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Abstract
Objective: Unilateral stroke can lead to a disorder of postural 
balance that manifests as a pushing toward the paretic side, 
termed “pusher syndrome” (PS). The relationship between 
lesion location and the time course of recovery of PS is 
still unclear. Thus, this study investigated the relationship 
between the time course of PS and lesion sites.

Methods: We investigated nine patients with acute ischemic 
stroke in the right hemisphere of the brain. The time course 
of the severity of PS was assessed using the standardized 
Scale for Contraversive Pushing. Patients were divided into 
two groups: the recovery and no recovery groups. Magnetic 
resonance imaging data were obtained to assess the effect 
of ischemic lesion sites on the recovery of PS and was 
analyzed with lesion subtraction technique.

Results: The subtraction imaging revealed an association 
between delay in the recovery of PS and frontal white matter 
lesions. These regions corresponded to the cortico-spinal 
tract and superior longitudinal fasciculus.

Conclusions: Previous studies revealed that patients 
with PS required longer rehabilitation to reach outcome 
goals than patients without PS. Our results indicate that 
when patients with PS have right frontal white matter 
lesions, planning a long rehabilitation should be considered 
compared with patients with other lesions.
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Introduction
Unilateral stroke can lead to a disorder of postural bal-

ance that manifests as a pushing toward the paretic side, 
termed “pusher syndrome” (PS) [1]. The reported inci-
dence of this syndrome varies from 8% to 63% in all pa-
tients with stroke [2-7]. This large variability is probably 
due to differences or biases in the assessment and selection 
procedures [6]. A clinical rating scale for evaluating the se-
verity of PS was developed in previous studies [8-10] and 
is termed the Scale of Contraversive Pushing (SCP). Re-
cently, we revealed the prevalence of PS to be 14.2% in all 
patients with stroke and 9.4% in stroke patients who suf-
fered motor deficit using valid quantitative assessment in 
a large sample study of 1660 subjects recruited from acute 
inpatients [11]. Previous studies showed that patients with 
PS have lower functional independence measure efficacy 
[12] and a slower process of recovery [4]. Babyar, et al. [5] 
found worse outcomes for the group of patients with right 
hemisphere stroke. Also, patients with PS might require 
longer rehabilitation to reach outcome goals [12]. Previ-
ous reports indicated that PS is typically associated with 
lesions of the posterior thalamus [13], posterior insula, 
and subcortical region of post-central gyrus [14]. Howev-
er, other lesions have been reported in PS [15] and multi-
regional lesions have been associated with PS by perfusion 
magnetic resonance imaging (MRI) [16].
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consent was obtained. We obtained approval from our 
institutional ethics committee prior to study initiation.

Clinical assessment
Evaluation of PS was performed according to the SCP 

[8-10] on the day of the first training session for sitting 
and/or standing. We used conventional criteria [3,8,13] 
where in the SCP subscale scores in each section of the 
scale were ≥ 0 because patients with mild SCP (SCP < 3) 
showed an early resolved PS [4]. The degree of PS was 
evaluated daily during physical therapy. Using the sub-
traction and statistical lesion analysis methods, to detect 
the lesion site that related the delay of recovery from 
PS, we divided the subjects into two groups: the recov-
ery group, as defined by an SCP score of < 1.75 within 
24 days from stroke onset (SCP < 1.75 indicates no PS 
[9,10]), and the no recovery group, which included pa-
tients with severe or moderate PS. We set the observa-
tion period to 24 days after onset because the minimal 
observation period was 24 days.

There have been reports of good prognosis of PS [3], 
but the duration of PS behavior differs widely. Krewer, et 
al. [12] reported that the mean duration of patients with 
PS in a rehabilitation hospital was 5 ± 4.3 weeks. The ef-
fect worsened if PS had been present for a longer period 
[12]. Therefore, prognostic evaluation is very important 
to plan rehabilitation goals and estimate the length of in-
tervention. Recently, a large clinical study showed that 
patients with right hemisphere lesions (RHL) exhibited a 
significantly slower recovery from PS than those with left 
hemisphere lesions (LHL) [11]. However, a relationship 
between lesion location and the time course of recovery 
of PS remains unclear. Thus, we investigated the rela-
tionship between the time course of PS and RHL.

Methods
Subjects

We conducted a retrospective cohort study of pa-
tients with acute stroke (infarction, hemorrhage, sub-
archnoid hemorrhage, and severe symptomatic stenosis) 
admitted to Kohnan Hospital from July 2006 to January 
2009. Stroke was diagnosed based on neurological signs 
and brain computed tomography scans and/or MRI.

