Bl e

Bibliothéque nationale

du Canada
+  Canadian Theses Service  Service des théses canadiennes . &
Ottawa, Canada ) " -
K1A ON4 :
- S . -
- T’\ f - .
. -
R -
NOTICE =~ _AVIS

The quality of this microformis heavily dependentupon the .

quality of the original thesis submitted for microfilming.

Every effort has been made to ensule the highest quality Qf

reproduction possible.

If pages are missing, contact the university which granted
the degree, - . :

Some pages may. have indistinct print especially if the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

[ 4 .

»

H

Previously copyrighted materials {journal articled, pub-
Iished tests, etc.) are not filmed.

Reproduction in full or in part of this microform is governed
. by the Canadian Copyright Act, R.8.C. 1870, ¢. C-30.

NL:320 (r. BO/O4)

-~

La qualité de cette microforme dépend grandement de la
qualité de |a thése soumise au microliimage. Nous avons
tout fait pour assurer une qualiteé supérieure de reproduc-
tion.

Sil manque des pages, veuillez communiquer avec,
l'université qui a confére le grade. <

La qualité d'impression de certaines pages peul laisser a
désirer, surloul si les pages originales ont été dactylogra-
phiées & l'aide d'un ruban usé ou si 'université nous a fait
parvenir une pholocopie de qualité intérieure.

Les documents qui font déja l'objet d'un droit d'auteur
{articles de revue, lests publiés, etc.) ne sont pas
microfiimés. - )

La reproduction, méme particlle, de cette microlorme est
soumise 4 la Loi canadienne sur le dreit d'auteur, SRC
1970, ¢. C-30. .

anada

.



'PSYCHOMOTOR DEFICITS IN PARKINSON’S DISEASE

by

ROSELYNE NORMAND

— T e . _ ”

A. thesis
presented to the University of Ottawa
in fulfillment of the
thesis requirement for the degree of
~ MASTER OF SCIENCE
in
KINANTHROPOLOGY

Ottawa, Ontario, 1987

N

© Rosclyne Normand, QOttawa, Canada, 1987.

——



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or sell
copies of the film.

The author (copyright owner)
has reserved other
publication rights, and
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission.

L'autorisation a &té accordée
a la Bibliothéque nationale
du Canada de microfilmer
cette thése et de préter ou

~de vendre des exemplaires du -

film.

L'auteur (titulaire du.drgit
d'auteur) se réserve les
autres droits de publication:
ni la thése ni de 1longs
extraits de celle-ci ne

" doivent étre imprimés ou

autrement reproduits sans son
autorisation écrite.

ISBN 0-315-40728-X -



- UNIVERSITE DOTTAWA
UNIVERSITY OF OTTAWA

A



- ACKNOWLEDGEMENTS

I would like to thank my advisor, Dr. Robert Kerr, for his support during the
“« oo

accomplishment of this study. Special thanks to the Parkinson subjects and to the control
subjects who kindly accepted to take part to this study and.to Dr. David Grimes and his

b .
team for their precious collaboration. . -

I am also extremely grateful to my parents, family, colleagues, and friends whose

assistance and encouragements made this thesis possible.



*

4

ABSTRACT

i
T

. The pcrformnncc of seven Parkinson subjccts on a d.xscrctc pursuit tracking task’was
studmd during allcvmtcd and unalleviated stages, and comparcd with the pcrforma.ncc of
seven normal individuals matched for age and sex to the Parkinson group. The subjects

were ‘rcqucstcd to react to 2 series of target lights which p}ovi variations in directional

; probabx.hty and the distance to be moved. Ovcrall, the subjects performed 20 trials (for a

total of 2000 responses each) on a subjcct-paced tracking pursuit task. These trials were
distributed into four sessions: 1) Learning session (8 trials, under drug coatrol), 2) four
tnals whcn "off” medlcanon. 3) four trials 15 to 20 minutes after the ingestion of a dose,

and 4) a. turthcr four tnals a.t r.hc peak dose:effect, that isy an’ hour- and a half after

"ingestion. The results of the study suggested that once given sufficient practice to learn a

~

task, ahd when under drug control, the performance of the Parkinson subjects was not
significantly different from their agc-matched controls except for their slowness at mgking

decisions when movement direction was less predictable, and when they had to readjust

“their motor responses after having overshot the target light.
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- C '~ INTRODUCTION

Since it was first described by James Parkinson in 1817, the actiology of Parkinson's

disease has remained unknown. Classified as a slow, progressive and degenerdtive disease

namely, the substantia nigra. This - pigmented nucleus . is linked anatbm_:ia’u-y and
functionally to the basal ganglia, as such, its dégcncratio&and-thc §ubscqucﬁt destruction
of its principal connection with the basal ganglia (the nigrostriatal pathway) lcads. _.
necessarily-tothe malfunctioning of the basal ganglia. This subcortical disorganization
i‘nduccs the manifestation of three major motor features peculiar to Parkinson’s disease.
The "classic triad” includes resting t\rcmpr. plastic muscula; rigidity, é.;:xd ‘slowness of

g—

movement; each of which becomes more manifest and disabling “as the disease progresses.

Without stopping the course of the disease and, despite their several side effects, the

_recent use of drﬁg treatments has contributed to the partial alleviation of parkinsonian

symptoms. Indeed, the difficulty the parkinson patient usually has in initiating (akinesia)

andin executing {bradykinesia) planned motor actions can be passably improved by drug

‘therapy. Respectively, reaction time and movement time have been idcnti%i;d as potential

™

Ll

sources offin.formation for assessing the neurological deficits of Parkmmn.za.ns and as an

objective indicator of therapeutic efficacy (Cassell, Shaw & Stern, 1973; Evarts,

Teravainen, & Calne, 1981; Teravainen & Calne, 1980). According to studies of the

psychomotor performance of Parkinson subjects, in comparison with the motor component
;

of a task {(movement time), the preparation to acuo\n (central component or reaction time)

-
scems to be less affected by the disease (Evarts et al, 1981; Marsden, 1982; Teravainen &
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Calne, 1580, 1981). _Consequently, with respect to their response to drug treatment, the
central component would show less improvement than the motor one.

Rationale

Studies of the psychomotor b;havior of Parkinson subjects are relatively few, and the
ones that have been reported dealt mainly with the gross motor performance of the
Parkinson subjects, used simple tasks and Mmmm were made when under drug control.
Only “bne experiment has dealt spccificaily vmh the ability of Parkinson subjects to
respond to tasks of different levels of difficulty. Tndeed, Evarts et al. (1981) attempted to
verify whegher people suffering from Parkinson's disecase had any specific problems
mmatmg motor responses for simple or choice reaction tasks. The results of this study

suggested that Parkinson subjects were, in fact, significantly slower than normal subjects at

initiating simple responses, but were no different at reacting to more complex signals. The

findings of this éxperiment were not conclusive since the authors themselves suspected the

" choice reaction time task to be too simple to enable an assessment of some decision making

disorders accompa.nyiné’Parki.nson’% disease. Lo~

Thus, by increasing the complexity of the task, and by considering the performance of
Parkinson subjects when "on” and "off” mcdimtion;, a more complete analysis of the
impact of Parkinson’s disease is expected, as well as the impact of drug treatment of both
the decision making and thchm;tor control abilitics. The use of a complex motor task
might provide indices as to what extent: 1) Parkinson's diseasc implies decision ma-.king
and/or motor decrements, and 2) drug treatments contribute to alleviating or masking

these deficits. T

Q3



Statement of the problem -

”~
The bisic purpose of this study was to assess the ability of Parkinson subjects to

perform a complex motor task. Specifically, to” assess their ability to make simple and

complex decisions (involving choice), and their ability to produce fast precise movements.

A sub-problem was to assess their performance when théy were "oa” and "off”

medication. This latter step was in order to help separate the impact of Parkinson’s disease

itself on the motor and cogritive aspects of motor control from drug mediated responses.

—

Hypotheses .

1)

2)

3)

4)

5)

6)

The hypotheses to be tested in this study were:

Parkinson subjects are significantly slower than matched control subjects when
making simple decisions {simple reaction time),

Parkinson subjects are significantly slower than matched control subjects when
making choice decisions (complex reaction time), .
Parkinson subjectsg,are significantly slower than matched control sula-jgcts when.
moving to targets at shorter distances (movement time),

Parkinson subjects are significantly slower than matched contr_ci% subjects when

moving to targets at longer distances (movement timely

My,

The performance of Parkinson subjects is significantly slower when "off” medicatigh

for reaction time.

The performance of Parkinson subjects is significantly slower when "off” medication

for movement time.



Definition of terms

1)

2)

3"

4)
s)
6)

7)

8)

Reaction time: the tinic interval from the presemtation of a stimulus until the
initiation of a motor mponsé. It was used as a measure of cognitive function
(decision making).

Central processing: decision making processes implyiﬁg pcrccptuaf;xdgcmcnt and
motor planning. This central activity involves the highest mental functions (cognitive
functions) situated at the cortical level. Reaction time was used as a measure of the
ability of the individual to proc&s information related to making decisions.
Movcmcnr. time: time intcrva.i from the initiation of the motor respomse until its
completion. This measure reflects the subcortical (basal ganglia) involvement in motor
actions-and their control.

Akinesia: inability to initiate voluntary and spontaneous motor IeSponses.
Bradykinesia: slowness of movement.

Bradyphrenia: slowness of thought.

Hypokinesia: total symptom. complex of djfficulty in starting movements (akinesia),
slowness in executing movements (bradykinesia), reduction of associated movements
(decreased ampli’.:;.dc) and clumsiness of fine movaments.

