to become
accustomed to the testing procedure.

The recordings from the two strain-gauge force trans-
ducers were analysed with a specially designed computer
program called KI-Raise. The time integral of the vertical
forces under each foot in rising and sitting down was
measured (Fig. 2). Body-weight distribution was computed
as the ratio between the time integrals of the vertical forces of
the paretic leg and the non-paretic leg, where 1.0 equals
symmetrical body-weight distribution (12). The means from
three tests of rising and of sitting down were calculated. Both
groups were tested before and after a training period of 6
weeks. No differences in vertical floor reaction forces,
measured before the training, were seen between the groups.

Clinical assessments

Activities of daily living were assessed using the Barthel Index
(19, 17), scoring 10 items (self-care and mobility) with a
maximum score of 100.

Physical performance of the lower extremities was rated
using the Fugl-Meyer Assessment, a three-point ordinal scale
(13, 11), including motor function, balance, light touch and
position sense, passive range of motion and occurrence of
joint pain in the lower extremities. Scoring iscumulative from
0 to 100 points.

Motor function in sit-stand was tested using the Motor
Assessment Scale (MAS) (1-6 points), designed by Carret al.
(8, 24).
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Fig. 2. The time integral of the vertical forces of the paretic (A) and the non-paretic leg (B).
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Fig. 3. Electronic circuit, registering the difference in loading of the two balances of the training device.

Orientation in time and space, body image and visual
perception as considered aspects of basic cognitive level, was
assessed according to Bernspang (3), using a three-point
ordinal scale with a maximum score of 12 points. Muscular
tonus of the quadriceps, hamstrings, adductors and triceps
surae was estimated from the resistance to manual passive
joint movements using a five-point rating scale with 0
indicating normal muscular tonus and 4 severe hypertonus
(extremity fixed in flexion or extension (1)).

The median scores of the clinical assessments were not
different in the two groups before the start of the training.

Training device and training procedure

The force feedback platform (Fig. 1) consisted of two
electronic balances, sensing vertical forces separately from
each foot. To allow easy use at home it was of small size
(0.6%0.3 m), light weight (5 kg) and could be run with a
battery. The two balances were connected to an electronic
circuit (Fig. 3), which registered the difference of load on the
two balances. It was supplied with an auditory output that
delivereda signal when the load on the pareticleg wasabovea
threshold ratio corresponding to 20, 30, 40 or 50 per cent of
total body-weight. The level was selected according to the
patient’s ability of weight distribution and was increased
stepwise until the patient could load 50 per cent of the total
body-weight on the paretic leg.

All patients carried out their individual conventional
physiotherapy according to the motor relearning program of
rehabilitation (7, 16) during the course of the study. Added to
this wasa trainingprogramme of rising andsittingdown with
vertical ground reaction force feedback in the experimental
group and without such feedback in the control group. The
patients in the experimental group, as well as in the control
group rose up from sitting, stood quietly for a while and sat
down fromstanding. All patients were instructed to put equal
weight on both feet during the exercises. The training
comprised 15-minute sessions, three times a day,.5 days a
week for 6 weeks. The patients in the experimental group
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trained with feedback from the platform and the patients in
the control group without feedback, otherwise similar. Hence
the patients in the experimental group, supported by the
auditory bio-feedback signal, received knowledge of perfor-
mance immediately when the load of the paretic leg reached
the preset body-weight distribution.

Relationships between symmetrical body-weight distribution
and physical performance and independence in activities of
daily living

After 6 weeks’ training with and without vertical ground
reaction force feedback, all the patients (n=40) had clinical
assessments with measurements of the body-weight distribu-
tion while rising and sitting down.

Statistical methods

The results from vertical floor reaction forces were tested
with Student’s paired and un-paired t-tests, where the level
for significance chosen was 1%.

