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Objective To investigate the somatosensory findings of pusher syndrome in stroke patients.

Methods Twelve pusher patients and twelve non-pusher patients were enrolled in this study. Inclusion criteria
were unilateral stroke, sufficient cognitive abilities to understand and follow instructions, and no visual problem.
Patients were evaluated for pusher syndrome using a standardized scale for contraversive pushing. Somatosensory
finding was assessed by the Cumulative Somatosensory Impairment Index (CSII) and somatosensory evoked
potentials (SEPs) at 1 and 14 weeks after the stroke onset. Data of SEPs with median and tibial nerve stimulation
were classified into the normal, abnormal, and no response group.

Results In the baseline characteristics (sex, lesion character, and side) of both groups, significant differences
were not found. The score of CSII decreased in both groups at 14 weeks (p<0.05), but there were no significant
differences in the CSII scores between the two groups at 1 and 14 weeks. There were no significant differences in
SEPs between the two groups at 1 and 14 weeks after the stroke onset.

Conclusion It appears that somatosensory input plays a relatively minor role in pusher syndrome. Further study
will be required to reveal the mechanism of pusher syndrome.

Keywords Pusher syndrome, Stroke, Somatosensory evoked potentials, Cumulative Somatosensory Impairment
Index

INTRODUCTION

Stroke is a critical disease associated with high mor-
bidity and mortality rates, as seen in the Republic of Ko-

rea as well as other developed nations [1]. After stroke,
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patients often encounter disturbances of balance and
postural control. They fail to maintain an appropriate
posture against gravity, or their gravity line shifts toward
the nonparetic side in the standing position as a result

of the muscle tone change, hypoesthesia, and percep-
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tual dysfunction caused by hemiplegia [2,3]. In contrast,
some patients use the unaffected arm or leg to actively
push away from the unparalyzed side and resist any at-
tempts to passively correct their tilted body posture; this
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phenomenon is known as pusher syndrome (PS) [4,5]. PS
causes several problems in the performance of indepen-
dent and functional activities of daily living (ADL) and
delays the recovery of motor ability, thereby acting as a
barrier to rehabilitation [6].

According to previous studies, the prevalence rate of
PS varies widely, and it is a transient phenomenon that
recovers within several weeks in the majority of stroke
patients [7,8]. In many cases, PS is frequently associated
with proprioceptive disorder and cognitive dysfunctions,
such as hemineglect and aphasia [7,9].

The pusher behavior usually occurs when the patient
is in an upright position. It is known to occur because of
the misperception of the body orientation in relation to
gravity. When seated in a chair with their eyes closed, the
patients perceive their body as oriented upright when
they are actually tilted by nearly 20° to the side, and when
they open their eyes, their posture returns to normal [6].
Bisdorff et al. [10] showed that humans depended on pro-
prioception to maintain an upright posture, and Karnath
[6] noted that the somatic senses were one element of the
sensory inputs in the gravity receptor system.

Although PS is occasionally observed in the stroke pa-
tients, the research on this syndrome in relation to the
balance and postural control disturbances is insufficient.
Some previous studies [6,11] have shown that somato-
sensory loss does not necessarily result in PS, with the re-
sults being based on subjective experiments. Therefore,
more extensive research is necessary to clarify the verti-
cal perception bias in patients with PS [12]. In this study,
we examined the somatic senses by the electrodiagnostic
study and somatosensory impaired index in PS patients
and tried to establish the relation between the somato-
sensory impairment and PS.

MATERIALS AND METHODS

Subjects

The study prospectively enrolled 131 patients who were
admitted with stroke at the author’s hospital between
May 2010 and August 2011. The patients were diagnosed
with stroke on the basis of history, systemic observation,
neurological examination, and imaging studies (com-
puted tomography or magnetic resonance imaging). The
experimental group included 12 stroke patients with PS
(3 with cerebral hemorrhage and 9 with cerebral infarc-

tion), selected from 114 patients (42 with cerebral hem-
orrhage and 72 with cerebral infarction). Patients who
presented with a prior history of stroke, did not receive
rehabilitation treatment owing to rapid recovery, and did
not wish to collaborate were excluded. The patients who
had impaired visuospatial function, and had an unstable
medical condition were also excluded. The control group
comprised 12 non-PS patients (4 with cerebral hemor-
rhage and 8 with cerebral infarction). The mean age of
the patients was 65.9+3.9 years. There were 13 male and
11 female patients. Of the 24 stroke patients, 15 were
right-sided hemiplegia, and 9 were left-sided hemiplegia.

