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Abstract

Objective: To compare the classification of two clinical scales for assessing pusher behaviour in a cohort
of stroke patients.

Design: Observational case-control study.

Setting: Inpatient stroke rehabilitation unit.

Subjects: A sample of 23 patients with hemiparesis due to a unilateral stroke (1.6 + 0.7 months post stroke).
Methods: Immediately before and after three different interventions, the Scale for Contraversive Pushing
and the Burke Lateropulsion Scale were applied in a standardized procedure.

Results: The diagnosis of pusher behaviour on the basis of the Scale for Contraversive Pushing and
the Burke Lateropulsion Scale differed significantly (x2 = 54.260, p < 0.001) resulting in inconsistent
classifications in 3| of 138 cases. Changes immediately after the interventions were more often detected
by the Burke Lateropulsion Scales than by the Scale for Contraversive Pushing (y2 = 19.148, p < 0.001).
All cases with inconsistent classifications showed no pusher behaviour on the Scale for Contraversive
Pushing, but pusher behaviour on the Burke Lateropulsion Scale. 64.5% (20 of 31) of them scored on the
Burke Lateropulsion Scale on the standing and walking items only.

Conclusions: The Burke Lateropulsion Scale is an appropriate alternative to the widely used Scale for
Contraversive Pushing to follow-up patients with pusher behaviour (PB); it might be more sensitive to
detect mild pusher behaviour in standing and walking.
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Introduction

Pusher behaviour is characterized by an active lat-
eral tilt of the body and resistance to passive cor-
rection of the tilted posture.! Patients with pusher
behaviour show an erroneous internal reference of
verticality.>? This leads to a shift of the centre of
gravity toward the paretic side and can result in
loss of balance and falls.*>

Pusher behaviour is very relevant in stroke reha-
bilitation, because it prolongs inpatient treatment.®
However, there is much uncertainty about its prev-
alence, what may be due to heterogeneous diagnos-
tic criteria.”?

Clinical scales have been proposed for the diag-
nosis of pusher behaviour, e.g. the Scale for
Contraversive Pushing and the Burke Lateropulsion
Scale. Both scales reflect criteria set out by Davies! to
distinguish patients with pusher behaviour; however,
classification based on these scales might be incon-
sistent, for they show great variations in the selection
of items and the scoring. The Scale for Contraversive
Pushing rates the degree of postural symmetry, the
presence of abduction or extension of the non-paretic
extremities, and the presence of resistance to passive
correction. The Burke Lateropulsion Scale assesses
the degree of action or reaction of the patients to keep
or change a position. It is the only scale that incorpo-
rates pusher behaviour in supine rolling and in walk-
ing. The clinimetric properties and the clinical
applicability of the two scales were recently reviewed
by Babyar et al.'® While the Scale for Contraversive
Pushing is more extensively evaluated, the Burke
Lateropulsion Scale also shows evidence of clinical
and research practicability.”!1-12

Consistent measures are urgently needed to
identify and follow-up pusher behaviour. They are
a prerequisite for studying the epidemiology, the
underlying mechanisms, prognostic factors, and
the effectiveness of therapies.

The aim of our study was to compare the classi-
fications of pusher behaviour based on the Scale for
Contraversive Pushing and the Burke Lateropulsion
Scale in the same sample of stroke patients.

Methods

The present study is a secondary analysis of a
cross-over study on the effects of different

therapeutic interventions on pusher behaviour. The
methods and primary results of the study were
reported in detail elsewhere.!3

Patients

Patients with hemiparesis due to a unilateral hemi-
spheric stroke were enrolled in the study. Additional
inclusion criteria were age >18 years, inability to
stand unassisted, but previous ability to walk inde-
pendently before stroke. Exclusion criteria due to
therapeutic interventions were body weight above
150 kg, body height below 1.60 meters and above
1.90 meters, unstable cardiac disease, metal
implants, brain tumour, meningitis, epilepsy, ves-
tibular disorders, eye muscle paralysis, neurode-
generative movement disorder, unstable fracture,
severe osteoporosis, contractures or spasticity of
the lower extremities.

The Ethics Committee of the Ludwig-
Maximilians University Munich approved the
study in accordance with the Declaration of
Helsinki. Written informed consent was given by
all patients or their legal representatives.

