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Abstract

Background: There is a paucity of information regarding visuospatial (VS) and visuomotor (VM) task performance in
patients with chronic right fronto-parietal lobe stroke, as the majority of knowledge to date in this realm has been
gleaned from acute stroke patients. The goal of this paper is to determine how VS and VM performance in chronic
stroke patients compare to the performance of healthy participants.

Methods: Nine patients with stroke involving the right fronto-parietal region were evaluated against match
controls on neuropsychological tests and a computerized visuomotor assessment task.

Results: Initial evaluation indicated that performance between participant groups were relatively similar on all
measures. However, an in-depth analysis of variability revealed observable differences between participant groups.
In addition, large effect sizes were also observed supporting the theory that using only conventional examination
(e.g., p-values) measures may result in miss-identifying crucial stroke-related differences.

Conclusion: Through conventional evaluation methods it would appear that the chronic stroke participants had
made significant functional gains relatively to a control group many years post-stroke. It was shown that the type of
evaluation used is essential to identifying group differences. Thus, supplementary methods of evaluation are
required to unmask the true functional ability of individuals many years post-stroke.
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Introduction

Visuospatial performance deficits and impaired visually-
guided motor control are often reported in individuals with
right hemispheric stroke [1,2]. Specifically, right hemi-
spheric damage involving the fronto-parietal region is
thought to affect several sub-processes of visually-guided
movements such as goal-directed reaching [3,4], grasping
[5,6] and pointing [7]. Right hemispheric lesions have also
been associated with reductions in reaction time, in the
planning of visually-guided movements, and in degraded
hand kinematics, specifically when using the contralesional
limb [8,9].

Among the few studies conducted on chronic stroke
patients, who may be more likely to exhibit stable perform-
ance characteristics, investigators have probed either visuo-
spatial or visuomotor performance [10-12], but not both.
Obtaining information on both types of task performance
in chronic right fronto-parietal lobe stroke patients may
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provide insight into the effects of damage to potentially
overlapping functional networks required for these tasks.

The research provided within this document suggests
that characterizing life-long VS/VM deficits can be
challenging and requires sensitive tools in order to
provide an accurate representation of one’s cognitive
and cognitive-motor integration abilities after consider-
able time post stroke.

Thus, in this investigation, VS and VM performance in a
group of chronic stroke patients with substantial right
fronto-parietal lobe damage was compared to an age-
matched control population to ascertain how performance
in patients who were many years post-ictus compared to
that of healthy participants. Therefore, it was hypothesized
that compared healthy individuals stroke patients would
display significant difficulty on standard VS & VM tests
and diminished visually-guided motor performance, par-
ticularly with the presence of damage to right fronto-
parietal lobe. The primary question to be examined is: Do
current standard testing measures provide a true
characterization of chronic stroke patient’s ability as it
relates it visually guided motor control?
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Methods
Participant characteristics
All available patients (6 men and 3 women mean age
56.7 + 13.2 years) who exhibited stroke involving the right
fronto-parietal lobes, were recruited from a pool of
community-dwelling chronic stroke patients being fol-
lowed through the Cognitive Neurology Clinic and the
Heart and Stroke Foundation Centre for Stroke Recovery
at Sunnybrook Health Sciences Centre (SHSC), a Univer-
sity of Toronto academic healthcare institution. Patient
demographic and clinical information is listed in Table 1.
Patients were on average 8.9 years (range 3.3-19 years)
post-stroke, initially presented with a symptoms suggesting
right hemisphere damage, due to right middle cerebral ar-
tery infarction. In certain cases, there was ablation of nearly
the entire MCA territory, and a few patients also had sig-
nificant damage in the anterior cerebral artery territory. All
patient participants underwent standard rehabilitation
intervention (e.g., occupational and physical therapy) in the
subacute phase of their stroke.

Control participants were age, education and sex
matched to the patient sample for the paper-based
Neuropsychological VS/VM assessments, which included
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4 men and 5 women with a mean age 60.7 £ 3.9 years.
One-way analysis of variance conducted between partici-
pants groups using corrected values indicated no signifi-
cant difference between sample populations on age,
education and sex variables. In addition, a second sub-set
of 11 normal control participants completed the
computer-based visuomotor procedure (7 men and 4
women, mean age 53.6 + 14.7 years). Likewise, one-way
analysis of variance on demographic characteristics indi-
cated no significant difference on age, education and sex
variables. All research participants were right handed
and demonstrated understanding of tasks instructions.

All control participants were community dwelling
healthy volunteers with no significant medical or neuro-
logical history. All participants provided written informed
consent to participate in this research study, which was
approved by the SHSC Research Ethics Board.

Neuropsychological visuospatial testing

Seven neuropsychological tests were utilized to assess
VS/VM function. The Benton Judgement of Line Orien-
tation (BLO) [13], was included as it has been shown to
correlate with right parietal damage [13,14] and is one of

Table 1 Patient demographic data and neuropsychological scores

Patient ID 1 2 3 4 5 6 7 8 9
Age 53 59 51 42 57 48 69 20 45
Sex M M M M M M F F F
YOE 14 8 17 1 15 13 11 12 13
Total Lesion Volume (cm?) 127 23 70 49 190 99 51 232 333
MMSE 30 26 29 29 30 27 27 29 29
NIHSS Neglect Scores 0 0 0 1 (tactile) 0 0 0 1 (tactile) 0
Mean IT (sec) 0.73 112 0.74 0.85 0.89 143 1.71* 0.74 1.27
Mean MT (sec) 047 0.52 045 0.82*% 0.83* 042 0.77 038 040
Clock Drawing 10 10 10 10 n/a n/a 10 10 10
Trails A (sec) 25 67* n/a 31 37 25 66* 7 29
Trails B (sec) 42 188* n/a 57 141 80 240* 13 75
Benton n/a n/a 26 n/a 23 24 20 13 16
Rey-O (copy) 35 30 36 35 n/a 24.5*% 29 19.5% 29.5
Rey-O (IR) 25 10.5 28 22 n/a 135 9 7.5 10.5
Rey-O (DR) 25 13 26.5 23 n/a 8 10 85 135
Sup parietal >10% Y
Inf parietal >10% Y Y Y Y Y Y
Supramarg >10% Y Y Y
Mid Frontal >10% Y