Methods

We determined whether the subjects developed PS
within 1 week after hospitalization. Patients were evalu-
ated for PS using a standardized scale for contraversive
pushing. Somatosensory finding was assessed by Cu-
mulative Somatosensory Impairment Index (CSII) [13]
and somatosensory evoked potentials (SEPs) at 1 and 14
weeks after the stroke onset. Patients with PS were as-
signed to the experimental group (group I), and those
without PS to the control group (group II).

Evaluation of the presence of PS and its severity

The method proposed by Karnath et al. [14] was used
to determine whether the subjects had PS and the sever-
ity of the syndrome, if present. PS was diagnosed when
the subjects exhibited all following three criteria with a
minimum score of 1 for each item: 1) the symmetry of
spontaneous body posture; 2) the use of nonparetic ex-
tremities (leg or arm) to push by abduction and extension
thrust; and 3) the resistance to passive correction of tilted
posture. The severity of the condition in the PS patients
was measured using the Scale for Contraversive Pushing
(SCP), standardized by Karnath et al. [14].

Somatosensory evoked potentials

SEPs is mostly conducted along the posterior funiculi
and medial lemnisci. This test was performed at 1 week
after the stroke onset. The Viking Select electromyogra-
phy (EMG) system (Nicolet Biomedical Inc., Lilburn, GA,
USA) was used, and the temperature of the testing room
was maintained between 22°C and 25°C. With the subject
lying on a bed in a relaxed position, the median nerves
of both wrists and the tibial nerves of both ankles were
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stimulated, and the recordings were made from the scalp
electrodes. The minimum stimulation intensity was de-
termined as the intensity at which the slight movement
of the thumbs and great toes were grossly observed. The
stimulation frequency was 3 times per second, the results
of 100—200 repetitive stimulations were averaged, and
the test was performed twice. The stimulation duration
time was 0.1 ms. The recording speed was set at 5 ms/
division for the upper extremities and 10 ms/division for
the lower extremities, and the recording sensitivity was
set at 5 pV/division. For median nerve evaluation, active
electrodes were placed at C3’ and C4, and the reference
electrode was placed at Fz. For tibial nerve assessment,
active electrode was placed at Cz, and the reference elec-
trode was placed at Fz. Comparison of evoked potentials
on the paretic and nonparetic sides was made, and based
on the results, the subjects were divided into the normal

Stroke patients
(n=131)

group, abnormal group, and no response group. When
the amplitude on the paretic side was less than 50% that
of the nonparetic side, or the delayed latency on the pa-
retic side was 10% more than that of the nonparetic side,
patient was assigned to the abnormal group. When no
potential was triggered, the patient was assigned to the
no response group.

Cumulative Somatosensory Impairment Index

Participants assumed a supine position with their eyes
closed. The CSII for the lower limbs was derived from the
clinical tests of pressure and vibration sensitivity, ankle
proprioception, and graphesthesia. Pressure sensitivity
was tested using 4.31 and 4.56 Semmes-Weinstein mono-
filaments applied to the skin of the external malleolus.
Each filament was applied twice, and the sensitivity for
that filament was considered absent if it was not sensed

Excluded
(n=17)
- Prior history of stroke (n=4)
- Not receive rehabilitation treatment

v

(n=4)
- Unable to cooperate (n=2)
- Impaired visuospatial function (n=2)
- Unstable medical condition (n=5)

i

i

PS group
(n=12)

Non-PS group
(n=102)

- Exhibited all following 3 criteria with
a minimum score of 1 for each item
1) The symmetry of spontaneous body
posture