On-off phenomenon: very sudden deterioration and improvement in bradykinesia and
akinesia, in which freezing may occur suddenly and then later almost as quickly

TCCOVCET.



Delimitations

The population for this study was limited to a small number of Parkinson subjects (7
subjects). They were specifically at mild to moderate stag&:—;f the disease (iec., at stage 2 or
3 on the scale used at the Parkinson’s Clinic of the Ottawa Civic Hospital), they were free
of .any major physical and mental health problems, and were under drug treatment. The

type of antiparkinsonian drug and the duration of therapy were not controled.

- ——

For obvious ethical reasons, it was impossible to ask of the patients, that they
withdraw completely from the bemefit of their medication and this, without the presence
of a physician. B

*

-

For practical reasons, both groups could not be tested under the same conditions.
Indeed, the Parkinson group had to be tested at home while the control group was tested
at the University. Moreover, we bad to readjust the testing schedule of the Parkinson
Sudjects according tt; their own working schedule in order t.o encourage their participation.

o

Since we were assessing t.he_finc_motorf'p-c;formancc of the subjects on a very specific

— —

task (Tracometer), the results of the present study cannot be generalised to other tasks.
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REVIEW OF LITERATURE -

The division ‘o.t total response time into central and pe:iphcrai processes allows a
better understanding of the .psychomotor activity undcrl;i.ng movement control
Consequently, when movements are impaired by the presence of a disease, the use |o£ total
response time may then help to clarify the role of the affected structure(s) during normal

\ -
moter performance. The execution of a motor action, as suggested by Marsden (1982),

involves: |,
trigger to perceptuQI motor motor plan
action judgment planning execution

The more complex the task becomes, the longer will be the central processing activity

required to fulfill the adequate motor output.

As 2 basal ganglia discase, Parkinson’s disease leads to specific motor deficits which

mt.crdunglj;. ‘resemble those observed in much older normal individuals (Mortimer,

-

Pirozzolo,  Hansch, & Webster, 1982a). In the light of the large number of studies -

dedicated to motor control, Parkinson’s disease, and aging, and in order to proﬂdcabcm:r
undastandlng of the gverall process of motor control and cognitive funcﬂon. r.h}yrcvlcw

of literature is divided into five sections, under two main headings. Part one i.s composad
/
of two scctions intended to clarlf.y the general features of Parkinson's and the

s

attempts made to alleviate its .symptoms. Part two oonsidus_m{h component of total
. o )
reaction time in order to determine at what level(s) the deficits are likely to be found, and



7
to what extent they ni;.y contribute to hypokinesia. More specifimily. the first section
aims at presenting the profile of the parkinsonian population to be studied. The second
section deals with drug treatment and drug effects. Finally, sections three to, five detail

each component of Marsden’s model of motor action: °

-~

e g
’
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PART ONE

A

Section 1: Parkinson'’s Disease

-

Parkinson’s Discase and parkinsonism.

Parkinson’s disease is often confounded with “parkinsonism® which -is the
‘manifestation of parkinsonian symptoms but following a different disease process. Many
classifia.tions' of parkinsonism are available (Barbeau, Roy & Boyer, 1984; Duvoisin, 1977,
1984; Mortimcr(& Webster, 1982b; Zetusky, Jankovic & Pirozzole, 1985) and the
following provides a brief dw:riptioz':. of the main differences between the underlying

deficits.

T
a

Geaerally are four groups of p&kinsonism namely, idiopathic, genetic,

symptomatic, and postencephaljtic. The first type, known as Parkinson’s disease, is an

irreversible degenerative disease the basal ganglia which starts around age 50-60 and
whoscl aetiology still remains own. The subscqucnf positive apd negative deficits
following the severe loss paminergic neurons around the n.ig‘rostriatal bundle, become
progressively more disabling as the cbs&sc progresses. The second typc,g source of
) controversies, is called "g.:nctic parkinsonism”. Indeed, while some consider its incidence
| as cxccpnonal (Bannister, 1985), othcrs‘mamtam that family history of parkinsonism stiil
represents 10 to 15% of the parm.nsoma.n popu.lauon (Barbeau et al, 1984; Cambier, . '
Masson & Dehen, 1982; Duvoisin, 1977, 1984; Grimes, 1983). The third type of
parkinsonism is called -"symptomatic” because of the fact that parki%onia.n symptoms

become manifest following a mysfunctioning of, or damage to brain structures and not due
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only to the degeneration’ of the substintia nigra. This typc includes multiple acti910gics
such as the presence of artcriosciuosis. tin: sequels of brain }rauma or ischemia,; the
presence of another disorder of the tentral nervous system and finaily, to the side effects
induced by some drug treatments (jatrogenic cause) or by exposure tO' toxins such as
ca;rbon monoxide. The last type, postencephalitic parkinsonism, .is di_ffcrcnt from the
sy"n.xptomtic types for it is a sequel to a viral infection of the brain. In other words, the
underlying disorders leading to .pa.rkinsonia.n deficits may be considered either as primary
(degeneration of the substa.nua nigra) or secondary disorders (mysfunctioning of the
substantia nigra due to subsequent disordcr:; of other structures). According ‘to Rinne,
Koskinen and Lonnberg (1980), there would be "o doubt that the prog;cssivc losy of
dopaminergic substantia nigra neurons and the dcficic'ncy of the stnata.l dopamine play
essential roles in the pathophysiology of Parkinson’s disease but other neurons in _thc
neuronal interaction of the extrapyramidal system _niay also be involved ci.tﬁer.p'rimar.ily.

-

or as a secondary consequence”.

Positive and negative symptoms.

Thc symptoms acc;mpanying thxsbasal gangliz disease are also classified as negative
or positive _deficits. As suggested by Cote (1982a), negative symptoms are primary
functional deficits ‘attributablc to loss of specific neurons, while positive symptoms are
secondary to the emergence of abnormal patterns of action in otherwise normal neurons

when part of their controlling input is destroyed by the discase. -

As mentioned by Gibberg (1986, p.333), "hypokinesia is problably the most important
' symptom and can be described as slowness or poverty of movement. There is a decrease in
spontaneous movement so that whem movement does occur, it takes place slowly
(bradykinesia), and changes in motion are avoided or found difficult (..). Associated with

—r . -
_bradykinesia is akinesia which relates to slowness or difficulty in initiating movement.”
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In Parkinson's disease, akinesia and bradykinesia are examples of negative deficits.
These key motor abnormalities are indicative of a dysfunction of the basal ganglia
(Marsden, 1984). Indeed, the inhibitory function of the nigrostriatal pathway is released
due to a severe loss (70 to 90%) of the dopaminergic nerve cells into the subatantj.:i nigra
(Birkmayer, Danielczyk, & Riederer, 1983; Cote, 19822; Marsden, 1983 Mortimer &
Webster, 1982b). - Once the pathway is destroyed, this inhibitory activity does no longer
permit the efficient control of movement. This leads to problems with 1:11: initiation and
execution of voluntary movements and to the loss of sutomatic movements (Angel,

.
Alston, & 'Higgins, 1970). Manifestly, the performance of mormal daily activities is
modified. For instance, walking (stooped posture, no swing of the arms,...), talking (no
facial expression, soft disarticulated voice,...) and v‘v’nung (micrographia) undergo
modifications (Duvoisin, 1984;.Grima.1983). The affected motor system appears to lack
spontaneity and drive. The extremities seem lazy and require constant coaxing to act
(Angel et al,, 1970). - At the later stage, the parkmsomans activities may even be marked
by multiple halts and stalls commonly called “freezing episodes” (Grimes, 1.983). These
periods of immobility‘ are inherent to the illnwg. : They are more likely to appear at
=

moderate and severe stages of an -untreated Parkinson’s disease, but they are also an

indication of an end-of-dos¢ teterioration (or wearing off effect) (Marsden, 1976, 1984).

Tremor and n:gid.ity are o;hcr motor features of Parkinson’s disease. They are both
considered as positive symptoms. Tremor i;: a dominant symptom though it is less
disabling (G;'imm, 1983; Zetusky et al,, 1985). It also tends to be the motor disorder the
most independent of the other motor signs (Zetusky et al, 1985). It is characterized by a
. rhythmical oscillatory movement (3 to 7 Hz) resulting from alternating contractions of
antagonistic muscles (de Lean, 1983). It usually affects small muscle groups 'such as
fingers, lips, tonguc and larynx (Bannister, 1985; Bradley, 1984). This resting tremor.

increases with stress and decreases with voluntary movements (Bradley, 1984; Grimes,



<

M

11
1983). Rigidity, meanwhile, would muh’. from current stimulatory and inhibitory
neuromuscular activity (Birk.mayv;r ‘et al., 1983). This hypertonia seems to affect the
agonists and the antagonists almost equally (Gibbc:d,' 1986). Resistance to passive
movements is wié!gsprwd an;i especially evident in the larger joints. Contrary to tremor,
rigidity is more likely to affect large muscle groups (Bradley, 1984). It scems to stay

L4

uniform throughout the whole range of movement. \

o

Years ago James Parkinson (1817) defined the discase as “involuntary trepaulous
" motion, with lessened muscular power, in parts mot in action and even whzé;oncd
with a propensity to bend the trunk forward, and to pass from a walking to a running
pace; the senses of intellect being uninjured” (Bradley; 198@.v Although almost all authors
are in agreement rcgar@ing their conclusions as ;o\ “thc presence of mot.or deficits following
Parkinson's disease, there is less agreement around the possible .cogn:itivc decrements
accompanying this basal ganglia disecase. Indeed, several authors such 'as Benson (1984),
Birkmayer et al (1983), Hansch, Syndulko, Cohen, Goldberg, Potvin and Tourtelotte
(1982), Rafal, Posner, Walker,. and Friedrich (1984) and Wilson, Kaszniak, and Garron
(1980), have suspected the presence of cognitive dysfunctions in parkinsonians. I

/
Cognitive deficits.

