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The relationship between visuospatial ability and
perceptual motor function in Parkinson’s disease

Marcus Richards, Lucien ] Cote, Yaakov Stern

Abstract

To assess the contribution of visuoper-
ceptual function to complex visuomotor
responding in Parkinson’s disease, 14
patients with idiopathic PD and 12 nor-
mal controls matched for age, education
and general intellectual function were
administered a visual tracing task. No
difference was found between the groups
on two visuoperceptual tests, the Benton
Line Orientation test and a test of trajec-
tory judgement. However, patients were
significantly impaired in tracing a saw-
tooth design when two consecutive angles
of the sawtooth were occluded. This
impairment occurred in reproducing the
basic form of the stimulus and not with
accuracy of fine detail. These results sug-
gest higher-order perceptual motor dys-
function independent of any breakdown
in basic visuoperceptual processing or
loss of fine motor control. It is concluded
that Parkinsonian patients are unable to
use sensory information accurately to
plan and execute complex or new move-
ments.

(¥ Neurol Neurosurg Psychiatry 1993;56:400-406)

In 1978 Flowers' demonstrated that patients
with Parkinson’s disease (PD) were able to
track a target moving across a screen in a
ramp or sawtooth pattern, but that tracking
performance deteriorated during brief inter-
vals when the target was made to disappear.
This impairment was particularly pronounced
if target visibility was withdrawn during a
change in sweep direction and thus when a
movement reversal was required. Flowers
argued that this abnormality was not due to
loss of fine motor control but arose from a
failure to generate and to use predictive
strategies.

Stern et al?’ extended this investigation
and showed that PD patients made more
errors than controls in tracing a static saw-
tooth design within sections where a gap
obscured a turn in the pathway. This effect
was maximal when two consecutive turns
were obscured. These authors suggested that
this deficit was cognitive in nature and that
PD patients were unable to generate or exe-
cute an adequate motor plan to guide move-
ments. This hypothesis assumes that such
tracing impairments are not caused by per-
ceptual disturbances, but support for this
assumption is uncertain. Several studies have

shown that PD patients are significantly
impaired in judging linear orientation, partic-
ularly, visual vertical® and angle, as measured
by the Benton Line Orientation test.®® The
issue is controversial, however, and other
investigators have found no difference
between patients and controls on this latter
test.! It is also possible that difficulty in
tracing a partially occluded stimulus arises
from an inability to forecast the trajectory of
the pathway, although PD patients and con-
trols were equally able to judge the putative
intersection of a short line and a horizontal
baseline.!'* This was true whether the trajec-
tory was direct or reflected from a rebound
surface. Until these negative findings have
been replicated, it is fair to state that this
question is not resolved.

We therefore administered a sawtooth trac-
ing task to PD patients and controls matched
for age and education, in conjunction with
the Benton Line Orientation Test and a
directional forecast test. In line with Stern’s
suggestion that PD patients have difficulty in
planning and modulating ongoing activity in
the absence of external guidance,* we pro-
posed that difficulty with the tracing task
would be observed in the absence of impaired
visuoperceptual function.

Method

Subjects

Fourteen patients (9 male, 5 female) with
idiopathic PD were recruited during neuro-
logical outpatient evaluation and provided
informed consent. Mean (SD) age was 69-93
(7-24) years and mean (SD) years of educa-
tion was 15-57 (2:53). Neurological examina-
tion was performed by a senior neurologist
(LC). The presence and severity of extrapyra-
midal signs were rated according to the
Columbia University Parkinson’s  Disease
Rating Scale.'”” Mean (SD) PD duration was
5-98 (5-29) years, mean Hoehn and Yahr'
score was 2:27 (0-79) (with none greater than
3) and the mean Schwab Activities of Daily
Living'” rating was 76:82% (21:36)%. Twelve
of these patients were utilising dopamine
replacement therapy (levodopa/carbidopa
combination) and fourteen were taking a
monoamine oxidase B inhibitor. Of the latter,
ten were taking selegiline and three were
enrolled in a trial for a new drug
(R0O19-6327). One patient was also taking
bromocriptine. No patients were taking anti-
cholinergic medication or amantadine at the
time of testing. Patients with a history or clin-
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ical evidence of stroke, other neurodegenera-
tive disease or frank visual problems (for
example, field cut or diplopia) were excluded.
All patients scored less than 2 on the
Mentation item of the Columbia University
Parkinson’s Disease Rating Scale; a score of 2
or more indicates dementia.'®

