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ABSTRACT. Distribution of body weight on the two
legs while rising and sitting down was examined in 42
subacute stroke patients and 16 healthy adults during
both spontaneous movement and following instruction
directed at even weight distribution. Vertical floor reac-
tion forces were measured by two force plates. There
was a difference between patients and controls in the
tested motor tasks—the patients favoured their non-
paretic leg. However, body weight distribution was less
asymmetric when patients tried to rise and sit down
cvenly compared to spontaneous rising/sitting down
(p<0.001). Patients’ own estimation of distribution of
body weight documented on a visual analogue scale,
correlated with actual body weight distribution while
rising (r,=0.36) but not while sitting down. To moti-
vate stroke patients to pay attention to their ability to
distribute body weight evenly while rising and sitting
down and to create and use adequate self-reports seems
a necessary commitment in a rehabilitation programme
in order to avoid the learned nonuse syndrome.

Key words: Stroke, body weight-bearing, asymmetry, vertical
floor reaction force. rising, sitting down, self-report, visual
analogue scale.

To be able to rise from a seated position and to sit
down again is a prerequisite for self-reliant locomo-
tion and for many activities of daily living. Clinical
experience would suggest that body weight is distrib-
uted evenly on both lower extremities in healthy sub-
jects but unevenly in patients with stroke during ris-
ing and sitting down (2, 6). The function test Motor
Assessment Scale for Stroke (8) demands even body
weight-bearing to score full recovery in rising from
sitting. During recovery from stroke when the patient
becomes able to stand up and to sit down from stand-
ing, body weight-bearing on the paretic leg is sponta-
neously avoided. If neglected, this pattern might be-
come a habit and the patient will develop the learned
nonuse syndrome (23). Several studies on normal ris-
ing, involving kinematics (16, 19, 21, 22), kinetics (9,

15. 21) and muscle activity (12, 14. 20) have been
performed. Few (1, 3, 5, 24) have been directed to-
wards activity patterns relating to rising and sitting
down in stroke patients.

The purposes of this study were to (a) determine
the movement time and body weight-bearing under
each foot in stroke patients in the acute phase of
recovery during rising and sitting down habitually as
well as after instruction directed at even body weight
distribution on the two legs and () to evaluate the
patients” own estimation of body weight distribution
on the two legs.

SUBJECTS AND METHODS

The criteria for the selection of patients were (1) a hemipare-
sis secondary to a cerebrovascular disorder (infarction or
haemorrhage) in either hemisphere, (2) in the acute phase of
recovery (i.e., within a time period of one week and three
months after the incidence), (3) that they could understand
and follow instructions and (4) could stand up and sit down
independently. Patients with normal motor function in the
lower extremities or who showed ataxia when standing up
were excluded. The group included 42 stroke patients, 26
men and 16 women. They were all in-patients from rehabili-
tation departments in Stockholm. Table I shows the medical
characteristics of the stroke patients.

For comparison 16 age-matched healthy adults with no
symptoms from the lower extremities volunteered to partici-
pate in the study. Table I summarises the characteristics of
the patients and the control group.

Two vertical strain-gauge force transducers attached to two
force measuring platforms were used (17) for examination of
the vertical Noor reaction forces, one under each foot. The
recordings from the force transducers were analysed by a
specially designed computer program, called Kl-Raise. The
time integral of vertical force under each foot was measured.
These impulses were shown graphically as areas in a force—
time curve, as in Fig. | or numerically as the product of mean
vertical force and time (Ns).

The two variables thus measured by Kl-Raise were: the
movement time and the impulses of each foot during rising
and sitting down, respectively. Body weight distribution was
computed as the weight load ratio of the paretic and non-
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Fig. 1. The impulses under the force-time curve of each leg of
a stroke patient (A) and of a normal subject (B).

paretic leg for the stroke patients and of the right and left leg
for the control group. Start and end of the movement for
rising and sitting down was assessed visually by the examiner.
The standing up movement began when the subject’s head
started to move anteriorly and ended when no further for-
ward displacement of the pelvis occurred. The sitting down
movement began, when the head started to move anteriorly
and ended, when the back reached the back support of the
chair. The start and end of the movements were indicated by
the examiner, standing by the side of the patient, pressing a
button connected to the computer and registered as vertical
bars on the force-time curve (Fig. 1).