Inf frontal >10% Y Y Y Y Y Y Y

BG >10% Y Y Y Y Y Y

Demographic data and neuropsychological scores for each patient are shown above. ‘Age’ indicates age at time of stroke, years of education (YOE),Mini Mental
State Exam (MMSE), initiation time (IT), movement time (MT), ‘Clock Drawing’ indicates total Clock Drawing Assessment scores, Benton Line Orientation scores
(Benton), Rey-Osterrieth complex figure test (Rey-O copy), ‘Rey-O IR’ indicates immediate recall Rey-Osterrieth score, ‘Rey-O DR’ indicates delayed recall Rey-
Osterrieth score, and ‘n/a’ indicates data not available. Values for patients that exhibited impairment on visuospatial tests are bolded with an asterisk. Patients
were considered as impaired on visuomotor testing if MT or IT was greater than 2 standard deviations when converted to z-scores.
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few noted “pure” visuospatial measures. Research has
noted that the right parietal regions have also been
shown to be active during BLO task performance using
functional neuroimaging [15].

Further, recent evidence from functional imaging and
lesion studies suggests that both right frontal and par-
ietal regions may be involved in VM task performance
and in VS tests that have an “executive type” compo-
nents involved in task completion, thus tasks such as
Trails A and B and the Rey-Osterrieth Complex Figure
test were included in this examination [16,17]. Accord-
ingly, the Rey-Osterrieth complex figure test (copy, im-
mediate recall, delayed recall) is noted to probe the
parietal-frontal network [18] which is related to both
spatial analysis and frontal executive processes, [19,20]
as well as, to regions mediating visual memory [21-24].
The Trails A task, a measure of psychomotor speed, and
the Trails B, a measure of attentional and executive pro-
cesses implicating the parietal-frontal “networks” [25,26]
were also administered. Clock Drawing was included as
a measure to assess visuoconstruction ability [27].
Acute estimate of neglect behaviour was derived from
the extinction and inattention (neglect) sub-domain of
the National Institutes of Health Stroke Scale (NIHSS),
where a score of 0 indicates no abnormality, 1 indicates
the presence of mild visual, tactile or auditory extinc-
tion or neglect, and 2 indicates profound extinction or
neglect (measurement taken at first assessment after
post-stroke episode). Lastly, all participants completed
the Mini-Mental Status Exam (MMSE), which examines
orientation to time and place, attention and calculation,
recall, language, and visual construction [28].

Computerized visuomotor assessment

Participants completed a computer-based visuomotor
task (CbVM) (adpated from Tippett & Sergio 2006 [29]),
designed to examine visually-guided motor performance
and postulated to probe the right parietal function
involved in point-to-point hand movements. The task is
thought to engage a parietal-frontal “network” involved
in choosing targets of interest and transforming the tar-
get information into an appropriate movement goal [30].
Participants were required to slide their finger over a
touch-sensitive screen in order to displace a cursor
viewed on a computer monitor (arrow) to specific target
locations. Specifically, participants performed the task
under one of two cognitive conditions using one of two
visuospatial mappings between target viewing and hand
motion. Four 25 mm diameter targets were presented
80 mm from a central target along the four cardinal axes
on the screen at 0°, 90°, 180° and 270°, first in a direct
one-to-one procedure (e.g., finger moves left and cursor
moves left) and second, in a rotated “nonstandard” visual
feedback condition (e.g., finger moves left and cursor
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moves right). In addition, two separate spatial locations
were used for the touch screen: first the touch screen was
placed directly on the monitor, and second, the touch
screen was placed horizontally on the table in front of the
monitor (Figure 1). Each of the 4 conditions involved 20
trials and took approximately 15-20 minutes to complete.
During task performance, movement times (MT) and initi-
ation times (IT) were collected and summed to create a
total reaction time (RT) score. IT was calculated by scoring
initial onset of finger movement (i.e. when the participant
moved from centre target position), and MT was calcu-
lated by the total time required to move to the target
position after the target was presented. For further
descriptions of the task, see [29].

Image acquisition and analysis

Anatomical imaging was performed on a research
MRI scanner (1.5 T, GE Medical Systems, software
version LX 8.2.5, NV/i hardware platform). A standard
three-dimensional fast spoiled gradient-echo anatom-
ical imaging sequence was used to obtain T1-weighted
images (Repetition time = 12.4 ms; Echo time = 5.4 ms;
Flip Angle, 6=35% Acquisition Matrix=256x192;
Slices = 124; Slice Thickness = 1.4 mm; Field of View =
22x16 c¢m). Image alignment, lesion tracing and lesion
volume calculations were completed by a trained image
analyst using ANALYZE 6.0 software (Biomedical Im-
aging Resource, Mayo Foundation). Tracing was per-
formed blind to all clinical data except the side of
hemiparesis. Lesions were visually identified as having
low signal intensity in relation to homologous contra-
lateral tissue. Both the black core (CSF intensity) and
dark peri-infarct regions were included in the tracing.
Incidental lacunar infarcts were also included in le-
sion tracings. The tracings were co-registered to the
Montreal Neurological Institute (MNI) brain template using
16 non-linear transformations and cost function masking
[31] and region of interest (ROI) images were generated
using MRIcro software (http://www.mccauslandcenter.sc.
edu/mricro/mricro/mricro.html). ROI images were then
overlapped to indicate the frequency of damage for each
voxel. The Talairach coordinates [32] acquired in MRIcro
were used to identify relevant anatomical structures impli-
cated in the ROI analyses.