2) The use of nonparetic extremities
(leg or arm) to push by abduction
and extension thrust

Randomized

A

v

3) The resistance to passive correction
of tilted posture

Control group
(n=12)

Outcome measures conducted

1) CSll, 2) SEPs

at 1 week and 14 weeks after stroke onset

Fig. 1. The enrollment algorithm for the subjects from May 2010 to August 2011. The 24 patients included in the study
were among the 131 stroke patients. PS, pusher syndrome; CSII, Cumulative Somatosensory Impairment Index; SEPs,

somatosensory evoked potentials.
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on at least one trial. Pressure sensitivity was recorded as
follows: 0, normal (both filaments sensed); 1, reduced
(only 4.56 filament sensed); and 2, absent (neither fila-
ment sensed). Graphesthesia was evaluated by asking
participants to recognize 3 simple symbols (line, circle,
plus sign) that were drawn on their sole. Graphesthesia
was rated as follows: 0, normal (all 3 correct); 1, reduced
(1 error); and 2, absent (=2 errors). For testing proprio-
ception, the examiner positioned the reference ankle
randomly at 10° dorsiflexion and 20° plantarflexion, from
the neutral position. The participant was asked to place
the test ankle in the same position. The proprioception
was considered absent if in both positions the error of the
tested ankle was greater than 5° of the reference ankle. It
was considered reduced if this error occurred only in 1
of the 2 positions. Proprioception was rated as follows: 0,
normal; 1, reduced; and 2, absent. The vibratory stimulus
was created with a 128-Hz diapason on the bony promi-
nence of the first metatarsal bone. The participants were
asked to report if they perceived the vibration. If the vi-
bration was perceived, they were asked to indicate when
they no longer perceived the vibration. Vibration sensi-
tivity was graded as follows; 0, normal (=10 sec); 1, re-
duced (1-9 sec); and 2, absent. Total CSII scores ranged
from 0 to 8, with 8 being the worst.

Statistics

The data was statistically analyzed using SPSS ver. 14.0
(SPSS Inc., Chicago, IL, USA). A comparative analysis

Table 1. Basic characteristics between two groups

Groupl GroupIl p-
(n=12) (n=12) value
65.4+4.7 66.5+3.1 0.594

Characteristic

Age (yr), meantSD

Sex (male/female) 7/5 6/6 0.682
Infarction, no. (%) 9(75) 8(66.6) 0.653
Affected side (right/left) 8/4 7/5 0.673

Paresis of contralesional side”

1.0 (0-3) 1.5 (0—4) 0.424
Leg, median (range) 2.5(0-3) 3.0(1-4) 0.528

Initial K-MBI, mean+SD 31.8+8.1 34.9+4.5 0.217

SD, standard deviation; K-MBI, Korean Modified Barthel

Index; Group I, patients with pusher syndrome; Group II,

patients without pusher syndrome.

“Paresis of the contralateral arm and leg was scored with

the usual clinical ordinal scale, where ‘0’ stands for no

trace of movement and ‘5’ for normal movement.

Arm, median (range)

between the experimental group and control group was
conducted using the chi-square test, with items includ-
ing the gender, lesions, types of stroke, and initial charac-
teristics. An independent t-test was used to identify sig-
nificant differences between the groups in CSII. A paired
t-test was used to compare CSII between 1 and 14 weeks.
We used the chi-square test to identify significant differ-
ences between the groups in SEPs result. A p-value <0.05
was considered statistically significant.

RESULTS

Participant flow through the trial is described in Fig.
1. In the baseline characteristics (age, sex, lesion, initial
strength, and initial Korean modified Barthel index [K-
MBI]) of both groups, significant differences were not
found (Table 1).

SCP score changes in both groups

Fig. 2 shows the status of pusher symptoms on the three
SCP subscales at 1 and 14 weeks. At 1 week after stroke
onset, all PS patients showed severe contraversive push-
ing on each of the SCP subscales. However, they showed
reduction in the symptoms and the scores of PS at 14
weeks (Fig. 2A). None of the control group showed ful-
filled clinical criterion to be diagnosed as contraversive
pushing (Fig. 2B).