Qthtlm- patients with Parkinson’s disease inevitably exhibit specific or general
cognitive abnormalities is a- controversial issue. It seems that some proportion of the
Parkinson population develops cognitive “dysfunctions, but the causes underlying these
changes ‘are not elucidated yet. Indeed, according to Marsden (1982), these changes in
cognitive functions may be due to drug treatment, or teagrdopamine deficiency somewhere

else in the brain.
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-Cognitive functions are concerned with recognition, perception, identification,
understanding, imagi;mtioﬁ learping and thinking (Marsden, 1982). While certain
components of cogrition may show decrements with Parkinson's /discasc, they cannot be
fully related to a g:lobal state of dementia v.‘rhich is "usually characterized by decreased
intellectual functions, impairment of judgcmcnt. confusion, disorientation and severe short
and long term memory deficits” (Bentin, Silverberg & Gordon, 1981). Indeed, in light of
Benson’s work (1984), a subdivision of this global state of dementia into two coinponcx_ns
has been proposed namely, subcortical and cortical types of ‘demeptia. According to this
author, the mental impairments associated with Parkinsox;'s disease resemble subcortical
deficiency. For instance, a pa:kinsoﬁian will show an abnormal verbal output, poorly
articulated and hypophonic but will tend to mamtam lexical and syntactical competency
until very late in the course of the dlseasc. Concerning the mental status, the individual
will‘ tend to show memory dysfuncr.ion, abnormal cogqitivc pwc&sa such as the
degradation of cognition, judgement and abstracting which gradixﬂly becomc; slow, hesitant
and i;xcomplctz. The term “bradyphrenia™ is often used to,describc this slowness at which
parkinsonians process information (Birkmayer et al., 1983; Hansch et al, 1982; Rafal ct
al, 1984). Meanwhile, even though bradyphrenia is a cogaitive dysfunction, it does not
refer to intellectual impairment. Finglly. as another ix—qu,icé/of subcortical disorders, there
ig the "classic triad” of motor deficits, i.c. trcmor_: riégdity, and bradykinesia, which are

peculiar to Parkinson's disease.

Most patients, sooner or later show some degree of subcortical type of dementia
(Benson, 1984; Marsden, 19§4;‘Mattl:;cws & Haaland, 1979). Some individuals may also
develop cortical dementia as a second superimposed disturbance (Benson, 1984). Even
though this cognitive impairment scems to be milder then the motor ones, subtle changes
.:mch as lack of spontancity, poverty of imagination and a tendency for repetition have

been noticed even at earlier stages of Parkinson's discase (Lees & Smith, 1983), but still,
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_greater changes appear to be more.common in patients with symptoms lasting for more

than six years (Marsden, 1982; Matthews & Haaland, 1979).

At ﬁght of these studies, cognitive dccrcmlcnts a.rc suspected to be a feature of the
parkinsonian syndrome, but i.t emerges a point of contention regarding which levels of
coéntition are more likely to be affedcd bf the disease and whether these decrements may
seem as primary of second:::y deficits.

- —

Aging cffects.

Generally, Parkinson's disease is more likely to affect older individuals. It occurs at a
time where the aging process has already engraved its marks. Thqc is considerable
" evidence that morphological and biochemical changes associated with brain aging share
many features with those seen in arkmsomsm. the major distinction being the severity,
the rapid progression and the earlier ifestation of these changes in Parkinson’s disease
{Mortimer & Webster, 1982b). Thus, p*l'/of parkinsonian deficits may be accounted for
by the normal aging process (Garron, Klawans, & Narin, 1972; Loranger, Goodell,
McDowell, Lee, & Sweet. 1972; Mortimer & Webster, 1982). McGeer, McGeer, and Suzuki
(1977), who looked at the effect of aging on the cxtrapyramﬂal structures, suggested that
the normal aging process was a2 tendency towards a parkinsonian like coﬁciition. For
instance, at the motor level, slowness and hesitancy of most movements, fine tremors of
the hands, chin and/or head, are scen in the three quarters of patients between age 70 and
101 (Barbeau, 1973). At the cognitive level, several components of cognition may undergo
similar phenomena namely, the speed of processing information, memory, judgement,
perception a:zd intellectual functions.

2

T )
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Intellectual deficits. -

In a2 study conducted by Garron et al. (1972), the mtcuectual ability of 47
parkinsonians was compared with a;:-matched controls. The test designed. for assessing -
the problem solving ability of the two groups-was the Guilford Comprehensive Model of
Intelligence. The conclusions from this research revealed that, in a_ddition. to aging effects,
parkinsonians suffered from cognitive deficits in that they showed a greater bradyphrénia
and intellectual decrement than their }gc-matchcd counterparts. Similarly, Loranger et al.
(1972) attempted to verify whether Parkinson's disease was accompanied by intellectual

- unpalrmcnts. For this experiment, 63 idiopathic park.msomans {moderate to severe)

(Heth.n & Yahr, 1967) underwent the standardized Weschler Adult Intelligence Scale test

(WAIS). The results suggested that, compared to their control group suffering from

. depression, and compared to the con'cspond.mg WAIS values for their age group, the
additive effects of aging, depression, peripheral motor disability, aaticholinergic drugs and
surgery could not entirely account for parkinsonians’ intellectual impairments. Thus,

structural changes associated with the syndrome were suspected to be implicated.

Perceptual deficits

As an clement of cognitive dysfunction, perceptual deficits have also to be
distinguished from intellectual impairments. Perception refers to the ability to coﬁ:;ciously
discriminate external sensory information. In the course of the parkinsonian syndrome,

specific perceptual deficits occiir. Indeed, two clements of the visuospatial system are

particularly affected notably, the visuo-perceptual and the visuo-motor systems. A.ccording

to Boller, jume, ‘Keefe, Rogers, Morrow and Kim's work (1984), visuospatial
impairment, although not obvioms at the first sight, would occur in up to 93% of

parkinsonians. It is manifested by a failure to set lines to an axis similar to the model, a

t
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difficulty to touch part of their body or.to perform a route walking testi thﬁ exploring
the respective roles of the visuo—pcrc;ptua.l and the visuo-motor factors in the visuospatial
behavior of 30 parkinsonians (matched for age, sex, and education level to 30 controls)
Boller et al. confirmed that both elements of the visuospatizl function were xmpa.tr’ed. All
subjects were administered 14 visuospatial tests which included "visuo-perceptual” task.s.
requiring minimal motor responses, and "visuo-motor” tasks. Interestingly, this decline
s::cmcd not to parallel the severity or' the motor decrements which gﬁdually get worse
with time.

"

-

QOther studies came 1:0"sm1::1:>or§~ Boller’s findings as to .the prlscnce of the visuospatial
impairment in P;i.rkinson's disease (Delis, Direnfeld, All:xa.ndc: & Kaplan, 1982; Lccs &
Smith, 1983; Mortimer, Pirozzolo, Hansch, Webster, 1982a; Portin & Rinne, 1979; Stern,
Mayeux, Rosen, Ilson, 1983). But since they mainly relate to the effects of drug th&apy

- o . "
-on cognitive performance, details about their results will be-given in the following section.

Bradyphrenia.

Bradyphrenia is another cognitive defect that is likely to occur during Parkinson’s

disease. In 1972, Garron et al. observed that while comparing the intellectual ability of
parkinsonians with their controls matched for agé. sex, and education level, the former
group tended to show greater slowness of thought and greater intellectual decrement than

the latter. Later on, Wilson et al. (1980) attempted to reexamine this notion of
N

bradyphrenia. For this, they picked 20 subjects with parkinsonism {medicated), and they

matched them for age, sex, education level, and for verbal intellectual quotient with 16
normal controls. M, in order to look specifically at the additive effect of aging, both
groups were divided into two subgroups namely, the 64 and under and the 65 and over.
All subjects underwent the "Sternberg Character Classification Paradigm” test which was

-
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used to mgasure the speed and accuracy of short-term memory .scanning. By way of 2

-

-

motor nse the subjects only hid to answer by pressing a "yes™ or 2 "no” key. The
results that came out of this stﬁdy"rcvcazed that paxfin;onian patients were slower than
the contjols but also that the “older™ ones were slower at short-term 1;1cmoi'y scanning
than their~-young counterparts. Knowing that young and old:pa:kinsonians did not differ ‘
in number of - mcdicmions, types of mcﬁication. or lcngth of therapy suggested that
_mncmomc slowing seen in thc elderly paucnts was_:;;rc :mnbutablc 10 parkmsomsm and

advancing age than to the drugs. Accordmg to the authors, the term bradyphrenia might

be an apt descriptor of this deficit.