Assessments and procedure

The Scale for Contraversive Pushing includes three
components: (1) the symmetry of spontaneous body
posture (rated with 0, 0.25, 0.75, or 1 point), (2) the
use of non-paretic extremities (0, 0.5, or 1 point),
and (3) the resistance to passive correction of the
tilted posture (0 or 1 point).!4 Each component is
tested in sitting and standing position, yielding a
maximum score of 2 per component. For a diagnosis
of pusher behaviour all three components must be
present. Karnath et al.3 originally recommended a
cut-off score equal to or greater than one (cut-off >1)
for each component (sitting plus standing). A less
conservative cut-off score greater than zero (cut-off
>0) for each component was evaluated by Baccini
et al.”12, who found improved diagnostic accuracy.
The Burke Lateropulsion Scale assesses the
patient’s resistance to passive supine rolling, to
passive postural correction when sitting and stand-
ing, and to assistance during transferring and walk-
ing.!! The score for each item is rated on a scale
from 0 to 3 (0 to 4 for standing) and is based on the
severity of resistance or the tilt angle when the
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patients starts to resist the passive movement. The
cut-off for the diagnosis of pusher behaviour is >2
points.!0

Standardized frontal photographs were made to
study postural responses and compare them to the
items of the clinical scales. Head, trunk, and leg ori-
entation were measured in three positions: spontane-
ous sitting on the physiotherapist’s bench with feet
having ground contact, spontaneous sitting with legs
hanging freely, and standing. Detailed instruction can
be found in the supplementary material appendix.

Patients in the study underwent three different
therapeutic interventions in a pseudo-random order
over 1 week. Immediately before and after each
therapy, the Scale for Contraversive Pushing and
the Burke Lateropulsion Scale were assessed by the
same blinded and trained examiner, and standard-
ized photographs were taken. The following assess-
ment sequence was defined to apply the measures
in a single procedure: assisted transfer from the
wheelchair to the therapy bench toward the non-
paretic side (relevant for the Scale for Contraversive
Pushing, B-sitting and the Burke Lateropulsion
Scale, transfer), supine rolling (Burke Lateropulsion
Scale, supine), sitting on the bench with the feet
having ground contact and the knees at a 90° angle
(Scale for Contraversive Pushing, A-sitting and
photograph), passive correction of the body posi-
tion (Scale for Contraversive Pushing, C-sitting),
sitting on the bench without feet having ground
contact and hands in the lap (photograph), passive
tilting to the paretic and non-paretic side (Burke
Lateropulsion Scale, sitting), assisted standing
(Scale for Contraversive Pushing, A-standing and
photograph), assisted standing with passive tilting
and correction (Scale for Contraversive Pushing,
C-standing and Burke Lateropulsion Scale, stand-
ing), assisted walking (Burke Lateropulsion Scale,
walking) and transfer via stance and toward the
paretic side back into the wheelchair (Scale for
Contraversive Pushing, B-walking).

Statistics

The chi-square test and Cohen’s kappa coefficient
(k) were calculated for the classification of pusher
behaviour and the detection of changes to estimate

the agreement between the Scale for Contraversive
Pushing and the Burke Lateropulsion Scale.

For comparisons of the leg, trunk, and head
position between groups, ANOVAs were per-
formed and posthoc Bonferroni tests were applied.

Data were analyzed with the statistical package
IBM SPSS Statistics 19. The statistical a-level was
set at 0.05.

Results

Twenty-three patients with unilateral hemispheric
stroke were enrolled in the study (mean age 68 + 10
years; 6 females; 19 right brain hemisphere dam-
aged; 1.6 £ 0.7 months post stroke). Ten of them
were classified as pushers by the Scale for
Contraversive Pushing at first study visit (Scale for
Contraversive Pushing score 3.25 +2.00 (median +
interquartile range), Burke Lateropulsion Scale
score 7.5 + 4.0). Immediately before and after each
of the three therapeutic interventions the data was
assessed, resulting in a total of 138 data sets.

The diagnoses of pusher behaviour based on
the Scale for Contraversive Pushing (cut-off >0)
and the Burke Lateropulsion Scale are shown in
Table 1 (y2(1) = 54.260, p < 0.001; k= 0.564, SE
=0.062). They resulted in an inconsistent classifi-
cation for 31 data sets, which originated from nine
patients.

A comparison of the original and the modified
Scale for Contraversive Pushing cut-off scores
revealed that the original cut-off (>1) missed
pusher behaviour in two cases compared to the
modified cut-off (>0). For further analysis, the cut-
off >0 was used.