The control group consisted of twelve nor-
mal volunteers recruited from the local com-
munity and matched with the PD patients for
age and education. Mean age for the controls
was 72:08 (6-34) years and mean years of
education was 14-08 (2-19). No controls had
any neurological condition at the time of test-
ing and none were taking medications which
affect the CNS. All patients and controls
were right handed. To compare the groups
for overall intellectual function, all subjects
were administered the modified Mini-Mental
Status Examination (MMSE!*-2), Mean total
MMSE score was 50:21 (4-17) for the PD
patients and 50-25 (4-22) for the controls.

Materials and procedure

The following tests were administered to all
subjects:

1) The Benton Line Orientation test?? was
given according to standard instructions,
where subjects were required to choose two
lines from a multiple array of lines with the
same angle and orientation as two target
lines.

2) A test of directional forecast was adapted
from Della Sala et al'* for use with pencil and
paper. During this test, subjects were present-
ed with stimuli in black ink on white paper,
secured to a firm surface. The test consisted
of two tasks. For Task A, the stimuli consist-
ed of a horizontal baseline 19 cm long at the
bottom of the page, and a 3 cm line at the top
of the page at an angle of either 5, 10, 15, 20,
25 or 30 degrees from vertical. This shorter
line was located near either the left or right
upper corner and projected down towards the
horizontal baseline. Subjects were required to
imagine this short line extending to the bot-
tom of the page and to mark, as accurately as
possible with a pencil, its projected intersec-
tion with the horizontal baseline. Each 5°
angle was presented on both the left and right
side of the paper, so that a total of 12 trials
were given. The order of the six angle sizes
and their right/left orientation was counter-
balanced. For Task B, a similar horizontal
baseline was presented near the bottom of the
paper. However, a short line, identical in
length to the one in Task A, was also located
near the bottom and projected to the top of
the paper, where a horizontal “rebound” sur-
face was located. Subjects were asked to
imagine the short line extending up to the
rebound surface, reflecting away at the same
angle and returning back to the lower base-
line. They were then required to mark this
final intersection, as in Task A. Two analo-
gies (“like a beam of light striking a
mirror/like a billiard ball bouncing off the
side™) were given to clarify the task require-
ment. Twelve trials were administered, as in
Task A. Angle size, order of angle and
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right/left orientation were counterbalanced.
For each trial, absolute and relative deviation
(mm) from the true intersection was mea-
sured. For the latter, the deviation was given
a sign according to whether the mark was
within the true intersection and the side of
the paper closest to the short line (negative),
or between the true intersection and the
opposite side of the paper (positive). No time
limit was imposed for this test.

3) A tracing task, adapted from Stern et al??
for pencil and paper use, was administered.
Subjects were required to trace, using a pen-
cil, over a sawtooth design printed in black
ink on white paper (see fig 1, Path 1, shown
reduced to one-half the size of the original).