The results from the clinical assessments were tested with
the Wilcoxon’s signed rank test and the Mann-Whitney U
test, where the level for significance chosen was 5%. Spear-
man Rank correlation coefficient was used to calculate the
relationships between symmetry of body-weight distribution
on the lower extremities while rising/sitting down and scores
in physical performance and independence in activities of
daily living respectively, where the level for significance
chosen was 1%. The study was approved by the Karolinska
Hospital Ethics Committee.

RESULTS
Body-weight distribution while rising

Before training, the average loading of the paretic leg
was 34.7 per cent body-weight (ratio=0.55) in the
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Table I1. Ratio of body-weight distribution in rising and sitting down tests within and between groups. Mean and SD

are given
Rising Sitting down
Pre Post Diff. Pre Post Diff.
Experimental group  0.554+0.18 0954025 p<0001 0.44+0-34 0.57+0.17 0.95+0.21 p<0.00l 0.38+0.23
p<0.01 p<0.001
Control group 0.66+0.17 0.81+0.18 p<0.01 0.15+£0.19 0.68+0.25 0.8+0.21 n.s. 0.12+0.21

experimental group and 39.0 per cent body-weight
(ratio =0.66) in the control group. After training, the
average loadings were 47.8 and 44.1 per cent body-
weight, (ratio=0.95 and 0.81), respectively (Table Il

and Fig. 4). There were significant improvements
towards symmetrical weight distribution on the legs in
both groups. Mean differences of improvement of
body-weight distribution on the paretic leg were 13.2
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Fig. 4. Body-weight distribution ratio while rising/sitting down in the experimental and the control group, pre and post training.
Mean and SD are given. ***=p <0.001, **=p <0.01, n.s. =non significant
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Table II1. Physical performance, sit-stand and activities of daily living within and between groups. Median andrange

are given.
Physical performance
Pre Post Diff.
Experimental group 70 (51-90) 87 (55-97) p<0.001 12 (1-23)
p<0.05
Control group 75 (64-88) 86 (65-93) p<0.001 9 (—2-18)
Sit-Stand
Experimental group 2(2) 6 (2-6) p<0.001 4 (0-4)
p<0.01
Control group 2(2) 4 (2-6) p<0.001 2(0-4)
Activities of daily living
Experimental group 70 (40-95) 95 (70-100) p<0.001 22.5 (5-55)
n.s
Control group 65 (45-90) 90 (60-100) p<0.001 22.5 (5-50)

per cent body-weight (ratio =0.4) in the experimental
group and 5.1 per cent (ratio=0.15) in the control
group in rising tests (p <0.01) (Table II).

Body-weight distribution while sitting down

Before training, the average loading of the paretic leg
was 35.6 per cent body-weight (ratio=0.57) in the
experimental group and 39.1 per cent body-weight
(ratio=0.68) in the control group. After training, the
average loading were 48.3 and 43.6 per cent body-
weight, (ratio=0.95 and 0.8), respectively (Table II
and Fig. 4). There was a significant improvement
towards symmetrical weight distribution in the experi-
mental group whereas the change in the control group
was not significant. Mean differences of improvement
of body-weight distribution on the paretic leg were
12.7 per cent body-weight (ratio=0.38) in the experi-
mental and 4.6 per cent body-weight (ratio=0.12) in
the control group in sitting down tests (p<0.001)
(Table II).
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Clinical assessments

All the patients improved in physical performance, in
sit-stand and in activities of daily living (Table III).
Median of differences of improvement of physical
performance were 12 points (range 1-23) in the
experimental group and 9 points (—2-18) in the
control group (p<0.05). Median of differences of
improvement in sit-stand was 4 points (0-4) in the
experimental group and 2 (0-4) in the control group
(p<0.01). No significant differences in improvement
in scores of test of activities of daily living were seen.

Relationships between symmetrical body-weight
distribution and high scores in physical performance
and independence in activities of daily living

Symmetry of body-weight distribution while rising
and sitting down, respectively, correlated with high
scores in all rated parameters (n=40), as shown in
Table IV.