Statistical analysis

An analysis of variance (ANOVA) was used to exam-
ine the main effects of VS/VM measures between and
within participants groups (critical value p >0.05). It is
important to note that for the Benton line orientation
test data was retrieved for 6 of 9 of patients (2 patients
were not within our testing time constraints and 1 pa-
tient failed to pass screening). To evaluate CbVM per-
formance, we conducted a MANOVA (multivariate)
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finger position. Figure 1 is reprinted with permission from Elsevier Ltd.

Figure 1 All conditions randomly display targets in 0°, 90°, 180° or 270° positions. Touch screen location is altered in conditions B & D
and visual feedback of cursor position is also altered in conditions C & D. A) Displays the direct 1-1 condition where finger position is cursor
position. B) Displays the touch screen placed horizontally in front of the vertical monitor, participants move their finger on horizontal touch
screen to observe movements on the vertical screen. C) Touch screens is placed over vertical monitor as in A, however on screen cursor moves
180° from that of finger movement. D) Touch screen placed again horizontally as in B and cursor moves as described in C, 180° away from
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analysis to examine the main effects of performance
(e.g., MT and IT) between participant groups. VM per-
formance was considered as abnormal when z-scores,
determined using the SD and mean scores of normal
controls, for initiation times or movement times
were > 2. Data were analyzed using SPSS for Windows
(version 15; SPSS Inc., Chicago, IL).

Effect size calculations were also conducted to de-
scribe the degree to which experimental differences were
observed between our two populations. Effect size calcu-
lations are particularly useful when faced with low statis-
tical power, as they have the ability to demonstrate the
overall magnitude of relationships. Therefore, as recom-
mended by Zakzanis (2001), Cohen’s d was utilized as it
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is identified to be the most appropriate for use with pa-
tient participants engaging in neuropsychological evalua-
tions [33]. The use of effect size also provides a way to
measure significance, particularly in this context, given
the paucity of precedent analysis examining VS and VM
task performance in chronic stroke patient.

Performance consistency

It is commonly observed that brain injured individuals
tend to exhibit greater performance diversity compared
to normal controls [34-37]. Inter-individual variation can
be thought of as inconsistency in ability of individuals in
an identified group, whereas intra-individual variability
is temporary alterations in performance by an individual
engaged in a one-time measure of their performance
[38]. Both forms of variability (inter and intra) can be
viewed as "noise' [38]. Performance variability and its in-
verse, performance consistency, may be a source of con-
siderable information, not to be overlooked [39-42];
specifically, past research on stroke patients has noted
that reaching for a target can be met with overall suc-
cess when evaluated against controls, however, the
mechanisms used (e.g., degrees of freedom) to achieve
this goal can be quite different[43,44]; and thus study-
ing variability as the dependent measure of interest can
be informative [45,46]. For this study, the measure of
inter-individual performance variability was calculated
as the mean of the standard deviations for IT, MT on
the CbVM, with variability of the neuropsychological
tests further characterized between stroke patients and
controls. This analysis examined whether the mean of
all the individual variances (standard deviation squared
for each group) was equivalent between the two groups.
The Coefficient of Variation (ratio of group standard
deviation to the group mean) was calculated as an add-
itional measure of variability [38]. The measure of
intra-individual variability was calculated as the stand-
ard deviation for each individual within the four condi-
tions on CbVM using I'T and MT values.

Results

Neuroimaging

All patients experienced ischemic stroke involving the
right hemisphere, and the mean time for MRI was
42.4 months (+ 45.1 months, range 2—122 months) post-
stroke. Figure 2 displays four representative MRI slices
for each patient showing the lesioned brain regions, and
Table 2 shows the percentages of tissue that was
lesioned in various anatomical regions. The mean pa-
tient lesion volume was 124.31 cm® (+ 106.21, range
41.0-324.9 cm®). The overlay of patients’ ROIs indicated
that lesions exhibited maximal overlap in regions of the
supramarginal gyrus, inferior parietal lobule, postcentral
gyrus and rolandic operculum (Figure 3).
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Neuropsychology evaluation

One way analysis of variance (ANOVA) between
groups for visuospatial measures showed no signifi-
cant differences for the Rey-Osterreith figure copy
(F1,16=2.56, p >0.05), Rey immediate recall (F;;5=1.15,
p >0.05), Rey delayed recall (F;;5=1.34, p >0.05) and
MMSE (F;16=0.0, p >0.05). Likewise, there were no sig-
nificant main effects for group on the Trails A (Fj14=
0.33, p >0.05), Trails B (F1;3=1.72, p >0.05), or Clock
Drawing (F;14=1.75, p >0.05). Scores on the BLO were
significantly different between stroke patients and the
control group (Fy;»=12.24, p <0.005). There were no
within group effects observed (p >0.05). Two of nine
patients exhibited tactile extinction, each scoring 1 point
on this section of the NIHSS. No patients were found
to have visual extinction. On 9 separate occasions,
patients fell below normal limits (NL) values and on 10
separate occasions, patients either declined to perform
certain neuropsychology tasks or did not pass the initial
screening procedures.

Computerized visuomotor procedure

Across all four CbVM conditions, the mean reaction time
for the stroke patients was .56 +.50, .80 + .40, .80 +.21
and 1.1 +.52 seconds, respectively. The mean reaction
time for the control participants on all four visuomotor
measures were as follows: .63 +5.0, .78 £ .61, .85 + .46 and
.93 +.53. Multivariate analysis (MANCOVA) revealed no
significant main effect between groups based on average
reaction time values for each participant (F; ;5 = p >0.05).