All subjects used their dominant hand (all
were right handed) and were instructed to
trace over the printed line with a pencil as
accurately as possible. They were required to
trace from right to left, from the beginning to
the end of the line and were told not to lift
the pencil from the paper, to make the move-
ment as smooth and as continuous as possible
and to thus refrain from stopping at any point
once the tracing had started. No time-limit
was imposed, however. When this tracing was
complete, Path 1 was removed and, without
previous warning, Path 2 was introduced.
This consisted of the same figure, except that
one segment (the left upper angle) was delet-
ed. Subjects were given the following instruc-
tions: “Here is the same figure that you just
traced, but as you can see, a piece has now
been removed (examiner indicates by point-
ing). I want you to trace over the figure as if it
were complete, that is, as if it was the same as
the first one and that missing piece was not
removed.” These instructions were elaborat-
ed if the subject was unclear about the task,
but under no circumstances did the examiner
mime the sequence of movements. Just as
before, subjects were instructed to trace from
right to left, to not lift the pencil from the
paper and to make the movement as smooth
and as continuous as possible. Finally, and
again without prior knowledge, Path 3 was
administered. In this path, two contiguous
angles were deleted (see fig 2, Path 3).
Instructions were as follows: “Here is the
same figure once again, but now a bigger
piece has been removed. Just like before, I
want you to trace over the figure as if it were
complete, that is, like it was in the first figure,
with nothing removed.” Subjects were again
reminded about tracing from left to right and
not removing the pencil from the paper. Each
path was administered once only and always
in this same order.

A scoring system was developed, where
individual points were awarded for particular
features of the tracings. This is summarised
in table 1. For Paths 2 and 3, points were
scored for tracing the basic form of the figure
(“form” points). These points were designed
to capture two basic requirements of the task.
Because the task assessed the ability to trace
the figure in the absence of visual guidance,
only angles formed between two freehand
lines (that is, lines within an occluded space)
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Figure 1 Paths for the sawtooth tracing task.

were considered to be correctly traced (item 1
for Path 2 and items 1 and 3 for Path 3 in
table 1). However, Path 3 also assessed the
ability to generate a sequence of angles (items
2 and 4 for Path 3 in table 1). For this rea-
son, all angles traced were counted as part of
the sequence, even those that were formed
between a freehand line and a stimulus line
and thus scoring no credit as freehand angles.

As well as these points for reproduction of
the basic form of the figure, additional points
were awarded for accuracy, in particular, size
of the reproduced angles and the proximity of
the apex of these angles to their correct loca-
tion.

Scoring of both the directional forecast
task and the sawtooth tracing task was con-
ducted by two independent assistants who
were “blind” to group membership.

Data analysis

Before group comparison, normality for all
variables was assessed using one-sample
Kolmogorov-Smirnov tests (separately for
patients and controls). Where no departure
from normality was found, between-group
analysis of covariance (ANCOVA) was used
for single measures and multivariate analysis
of covariance (MANCOVA) was used for
group comparison of repeated measures. In
both cases, age, education and MMSE level

Richards, Cote, Stern

were used as covariates, to improve the accu-
racy of group matching.

Results

Preliminary ¢ tests showed no statistical dif-
ference between patients and controls in age,
education or total MMSE score.

Means and standard deviations for the test
scores are shown in table 2.

There was no significant difference
between groups with the Benton Line
Orientation test (ANCOVA!?¢f). On the
Directional Forecast test, there was a steady
increase in the magnitude of the deviation as
angle size increased. Possible group differ-
ences in the trend of these curves were tested,
using MANCOVA for polynomial trend
analysis, with group as the between-groups
factor, absolute deviation for each angle size
as the within-subject factor (6 levels) and age,
education and MMSE score as covariates. A
highly significant angle effect was found for
both tasks (T?=3-71, p<0-001 and
T?=5-86, p <0-001, respectively), at both
the linear and quadratic levels. However, nei-
ther the group effect nor the group x angle
interaction were significant for these tasks.
Results were essentially unchanged when
deviation with respect to the left and right of
the true target was analysed instead of
absolute deviation.