The evaluation of PS was performed according to the 
SCP [8-10]. The degree of PS was evaluated daily during 
physical therapy. Moreover, for this study, we added 
new inclusion criteria: 1) all patients were identified as 
right side unilateral ischemic stroke with MRI because 
PS resolved early in patients with LHL [11], and this ret-
rospective study could not obtain early MRI in hemor-
rhagic stroke patients, 2) all patients with severe PS (SCP 
> 3), and 3) no severe hypo-perfusion in extra-lesion 
areas identified with single photon emission computed 
tomography. Because we believed a small cerebellar le-
sion would not affect the recovery of PS [17], patients 
with very small left cerebellar lesions identified with MRI 
were included.

This study was conducted in compliance with the eth-
ical principles of the Declaration of Helsinki regarding 
biomedical research on human subjects, and informed 

Table 1: Demographic and clinical data of nine ischemic right-hemisphere-damaged patients with pusher syndrome.

No. Age Gender SIAS 
M Sum 

Lesion 
volume 
(voxels)

Sensory 
disturbance 
(LE PS)

USN BI The number of 
days of first SCP 
assessment from 
onset 

1st 
SCP

Day 24 
SCP

Group 

1 73 Male 0 3575 Moderate Mild 25 5 3.5 0.5 Recovery 
2 60 Female 0 35045 Severe Severe 10 5 6 0.75 Recovery 
3 77 Male 11 20831 Severe Moderate 10 7 3.25 0 Recovery 
4 60 Female 0 21229 Unknown Unknown 0 5 6 6 No recovery
5 75 Male 16 33349 Severe Moderate 10 12 3.5 3.5 No recovery
6 88 Female 1 29110 Severe Moderate 5 7 6 3 No recovery
7 64 Male 2 8825 Unknown Moderate 5 4 3.5 1.75 No recovery
8 63 Male 1 34962 Severe Severe 0 13 6 4.25 No recovery
9 65 Female 0 7464 Severe Severe 5 9 6 3 No recovery

SIAS M Sum: Stroke Impairment Assessment Set five motor scores summation (the range of this score is 0 to 25, small score 
indicate more severe paresis); LE: Lower Extremity; PS: Position Sense; USN: Unilateral Spatial Neglect; BI: Barthel Index; SCP: 
Scale for Contraversive Pushing.

Table 2: Clinical data of patients with and without the recovery 
from pusher syndrome. 

 Recovery group

(1, 2, 3)

No recovery 
group

(4, 5, 6, 7, 8, 9)
Age* 70.0 ± 8.9 69.3 ± 10.7
Gender (male %) 66.6 50
SIAS five motor 
scores summation**

0 (0-11) 1 (0-16)

Lesion size (voxels)* 19817.0 ± 15759.5 22489.8 ± 12094.6
Sensory disturbance 
(severe/moderate/
unknown)

2/1/0 2/3/1

Unilateral spatial 
neglect (severe/
moderate/mild/
unknown)

1/1/1/0 2/3/0/1

Barthel index** 10 (10-25) 5 (0-10)
1st SCP** 3.5 (3.25-6) 6 ( 3.5-6)
SCP after 24 days** 0.5 (0-0.75) 3.25 (1.75-6)

SIAS: Stroke Impairment Assessment Set; SCP: Scale for 
Contraversive Pushing; *: mean ± SD; **: median (range).
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because one patient was transferred from another hospi-
tal. The boundaries of all lesions were delineated directly 
on the image for each transverse slice using MRIcro soft-
ware (www.mricro.com). Lesion volume was measured 
by counting the lesion voxels. Both the MRI scan and le-
sion shape were then mapped into stereotaxic space us-
ing a normalization algorithm provided by SPM5 (http://
fil.ion.ucl.ac.uk/spm/). Automated normalization tech-
niques can fail to accurately warp scans from individuals 
with brain injury, as the damaged region has a different 
signal intensity compared with the corresponding loca-
tion in the template image. To address this problem, we 
used the unified model as implemented by SPM5 soft-
ware for calculating transformation parameters [20]. 
Lesion location in the recovery and no recovery groups 
was compared using the subtraction technique [21]. This 
analysis illustrates the center of overlap in patients with 
recovery delay from PS in direct visual contrast to those 
areas that do not induce the delay of recovery from PS 

Stroke impairment was assessed according to the 
Stroke Impairment Assessment Set (SIAS) [18]. The 
Barthel index (BI) was used to evaluate activities of daily 
living. These tests are administered to all patients with 
stroke during their initial physical therapy.