Comparison of CSII

No significant difference was found in the CSII scores
between the experimental and control groups at 1 week
after the stroke onset (Table 2). Similarly, no significant
difference was found in the CSII scores between the two
groups at 14 weeks after the stroke onset (Table 2). How-
ever, the change of CSII scores between 1 and 14 weeks
were significantly different. The CSII score significantly

Table 2. Comparison of CSII between two groups

Group I Group Il  p-value
1 week CSII 5.7t1.6 4.6+1.1 0.215
14 weeks CSII 2.4+0.5 1.9+0.8 0.312
p-value 0.032% 0.024*

Values are presented as meantstandard deviation.
Group I, patients with pusher syndrome; Group II, pa-
tients without pusher syndrome; CSII, Cumulative So-
matosensory Impairment Index.

*p<0.05.
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Bl 14 weeks

1

1.75 1
1.50 1
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Fig. 2. Mean scores for the Scale for Contraversive Pushing (SCP) subscales (posture, abduction, resistance) at 1 and 14
weeks. (A) Experimental group and (B) control group. The values are expressed as meantstandard deviation.

Table 3. Somatosensory evoked potential (SEP) findings between two groups

1 week 14 weeks
GrouplI Group II p-value GrouplI Group II p-value

Median SEPs Normal 8 7 0.673 10 9 0.615

Abnormal 4 5 2 8

No response 0 0 0 0
Tibial SEPs Normal 7 8 0.673 9 10 0.615

Abnormal 5 4 3 2

No response 0 0 0 0

Group I, patients with pusher syndrome; Group II, patients without pusher syndrome.

decreased from 5.7+1.6 to 2.4+0.5 in group I and from
4.6+1.1 to 1.9+0.8 in group II (p<0.05) (Table 2).

Comparison of SEP test

The SEPs was conducted by stimulating the median
nerve and the tibial nerve. No significant difference was
found in the SEPs results of the two groups at 1 and 14
weeks after the stroke onset. In the 1st week test, abnor-
mal results for the median nerve were obtained for 4
patients and for the tibial nerve for 5 patients in group I;
similarly abnormal results were obtained for the median
nerve in 5 patients and for the tibial nerve in 4 patients in
group II (Table 3). In the 14th week test as well, abnormal
results for the median nerve were observed for 2 patients
and for the tibial nerve for 3 patients in group I. Further,
abnormal results for the median nerve were observed for
3 patients and for the tibial nerve for 2 patients in group
II (Table 3).

92
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DISCUSSION

PS is a poorly understood complication in the hemi-
plegic patients, characterized by tilted posture, active
pushing towards the affected body side, and resistance
to passive correction of the incorrect posture [4]. Clini-
cally, they are more likely to fall because they push their
weight from the nonparetic side to the paretic side, and
this misperception of the body orientation makes it dif-
ficult for the patients to move their weight and maintain
the posture. This in turn causes problems in the rehabili-
tation process and lengthens the time taken to recover
function [6]. Graviception is the perception of the body
position, equilibrium, and direction of the gravitational
forces [15]. The hypotheses that explain PS syndromes
are based on visual-vestibular system impairment and
misperception of body orientation in relation to grav-
ity [15]. The subjective visual vertical is determined by
asking the subjects, in complete darkness, to adjust a
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visible luminous line to what they consider to be the
upright, earth vertical [12]. Recently, PS symptoms were
found to be unrelated to semicircular canal abnormal-
ity; therefore, the visual-vestibular system impairment
based hypothesis is not appropriate in explaining the PS
symptoms [16]. As such, the distortion of the concept of
subjective postural vertical (SPV) seems to be the main
cause of PS. The SPV is assessed by asking the subjects,
sitting on a tilting chair rotated in the frontal plane by the
experimenter, to state in absence of vision when they feel
their body as vertically orientated [12]. Karnath et al. [15]
examined that when PS patients were seated on a chair
tilted to one side with the eyes blinded, they perceived a
position tilted by about 20° toward the lesion as upright.
This finding indicates that PS is associated with a severe
misperception of the body orientation in relation to grav-
ity, where efforts are made to compensate for this dispar-
ity in perception.