The F ratio for the total tracing score
approached significance (F = 3-79, p = 0-:065).
While the F ratio for Path 2 subtotal was non-
significant, that for Path 3 was significant
(F=5-00, p=0-036), with PD patients
achieving a lower score than controls. To
investigate the contributions to this differ-
ence, form subscores were analysed sep-
arately. Only 2 form points were possible for
Path 2. One subject from each group lost a
single form point when tracing this path. A
total of 4 form points were possible for Path
3. However, no subjects scored O or 1 or 3
points when tracing this path. Form points
for Path 3 were therefore divided into low
(poor performance) and high (perfect score).
Six patients were located in the low category,
compared with only 1 control, whereas all
remaining controls (11), but only 8 patients,
were located in the high category (Chi
square = 391, p =0-048). These analyses
indicate that patients had difficulty in tracing
a design, but only when 2 consecutive turns
were deleted. Furthermore, poor performance
in patients arose specifically from an inability
to execute the basic form of the design.

Inspection of the subjects’ tracings revealed
that patients and controls made qualitatively
different form errors during Path 3. The one
control who made form errors generated
extra angles, whereas all 6 patients who made
form errors failed to reproduce at least one
missing angle. These are shown in fig 2
(reduced by 65% of the original size).

The relationship of performance on the 3
visuospatial tests to the MMSE (representing
global intellectual function) was then investi-
gated. For PD patients, a moderate positive
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Figure 2 Samples of impaired tracing performance (form errors).

correlation was found between the total score
for the tracing task and the MMSE score
(r =054, p = 0-046).

For controls, the MMSE score correlated
positively with the Benton Line score
(r =062, p =0-032), although not with the
tracing task. Performance on the Benton Line
test was inversely related to error size on the
directional forecast test for controls
(r= —0-58, p = 0-048), but not for patients.

Finally, no significant correlations were
found between motor severity (total
extrapyramidal score on the CUPDRS) and
any of the three visuospatial tests for PD
patients, although a negative correlation
between motor severity and the total Benton
Line score approached significance
(r= —0-57, p=0-068; motor scores were
unavailable for 3 patients).

Discussion

In our experiment, PD patients were poorer
at tracing a partially occluded sawtooth path
than controls matched for age, education and
general intellectual function. Tracing perfor-
mance was similar for both groups when one
angle of the sawtooth was removed. PD
patients, however, made significantly more
errors than controls when two consecutive
angles were obscured. When tracing perfor-
mance was analysed in detail, PD patients
had significantly greater difficulty than con-
trols in generating the basic form of the figure
(number of turns and their direction with
respect to the horizontal midline). These
results confirm those found by Stern ez al.23

‘In addition, our study demonstrates that
these tracing difficulties were unlikely to arise
from impaired visuoperceptual function,
since the performance of patients on the
Benton Line Orientation test and on the
directional forecast test was no worse than
that of controls. Also, no significant correla-
tion was found between these perceptual
tasks and tracing performance in patients.
These tracing difficulties cannot be attributed
to loss of fine motor control; patients were no
worse than controls in generating the move-
ments necessary to draw at least one com-
plete turn (Path 2). Conversely, tracing
performance in PD patients did correlate with
the MMSE. We suggest that these tracing dif-
ficulties arise from a breakdown in higher-
order motor control. As patients and controls
were matched for general intellectual func-
tion, this impairment is selective and does not
merely result from reduced global cognitive
function. What is the nature of this impair-
ment?

The ability to perform tracing tasks such as
the one used here depends on at least three
cognitive processes: 1) Perceptual integrity
required to analyse the basic components of
the stimulus to be traced and to assess the
accuracy of their reproduction; 2) The devel-
opment of an internal model of the stimulus
to enable and 3) The translation of this
model into action. These processes may be
considered in relation to Kritchevsky’s?* divi-
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Table 1  Point system for scoring the sawtooth tracing task.

Path 2

Form

1

One angle formed between two freehand lines (no credit given for any angles
formed between stimulus lines and freehand lines) ....