Because they suspecwd that the motor rosponsms~ required by the parkinsonians during.
certain cognitive evaluations could possibly contaminaté e results, Hansch et al. (1982)
used anothér tech.mque to measure the central proccssmg changes occuring in pa:kmsonmns
under drug treatment, as compared to the ones of the normal subjects. They used the
long-latency positive component of cvent-ré.latcd potentials termed P300 which is.thought
to reflect the information processing-related activ.itia in humans.'and which may provide
an objective means to evaluate cognitive function independent of specific motor responses.
For this experiment, 20 male patients with idiopathic parkinsonism (mild to moderate)
wete compared to 20 age-matched mormal controls. In addition to the auditory event-
related potential parkinsonians were administered a 3!}011 set of five ncuropsycho‘laga-d
tests to correlate psychometric aad electrophysiological indices of their cognitive function.
One of the findings of this study was the strong correlation between P360 a.n& the Symbol
Digit Modalities test. This test is a substitution test mvolvmg manipulation of both
language and non-language symbols, learning and memory, visuospatial perception, and
occulomotor scanning. It seems to be highly seasitive to l:rram dysfunction. Thus,
compared to their controls, parkinsonians would have shown a slower speed of peural

processing suggesting once more the presence of bradyphrenia,
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Knowing that motor and neuropsycholegical deficits ;u'c present in Parkinson's disease,
Mortimer et al. (1982a) attempted to ascertain whether the severity of the motor
symptoms was associated with the degree of neuropsychological deficit. For this, they
assessed the motor and neuropsychological abilities of 60 idiopathic parkinsonians
compared to 60 controls matched for age, sex and education level. The motor tests
consisted of measuring rigidity, tremor, and bradykinesia. The four neuropsychologic tests
assessed fund of information, verbal memeory, psychomotor speed and visuo-spatial
performance. The results suggested ncﬁiopsychological deficits in sﬁort and io'ng term
memory, in complex visuospatial perception and reasoning. Also, according to the authors,
only bradykinesia and tremor would be significantly  related 'to the degree ok
ncuropéycholj gic impairment and no.t rigidity. Howa;er. thJ.s statement must be qualified
since the parkinsonians were un;r.r drug therapy and rigidity is highly responsive to

drugs. P

Conclusion. -

Generally speaking, Parkinson’s disease is considered as a basal ganglia disease which
gradually leads to specific motor and cognitive decrements. In addition to the defects
associated with the degenerative process of the syndrome, other factors such as aging and
drug treatment may interfere. Indeed, the illness is €nore likely to affect the elderly and |

the use of drugs is qut{.c necessary to alleviate the symptoms peculiar to this disease.
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Section IT: Drug treatmnent and drug effects

Dopamine.

) -As previously mcnti;)ncd. Parkinson's, disease 13 a disease of the basal ganglia which .
aff_cc_t;_more specifically 2 pigmented nucleus callcd the substantia nigra. The do@ zone
of this nucleus, the zona conipacta. uses dopamix;tc as a neurotransmitter and forms the

’xiigrostriatal pathway (Cote, 1982a). Dopamize is stored in the cells and fibers of the
substantia nignhgntil relmscd tc; function as a chemical messenger to other nerve cells
(Duvoisin; ];984). "‘\With its inhibitory function, it plays a key role\in neurotransmission
within the basal gan}}a; it mediates the balance between i.nhibit'ory. and excitatory outflow
from the nervous éystem (Beart, 1984). In fact, dopamine acts to restrain the
aoctylcholin-c nmc cells which are excitatory {(Duvoisin, 1954).

= ) .
During the normal aging process, from birth to age scventy-five, about half of the

dopaminergic neurons of the substantia nigra degenerate (Mortimer & Webster, 1982b).
However, in Parkinsén’s disease, the loss is much more severe. In fact, 75 to 90% of the
functioning neurons in the zona compacta of the substantia nigra may have been destroyed
(Birkmayer et al, 1983; Cote, 1982b; Mortimer & Webster, 1982b). This destruction leads
pecessarily to the degeneration of the nigrostriatal fibres (Cote, 1982a) and to specific
disorders such as the symptoms previously described.

-~
- Antiparkinsonian drugs.

In order to alleviate the debilitating features—of -Parkinson's disease different drug

. treatments have been prescribed. The use of antiparkinsonian drugs aims cither to

replenish the brain dopamine d;‘{i}iency, to mimic its action, to damp down or to bloc.k

cholinergic activity. Consequently, they contribute to reduce the severity of the symptoms
(Duvoisin, 1984). |

S ——



xo

.19
Generally speaking, there are two groups of antiparkinsonian drugs notably,
a.ntic:holincrgic a.{z’d dopaminergic drugs. The former block the action of acetylcholine
whereas the latter enbance or imitate the action of dopamifie (Duvoisin, 1984). The first
group inéll_.ldm drugs such as. Artane, Cogentin and Symmetrel. The second one includes
Levodopa (L-Dopa) and Bromocriptine. No specific drug is likely to be constantly e.tficicgb,,—r
on a long term basis. Indwd. when a parkinsonian has reached the pg!\k“ dose effect of 5
certain drug and no longer obtzins benefits from it; them, changes in dr-}g\mmpy are
needed. In order to optimize the treatment, combinations of drugs are commdnly /uscd.
For instance, a combination of levodopa (precursor of dopamine in the central nervous
system) with a decarboxylase inbibitor such as Carbidopa kL—Dopa/Carbidopa - S'mcmct)‘
prevents the transformation of L-Dopa to dopamine before reaching the brain. T_Pat’way,
about 80% less L-Dopa is nceded to achieve the optimum therapeutic benefits, while strict
ingestion of levodopa ;crmits only 0.1% of the oral dose to reach the brain (Cote, 1982a).
The concentration of levodopa into the blood seems to take on particular importance
during the treatment. Indeed, this mﬁmption has been verified by Shoulson, Glaubiger
and Chase (1975) when they compared oral versus intravenous doses of levodopa
a.dm.tmstcred to seven idiopathic parkinsonians (moderate). During this experiment, the
clinical features of cach patient were assessed every 30 minutes fc:i a period of nine hours.
Blood samples were also taken at regular intervals in order to correlate clinical features to
plasma dopa concentration. For the group on oral doses, the concentration of levodopa
fluctuated and was also followed by fluctuations in motor function. In the second group, '
.thc blood concentration in levodopa was more stable and no marked swings were observed.
Similar results have been reported by Sweet and McDowell (1974). Thus, higher blood
level of levodopa would allow for greater entry into the brain where it is converted into

dopdmine (Fahn, 1974).
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Drug effects. ) i}

As previously mentioned, drug tpcrapy aims at alleviating parkinsonian sy:i:f:toms
since it is unable to cure the underlying causes. Meanwhile, the beneficial effects of drug @
‘treatment scem not to help equally all pa;'kinsonian symptoms. -Unfortunatcly. no drug |
therapy has yet contributed to totally improve pa:kinsoni:absymptoms. Both .shox; and
long term treatments seem to lead to the occurrence of side effects, somctimcs quite
disabling for the patients. Although it was thought to be a miracle-drug at the time of its

advent in the early 1970%, levodopa therapy follows the same pattern.

Among the motor symptoms, ;igidity appears to be the most responsive feature. It is
. f?llo‘wed by tremor, which is usually relicved at g_O‘i,» .(Duvoisin. 1984). Concerning
kndykinw.ia, it seems to be abolished as I.cng as the syndrome is not too scvci-::, but at the
later stages of the disease, it tends gradually to be increasingly resistant to drug therapy
(Duvoisin, 1984)." Obviously, rigidity, tremor and bfadykinesia are more likely to affect
motor performance. Akinesia sulI remains -thc symptom which socms to rarely respond to
the drugs tlllé.t benefit the other symptoms (Angel et al, 1970). As to the cognitive

components, some clements appear more likely to improve with the ingestion of drugs

while others either deteriorate or remain the same.

Quite recently, the impact of levodopa Lr&tmcz;.t on parkinsonian patients has been
studied by Shaw et al. (1980). In this research, 178 idiopathic parkinsonians were treated
with levodopa for 2 period of six years. The results indicated that 70% of the patients
shovsfed an initial improvement of their total disability scores as measured by the
Columbia University Disability Rating Scale. Six years later, from the former number
20% were still better than before treatment. As to the remaining group, they started
suffering from involuntary movements which increased in severity and in frequency as

treatment continued. Among the compliw'tions, end-of-dose deterioration occured in 65%

Yy
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of- patir;nts. “on-off” pl:;cnomcna (unpredictable osciﬁations in moéor perforﬁnancc') in 1_0%‘
and 32% developed unequivocal dementia. In conclusion, the authors suggested that those
complications might be due to an excessive stimulation of the dopamine systems since high

doses were administered.

+

\ In spitc of their side effects, drug treatments such as levodopa therapy could
/coﬂ'tributc to increase the quality of life and probably life expectancy for the majority of

.’ patients with idiopathic Parkinson’s disecase who are able to tolerate the drug for longer

-

than two years. .

-

Effects of drugs on motor deficits.

More specifically, some studies -have been dedicated to look at the effects of drug

treatment on the motor function of parkinsonians.
\—""V’\'J

Earlier m the 1970's, wh'cn the advent of L-Dopa was quite rec;:nt. Knutsson and
Maﬁcnsson {1971) attempted to look at the quantitative effects of lcvédopa on different
types of movement and muscle tone in parkinsonians. Twenty one patients (19 idiopadc
“and 2 postencephalitic), classified as mild to severe parkinsonians, were clinically ass&sscd
during scven to eleven weeks. This clinical assessment evaluated functional disabi].itj;.,
physical signs, tremor, rigidity, hypokinesia, manual skills, gait recordings and muscle
tone. From the results it was found that following drug therapy, marked improvements
were scen for rigidity and for voluntary movements sw;h as manual dexterity. On the
other hand, automatic movements, such as the swing of the arms when walking, appeared
not to be modified.

e

Later on, Matthews and Haaland (1979) undertook a study of the relationship

between the symptom’s duration and the degree and rate of progression of behavioral
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impairment of parkmsomans under treatment. - For this - experiment, 42 maic
parkinsonians were divided into ‘three groups ‘of different symptom durations, ie. two
years and under, three to five years, and finally‘ six years and over. They were compared
to a control group matched for age and edumﬁo;l level. Tw; batteries. of tests were
administered notably, five tests for :ﬁcas;uing cognitive function and ésychomctric
intclli;_encc, and five tests for assessing motor proficiency. The principal findings were
that motor tagks underwent a dran‘:atic, consistent and progressive decline in the course of

both the process of the disease and the long-term treatment.