Table IV. Correlations coefficients (S,) between body
weight distribution while rising (BWD up)/sitting down
(BWD down) and physical performance ( F-M ), motor
Sunction in rising (M AS sit) and functional ability ( BI)

F-M MAS sit BI
BWD up 0.54%*+ 0.73+++ 0.53+++
BWD down 0.5%* 0.53%+ 0.6%**
*p<0.05, **p <0.01, ***p <0.001.

DISCUSSION

When the patients are physically trained after a stroke
occurrence, it is difficult to judge the extent to which
improvement in motor function is due to the training
or to spontaneous recovery. Stroke patients from
rehabilitation departments with uniform treatment
strategies were therefore selected for the study and
randomly assigned to either an experimental group
with the specific type of biofeedback training or to a
control group without biofeedback, but otherwise
similar training.

The results showed that the patients in the experi-
mental group with biofeedback training achieved a
symmetrical or close to a symmetrical distribution of
body-weight inrisingand sittingdown tests. The most
marked difference between the groups was in the
sitting down tests, in which the patients in the
experimental group improved markedly whereas the
patients in the control group showed no significant
change in their asymmetric body-weight distribution.
The quadriceps muscles responsible for the normal
eccentric actions in sitting down appeared difticult to
activate in the affected leg, which may be due to the
habitual non-use, learned during the early phase of the
hemiparesis. In the experimental group where training
was supported by biofeedback, this non-use was
markedly diminished. The study thus indicates that
the spontaneous reluctance to activate muscles for
adequate eccentric work in a previously paretic leg
may be corrected through biofeedback training. The
difference between the groups might be due to the
encouragement which the patients in the experimental
group received from the auditory signal, that they were
capable of more movement or more motor control
than they thought (27, 12). The biofeedback thus
assisted the patients to better use their capacity to
distribute body-weight symmetrically in rising as well
as in sitting down. This might be of importance as
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rising to standing and sitting down is a frequent
activity in daily life.

The results of this study confirmed that knowledge
of performance (15) through vertical ground reaction
force feedback was essential for the stroke patients in
the cognitive phase, when learning to load the previous
paretic leg while rising and especially while sitting
down. Whether the almost symmetrical body-weight
distribution, as shown in the experimental group, is
carried over in an open task situation of rising and
sitting down needs though to be studied further.

The patients in the experimental as well as in the
control group improved in activities of daily living and
in physical performance, as could be expected since the
patients were in an early phase after stroke, where
spontaneous recovery is relatively fast. The patients in
the control group were instructed to put equal weight
on both feet during their frequent practice. Their
improvement in activities of daily living confirms the
findings by Gallistel (14) that repetitive training plays
an important role in tuning motor activity to become
effective and more reliable. However, the improve-
ments were greater in rising to standing and in physical
performance in the experimental group, when testing
differences between the two groups (Table III). It thus
seems that training in keeping symmetrical body-
weight distribution through biofeedback decreases the
disability level and improves the motor activity,
coordination, sensory function and balance. This may
prevent secondary impairments in the lower extremi-
ties.

Finally we found that the more the stroke patients
loaded the paretic leg while rising/sitting down, the
better they scored on assessments of physical perfor-
mance, motor function in rising and activities of daily
living. These results agree with the findings that the
more body-weight a stroke patient puts on the paretic
leg while standing quitely, the better he/she scores on
motor function and A.D.L. (10, 26) and the more
body-weight he/she puts on the paretic leg while
walking the better he/she scores on appearance and
cadence in gait (5). Thus it seems that there is reason to
continue teaching the stroke patient to concentrate on
weight-bearing on the paretic leg already while rising
and sitting down in order to reach motor recovery and
functional independence.

CONCLUSION

Training with feedback from vertical ground reaction
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forces by the use of an auditory signal facilitated
relearning symmetrical body-weight distribution,
when rising and sitting down. Physical performance of
the affected leg and motor function in sit-stand in
patients with stroke were likewise promoted. Sym-
metrical body-weight distribution while rising/sitting
down correlated positively with high scores in physical
performance, motor function in rising and functional
ability.
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