Individual analysis

Despite what appears as a relative comparable perform-
ance in this stroke population sample, further investiga-
tion (Table 1) showed that 4 patients with at least 1
abnormal neuropsychological test (Trails or Rey-copy,
patients 2, 6, 7, 8), and 3 patients had an abnormal
CbVM scores (patients 4, 5, 7).

A lesion overlay of patients with an abnormal neuro-
psychological test showed that the anterior-inferior
frontal, mid frontal, centrum semiovale and supramar-
ginal regions was commonly involved in this group
(Figure 4). Commonly lesioned regions for patients
with an abnormal VM score included the anterior-
inferior frontal, basal ganglia, centrum semiovale, cor-
ona radiata and supramarginal regions (Figure 5). A le-
sion overlay of all patients with either an abnormal
CbVM or neuropsychological score showed maximal
overlap in the inferior frontal, basal ganglia, centrum
semiovale, and supramarginal regions, which suggests
that the CbVM and neuropsychological tasks may rely on
common structural regions for successful task completion.
CbVM or neuropsychological deficits were noted in
patients with lesions involving one or all of these regions,
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Figure 2 Four representative slices of stroke lesion territory are shown for 8 of 9 stroke patients. The numbers along the left side of Figure 2

correspond to the ID numbers in Tables 1 and 2. Although processed lesion data was available for patient #1, the raw MR images were not locatable.
-
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Table 2 Percentages of lesioned tissue in frequently damaged anatomical regions

Anatomical Region: Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9
Postcentral 42.1% 16.5% 29.8% 3.9% 49.6% 9.0% 0.7% 56.8% 78.3%
Superior Parietal 0.0% 6.3% 0.0% 0.0% 12.5% 0.0% 0.0% 5.3% 59.1%
Inferior Parietal 24.5% 433% 0.7% 2.0% 83.5% 17.8% 0.0% 784% 75.3%
Supramarginal Gyrus 0.0% 14.8% 2.4% 27.1% 84.0% 63.5% 0.0% 79.1% 69.8%
Angular Gyrus 0.0% 0.0% 0.0% 0.0% 76.0% 6.5% 0.0% 66.8% 72.9%
Precuneus 0.0% 0.2% 0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 46.1%
Paracentral Lobule 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 83.8%
Caudate 0.0% 0.0% 25.1% 34.0% 0.0% 24.1% 0.7% 0.0% 24%
Putamen 0.3% 0.0% 69.9% 90.3% 52.2% 65.6% 46.6% 1.5% 334%

Patients’ lesions frequently involved the anatomical regions listed above. The percentage of lesioned tissue for each of these individual regions is indicated, which
was determined by dividing the number of lesioned voxels in each region by the total volume of the region.

See Table 2 (all regions were not necessarily lesioned in

patients that exhibited performance deficits).

Effect size

In an effort to understand the magnitude of relationships
for each measure, effect size values were calculated. The

results demonstrate that half of the testing measures
used in this experiment did in fact reach a large effect
size value (range .76-1.87), which can be observed on
both neuropsychological VS/VM tasks and on the CbVM
measure. The effect size results presented in Table 3
show that individuals post sub-acute phase of a stroke

SUPMY  “supmg

& pstent

Figure 3 Overlay of lesions for 8 patients with stroke involving the right parietal lobe. Voxels damaged in one patient are shown in purple and
shades toward the red end of spectrum denote voxels where larger numbers of patients were lesioned, as indicated in the key. ‘Supmg’ indicates
supramarginal gyrus, ‘inf par’ indicates inferior parietal lobule, ‘pstcnt’ indicates postcentral gyrus, rolnd op’ indicates rolandic operculum.
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Figure 4 Overlay of patients with 1 abnormal VS test score. Purple indicates area of lesion involvement for 1 patient, blue for 2 patients,
green 3 patients, red 4 patients. Commonly involved regions included the anterior-inferior frontal, mid frontal and medial supramarginal regions.
-

episode still display significant impairments on a number
of the neuropsychological tasks. In addition, to this
reduced ability significant differences were also observed
on the CbVM as noted by the t-test results in Table 4.

Inter-individual variability
In the analysis of group variances, the stroke participants
show greater performance fluctuation for all IT and MT
conditions (See Table 4). Figure 6 shows the striking differ-
ence in variability between the groups for each condition.
Figure 7 shows the spread of variance around the mean RT
within a group. Notably, the stroke participants always had
a larger spread than the controls. The stroke group was
also significantly different from the controls in variability
for the Rey, Trails A and Trails B. However, there was no
significant difference in variability between the groups for
the BLO. Table 5 shows the results of inter-individual vari-
ability for the BLO, Rey, Trails A and Trails B.

In addition as shown in the CbVM results, the average
IT and MT coefficient of variation for the patient and

control groups indicated significant differences in variabil-
ity, with the patient group having greater coefficient of
variation for IT (0.45 vs. 0.22) and MT (0.38 vs. 0.24) than
controls. Table 6 has a breakdown for each condition,
which also demonstrated that all patients’ responses (as
displayed via means and standard deviations) were above
that of the control group.

Intra-individual variance

We undertook a comparison of IT and MT intra-individual
variability for each stroke patient according to lesion loca-
tion (parietal vs. frontal vs. both frontal-parietal, Table 7).
We observed that individuals with greater frontal regional
damage demonstrated consistently higher variability on IT
than MT, and vice-versa for individuals with greater par-
ietal regional damage. Moreover, there was an overall
strong correlation between injury severity and the measure
of variability (r=.69, p <.05). Individuals with damage to
both parietal and frontal areas also tended to exhibit higher
variability on IT measures. Figure 8 displays the intra-

Figure 5 Overlay of patients with 1 abnormal VM test. Purple indicates area of lesion involvement for 1 patient, green 2 patients, red 3
patients. Commonly involved regions included the inferior frontal (red), basal ganglia (red) and supramarginal regions (red).
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Table 3 Representative effect size values using Cohen’s d

Test measures Cohen’s d
T1 25
T2 04
T3 41
T4 =11
MT1 -48
MT2 A6
MT3 -76
MT4 -.86
Rey Copy 1.2
Rey Imm. Recall .78
Rey delay -.96
MMSE -91
Trails A 40
Trails B 63
Clock Draw .96
Benton Line O 1.9

Table 3 displays the effect size values (Cohen’s d) for each of the testing
measures. The bolded values indicate less than 50% overlap between groups.

individual variability for IT and MT for each participant.
Importantly, one can readily observe a pronounced vari-
ability in one of the conditions (IT or MT) depending on
the site of lesion (frontal or parietal, respectively).