"On-off™ ph-cnomcna.
% .

Thus, drug therapy tends to be quite successful in alleviating parkinsonjan symptoms
at first but afterwards, the results seem to be less outstanding. 4ndeed, not only do the
patients respond less well to treatment but eventually, they .will develop side effects such
as the "op-off” phenomena. On-off."phcnomcna arg in fact more lik-cly to appear after two
or three years of drug therapy (Damasio, Castro-Caldas, & Levy, 1973; Shaw et al,, 193-0;
Sweet & McDowell, 1974). This phenomenon is defined as rapid, unpredictable, and
dramatic fluctuations in motor ability (Sweet & McDowell, “1974; Fahn, 1974). It is
related in part to the duration of levodopa therapy and in part, to‘thc progression of the
disease (Damasio et al, 1973; Marsden, 1980; Shotlson, Glaubiger, & Chase, 1975). Before
reaching its severe form, the "on-off” .phenomenon g;:n_ﬂ through milder states such as:
ecarly morning akinesia, freezing episodes, end-of-dose d;tcrioration or wearing-off effect
(Marsden, 1976). According to certain stud;cs, up”to 50% of patients treated for more
than five years would be affected by the on-off episodes (Damasio et al, 1973; Marsden,

1980; Shoulson et al, 1975; Sweet & McDowell, 1975). However, other authors

" maintained that 10% will eventually develop on-off (Shaw et al, 1980), while some found



an on-off incidence as low as 2.8% (Birkmayer et al, 1975). The possible reasons for this
lie in the fact that different daily doses of "'l::‘vodop_a were admirdistered to the experimental
groups. "I?hus. if the amount of the prescribed drug did not exceed. the maximum tolerated

by the i:a.ti:nts, then a smaller percentage of them were likely to undergo on-off episodes.

—

As mentioned carlier in this section, a high plasma concentration in levodopa appears
to be very impon;nt for thc.control of parki.nso-nian symptoms. Surprisingly however,
on~off episodes scem to occur even at peak dose effect. ﬁcy ma\y‘ last from a few minutes
to two hours (Damasio et al,, 1973). According to the same author, on-off phenomena
differ from "freczing™ episodes in that ‘they are longer, more intense, and also a more

complex period of akinesia with rapid onset and termination.

Antiparkinsonian drugs for a parkinson-like condition.

Knowing that antiparkinsonian drugs contributed to alleviate parkinsopian deficits,
and knowing also that aging led to a pa.rkinsonién—likc condition, Newman, LeWitt, Jaffe,
Calne and Larsen (1985) attempted to determine whether or not there was a rdationsﬁip
between normal motor deficits and Parkinson’s disease by observing the effects of levodopa -
in healthy elderly. For this c;cpcnmcn;, ten healthy seniors (59 to 72 years old) were
matched with ten parkinsonians under drug treatment (Sinemet). The experimental group
undertook a six week treatment at the rate of eight deses a day up to a total oé from 200
-mg to 800 mg per day. Half of the normal group was on a placebo. In order to assess the
motor function of their subjects they administered the Columbia University Rating Scale
as well as objective measurements of velocity, reaction time and tremor. These tests were
repeated three times per phase (two phases). Interestingly, no major changes were found.
Thus, although levodopa seems effective in relieving disorders of gait, posture and
bradykinesia in Parkinson's disease, the doss was not a.dequ.atc for the mild extrapyramidal

"impairment of normal elderly.
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To summarize tHe effects of drugs on the motor dysfunction of parkinsonians, on§
way say that they certainly co;mibutc to allcviati.ﬁg the symptoms but bcmuscv of the
evolution of the disease, and because of the habituation effect to these drugs, higher doses
will be -cogstantly rcqmrcd and cvcntually.' when doses go beyond the mm tolerated

by the patients, side effects such as on-off episodes will be more likely to occur.

Effects of drugs on cognitive decrements. -

Since motor and cognitive dysfunct'ions are considered as features of Parkinson's
disease, it is then reasonable to expect that cognitive deficits respond the same way to drug
treatment. Recently, Rafal et al. (1984) undertook to verify this hypothesis by comparing
bradyphrenia and bradykinesia after doses of levodopa. Ten idiopathic parkinsonians were
assessed motorically (speed of performance) and cognitively (information processing
performance) by means of three different tests namely, speed of short-term memory
scanning, of visualspatial orientating, and speed of information processing prior to
voluntary movement. The results of this research revealed that the motor response was

improved following a drug treatment, that these changes occured without any cvidence for

~ cognitive improvements. In other words, there would be no change in bradyphrenia linked

to bradykinesia or its alleviation by drug therapy.

Short-term treatment.

Probably one of the first to have shown interest in looking at the cognitive changes
associated with levodopa therapy were Beardsley and Puletti who, in 1971, undertook to
compare this pew therapy with the convcntidnal ones, i.c., the thalamotomy and the

anticholinergic drugs. » For this, two groups of parkinsonians were used. The experimental
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group, or levodopa group, (but stll on anticholinergic drugs), after one month’s treatment
with levodopa, and finally, approximately six months after the second test. Concerning
the co;trol group, they wc-rc twtcd twice; first, just before a thalamotomy or initiation of
drug therapy other than levodopa, and, second, six months later. The psychometric tests
they had to undergo were the Minnesota Multiphasic Personality Inventory (MMPI) and
the Wechsler Adult Intelligence Scale (WAIS). The findings of their study suggested that
with levodopa no changes in personality (dcprcssiop. or motivation} were detected whereas

at the cognitive level the specific effects were limited to an improvement of the abstract

and verbal functions.

Long-term treatment.

Approximately five years after Qc advent of levodopa, Ricklan, Whelilan and
Cullinan (1976)\undertook to verify if this drug treatment was still benefiting the
parkinsonians, One hundred and ninety two subjects participated in the study and were
divided into four groups. The first ome, the experimental group, was composed of 40
parkinsonians (mean age=65.3) who had been on levodopa for .at least four years. The
thres other groups were used as controls; there was one group of 30 parkinsonians (méan
age=66.4) who were not on levodopa, also a group of 4§ patients (mean age=62.7) on
levodopa for a short period of time , ie., one to two years, and finally a group of 44
normal individuals (Mean age=65.1). Four tests were administered to all subjects notably,
the WAIS, the Wellsler Memory Scals, the Bender Gestalt and the Cortical Flicker Fusion
test. Because the age, sex and education lévels of the subjects were equated as closely as
possible, the results showed very few differences in psychometric performance between the
three pa.rlzmsoman groups. Generally speaking, the long term group performed better than

the other parkinsonians but the improvement seen at the early stages of the treatment
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seemed not to persist later on. Concerning specific levels of the cognitive function such as
_the intellectual and mnemonic deficits, it seemed that they were not significantly altered

by drug therapy. ' ‘ . -

EY

Similarly, Portin and Rinne (1979) considered the long term effect of levodopa
therapy on the neuropsychologic functions of parkinsonians but more specifically, they
investigated the pature of the cognitive and emotional dysfunctions of 79 parkinsonian
patients at four specific stages of the treatment, namely, before levodepa therapy, two to
three months after, at two to three years and at eight to tem years. At cach of these
stages, six neuropsychologic tests were administered in order to assess 1) verbal and
visuospatial -skills (WAIS), 2) verbal regulation, 3) perceptual regulation, 4) motor
learning, 5} memory and 6) personality variations. The general findings suggested that
significant changes in mental function took place during the course-of the treatment.
Indeed, the pre-treatment test revealed that parkinsonians were below their control group
before starting. The first year was marked bly a significant improvement of the
neuropsychologic functions aithough not up to the normal level. The second and third
years showed a progressive decline, which later stabilized afterwards, but not ;dow the
pre-treatment level. Globally, cogmuvc functions such as perception, intellectual capacity
and memory, as well as motor skills tended to deteriorate after two to three years of

levodopa ‘;rw.tmcnt.

J

While Portin and Rinne (1979) observed that, on a long term basis, levodopa led to a
decline in both cognitive and motor capacity, Matthews and Haaland (1979) attempted to
see if there was a relationship between the symptom duration and the degree and rate of
-progrmion of ‘behavioral impairments in parkinsonians. "’I’hcy asgessed three groups of 16
pati;.;nts with different syrmaptoms durations , i.e., two years and less, three to five years,

and six years and over. The performance of these patients was compared to the one of 16
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normal individuals matched for age and education level. Five tests were used for
measuring psychometric intelligence and cogaition (WAIS, Halstead Category test, Seashore
Rhythm, Specch Perception, and Trail Making) whereas five others assessed motor
proficiency (grip strength, static steadiness, maze coordination, finger tapping speed and
grooved pegboard). As a general rule, parbnsoma.ns performed less well than the controls.
Indeed, all three groups’ psychometric test scores declined with increased symptom
duration. The major significant difference was found between the control group and
groups two and three in pcrfofma.noc I1Q, which was measured by WAIS (based on speed,
motor coordination and visual perccptual skills). Group two was not significantly
different from group three in that only n:i.ld decrement appeared in the cognitive measures
after three years “on levodopa therapy. In qddition. even in group three, whc_:rc they were
significantly more comomon, cognitive impairments were still minimal in comparison to

motor deficits.