Tests started with the patients sitting in a standardised
position on an adjustable armless chair with a back support.
The seat height was set to 100% of the subject’s knee height,
determined as the distance from the lateral knee joint line to
the floor, when the tibia was perpendicular to the floor. The
trunk was in an upright position so that the line between the

Table 1. Medical characteristics of the stroke patients
(n=42)

Cerebral haemorrhage 6
Cerebral infarction 34
Unspecitied 2
Involved side. left/right 21/21
Hemianopia. left/right 33
Sensory function

Normal 22
Light touch and proprioceptive deficit 11
Light touch deficit 1
Proprioceptive deficit 2
Light touch and proprioceptive loss 4

Light touch loss and proprioceptive
deficit

acromion and the upper part of mid-iliac crest was kept
vertical. The thighs were supported for 3/4 of the femoral
length and positioned so that the line between the greater
trochanter and the lateral femoral condyle was kept horizon-
tal. The arms hung by the side or rested in the lap. The
subjects placed one foot on each force platform directly
above the vertical force transducer. The feet were parallel and
10-18 c¢m apart. Knee angles were 100-105 degrees with the
knees pointing straight ahead. Heel heights ranged from 1-4
em. The subjects looked straight forward and were requested
to maintain a stable body position. Two different standar-
dised instructions were given: “Please, stand up as you usual-
ly do”, and after one minute of standing. “Please, sit down as
you usually do”. No other comments were made to control
the transfers, which were referred to as “habitual™. The sec-
ond standardised instruction was: “*Please stand up with your
body weight distributed evenly on both feet™. These transfers
were referred to as “even”. The subjects were allowed a few

Table 11. Characteristics of the patients (n=42) and
the controls (n=16)

Patients Controls

X SD X SD

No. of men/women 26/16 6/10
70 years of age or older 10 4
Mean age 64.4 +79 587 *I1l1.1
Mean weight 7.5 +11.4 693 ZL13.6
Mean height 170.4 +92 172 +9.
Limb dominance right/left ~ 42/0 15/1
Mean days since stroke

onset 38 +22
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lable 111. Difference in milliseconds between the examiner’s judgement of start and end of the movements and
the recordings from the motion analysis system (E.L.I.T.E.)

IPositive numbers indicate delayed and negative too early judgements

Start End

Mean SD Range Mean SD Range
Standing up 87.2 +60.5 0-188.2 —147.8 +102.3 —373.3-0
Sitting down 21.3 +43.0 0-129.6 —97.8 +76.3 —234.4-0

pretest trials in order to become accustomed to the testing
procedure. A mean of three trials for rising and sitting down
was presented. |

The reproducibility of the tests of vertical floor reaction
forces during rising and sitting down “habitually”™ were ana-
Ivsed in 16 healthy volunteers. They performed the rising and
sitting down transfer on five different occasions: in the morn-
ing, after 10 min, in the afternoon, after 1 week and after 2
months. The coefficient of variation, as computed from the
results of the five different tests, was 6.8 % for rising and
%.5% for sitting down. The reliability of the examiner’s accu-
racy on the judgement of start and end of rising and sitting
down was evaluated against a motion analysis system
(E.L.I.T.E.—Elaboratory Illuminatore Televisione, BTS, Bio-
cngineering Technology & Systems, Via Capecelatro, 66-
20148 Milano, Italy). Reflective markers were attached to the
head and the pelvis of the subjects and to the remote switch
held by the examiner. Recordings of linear displacements
antero-posteriorly were done and compared with recordings
Irom the examiner’s switch during 15 transfers of rising and
sitting down in one patient and in one healthy volunteer
(Table IIT). The time difference between the displacements of
Ihe head and pelvis respectively, and the switch was within
the range of 0—188 ms after the start of the patients’ rising and
sitting down, and within the range of 0-373 ms before the end
of the patients’ rising and sitting down. These systematic
differences, when connecting and disconnecting the measure-
ment of time, were considered negligible as the movement
time for the stroke patients was within the range of 2.3-6.9 s
(mean 3.7) in rising and 2.3-6.2 s (mean 4.0) in sitting down.

Patients’ own estimations

['wo continuous visual analogue scales (VAS) (11), were used
for evaluations of the patients’ perception of evenness of
hody weight distribution during rising and during sitting
down **habitually”. The scales were horizontal, 100 mm long,
titled I get up to standing/sit down with even body weight
distribution on the two feet”, respectively, anchored by the
words **No, not at all”—"Yes, no problem”, where 100 mm
represent even body weight-bearing on the two legs.

Statistical methods

Statistical analysis was based on Student’s paired and un-
paired (-test, where the level for significance chosen was 1%.
Correlations were performed using Spearman’s Rank correla-
tion coefficient where the level for significance chosen was
5%.

The study was approved by the Karolinska Hospital Ethics
Committee.

RESULTS

Time needed to rise

When the subjects were instructed to rise “habitual-
ly” the mean time needed was 3.7 s in the patients
and 2.3 s in the control group (p<0.001). When the
subjects were instructed to rise “evenly” the mean
time needed was 3.8 s and 2.9 s, respectively
(p<0.001), as shown in Fig. 2. When rising after two
different instructions, “habitually” and “‘evenly”, the
difference in movement time was significant only in
the control group (p<0.01), i.e., the control group
needed a longer time when performing “evenly™, as
shown in Fig. 3.