Image acquisition
We used diffusion-weighted imaging (DWI) (TR/TE 

6000/68.4 ms, thickness 6 mm, gap 2 mm, matrix 128 × 
128, NEX 2, field of view 22 × 22 cm) and T2-weighted 
imaging (T2WI) (TR/TE 3000/102 ms, thickness 6 mm, 
gap 2 mm, matrix 320 × 256, FOV 22 × 22 cm) with the 
mean of 2.2 ± 2.8 days after stroke onset. DWI has prov-
en to be particularly sensitive for the detection of hyper 
acute infarcts and highly accurate in predicting final in-
farct size [19]. Another advantage was that in very acute 
cases, T2WI does not affect transformation. Thus, we 
used DWI for lesion delineation and T2WI for spatial 
normalization. One very early imaging was not available 
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Figure 1: Lesion frequency distribution map in patients with pusher syndrome.
Overlay lesion plots of the nine right-hemisphere-damaged patients with pusher syndrome; A) The number of overlapping 
lesions are illustrated by different colors coding increasing frequencies from dark blue (n = 1) to red (n = max. number of 
subjects). Overlay lesion plots of the recovery group, comprising three right-hemisphere-damaged patients with recovery from 
pusher syndrome; B) and no recovery group, comprising six right-hemisphere-damaged patients without recovery from pusher 
syndrome; C) The number of overlapping lesions is illustrated by different colors coding increasing frequencies from dark 
blue (n = minimum) to red (n = max. number of subjects). Overlay lesion plots of the subtracted superimposed lesion of the 
right-hemisphere-damaged patients with recovery (recovery group) and without recovery (no recovery group) from pusher 
syndrome; D) The percentage of overlapping lesions of the recovery group after subtraction of the no recovery group is 
illustrated by different colors coding with increasing frequencies from dark blue (difference = 1%-20%) to red (difference = 
81%-100%).
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the no recovery group. Age, gender, SIAS motor, lesion 
size, sensory disturbance, unilateral spatial neglect, and 
first SCP scores were similar between groups (Table 2). 
On the other hand, the recovery group was better than 
the no recovery group in terms of BI and SCP after 24 
days.

Figure 1 illustrates a conventional lesion density plot 
for all patients. The numbers of overlapping lesions are 
color coded with increasing frequencies from blue to red 
in all subjects. Similarly, figure 1 illustrates a lesion density 
plot for the recovery group, and figure 1 illustrates a lesion 
density plot for the no recovery group. In the subtraction 
images, the regions associated with delay of recovery 
from PS were centered on the frontal sub-cortical white 
matter (Figure 1). The core of overlap region is presented 
in figure 2. The data provide evidence for the association 
between the delay of recovery of PS and frontal white 
matter lesions. These regions corresponded to the 
cortico-spinal tract and superior longitudinal fasciclus. 
The JHU White-Matter Tractography Atlas (FSL:http://
www.fmrib.ox.ac.uk/fsl/) was used as a reference for 
anatomical localization.

Discussion
Our results show that frontal white matter lesions are 

consistent with right superior longitudinal fasciculus. 

when lesioned. The resulting subtraction image specifi-
cally highlights regions that are both frequently damaged 
in patients with delay of recovery from PS as well as be-
ing typically spared in patients without one. As the two 
patient groups differed in sample size, we used propor-
tional values for the MRIcro subtraction analysis.

Results
In total, 1660 in patients undergoing stroke rehabili-

tation (mean age, 69.9 ± 13.1 years) were included; this 
large sample was recruited in a previous study [11]. The 
length of stay for patients with stroke who received re-
habilitation was a median of 26 days (range, 3-394 days). 
According to SCP scores, PS was observed in 156 of 1660 
patients. In this study, we excluded 121 patients accord-
ing to a previous study to evaluate the pure recovery 
from PS [11]. Of the 35 patients that were not excluded, 
there were nine who fulfilled the new inclusion criteria. 
One patient with a very small left cerebellar lesion iden-
tified by MRI was included.

The clinical characteristics of the nine patients are 
shown in table 1. Almost all patients had severe left 
hemiparesis, sensory disturbance, and unilateral spatial 
neglect according to SIAS. Among the nine patients 
with acute ischemic right hemispheric stroke, three were 
assigned to the recovery group and six were assigned to 
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Figure 2: Results of the region that related delay of pusher syndrome.
Over 80% overlap region was found the A” anatomical localization of right frontal white matter lesion by using the subtraction 
method, B, C) Right white matter lesions were shown with a three-dimensional rendering; D, E) These regions corresponded 
with the superior longitudinal fasciculus; F, G) and cortico-spinal tract. The coordinates are given in MNI (Montreal Neurological 
Institute) stereotaxic coordinates.
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other studies [23,24] have revealed that white matter 
lesions under the premotor cortex are conclusive evi-
dence of less motor function recovery. Thus, our results 
and these previous reports are in agreement, and severe 
hemiparesis might be related to a delay in recovery from 
PS.