Cognitive functions during on-off episodes.

r

In order to look at what was happening to cognitive functions during the on-off
phenomenon, 16 severe parkinsonmians matched for age, sex, education and intellectual
ability with 25 control subjects were administered two versions of the Modified Alice
Heim test during both the on and the off episodes (Marsden, 1984). This test examined
the intellectual capacity of the patients and required a minimal motor response i order to
avoid the contaminating effects of changes in motor performance. Pi;a-.n;.\q.hc results
suggested that no obvious deterioration in general intellectual abilities occured even when

the subjects became grossly immobile.

Marsden's findings agree with those of Delis et al. (1982), but some precaution has to

be given towards this final study since it is a "case study”. The possible fluctuations in
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cognitive functions from the "on” to the "off™ episodes were assessed in a severely affected
parkinsonian. hHe underwent a series of neuropsychologic assessments and because of the
severe "off™ e\pisodcs..,only verbal r;s;onscs were required by the- patient. The tests
evaluated his attention, mental control, and final?y, his verbal fluency. The results of this
analysis nﬂma.lt.-,dr th..at, contrm:y to- motor function, there was no dramatit fluctuation' in

cognitive levels from the on to the off episodes. Meanwhile, some changes did oceur, for

instance, long-term memofy showed mild impairment and intellectual processing slowed -

down. (}

Conclusiqn.

In brief, Parkinson’s.syndrome is a disease that leads gradﬁa.lly to severe and-
disabilitating features. Amc;ng the therapies that have been uscd?o alleviate its symptoms,
drug treatment seems to be the most effective one. However, despite the usi of such
treatment, the disease continues to progress, and this leads to the eventuality-that from the
additive effects of both the discase and the lo;'xg-tcrm therapy subsequent problems arise,

such as "on-off” episodes.

»

This first part of the review of literature was designed to .pmcntﬁ Parkinson's d;msc
its features and the way parkingonians react to treatment. The following section deals
with the assessment of the cognitive and motor deficits of parkinsonians by means of fine

motor performance.
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PART TWO

-

As mentioned carlier, Parkinson’s dlscasc is seen as a degenerative disease of the basal
ganglia. By considering the cognitive and motor deficits that acconﬁpany-this illness, it
may be possible to suggest some of the roles played by these subcortical structures during

the prcparatibn and execution of a moter task.

Generally sp.ak'mg, parkinsonians havc‘difficulty in mmaung movement {akinesia)
and their motor outputs are executed slower than normal (bradykinﬁia?. These
impairments are responsible, rcspcctix;cly, for the increase in reaction time and for the
slowness of movement time.” By studying changes in the course of different tasks, one

may obtain some indices about the extent and at what level basal ganglia structures are

involved in voluntary:\g:ovcmcnts.

Marsden's scheme of motor action suggests four main components: sensory input,
perceptual judg_c;:ent, motor planning and motor output. meh-ilc, for the purpose of
this part of-the review of literature, these four sections will be reduced to three, namely,
sensory imput, central processing (perceptual judgement and motor planning) and motor

output; all thr?cprmnting the total time to make a response.
» T o
Section I Sensory input

Movement involves a sequence of events whose first component is often gcncrated by

a

an external stimulus or by an internal intention. In fact, what Heilman, Bow:rs, ‘Watson
and Greer (1976) as well as Sandyk (1982) respectively called mexo-evoked” and "auto-
_evoked™ potentials are no more than environmental stimuli such as visual, auditory, or
tactile stimuli, and internal triggers such as spontaneous thought and proprioception.

-29 -
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For voluntary movement, the sensory system is closely related to the motor system.

In addition to being 2 prclﬁdc-—clcmcnt to actiom, it is__go involved in its monitoring,
Indeed, semses bring to the central mechznism indices about the external énvironment as

well as feedback from motor activity. A defect at the sensory level may contribute to an

impaired motor output.

Aging cffect.

Knowing that Parkinson’s disease is more likely to affect semiors it is noteworthy to
look at the effects of aging on the sensory system prior to considering tﬁosc_: induced by
the Ehsmsgnsclf . T .

1]

Normal aging refers to the manifestation of a progressive decrease in the "speed of
behavior” defined as the “speed with which an individual can perform a task which

involves reaction motorically to an environmental stimulus™ (Spirduso, 1982).

As stated by Welford (1982) "several studies have att:.:nlnpted to measure age changes
in the different stages of reaction time from the onset of the stimulus to performance of
the response. These studies have shown that speed of conduction in afferent and efferent
nerves, although it slows with age, accounts for only a small fraction of the total reaction

time, and can for practical purposes be ignored as a source of slowing with age.”

Moreover, according to Welford, a similar decline of proprioceptive sensitivity would occur

in the same way. Thus, aMoked and auto~evoked stimuli are both slightly deficient in
normal elderly and their contribution to slowness of behavior is negligible compared to
that of the central processing components (Birren, Woods & Williams, 1980, Cerell2, Poon
& Williams, 1980; Welford, 1982).
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In the same way, when compared with the value of their healthy age-matched
counterparts, the sensory system of parkinsonians seems not to be significantly affected.
These are the conclusions brought by Kupersmith, Shakin, Siegel and Lieberman (1982)
and Sandyk (1982) who respectively looked at the afferent and the cfferent sensory
integrity in Parkinson's disecase. In attempting to define turth:; the abnormalities in the
visual system of parkinsonians, Kupersmith et al. found an increased latency in the visual
evoked potential of parkinsonians compared to their normal controls. Suspecting a
decrease in speed of nerve conduction, they carried out a neuropathologic examination but
failed to demonstrate demyelination or other lesions in the visual systi:m that could have
explained the delay. As to Sandyk (1982); he tried to find out whether there were
differences in the cortical rw‘ponsw to successive voluntary mo;rcmcnts from different
areas of the periphery (neck, arm, and foot). His results revealed a greater delay for the
extension an.d flexion of the foot of parkinsonians as comparsd‘with their matched
controls. Meanwhile, according to Sandyk, this dcl:l}’ was not cxpccted‘to be caused by a

peripheral conduction problem.

At this level one may suspect that the use of drugs bhas some effect on nerve
conduction but according to Damasio et al. (1973), it docs not seem to be affected for

better of worse by long-term levodopa.

Conclusion.

Thus, it would seem less likely that the deficits seen in parkinsonians could be due to
a defect at the sensory level. Even though the sensory integrity does decline with aging,

it seems not to be further modified by either the syndrome nor by the drugs used to

alleviate the parkingsonians’ symptoms. A
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- Section II: Central processing _ : N .

The efficiency with which an individual can react to a stimulus and be ready to start
the motor response is called speed of reaction. This event occurs at the central level and

comprises two steps, notably, the perceptual judgement and the motor planning.

Perceptual judgement.

Perception refers to the ability to consciously discriminate externmal sensory
information (Stern et al., 1983j and it would depend upom two processes, namely, the
:ocognition of the information to be perceived, and the suppression of unwanted confusing
extrancous information (Marsden, 1982). 'Thc issue as to whether thr;sc types of perceptual
jucgcmcnt are defective or ;mt in.Pa.rkinson's disease remaing to be clarified since i:t is still- -

9. -
the object of controversy.

There are mainly two schools of thought: from one, there are those who deny that
some defect at the cognitive level may be partly responsible for the motor impairment of'

parkinsonians and from the other, there are those who accept this eventuality.

According to Marsden (1982), the perceptual judgement of parkinsonian patients
would be preserved in the course of the dzsca.sc. He supports the idea that basal ganglia
function in movement is more motor tha.n sensory or cognmitive. In fact, Marsden's
conclusions emerge from the analysis of several studies whose findings brought some
clcmcnts. susocp\tiblc to invalidate the presence of any impairment at the level of perceptual

judgement.

Marsden referred to a study by Heilman et al. (1976) iz which it was verified that a

warning stimulus could contribute to increased arousal in parkinsonians and thus, reduce

/Ea
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their reaction time. The results revealed that effectively, in the presence of a warning
___signal, parkinsonian paticats did not react differently than normal controls and
consequently, improved their reaction time (though not-up to a normal level). Sandyk .
(1982) arrived at the same conclusion regarding t.iu: fact that some perceptual functions,

such as the level of arousal, were spared in the course of the disease.

By co.mpa:ing the performance of parkinsonians to that of a normal population for
simple and choice reaction times, Evarts et al. (1981} attempted to see whether or not the
use of rcay._:tion time coul\ be useful to assess the centrzal motor disorders associated with
Parkinson’s disease. By increasing the difficult_y of the task '(inc:rcased choices) they
expected to observe a substantial increase in the time to process the task. However, the
4 results revealed that parkinsonians had no more difficulty dealing with the complex task
than people of the same age group. Thus, beside a slowness in initiating movement,
pa:kmsoman patients did not show any particular difficulty in analysiog the . Jinformation.
Meanwhile, what Marsden omitted to take into account when he used Evarts’ conclusions
was that, in their discussion, the authors mentioned the fact that the task they used for
the complex rection time might have been to simple to really detect deficits at the

decision-making level {cognitive level).