Discussion

Previous investigations have reported that VS/VM defi-
cits occurring in stroke patients with right parietal lobe
injury often persist into the chronic stage of stroke
[47,48] and that patient’s with right parietal lesions often
exhibit deficits on VS/VM tasks similar to those used in
the present study. For example, Schaefer and colleagues
(2007) found that 5 right hemisphere-damaged chronic

Table 4 Independent samples t-test, significance levels
and 95% confidence intervals

95% C.l. for Odds ratio

Condition T Df p Lower Upper
T 253 17 022% 21.56 239.14
T2 433 17 .000* 248.60 72224
T3 244 17 026* 17.03 235.67
T4 265 17 017* 65.75 581.48
MT1 269 17 016* 11.98 99.27

MT2 243 17 026* 13.65 193.85
MT3 2.67 17 016* 3322 284.05
MT4 3.75 17 002* 76.37 27291

*p<.05.

Table 4 displays the analysis of group variances for all IT and MT conditions on
the CbVM.
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Figure 6 Comparing the mean of the standard deviation
between groups on IT and MT. The stroke group (black) shows
greater variability than the control group (white) for all conditions.

stroke patients (average of 7.8 years post-stroke), the
majority of whom exhibited some parietal lobe injury,
demonstrated impaired final positioning and prolonged
movement duration during targeted right arm move-
ments [2]. Likewise, Hermsdorfer et al. (1999) reported
that 9 chronic stroke patients (average of 8 months post-

Group
3000.00 | [CJControl
[Cstroke
Emwﬂ
B
g
5
1000.00 - ﬂ $
5 L

a T T T T T T T T

T IT2 IT3 IT4 MTI MT2 MT3 MT4
Condition

Figure 7 Comparing spread of distribution around the mean IT
and MT within a group. The stroke group has larger spread than

the controls for all the conditions.
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Table 5 Inter-individual variability for the BLO, REY, Trails
A and Trails B
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Table 7 Intraindividual variability for each stroke patient
according to lesion location

95% C.l. for Odds ratio IT MT
Test T df P Lower Upper Lesion Subject  Mean SD Mean SD
REY 2.18 14 047 0.11 1240  Frontal 3 126890 23637 396.58 88.94
BLO 043 13 671 235 3.54 4 738.93 190.00 380.28 76.04
Trails A 243 15 028 —153.04 -9.92 7 827.89 344.23 888.73 222.55
Trails B 29 15 010 —78.26 —1235  Parietal 1 76546 31809 1707.61 53091
The stroke group was significantly different from the controls in variability for 2 42207 65.27 143447 523.24
the REY, Trails A and Trails B. There was no significant difference in variability
between the groups for the BLO. Frontal-Parietal 5 116271 120010 42589 5040
6 112388 61572 520.16 193.74
stroke) whose lesions encompassed the parietal lobe 8 72716 22614 466.27 187.01
showed prolonged reaction time and degraded kinemat- 9 74090 27631 45036 11480

ics during prehensile movements with the ipsilesional
upper extremity [8]. Also, studies have demonstrated
notable right parietal cortex activation in control sub-
jects performing visuospatial tasks using near-infrared
spectroscopy and fMRI [15], as well as reported per-
formance deficits in stroke patients with right parietal
lobe lesions [49].

In this study we wanted to understand if standard test-
ing measures could provide a true characterization of
chronic stroke patient’s ability as it relates “normal” visu-
ally guided motor control.

We hypothesized that our sample of chronic stroke
patients with lesions involving the right fronto-parietal
lobe would display marked VS/VM deficits on both
conventional and novel testing procedures (e.g., CbVM)
as compared to a healthy control group. Using trad-
itional measures only, (e.g., p values) one might argue
that the results were contrary to our expectations.
However, though statistically a non-significant result is
observed on some tasks, there were several occasions
where patients fell either below normal limits, declined

Table 6 Reaction time characteristics and coefficient of
variability for the two groups

Group
Condition Stroke Control
Mean Std. Coefficient Mean Std. Coefficient
Dev. Dev.

T1 74555 29094 040 62866 176.09 0.28
T2 110193 71590 0.65 79151 11175 0.14
T3 1009.56 243.64 0.25 100800 195.82 0.19
T4 1497.08 711,53 048 1098.72 29198 0.27
MT1 369.81 8871 024 32880 7818 023
MT2 501.12 20615 041 40530 13555 033
MT3 59892 303.75 051 43011 8884 021
MT4 599.02 21851 0.36 45349 8642 0.19

Stroke group shows greater coefficient of variability than control group for all
IT and MT conditions.

Patients with frontal damage demonstrate higher variability on IT whereas
patients with parietal damage demonstrate higher variability on MT. Patients
with damage to both parietal and frontal areas also exhibit higher variability
on IT measures. Patient 7 (frontal case) is an exception to the pattern with MT
higher than IT. However, MT of patient 7 is still much lower than all other
parietal lesion cases.

to perform neuropsychological tasks, or failed to pass
screening, all signs lending support that patients do ex-
hibit signs of VS/VM difficulty. As well, as shown
through Cohen’s d results it’s noted that half the proce-
dures utilized, had large effect sizes. Hence these results
to a certain extent (e.g., depending on method of ana-
lysis), were able to readily distinguish between our popu-
lation samples, which is remarkable for an additional
reason, in that, these were community-dwelling patients
participating in research and thus likely experiencing bet-
ter health than counterparts at a similar stage.