The Scale for Contraversive Pushing was taken
as reference standard to calculate the sensitivity
and specificity of the Burke Lateropulsion Scale,
which resulted in 100% and 67%, respectively.

Changes were estimated as difference between
the scores immediately before and after a therapeu-
tic intervention. The number of detected changes is
shown in Table 2 and significantly differed between
the Scale for Contraversive Pushing and the Burke
Lateropulsion Scale (x2(1) = 19.148, p < 0.001)
and showed moderate agreement (k = 0.500, SE =
0.103).
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Table I. Classification of pusher behavior based on the Scale for Contraversive Pushing and the Burke

Lateropulsion Scale.

Burke Lateropulsion Scale

Scale for Contraversive Pushing (cut-off >0)

Pusher behaviour No pusher behaviour Total
Pusher behaviour 44 31 75
No pusher behaviour 0 63 63
Total 44 94 138
Table 2. Changes of pusher behaviour detected on the Scale for Contraversive Pushing and the Burke
Lateropulsion Scale.
Burke Lateropulsion Scale Scale for Contraversive Pushing

Change No change Total

Change 16 13 29
No change 3 37 40
Total 19 50 69

According to the classifications based on the
Scale for Contraversive Pushing and the Burke
Lateropulsion Scale, data sets were divided into a
group with consistently positive diagnosis of
pusher behaviour (PB**), a group with inconsistent
diagnosis of pusher behaviour (PB-*), and a group
with a consistently negative diagnosis (PB™").

All 31 cases of PB”* were classified as pushers on
the Burke Lateropulsion Scale, but not on the Scale
for Contraversive Pushing. For these cases the item
scores were examined. PB7" showed signs of pusher
behaviour mostly in the standing items: 27 of 31
cases showed no points on the Scale for Contraversive
Pushing components in sitting and 25 cases no points
on the Burke Lateropulsion Scale sitting items. In
standing 23 of 31 cases scored on the Scale for
Contraversive Pushing component A (symmetry of
body posture), 13 cases on the component C (resist-
ance to correction), but only three cases on the com-
ponent B (use of non-paretic extremities).

In seven of 31 cases no points were scored on
the Scale for Contraversive Pushing, neither in sit-
ting nor in standing, however all of them, except
one case, scored only on the Burke Lateropulsion
Scale standing and walking items. Regarding the
entire PB7* group, even 20 cases scored on the

Burke Lateropulsion Scale on the standing and
walking items only.

The values of the head, trunk, and non-paretic
leg positions determined by photographs, and the
results of the ANOVAs and the posthoc compari-
sons are shown in Table 3.

Discussion

The Scale for Contraversive Pushing and the Burke
Lateropulsion Scale showed moderate agreement
in the diagnosis of pusher behaviour with higher
sensitivity but lower specificity for the Burke
Lateropulsion Scale in comparison to the Scale for
Contraversive Pushing. The scales resulted in
inconsistent classifications in patients with mild or
resolving pusher behaviour. In these patients the
Burke Lateropulsion Scale might be especially
useful to detect pusher behaviour in standing and
walking.

The Scale for Contraversive Pushing and the
Burke Lateropulsion Scale resulted in 22.5% of
cases in inconsistent classifications. In all these
cases, the Burke Lateropulsion Scale diagnosed
pusher behaviour but the Scale for Contraversive
Pushing did not.
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64.5% of them scored on the Burke Lateropulsion
Scale on the standing and walking items only.
These two items seem to be crucial for the incon-
sistent classification between the scales. While
walking is not included in the Scale for
Contraversive Pushing, both scales address resist-
ance in standing. However, the Scale for
Contraversive Pushing rates resistance to an
upright position, whereas the Burke Lateropulsion
Scale additionally determines resistance to moving
the patient 10 degrees past midline. Resistance past
midline is only measured in standing and scored
with one point. Thus standing is the only item rated
on a scale from 0 to 4. The authors established this
weighting to emphasise features thought to be most
characteristic of pusher behaviour.!!

Another important difference between the two
scales, is that the Burke Lateropulsion Scale rates
exclusively resistance to passive correction through
a larger variety of postures (lying, sitting, standing,
transferring, and walking), while the Scale for
Contraversive Pushing addresses resistance in only
one component in sitting and standing, respec-
tively. On the Burke Lateropulsion Scale resistance
is scored on a scale from 0 to 3 (0 to 4 for stand-
ing), on the Scale for Contraversive Pushing, how-
ever, according to the ‘all-or-nothing’ principle,
with either 1 point (resistance is shown) or 0 points
(resistance is not shown).