Marsden also referred to a study cond:ictcd by Angel et al. {1970) in which the
parkinsonians’ ability to correct errors was considered. By means of a step tracking task,.
they analyzed the time neceded to correct a vialunta:y movement which the subject
perceived to be inaccurate. Interestingly, it was noticed that parkinsonians did not tend to
make more errors t.ha.n their controls, they showed no difference in perceiving error
signals or in ss.clecting the appropriate response, but the time they needed to stop a false

e et

move was much longer than their counterparts.
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Thus, according to this school of thought, the difficulty of the parkinsonians &
starting movement would not lic in cither perceptual or in judgement defects, but in the
faulty transmission of motor commands from the "decision making” systcm'to the motor

~

apparatus. -

The ;ecc;nd school of thought accepts the fact that perceptual judgement not only is

impaired by the diszase but that it may alse contribute to akinesia.

A study conducted by Stern et al. (1983) focused on the ability of parkinsonians to
generate vo}untary movements during predictive-and unpredictive sequences of movements.
Even with the help of visual guidance, i.e., the form of the design bci‘ng utifized (straight
borizontal and vertical lines, and sawtooth), the patients could not use this information. to
improve their tracking. Morcover, when some segments of the design were deleted for a
short period of time, the subjects could not track properly until the design reappeared on
the screen. This visual dependency has already been noted by Cook, Brown and Brooks
(1978). These observations suggested that parkinsonmian patients might suffer from an
internal spatial perceptual defect. Again, this impairment has already been found by other
authors (Boller et al, 1984; Lees & Smith, 1983; Mortimer ¢t al.,, 1982a; Portin & Rinne,
1979). As a final conclusion, Stern et al. (1983) suggested that perceptual motor
impairment was "associated with the higher-order motor control of sequential and
predictive voluntary movements. This impairment occurs at the level called "perceptual

judgement” and would then be partly responsible for the increase in reaction time.

Similar conclusions were derived from other studies whick considered the ability of
parkinsonians to anticipate a motor response. More specifically, Flowers (1978b) observed
that, for‘a. step traclcmg task, parkinsopians did not spontancously use prediction as
readily as normals for controlling tha actions, but that they tended to be tied more

"directly to sensory information, responding to cvents rather than anticipating them. Thus
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when facing an unpredjctable task, parkinsonian patients were as good as their normal

counterparts. - . \
\

More recen axbam,Minddl and Frith (1984) came to the same conclusions
rcgard;ndm»th—: parkinsonians had difficuléy in using advanced information either
to select an appropriat‘c movement or to initiate it. However, Day, Di(:.k and Marsden
(1984) qualified this statement by adding that parkinsonians might have some difficulty
in anticipating an.a.ction but that they were able to do so since their tracking lag was,
most of the time, below their visual reaction time (measured during unpredictive

hY

situations).

Motor planning.

Motor planning involves the selection, sequencing and delivery of the correct
collection of motor programs rf:quircd to achieve the desired motor behavior (Marsden,
1984). Motor programs arc in fact subunits of the motor-plan. Thcy are sets of muscle
commands that are structured before a movement sequence begins, and which allow the
entire sequence to be carried out uninfluenced by peripheral feedback (Keele, 1968 in
Marsden, 1982). In Parkinson’s discase, motor programs would be preserved since the
pattern and timing of motor action in the agonistic, antagonistic, and Synergistic mus;:l‘s
remain intact (Berardelli, Dick, Rothwell, Day, and Marsden, 1986b; Marsden, 1984). So,
this suggests that it may be in the sequencing and delivering of motpr“programs that
parkinsonian patients would h}avc more difficulty. Indeed, according to a study conducted
by Frith, Bloxham, and Carpenter (1986), while Parkinson subjects can d:vck;p new motor
programs for a novel task, they have diffienlty in deploying already existing programs in

povel situations.



36

To execute 2 motor plan, an individual has to move from one point of a sequence to
another, the signal of arrival at each point being the trigger required to shift the motor
program to tl.zc next point in the sequence (Marsden, 1982). Parkinsonians cannot execute
simultancous and sequential motor programs, nor can they deliver sufficient electrical .
activity to their muscles to achieve the required rate of force necessary to initiate a}ast
movement (Mm. 1984; Petajan & Jarcho, 1975). In other words, parkinsonians would
have difficulty in calling up and in running motor pr‘ogra.mslaltt‘tough the latter’s basic
content is int%Marsdcn, 1982). It is at the level of motor planning that the delay

responsible for akinesia would seem t¢ occur.

. Conclusion.

Thus, parkinsonians™ longer reaction times would be more likely to be due to a defect
in motor planning rather than to a mysfuncnon at the perceptual level. However, this
latter issue remains to be clanfxed since no consensus has been rcachcd as to the

involvement of the cognitive functions in preparation to movement.

Section III: Motor output

The slowness with which the parkinsonians execute motor output is mlled
"bradykinesia”. This negative feature of Parkinson’s discase is responsible for the MC
and common increase in movement time observed in parkinsonians. According to
Teravainen and Calne (1981), assessing the parkinsonians’ movement time gives indices
about the clinical status of the patients since their performance at movement time

correlates well with motor disability level
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Possible explanations for such slc;wncss are offered by different studies which
considered both the muscular factors underlying this slowmness, and the control system

being used in the execution of the motor action. o

Motor units

Studies with electromyography (EMG) have been used to explain part of “the slowness
of movement sesn in parkinsoniaps. Indeed, it has been observed that parkinsonians could
activate agonistic and antagonistic muscles in the correct time sequence but that they could
not deliver sufficient EMG activity to achieve the required rate of force inc:‘.'casc, for the

' required .level of force to attain a large fast movement (Marsden, 1984). According to
Berardelli, Accornero, Argentz, Meco, and Manfredi (1986a), "the first agonist burst which
normally providé the in;tpulsivc force to movement is inadequate and followed by
compensatory multiple' bursts, and this slov;rs down the execution of a simple ballistic
movement. The slowing is- such that the movement cannot any more be considered as
ballistic™ (p.1149). Interestingly, Petajan a;xd Jarcho (1975) have attempted to determine
the ability of parkinsonian patients to imitiate a muscle contraction sufficient to activate a
single motor unit. As with Marsden, they found that compared to thci; age-matched
controls, parkinsonians had great difficulty in producing a minimal muscle contraction.-
However, their investigation went further in finding that :; i:optﬂation of the .léw

thresBold motor units of the patients produced tremor instead of being involved in the

initiation of slowly developing muscle contraction.

Drug treatment.
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Petajan and Jarcho (1975) also looked at the effect of levodopa treatment on the

ability of their subjects to recruit motor units. They observed that, as a response to
treatment, the patients acquired the control of motor unit frequency as well as the ability

to activate normally the low threshold motor units that initiate contraction.

Recently, Berardelli et al. (1986b) compared the size of the first agonisf EMG burst of
Parkinson subjects during rapid wrist. movements (siﬁglc joint movement) when the
patients were "on” and "off” their normal drug therapy. Thcy found that despite
slowness of movement in all the tests performed, the parkinsonians "could change the
amplitude ‘and duration of the first agonist .burst appropriate to the size of the movement
and the background load, as in normal subjects” (p.1277). They also found that the peak
velocity of movement increased when patients were "on” therapy, but that the amount of

change was relatively small compared with the "off” condition.

e

Thus, the slowness of movement observed in parkinsonians is forced by the fact that,
by themselves, they cannot energize sufficiently their muscle units to be able to work

ballistically. Consequently they are limited to bradykinetic motor action.

Feedback control.

Because parkinsonians have lost the advantages of working ballistically, they are
constrained to move slowly towards their objective, checking their progress on the way.
They are limited to a closed-loop mode of control with which the parkinsonians can only
plan and execute their movement on the basis of how the target they were follo;ving has
just moved (Bloxham et al, 1984; Flowers, 1978b). According to Frith et al. (1986), this
excessive rc!.iancc”on feedback is mainl_y present in the early stages of performance in a

novel task.
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Cbnclusio;

Obviously, the motor cutput of patients suffcrin’g from Parkinson’s disease is greatly
impaired. In addition to the typical motor symptoms accom ing the syndrome and the
side effects that emerge following Iong-tcn;l treatment, parkinsonians ienced difficulty
in doing fast and smooth sequences of movements. Indeed, they are constrained to
bradykinetic and saccadic movements, and they are limited to a clolsed-loop mode of

control.

The second part of this review of literature aimed at dividing the total time to
respond into peripheral and central processes in order to locate at what level the\?;_ﬁ:nam
changes observed in the parkinsonian patients were more likely to be found. THus,
according to the rcsmch congidering this problem, the major .defective sites associated with
this basal ganglia disease would be peripheral and central. More s;;eci.tiﬁy. the central
impairment appears to involve the planning level, ie., at the {cvcl where guestions such as
where, when, and how to move are raised. Given that cognitive processes linking decision
to action are still controversial in studies on Parkinson’s disease, then no ¢omment can be
made at pra@t As to‘thc peripheral impairments, it seems that the output system ig the

one that suffers the most from the subcortical damage.

Given that Parkinson’s disease is a disease of the bas:al ganglia, it is more likely that
these deficient subcortical structures are responsible for tﬁe difficulty the patients have to
select and execute motor programs even if the latter are mamta.med intact. Thus, the basal
ganglia, as Marsden (1982) suggested, would be rwponsiblc for the automatic execution of

learned motor plans.