Given that there are limited studies on VS/VM ability
in the chronic phase of stroke, the use of effect size
enables a smooth comparison to studies examining
stroke patients in the acute phase or those having deficits
in different cognitive domains. Here, the link between

Patient Intramdividual Variability for IT and MT
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Figure 8 Intra-individual variability for IT and MT showing
pronounced IT variability for frontal and frontal-parietal subjects
(3-9) and pronounced or MT variability for parietal subjects (1, 2).
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type of lesions, reaction time, and inter-individual vari-
ability was explored. Our results suggest that there may
be a connection between parietal lesions and MT vari-
ability, and frontal lesions and IT variability. As shown an
overall strong correlation between injury severity and the
measure of variability could be observed. Interestingly,
individuals with both frontal and parietal lesions appear
to be more susceptible to variability in IT. Thus, it could
be postulated that damage to the frontal areas results in
chaotic or limited input to the parietal regions which in
turn not only causes increases IT variability but also
effects MT performance.

For many years the literature has documented that
brain damage causes increased variability in performance
[34,36,37,43,44]. The findings of this study lend support
to the idea that a unique profile of abnormal variability
is created by damage to either the parietal or frontal
lobes. In addition, these findings support the idea that
structures involved in normal VS and VM performance
may operate as a network, whereby injury involving dis-
ruption of even one node of the interconnected struc-
tures may deleteriously affect task performance.

The increase in variability among the stroke group on
the REY, Trails A and Trails B clarifies why these
neuropsychological test were unable to expose signifi-
cant mean performance differences. Evidently, the pres-
ence of variability creates “noise” that may eliminate
any significant finding. The statistical noise may in fact
be related to biological noise imparted into the VS/VM
control system by damage to the brain, and as such
makes the noise level itself the variable of interest. Ana-
lysis of neuropsychological tests requires consideration
of performance variability on the tests and the lack of
performance consistency demonstrated by the stroke
group calls into question the accuracy of diagnosis
without an examination of variability. Performance fluc-
tuation may result in a person being classified as abnor-
mal one day and normal the next [50]. For this reason,
it is important for clinicians to have an assessment tool
that could assist in monitoring performance variability.
The CbVM tool used in the present study was success-
ful in accomplishing this. Furthermore, the use of this
tool may also be able to shed light on whether perform-
ance variability in brain injured populations improves
with time or how this may dissociate from general
slowness. Fluctuations in performance of a task may
underlie some of the difficulties (such as fatigue) that
are commonly reported by patients with stroke.

Limitations

It could be argued that with a larger group size we
could uncover more deficits that may be subtle and
thus more difficult to identify in a smaller sample.
Though this a common assumption made by many
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researchers, we would argue that statistically a non-
significant result which is observed on several of the
procedures examined within, does not signify that the
“population effect is in fact zero; it means only that a
population effect of zero cannot be ruled out”
(O’Keefe 2007 p.296) *°. The number of available par-
ticipants was limited in this investigation (due to the
pool of participants we were able to draw from) and
as such, we have provided the effect size values to
augment standard p value reporting [33] in addition
to an in-depth analysis of participant variability. We
believe this provides sufficient support to distinguish
sample populations, as well as, demonstrating the im-
portance of these methods of analysis, especially if
faced with sporadic patient presentation, particularly
with singular patient evaluations.

Conclusion

We make two principle observations. First, subtle per-
formance impairments post-stroke can be quantified
using a visuomotor integration assessment. Second, ana-
lyzing performance data through a quantification of re-
action time variability and effect size, rather than the
more standard main-effects analyses on mean reaction
time values, can identify subtle yet important group dif-
ferences. Together, these techniques allow one to under-
stand the present ability of patients many years after
their stroke episode to determine if performance is func-
tionally similar to a healthy individual.

The study of variability (or its inverse, consistency) is
imperative when examining the abilities of chronic
patients with frontal or parietal cortex damage, since
success in real-life tasks not only depends on average
performance, but on predictability and consistency of
performance. The results of this study demonstrate the
importance of developing new methods in examining
brain injured populations in regards to patient's lesion
location (i.e. frontal or parietal, etc.), and assessing the
specific form of variability through appropriate assess-
ments. Future work clarifying the relationship between
specific lesion sites and specific basic processes of vari-
ability could lead to more specific rehabilitation proce-
dures and will provide a performance guideline for
rehabilitation assessment.

Abbreviations

VS: Visuospatial; VM: Visuomotor; ROI: Region of interest; BLO: Benton
Judgement of Line Orientation; NIHSS: National Institutes of Health Stroke
Scale; MMSE: Mini-Mental Status Exam; MT: Movement times; IT: Initiation
times; RT: Reaction time; CbVM: Computer-based visuomotor task.

Competing interests

The authors declare that they have no competing interests influencing the
information provide in this document as outlined by BioMed Central
Publishing Group.



Tippett et al. Journal of NeuroEngineering and Rehabilitation 2013, 10:20
http://www.jneuroengrehab.com/content/10/1/20

Authors’ contributions

WIJT contributed to the project concept and design, data collection, data
analysis, test conduction participant recruitment and writing. LA contributed
to data analysis, data interpretation and writing. MR contributed in the data
analysis, data interpretation and writing. LS contributed to project concept
and revising manuscript. SEB contributed to participant recruitment,
interpreting results, writing and revising manuscript. All authors have read
and approved the final manuscript.