2 Angle above horizontal midline

Accuracy

3 Angle within a 2 cm radius of target

4 Angle within a 1 cm radius of target....

5 Angle within a 0-5 cm radius of target.

6 Angle within a 0-2 cm radius of target

7 Angle not less than 45 degrees and not greater than 75 degrees..

8 Connecting lines reasonably straight (tremor to be ignored)

Path 3

Form

1 At least one angle formed between two freehand lines (no credit given for
angles formed between stimulus lines and freehand lines

2 First angle below horizontal midline (applying to all angles in sequ

3 Two angles formed between two freehand lines (no credit given for angles
formed between stimulus and freehand lines).........ccccceeevivieeiiiiiiieiinininnnnen.

4 Second angle above horizontal midline (applying to all angles in sequence) ...

5 Subtract one point for any extra angle(s) drawn ...........ccccoevveivnieiiiininininnnn.

Accuracy (items 6-16 apply to all angles in sequence)

6 First angle within 2 cm of target ...........cccvviniiiiiiiiiiiiiiiici e

7 First angle within 1 cm of target

8 First angle within 0-5 cm of targ

9 First angle within 0-2 cm of target

10  First angle not less than 45 degrees and not more than 75 degrees

11  Second angle within 2 cm of target

12 Second angle within 1 cm of target.....

13 Second angle within 0-5 cm of target ..

14  Second angle within 0-2 cm of target

15  Second angle not less than 45 degrees and not more than 75 degrees

16  Connecting lines reasonably straight (tremor to be ignored).............cccooeel

sion of visuospatial function into 5 basic cate-
gories: spatial perception (object localisation,
line orientation detection and matching), spa-
tial memory, spatial attention (to left and
right hemispace), spatial mental operations
(for example, mental rotation and mirror-
reversal) and spatial construction. On this
basis, 1) (perceptual integrity) corresponds to
Kritchevsky’s spatial perception; 2) (internal
model) corresponds to spatial memory and
3) (translation into action) is relevant to spa-
tial construction.

The first of these processes seems the least
likely to underlie tracing difficulties in PD;
our results, as well as previous studies,
demonstrate that PD patients are able to
judge line and angle orientation and are able
to predict the intersection of converging lines.
In addition, one study has shown that PD
patients can identify degraded line drawings
as well as normal subjects, implying that
patients in our experiment were capable of
inferring the complete shape of the tracing
stimulus, even when sections of this stimulus
were occluded. There is evidence that
patients are impaired in visual matching,?-?’
raising the possibility that they experience dif-
ficulty in judging similarities and differences

Table 2 Mean (SD) scores for each test

Test PDs Controls
Benton Line 20-4 (4-0) 19-0 (4'1)
Directional Forecast
Task A 120-7 (45°7) 111-5 (51-7)
Task B 391-4 (141-3)  433-7 (81-6)
Left 2349 (79-3) 256-4 (61-8)
Right 277-1 (101-2)  288-8 (63-9)
Tracing Task
Total score 11-5 (3-2) 13-8 (4-2)
Path 2 form 1-9 (0-3) 1-9 (0-3)
accuracy 3-4 (0-8) 3-7(1-6)
total 54 (1-1) 55 (1-8)
Path 3 form 3-1(1-0) 3-8 (0-6)
accuracy 3-0(1-9) 4-3 (2-2)
total 6-1(2:7) 82 (24)
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between self-produced drawings and model
stimuli on which they are based (whether pre-
sent externally or via internal representation).
However, the evidence for a visual matching
deficit in PD is highly equivocal; Boller ez al®
found no difference between patients and
controls on several matching tasks where no
motor output was required. Also, the figure
to be traced in our experiment was relatively
simple and repetitive in form. In contrast,
the matching stimuli employed above? 2
were complex and may have caused difficul-
ties in switching attention between various
attributes.