Other areas that are considered responsible for ab-
normality are of the body schema. Recent neuro imaging 
techniques have revealed neuronal substrates for human 
body schema [25]. A dynamic limb position model ap-
pears to be computed in the central motor network (rep-
resented by the primary motor cortex). Here proprio-
ceptive (kinesthetic) signals from muscle spindles are 
transformed into motor commands, which may under-
lie somatic perception of limb movement and facilitate 
its efficient motor control. Somatic signals originating 
from different body parts are integrated in the course of 
hierarchical somato sensory processing, and activity in 
higher-order somato sensory parietal cortices is capable 
of representing a postural model of the entire body. Of 
course, posture and activity are constructed based on the 
body schema. The right parietal lobe is involved in the 
body schema; the right fronto-parietal regions connected 
by the most inferior branch of superior longitudinal fas-
ciculus fibers seem to have the functions of monitoring 
bodily states and updating body schema [26].

Our study does have some limitations. As we tried to 
exclude certain factors that may affect recovery from PS, 
we could not amass a large number of subjects. Therefore, 
research on PS with larger sample sizes is required in fu-
ture studies. Furthermore, in this study, we used clinical 
imaging that had inadequate resolution for clinical diag-
nosis and observation. Thus, it may be more desirable to 
conduct a voxel-based lesion analysis using more accu-
rate imaging. Because this study was undertaken in acute 
care hospitals, we could not provide a sufficiently long 
observational period. It may be desirable to conduct a 
cooperative study with rehabilitation hospitals.

Conclusions
Previous studies revealed that patients with PS require 

longer rehabilitation to reach outcome goals. Our results 
indicate when patients with PS have right frontal white 
matter lesions, plans for longer rehabilitation should be 
considered for these patients.
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Thus, PS induces severe failure in body posture main-
tenance. If PS is related to disturbed body schema, this 
may explain why lesions of this pathway are associated 
with the delay in recovery from PS.

This study revealed the association between delay in 
recovery from PS and right frontal white matter lesions. 
In the majority of stroke patients, PS resolves within sev-
eral weeks [4]. One study reported, PS behavior resolved 
in 79% of affected patients within 3 months of acute 
stroke [4], and patients in another study had almost full 
recovery 6months after stroke onset [3]. However, the 
duration of the behavior widely differed among patients 
with PS [4,12]. Independent of the variable PS duration, 
the occurrence of PS per se had a significant effect on re-
habilitation outcome [12]. Patients with PS are only half 
as efficient and effective in their rehabilitation outcome 
as the subgroup of patients without PS [12]. Patients 
with PS generally have worse outcome over a longer pe-
riod of time [12]. Thus, it is important to explore the fac-
tors associated with delays in patient recovery. Babyar, 
et al. reported that the number of stroke impairments 
(motor, proprioceptive, and hemianopic or visual spa-
tial deficit) was crucial for recovery from PS [22]. How-
ever, in our study, the severity of hemiparesis, sensory 
disturbance, and unilateral spatial neglect seems similar 
between the recovery and no recovery groups. Converse-
ly, the recovery group was better than the no recovery 
group in terms of BI. PS is a postural disorder, and BI is 
commonly associated with the basic function of postural 
balance. When PS remains unresolved, it leads to lower 
BI. Between-group differences in SCP appear to be small 
but may lead to differences in the BI. The involvement of 
these lesions seems to be related to the delay of recovery 
from PS as there were no differences in factors such as 
hemiparesis and unilateral spatial neglect, which could 
be related to the delay, between the recovery and no re-
covery groups. Our results indicate that when patients 
with PS have right frontal white matter lesions, plans for 
a longer rehabilitation should be considered compared 
with patients with other lesions.

Previous studies have revealed that the occurrence of 
PS is associated with specific lesion sites; particularly, the 
posterior thalamus [13], posterior insula, and subcortical 
region on post-central gyrus [14]. However, it is unclear 
which lesion site is associated with the delay in recovery 
from PS.

Our results are consistent with previous reports be-
cause our study was retrospectively performed only in 
patients with PS. Therefore, all patients had post-insula 
and/or post-central gyrus subcortical lesions. A previous 
study reported that patients with severe PS showed se-
vere hemiparesis and had long-term residual severe pa-
resis [4]. Our results indicated that frontal white matter 
lesions were related to delays in recovery from PS; these 
regions involved the premotor cortex via the cortico-spi-
nal tract. PS is highly associated with motor deficits, and 
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