Time needed to sit down

When the subjects were instructed to sit down “habit-
ually” the mean time needed was 4.0 s in the patients
and 2.5 s in the control group (p<0.001). When the
subjects were instructed to sit down “evenly” the
mean time needed was 4.0 s and 3.0 s, respectively
(p<0.001), as shown in fig. 2. When sitting down
after two different instructions, “habitually” and
“evenly” the difference in movement time was sig-
nificant only in the control group (p<0.01), i.e., the
control group needed a longer time when performing
“evenly™, as shown in Fig. 3.

Body weight distribution in rising

The body weight distribution ratio after instruction to
rise “*habitually” was 0.60 in the patients and 0.99 in
the control group (p<0.001), equivalent to 37.5%
body weight born on the paretic leg and 49.7% body
weight born on the right leg. When the subjects were
instructed to rise “evenly” the ratio was 0.80 (44.4%
body weight) and 0.97 (49.2% body weight), respec-
tively (p<0.001), as shown in Fig. 4. When rising
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Fig. 2. Movement time while rising (p<0.001) and sitting
down (p<0.001) “*habitually™ and “evenly™ in stroke patients
(n=42) and a contro! group (2= 16). Mean and SD are given.
M, patients: F4, controls.

after two different instructions, “habitually” and
“evenly”, the difference in body weight distribution
was significant only in the patients (p<0.001), i.e.,
the body weight distribution was less asymmetric ris-
ing “evenly”, as shown in Fig. 5.

RISING SITTING DOWN

controls

Fig. 3. Movement time while rising and sitting down after
two different instructions in stroke patients (n=42), (n.s.)

and in a control group (n=16), (p<0.01). Mean and SD are
given. B, habitually; 2, evenly.

patients patients controls
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Body weight distribution in sitting down

The body weight distribution ratio after instruction to
sit down “habitually” was 0.61 (37.9% body weight)
in the patients and 1.02 (50.5% body weight) in the
control group (p<0.001). When the subjects were in-

Table IV. Correlations between degree of paresisisensory function and movement timel body weight distribution
during standing up and sitting down, habitually and evenly

Time Weight ratio Time Weight ratio
Habitually Habitually Evenly Evenly
up down up down  up down up down
Motor function —0.33 0.38
Sensory function 0.46
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I'ig. 4. Weight load ratio while rising (p<0.001) and sitting
down (p<0.001) “habitually” and “evenly™ in stroke patients
(n=42) and a control group (n=16). Mean and SD are given.
W, patients; B, controls.
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structed to sit down “evenly” the ratio was 0.77
(43.5% body weight) and 1.04 (51% body weight),
respectively (p<0.001), as shown in Fig. 4. When
sitting down after two different instructions, “habit-
ually” and “evenly”, the difference in body weight
distribution was significant only in the patients
(p<0.001), i.e., the body weight distribution was less
asymmetric sitting down evenly, as shown in Fig. 5.
Correlations performed to assess the influence of the
patients’ degree of paresis and sensory function (10)
on movement time and body weight distribution on
the two legs are shown in Table IV.

Patients’ own estimations

The subjective estimations of even body weight-bear-
ing documented on the visual analogue scale averaged
47mm (SD 28.8) for rising, and 55 mm (SD 27.5) for
sitting down. The frequency distribution of the differ-
ent estimations is seen in Fig. 6. There was a correia-

RISING SITTING DOWN
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Fig. 5. Weight load ratio while rising and sitting down after
two different instructions in stroke patients (n=42),
(p<0.001) and in a control group (n=16), (n.s.). Mean and
SD are given. W, habitually; #, evenly.

tion (r,=0.36) between the patients’ estimation of
evenness in body weight distribution and actual
weight load ratio during rising, but none in sitting
down, as shown in Table V.

DISCUSSION

Time to rise and to sit down

There was a difference in the time needed to rise and
to sit down between the patients and the control

Table V. Correlations (r,) between the patients’ esti-
mation of body weight distribution on the two legs and
actual body weight load ratio

0.36
0.17

p=0.022
p=0.291

Standing up
Sitting down

Scand J Rehab Med 24



72 M. Engardt and E. Olsson

No.of patients
10

©

SO = N WA DN

10 20 30 40 S50 60 7O 80 90 100
VAS, rising
Fig. 6. Frequency of patients’ subjective estimation of even-

ness in body weight-bearing while rising and sitting down,
documented on a visual analogue scale (VAS). (0 = no