For memory, the second process identified
above, it is possible that PD patients were
unable to develop an internal model of the
stimulus. If so, it may be that when external
visual guidance was withheld, either declara-
tive memory for the form of the complete fig-
ure or procedural memory for the movement
sequence was insufficient to enable the
occluded parts of the figure to be generated.
Evidence regarding declarative visual memory
in non-demented PDs is controversial, how-
ever, with some studies showing impair-
ment®!'22"-2 and others showing no
difference between patients and con-
trols.52¢253-33 Some of the tests showing
impairment, however, required patients to
draw®?-?° (see below) and that when visual
recall scores in one study were adjusted for
impairment in copying ability, differences
between patients and controls in the recall
score were abolished.?* Over half of the
patients in one study® were also taking anti-
cholinergic medication. The status of proce-
dural memory in PD is also equivocal; studies
have demonstrated intact pursuit rotor learn-
ing in mild and/or non-demented patients,>
although evidence for preserved predictive
tracking of irregular movement paths is more
controversial.>*°

In summary, it seems unlikely that percep-
tual and memory problems play a major
causal role in the higher-order tracing diffi-
culties found here and elsewhere. There are,
however, compelling reasons to anticipate dif-
ficulties with process 3—the interface
between visual processing and/or representa-
tion of a stimulus and translation into action.
Several studies have shown that PD patients
are impaired in constructional tasks that
require a complete figure to be copied? 324293040
(thereby eliminating dependence on visual
memory). Consistent with these findings, PD
patients were unable to rotate a pair of rods
to match the angle of a pair they had previ-
ously inspected or palpated,* even though
several studies (and our results) have shown
passive judgement of line orientation to be
intact in patients. What factors might under-
lie this constructional difficulty?

One contributing factor may be purely sen-
sory; previous studies show that PD patients
have abnormal proprioception,*** raising the
possibility that they have difficulty in judging
whether a motor command has been correctly
executed. This would shed light on the appar-
ent dependence shown by patients on visual

‘ybuAdoo
Aq pa1aalold ‘saureiqi AlsiaAiun viIquinjo) 1 TZ0Z ‘0T 1snbny uo jwod fwg duuly:dny woiy papeojumoq '€66T |Udy T Uo Q0¥ 95 duul/oeTT 0T Se paysiignd 1s11 :AeiyoAsd Binsoinap [0inaN


http://jnnp.bmj.com/

guidance in the our experiment, as the latter
presumably compensate for impaired move-
ments resulting from abnormal afferent feed-
back. However, the generation of symbolic
gestures,'® common motor sequences,?’ sim-
ple movements (such as those required for
the production of simple speech sounds)*
and the miming of object use to verbal com-
mand (that is, without visual guidance)'® are
unimpaired in PD (although this is not a uni-
form finding),* suggesting that overlearning
may provide protection against this source of
error.

A second factor is that PD patients are
impaired in switching repetitive motor
sequences,* implying that they might have
difficulty in changing direction at each angle
of the sawtooth figure. This is an unlikely
candidate in the present case, however, since
difficulty with motor switching would impair
the generation of any angle. Yet patients had
no difficulty in tracing the pathway when a
single angle was occluded.

Third, the role of external guidance leads
to a consideration of perceptual motor dys-
function,? that is, difficulty in coordinating
motor and perceptual activities necessary to
perform constructional tasks. Results from
our study indicate that PD patients can use
external guidance while tracing a stimulus,
provided the tracing is superimposed over
(that is, contiguous with) the stimulus.
However, with many visuomotor tasks, the
visual stimulus and the required movement
are spatially disconnected and when this
occurs, PD patients show difficulties. This is
the case with freehand copying of a stimulus
(see above), when the generation of move-
ments or movement sequences is required in
response to previous visual information
(whether information is given in the form of
cueing,* symbolic representation® or demon-
stration)* and during occlusion of a stimulus
during tracing, as in our experiment. Once
spatial disconnection between the visual stim-
ulus and the required movement occurs,
some degree of planning is required to trans-
late information processed from that stimulus
to movement. Here lies the probable locus of
perceptual motor dysfunction. We therefore
suggest that difficulties in these tasks repre-
sent a common failure in PD patients to use
sensory information accurately to plan and
execute complex and/or new movements.

The authors are grateful to Michael Almog and Mark Groves
for scoring the directional forecast and tracing tasks employed
in our experiment.
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