Acknowledgements

We wish to thank the Heart and Stroke Foundation Centre for Stroke
Recovery and the L.C. Campbell Cognitive Neurology Unit. The authors also
wish to give a special thanks to Cynthia Danells and Jennifer Bray for their
support of this work.

Author details

'L.C. Campbell Cognitive Neurology Research Unit, Toronto, ON, Canada.
Sunnybrook Health Sciences Centre Research Institute, Toronto, ON, Canada.
3Heart and Stroke Foundation Centre for Stroke Recovery, Toronto, ON,
Canada. “School of Kinesiology and Health Science, York University, Toronto,
ON, Canada. *Centre for Vision Research, York University, Toronto, ON,
Canada. ®Department of Medicine at Sunnybrook Health Sciences Centre &
University of Toronto, Toronto, ON, Canada. 7Depar‘[ment of Psychology,
University of Northern British Columbia, 3333 University Way, Prince George,
BC, Canada.

Received: 12 March 2012 Accepted: 5 February 2013
Published: 13 February 2013

References

1. Lindell AB, Jalas MJ, Tenovuo O, Brunila T, Voeten MJ, Hamalainen H:
Clinical assessment of hemispatial neglect: evaluation of different
measures and dimensions. Clin Neuropsychol 2007, 21:479-497.

2. Schaefer SY, Haaland KY, Sainburg RL: Ipsilesional motor deficits following
stroke reflect hemispheric specializations for movement control.
Brain 2007, 130:2146-2158.

3. Velicki MR, Winstein CJ, Pohl PS: Impaired direction and extent
specification of aimed arm movements in humans with stroke-related
brain damage. Exp Brain Res 2000, 130:362-374.

4. Karnath HO, Perenin MT: Cortical control of visually guided reaching:
evidence from patients with optic ataxia. Cereb Cortex 2005, 15:1561-1569.

5. Foroud A, Whishaw IQ: Changes in the kinematic structure and non-
kinematic features of movements during skilled reaching after stroke: a
Laban Movement Analysis in two case studies. J Neurosci Methods 2006,
158:137-149.

6. Edwards MG, Humphreys GW: Pointing and grasping in unilateral visual
neglect: effect of on-line visual feedback in grasping. Neuropsychologia
1999, 37:959-973.

7. Revol P, Rossetti Y, Vighetto A, Rode G, Boisson D, Pisella L: Pointing errors
in immediate and delayed conditions in unilateral optic ataxia. Spat Vis
2003, 16:347-364.

8. Hermsdorfer J, Laimgruber K, Kerkhoff G, Mai N, Goldenberg G: Effects of
unilateral brain damage on grip selection, coordination, and kinematics
of ipsilesional prehension. Exp Brain Res 1999, 128:41-51.

9. Fisher BE, Winstein CJ, Velicki MR: Deficits in compensatory trajectory
adjustments after unilateral sensorimotor stroke. £xp Brain Res 2000,
132:328-344.

10.  Hummel FC, Voller B, Celnik P, Floel A, Giraux P, Gerloff C, Cohen LG: Effects
of brain polarization on reaction times and pinch force in chronic stroke.
BMC Neurosci 2006, 7:73.

11. Schaechter JD, Perdue KL: Enhanced cortical activation in the
contralesional hemisphere of chronic stroke patients in response to
motor skill challenge. Cereb Cortex 2008, 18:638-647.

12. Shiraishi H, Yamakawa Y, Itou A, Muraki T, Asada T: Long-term effects of
prism adaptation on chronic neglect after stroke. NeuroRehabilitation
2008, 23:137-151.

13. Benton AL: Neuropsychological assessment. Annu Rev Psychol 1994, 45:1-23.

4. Kolb B, Wishaw 1Q: Fundamentals of human neuropsychology. New York:
Freeman and Company; 1996.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

40.

Page 12 of 13

Herrmann MJ, Ehlis AC, Wagener A, Jacob CP, Fallgatter AJ: Near-infrared
optical topography to assess activation of the parietal cortex during a
visuo-spatial task. Neuropsychologia 2005, 43:1713-1720.

QOgino T, Watanabe K, Nakano K, Kado Y, Morooka T, Takeuchi A, Oka M,
Sanada S, Ohtuska Y: Predicting executive function task scores with the
Rey-Osterrieth Complex Figure. Brain Dev 2009, 31:52-57.

Simard S, Rouleau |, Brosseau J, Laframboise M, Bojanowsky M: Impact of
executive dysfunctions on episodic memory abilities in patients with
ruptured aneurysm of the anterior communicating artery. Brain Cogn
2003, 53:354-358.

Kang DH, Kwon JS, Kim JJ, Youn T, Park HJ, Kim MS, Lee DS, Lee MC: Brain
glucose metabolic changes associated with neuropsychological
improvements after 4 months of treatment in patients with
obsessive-compulsive disorder. Acta Psychiatr Scand 2003, 107:291-297.
Temple RO, Davis JD, Silverman |, Tremont G: Differential impact of
executive function on visual memory tasks. Clin Neuropsychol 2006,
20:480-490.

Sowell ER, Delis D, Stiles J, Jernigan TL: Improved memory functioning and
frontal lobe maturation between childhood and adolescence: a
structural MRI study. J Int Neuropsychol Soc 2001, 7:312-322.

Kasai M, Meguro K, Hashimoto R, Ishizaki J, Yamadori A, Mori E: Non-verbal
learning is impaired in very mild Alzheimer’s disease (CDR 0.5):
normative data from the learning version of the Rey-Osterrieth Complex
Figure Test. Psychiatry Clin Neurosci 2006, 60:139-146.

Watanabe K, Ogino T, Nakano K, Hattori J, Kado Y, Sanada S, Ohtsuka Y: The
Rey-Osterrieth Complex Figure as a measure of executive function in
childhood. Brain Dev 2005, 27:564-569.