Davies [4] first described the association between the
senses and PS and made an empirical remark that severe
sensory impairment may trigger PS. Karnath [6] noted
that the somatic senses may comprise sensory inputs in
the gravity receptor system.

The SEPs can evaluate nerve cell injuries and recovery
using a sensory nerve pathway [17]. It shows a sensory
nerve pathway that reflects conduction though the dor-
sal columns of the spinal cord, synapsing in the dorsal
column nuclei, and crossing in the opposite direction
thought the medial lemniscus and thalamus to the pari-
etal sensory cortex, thereby enabling objective evaluation
of position and proprioception [18]. Attempts have been
made to clarify the correlation between SEP test results
and prognoses or brain lesions in stroke patients [19-21].
Kim et al. [22] reported that SEP test results showed good
correlation with physical examination findings, and that
SEP was associated with motor and sensory function.
Further, Rhee et al. [18] noted that SEP was correlated
with motor function. However, study on the association
between SEP test results and PS is limited.

This study conducted the SEP test on stroke patients
with and without PS, in order to examine the association
between PS and somatosensory impairment. No signifi-
cant differences were found between the two groups in
SEP test results or CSII. This finding indicates that somat-
ic senses may be an element of the sensory inputs, but are
not significantly related to PS in terms of its cause. This

result is consistent with that of Clement et al. [23] who
found that the somatic senses are not particularly mean-
ingful in PS, judging from the fact that when professional
drivers and astronauts are instructed to keep their body
perpendicular to the floor of the space station, the body
leans forward by nearly 20°. Also, a patient with a com-
plete sensory loss did not have any difficulties adjusting
the SPV vertical in a lateral tilt chair [15]. It appears that
somatosensory input plays a relatively minor role in the
perception of the body posture, and that somatosensory
loss does not necessarily result in PS. Although somato-
sense is an element of the sensory, it is not related to PS.
For this reason, sensory impairment in PS patients may
be a problem in the process of integrating the diverse
senses, such as visual, superficial, and vestibular senses,
to maintain a balance, or a problem with the accurate
perception and cognition of the sensory information
necessary for the planning and execution of the balance
strategies. Meanwhile, a recent study has indicated that
PS in the right-hemispheric lesion patients depends on
the vestibular otolith input, suggesting a link between the
system for postural control and the system responsible
for processing vestibular otolith information [24].

At present, the commonly used treatment methods
for PS [5] involve making the patients be aware of the
misperception, repetitive performance of ADL upright,
and training the patients to move their weight to the non-
paretic side. However, a therapeutic target to ensure ef-
ficacy is lacking. Weakened muscle strength of the lower
extremities, apraxia, and sensory impairment have been
cited as possible causes of PS, but its precise cause has
not been verified as yet [9,15]. Accordingly, further study
on the sensory elements and causes that trigger altered
proprioception in relation to gravity orientation is con-
sidered necessary for improving the efficacy of the PS
treatment.

This study has several limitations. The number of sub-
jects is not sufficient, as the incidence of PS is approxi-
mately 10% of all stroke patients. Furthermore, this study
does not include an evaluation of other senses like the vi-
sual, superficial, and vestibular senses. Therefore, a study
on the cause of PS involving a greater number of subjects
that also compensates for other study limitations will
contribute to the understanding of the mechanisms of PS
and enable the development of more effective treatment
methods.
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The pusher syndrome, a condition in which the stroke
patients move their weight toward the paretic side when
in the upright position, is known to occur because of the
misperception of the body orientation in relation to grav-
ity [4], and has a low clinical frequency. This study ex-
amined the association between PS and somatosensory
impairment. The result showed that somatosenses did
not have a significant correlation with PS as its cause. Ad-
ditional study on the sensory input elements of the grav-
ity receptor system as a cause of PS may help to develop
effective treatment strategies for the stroke patients with
PS.
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