group. The patients needed a longer time. This agrees
with Yoshida et al. (24), who studied 20 healthy
adults, 20 elderly persons and 10 hemiparetic pa-
tients. They explained this through the patients lack
of vigor and that the patients required a longer time
to stabilise sway about the centre of force when rising.
They also found that healthy elderly subjects needed
more time than younger individuals to stabilize the
antero-posterior sway during rising. This could ex-
plain why the mean time (2.3 s) of rising for the
control group in our study differs from Nuzik et al.
(16). They studied 55 healthy adults (mean age 26.4)
and found that the average movement time for rising
was 1.8 s (range 1.3-2.5 s). Pai & Rogers (18) have
studied sit-to-stand transfer at self-selected fast and
natural speeds in eight healthy subjects (30-38 years).
The maximum oscillation in antero-posterior direc-
tion when coming up to standing, was significantly
greater (p<0.01) at fast speeds than at natural speeds,
suggesting greater instability for the faster movement
in sit-to-stand transfer. This may explain the de-
creased velocity seen in our patients during rising.
The patients, having just learnt how to rise, were not
ready to expose themselves to speedy adjustments
when coming up from a three point support to a two
point support. They were not yet sufficiently stable to
counteract antero-posterior body sway for balance
control. There was no difference in time required for
the patient group between rising and sitting down
“habitually” and *‘evenly”. In contrast there was a
difference within the control group. This may add to
the knowledge that rising is a movement under the
control of an acquired automatised central program.
The patients had not yet acquired an automatic en-
gram and the control group, when trying to concen-
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trate on rising up and sitting down with even weight
distribution on the legs, were deprived of theirs.

Weight distribution in rising and sitting down

In the patient group the load on the paretic leg was
37.5% body weight, when the patients rose habitual-
ly. In contrast, when the patients rose following
instructions to bear body weight evenly, the weight
load on the paretic leg was 44.4 % body weight. When
sitting down the weight load was 37.9 and 43.5%
body weight, respectively. Yoshida et al. (24) found in
their study that the centre of force was deviated pri-
marily to the non-paretic leg in their stroke patients.
QOur study further emphasises this “lack of vigor”
when rising, as correlations revealed that the degree
of paresis correlated with weight load ratio in rising
habitually. No other correlations were seen when ris-
ing or sitting down habitually.

However, patients with intact sensibility are likely
to perform better, in this case move faster and with
less asymmetric body weight bearing than those with
sensory deficits. Thus our stroke patients” degree of
sensory function did not influence the distribution of
body weight neither in rising nor in sitting down
habitually. These findings were surprising but are in
accordance with Kelso et al. (13), who suggested that
joint afferent information was not crucial for the con-
trol of movement. On the other hand when perform-
ing evenly there was a correlation between sensory
function and weight load ratio in rising, i.e., the pa-
tients with intact sensibility performed better.

After a stroke the automatic program for rising
seems to become asymmetric for obvious reasons, i.e.
paralysis, paresis, loss of postural control. Patients
can rise or sit down using the one leg, they can rely
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upon. To be able to rise, no matter how it is achieved,
“is good enough™ for the patient. This study though
showed, in accordance with clinical experience, that
stroke patients, when reminded, are able to put more
weight on the paretic leg than they habitually do. If
there is a continuous neglect to put weight on the
paretic leg, learned nonuse (23) may be reinforced.
Even if the patients, when rising habitually. in aver-
age put 37% of the body weight on the paretic leg,
which is 74 % of what is expected in normal subjects,
habituation of the uneven body weight distribution
might result in different secondary impairments.
Shortened muscle length and joint capsule tissue, in-
creased muscle tonus, poor balance on one leg, loss of
muscle activity, lack of stimulation from tactile and
proprioceptive stimuli might disable the patients in
locomotion and in activities of daily living. To moti-
vate the patients to pay attention to their ability to
distribute body weight evenly when rising and sitting
down thus seems a necessary commitment in a stroke
rehabilitation programme.

Patienis’ estimations

The visual analogue scale (VAS) has been recom-
mended as a reliable assessment of pain intensity (4,
I1). To our knowledge there is no study using the
VAS for self-estimation of parameters other than that
of pain. In this study the VAS was used to document
the patients’ own opinion of body weight distribution
on the two legs during rising and sitting down. There
was a correlation, albeit low, between the patients’
own estimations of evenness of body weight distribu-
tion and actual body weight load ratio during rising
but none during sitting down. This may indicate ei-
ther that the patients were not properly instructed to
use the scale, that the visual analogue scale might be
too crude and too abstract to be adequate or that the
patients were poorly aware of their body weight distri-
bution. when rising and not at all when sitting down.
Stroke patients, especially those with visual deficits
may have physiological as well as spatial restraints to
accurately document on a vertical or on a horizontal
scale any kind of self-estimation. However, bearing in
mind the importance of self-report in motor relearn-
ing (7), it is suggested that the use of a visual analogue
scale, carefully elaborated, or other types of reliable
self-estimations might be appropriate in stroke pa-
tients in order to facilitate motivation and active
participation in a rehabilitation programme, enhanc-
ing motor relearning.
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