Beebe DW, Ris MD, Brown TM, Dietrich KN: Executive functioning and
memory for the Rey-Osterreith complex figure task among community
adolescents. Appl Neuropsychol 2004, 11:91-98.

Stern B, Stern JM: The Rey-Osterrieth Complex as a diagnostic measure of
neuropsychological outcome of brain injury. Scand J Rehabil Med Suppl
1985, 12:31-35.

Klove H: REITAN RM: Effect of dysphasia and spatial distortion on
Wechsler-Bellevue results. AMA Arch Neurol Psychiatry 1958, 80:708-713.
Zakzanis KK, Mraz R, Graham SJ: An fMRI study of the Trail Making Test.
Neuropsychologia 2005, 43:1878-1886.

Hier DB, Mondlock J, Caplan LR: Behavioral abnormalities after right
hemisphere stroke. Neurology 1983, 33:337-344.

Folstein MF, Folstein SE, McHugh PR: Mini-mental state, A practical
method for grading the cognitive state of patients for the clinician.

J Psychiatr Res 1975, 12:189-198.

Tippett WJ, Sergio LE: Visuomotor integration is impaired in early stage
Alzheimer’s disease. Brain Res 2006, 1102:92-102.

Tippett WJ, Krajewski A, Sergio LE: Visuomotor integration is compromised
in Alzheimer’s disease patients reaching for remembered targets.

Eur Neurol 2007, 58:1-11.

Brett M, Leff AP, Rorden C, Ashburner J: Spatial normalization of brain
images with focal lesions using cost function masking. Neuroimage 2001,
14:486-500.

Talairach J, Tournoux P: Three-dimensional atlas of a human brain, co-planar
stereotaxic atlas of the human brain. Stuttgart, Germany: Thieme-Verlag; 1988.
Zakzanis KK: Statistics to tell the truth, the whole truth, and nothing but
the truth: formulae, illustrative numerical examples, and heuristic
interpretation of effect size analyses for neuropsychological researchers.
Arch Clin Neuropsychol 2001, 16:653-667.

Benton AL, Blackburn HL: Practice effects in reaction-time tasks in
brain-injured patients. J Abnorm Psychol 1957, 54:109-113.

Christensen AL, Willanger R: Neuropsychology in Denmark. Neuropsychol
Rev 1994, 4:261-269.

Goldstein K: After effects of brain injury in war. New York: Grune and Stratton;
1942.

Head H: Aphasia and kindred disorders of speech. Cambridge: University
Press; 1926.

Stuss DT, Pogue J, Buckle L, Bondar J: Characterization of stability of
performance in patients with traumatic brain injury: variability and
consistency on reaction time tests. Neuropsychology 1994, 8:316-324.
Barratt ESBES: Intra-individual variability of performance: ans and
psychometric correlates. Tex Rep Biol Med 1963, 21:496-504.

Fiske DW: RICE L: Intra-individual response variability. Psychol Bull 1955,
52:217-250.



Tippett et al. Journal of NeuroEngineering and Rehabilitation 2013, 10:20
http://www.jneuroengrehab.com/content/10/1/20

41, Flugel J: Practice, fatigue and oscillation. British Journal of Psychiatry
Monograph Supplement 1928, 4:1-92.

42. Philpott SJF: Fluctuations in human output. Br J Psychol 1933, 17:125.

43, Cirstea MC, Levin MF: Compensatory strategies for reaching in stroke.
Brain 2000, 123(Pt 5):940-953.

44.  Thies SB, Tresadern PA, Kenney LP, Smith J, Howard D, Goulermas JY, Smith C,
Rigby J: Movement variability in stroke patients and controls performing two
upper limb functional tasks: a new assessment methodology. J Neuroeng
Rehabil 2009, 6:2.

45, Stuss DT, Stethem LL, Hugenholtz H, Picton T, Pivik J, Richard MT: Reaction
time after head injury: fatigue, divided and focused attention, and
consistency of performance. J Neurol Neurosurg Psychiatry 1989,
52:742-748.

46.  Lipsitz LA, Goldberger AL: Loss of ‘complexity’ and aging, Potential
applications of fractals and chaos theory to senescence. JAMA 1992,
267:1806-1809.

47. Famne A, Buxbaum L, Ferraro M, Frassinetti F, Whyte J, Veramonti T, Angeli V,
Coslett HB, Ladavas E: Patterns of spontaneous recovery of neglect and
associated disorders in acute right brain-damaged patients. J Neurol
Neurosurg Psychiatry 2004, 75:1401-1410.

48, Kotila M, Niemi ML, Laaksonen R: Four-year prognosis of stroke patients
with visuospatial inattention. Scand J Rehabil Med 1986, 18:177-179.

49. Ng VW, Eslinger PJ, Williams SC, Brammer MJ, Bullmore ET, Andrew CM,
Suckling J, Morris RG, Benton AL: Hemispheric preference in visuospatial
processing: a complementary approach with fMRI and lesion studies.
Hum Brain Mapp 2000, 10:30-86.

50. Hertzog C, Dixon RA, Hultsch DF: Intraindividual change in text recall of
the elderly. Brain Lang 1992, 42:248-269.

doi:10.1186/1743-0003-10-20
Cite this article as: Tippett et al.: True functional ability of chronic stroke
patients. Journal of NeuroEngineering and Rehabilitation 2013 10:20.

Page 13 of 13

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BiolMled Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Participant characteristics
	Neuropsychological visuospatial testing
	Computerized visuomotor assessment
	Image acquisition and analysis
	Statistical analysis
	Performance consistency

	Results
	Neuroimaging
	Neuropsychology evaluation
	Computerized visuomotor procedure
	Individual analysis
	Effect size
	Inter-individual variability
	Intra-individual variance

	Discussion
	Limitations

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