As mentioned, the walking item of the Burke
Lateropulsion Scale is very relevant for the incon-
sistent classification of the two scales. However, we
observed some difficulties in the assessment of this
item. All patients included in this study were not
able to stand unassisted and most of them needed
either a lot of assistance to walk or were not able to
walk at all. Consequently, the walking item was
very difficult for severely impaired patients to do
and for the examiner to rate. The authors of the
scale recommended that, if it is not possible to
assess patients in standing or walking due to marked
lateropulsion they should be scored as having maxi-
mum deficit for those tasks that could not be
tested.!! However, it was not always evident during
the assessment of the scales in our study, if standing
and walking were impossible due to the severity of
lateropulsion or due to other impairments.

Like Clark etal.> we also had problems in
detecting small body tilts or determining the degree
of tilt in the sitting and standing items of the Burke
Lateropulsion Scale. In our study, the examiner
was on the paretic side and assisted the patient
while assessing the scales. It might be useful to
have the examiner in front of the patient to judge
deviation from verticality and responses of the
trunk or the limbs. However, at the same time, the
examiner has to move the patient and feel the
potential resistance against the movement.
Standardized photographs of the patient in a frontal
view might help identifying body tilts that the
examiner has difficulties detecting while sitting or
standing on the patient’s side.

When we compared the item scores and the body
positions determined by photographs the following
was evident: patients of PB”* scored only three
times on the Scale for Contraversive Pushing com-
ponent B in standing, but more than 74% scored on
the component A, i.e., abduction of the non-paretic
leg was rarely observed, but in many cases a contra-
versive body tilt. In contrast, data of the photographs
revealed abduction of the non-paretic leg and an
average slightly ipsiversively tilted trunk position.
This indicates that, although these patients were able
to bring their upper body to an upright position or
even past midline, they were unable to place their
centre of gravity over the base of support in stand-
ing. Also in sitting, photographs revealed a noticea-
ble tilt of the non-paretic leg in the PB* group.
Despite the clinical scales detected no pusher behav-
iour, the postural responses of these patients seem
not completely recovered. Further research is needed
to improve the understanding of the mechanism
behind pusher behaviour and its recovery process.

Summing up, the Burke Lateropulsion Scale
seems to be an appropriate alternative to the widely
used Scale for Contraversive Pushing and espe-
cially useful to detect patients with very mild
pusher behaviour and to track small changes in the
behaviour. However, until now, there are no data
available on sensitivity, specificity, and internal
consistency of the scale. Concurrent validity was
estimated by correlating the lateropulsion score
with the Fugl-Meyer Balance score and the FIM
motor score.!! Patients are thought to show pusher
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behaviour when scoring two or greater on the scale,
but this cut-off value has not been validated to our
knowledge and is inconsistently used in the litera-
ture. Babyar et al.!%16 applied the cut-off >2, while
Clark et al.l in a recent study used the cut-off >2.
In our sample, a cut-off value >2 instead of >2
improves the agreement between the scales from
77.5% (107 of 138) to 85.5% (118 of 138). As there
is no gold standard for the diagnosis of pusher
behaviour, a validation of the cut-off score against
postural abnormalities or the subjective postural
vertical might be meaningful.

There are some limitations to this study, includ-
ing the small number of patients (n = 23). However,
this number is comparable to other studies investi-
gating patients with pusher behaviour and the total
number of analyzed data sets is quite high as six
measurements per patient were included.>!? At the
same time, the repeated measurement design could
be a limitation of the study, since each measurement
was analyzed as independent measure for compari-
son of classifications, what might have biased the
result. We performed another chi-square test for
comparison of classification including only the data
at first study visit and the test was highly significant
(» < 0.001). Thus, the repeated measurements do
not seem to significantly distort our results.

A limitation with regard to the photographs is
the dependency on the angulation of the focal point
of the camera. We tried to minimise this bias by
using a standardised protocol. Furthermore, body
orientation was only determined in the frontal
plane and deviations in the horizontal or sagittal
plane were not taken into account.

Clinical messages

e The Burke Lateropulsion Scale is more
responsive to small changes and more
sensitive in the classification of pusher
behaviour than the Scale for Contraversive
Pushing.

e The Burke Lateropulsion Scale is espe-
cially useful to detect mild or resolving
pusher behaviour in standing and
walking.
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