. Seven out-patients from the Parkinson Clinic of the Ottawa Civic Hospital

Subjects

volunteered to participate to this study. Tl;cy were all men ranging from 51 to 72 years
old (mean age= 61.1 yr.; S.D.= 7.8) and having a history of Parkinson’s discase for 2.5 to
11 years (mean= 6 yr; S.D- 2.9). They were selected according to the following criteria:
1) in addition to an idiopathic typc"of Parkinson’s disease, they had to be free of anﬁ
other major physical and mental health proﬁlcms (stroke, cardiovascular disease, etc...), 2)

they had to be at the early stages of the disease, i.e., stage two or three (according to the

scale used at the Parkinson Clinic of the Ottawa Civic Hospital), and finally, 3) they had

to be under drug treatment. This selection was undertaken by a neurologist, Dr David
Grimes, from the Parkinson Clinic and they were all his patients. Further details

concerning the characteristics of cach of these Parkinson subjects are listed in Table 1.

Seven healthy subjects (mean agem 613 yr; S.D.~ 7.5) from the Ottawa area
volunteered to participate for this study as control subjects. These people were healthy,
i.c.,. they were free of any mazjor physical and mental health problems (cardiovascular

disease, stroke, ctc...), and they were matched for age (+ 1 year) to the experimental group.

General information about each subject was gathered on a special form (see appendix 1).

|
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Apparatus

The apparatus used to measure psychomotor pcrfdrmancc was the National Rmarc.h
Council Tgacomc;:r. a pursuit tracking task (Buck, Leonardo, & Hyde, 1981). .The
tracking unit\(:_?_»ec Figure 1) .displayed fi;’c targets sct in a semicircular fashion. Using a
control stecri.ng: wheel, the subject aligned the pursuit pointer within the target light area
for an uninterrupted period of 200 millissconds (successful alignment) and then, moved
towards the next t&g?tutiat W:;S illuminated. C‘)ﬁe‘trial consisted of a random sequence of
100 target p'rcscntations, with the limitation that each of the 20 .bc;v&cpn-targct |
movements occured five times. The task was novel in that moving the pointer to the left

was achieved by turning the wheel to the right and vice-versa.

As the subject always mted for 200 milliseconds at one target before the next was
illuminated the responses could be considered as discrete movements. The difficulty of the
task, was varied across four movement distances and four levels of directional probability
(I;‘igurc 1). When resting at position five the probability that the next movement would
be to the left was 100%. When resting at position 2 the probability of movipg right was
75%, but the probability of moving left was 25%. When resting at the central position

(3) the probability was 50% for moving in either direction.



Figure. 1. Front View of Pursuit: Traéking Task




Procedure L t -

~

All subjects completed twenty trials distributed into four sessions. The first one, the
learning session, consisted of eight trials performed s{xcc_:mivcly with intertrial pauses of
approximativcly_onc minute.- Bight t.na.ls wi:rc_ considered to be sufficient for learning
since the results of a previous study with seniors demonstrated that no significant learning
occured after eight trials on t#e tracometer (Norma‘nd; Kerr, and Metivier, 1987). For this
learning session the parkinsonian subjects w&e under drug co;ztfol. At the second scssion,
the subjects undertook four trizls while they wcrc Toff” ﬁucdicmion: i.e., when they were
no longer under the effects of their drugs. In practice, -this meant that they were tésted
one to three hours after the time when they normally should have taken their medication.
The exact time interval was determined in conjunction with the attending physician and
pharmacist. Immediately after this second session, the Parkinson subjects took their
medization. Th..rty minutes after the ingestion of their dose, they underwent four further’

trials (third session). Finally, four Iast trials were conducted about one hour and a half

ﬁ.ftcr the third session, i.e., at the peak dose effect. All control subjects were given the

same number of trials per session. Table 2 illustrates the testing schedule for both groups.

The tracking unit was positioned on a table such that the center of the unit coincided -
with the center of the chair. The subjects were a:sked to sit directly in front of the
tracking unit. ‘The chair was adjusted in such a way that the target display of the
tracking unit was below the line of sight. Indirect ambient lighting was used m order to

avoid reflection.

All the Parkinson subjects were tested in their own homes. For' four of them the
" 7 experimental procedure was conducted within one day, whereas for the three others, the
testing had to be extended over two consecutive evenings: Day 1 = session 1 (learning

session) and Day 2 =gessions 2, 3, and 4.
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*“The control subjects were tested at the University, and went through the four sessions

within a day. s

Before starting the experiment each subject was 1) informed of the purpose of the
study, 2) instructed about the task requirements (see appendix 2) and finally, 3) was asked
to fill a consent form (see appendix 3). The number of trials to be executed was given to

each subject before each session.

- The overall pace of A.thc test trial was subject dcpcn&cnt in that a new target was not
presented until alignment with the prior ltargct was successfully achieved. The average
length of r.l;c s-ui:;l test session was 40 minutes. Tﬁc emphasis was placed on speed and
accuracy of performance. In order to verify whether the subjects were ‘follow'mg this
latter instruction, they were asked once per session about the strategy 'thcy had adopted,
that is, 1) if they put more cmphasxs on speed, on accuracy, or equally on both, and 2) if
they tried to anticipate the light before it appeared. A summary of the answers givcn by
the participants is presented in appendix 4. At the end of each trial, the subjects received
knowledge of nsﬁlts in the form of the total number of seconds to complete the trial.

"Design and Analysis

The main variables of interest were 1) total response time; the total time on average
to . complete a single respomse, 2) correct reaction time; “the interval between the
presentation of the 'targct light and the injtiation of the response executed in the correct
direction, 3) non-overshoot movement time; the time interval between the initiation of the
response and the beginning of 2 successful alignment (uninterrupted '200 milliseconds)

with the target, without overshooting the target light, 4) overshoot movement time; the



47
" time between the initiation of the rc—s;;nsc and the beginning of a successful alignment
after having overshot the target light, 5) error rate; the percentage of movements initiated
in the wrong direction per trial, z.md 6) overshoot rate; the percentage of overshoots per

trial.

Three different analyses of variance (ANOVA) were used to interprete the results:
1) GROUP * BLOCK * TRIAL (2 * 5 * 4) ANOVA with rcpeated measures on the last

variable.

PP— - )

This first analysis was used in order to consider the overall pcrfc;rma.ncc of the

TWO groups over 1:.1.1e five blocks -of trials, and for this purpose only TRT was used. °
2) In order to obtain a clearer pictur_c of the psychomotor performance of the subjects
during the experiment, the components of TRT (CRT, NOMT, OMT, error and
overshoot rates) were analyzed separately for each of the three phases involved in th.m

experiment namely: a) Learning , b) Treatment , and c) Extended practice.

a) Learning : GROUP * BLOCK (Blocks 1 & 2) * TRIAL (2 * 2 * 4) ANOVA

with repeated measures on the-last variable.

This analysis was used to compare the ability of both groups when learning 2

new task. A previous study indicated that for semiors most improvement in

- /x(_ormanoc occurs over the first eight trials (Normand et aL, i§87 ). .
- b) Treatment : GROUP * BLOCK (Blocks 3 & 4) * TRIAL (2 * 2 * 4) ANOVA

with repeated measures on the last variable.

To consider the effects of Parkinson’s disease on' the psychomotor performance by
' comparing the unalleviated (Block 3) and the dlleviated- (Block 4) stages: after

—
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¢) Extended practice : GROUP * BLOCK (Blocks 4 & S) * TRIAL (2 * 2 * 4)

ANOVA with rcpeated measures on the last variable. T

To comfare the performance of ‘the control and Parkinson groups whr;n the latter
group was considered to be familiar with the task and "on” medication at (or near)
the peak dose effect.

3) GROQUP * TRIAL (8, 9, & 13) (2 * 3) ANOVA with repeated measures on the last
variable. This analysis was used as a Bridge between the first and the second
analysis. It was intended to provide an ovcr:iil picture of the performance of the
groups at the end of the learning session (trial 8), at the first tial when "off”
medication (trial 9), and at the first trial when back "on” medication (trial 13). as °
.for analysis no.l, only TRT was considered. For a single trial missing data may not

permit a more complete analysis of all the sub~components of TRT.

An analysis of the simple main effects was used to describe the interactions and 2

post-hoc analysis (Scheffe Test) was conducted to describe the main effects.



RESULTS

Group means for the main variables are presented in Table 3, and each of these
faﬁblcs will be considered separately.

~
—

Total Response Time (TRTX

For the total time, on average, to make a single response, there was a significant
BLOCK effect (F(4,48)= 20.17, p <001) across all five blocks (analysis no.1, Table 4).
Post-hoc analysis indicated that, for b;h groups, most of the learning occured during the
first two blocks (Blocks 1 vs 2, p <.001), but that some significant learning also occured
thereafter for ti:c lé'a.rkinson group. More specifically, the TRT ;>f the latter significantly
improved fr.om };;k 2 to Blocks 4 and 5 (p <01), and from Block 3 to Blocks 4 {p <.05)
and § (p <01). No significant diffue;mc was found between Blocks 2 and 3, and bcm}ccn
Blocks 4 and S (see figure 2). In light of figure 2 we can see that most of the learning
occuring after Block 2 was attributable to the Parkinson subjects, whereas the performance
of their controls tended to stabilize after the first eight trials. Indeed, even though the
learning curves of both groups, overall, tended to parallel each other, the fact that the
 Parkinson group was, at a cerin stage, "off” medication, scems to have contributed to

postpone the stabilization of their learning compared with the control group.
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MEANS AND STANDARD DEVIATIONS FOR THE MAIN VARIABLES

50

TADLE 13:
OVER THE FIVE BLOCKS (msec) -
Variable
. i TRT CRT* NOMT ~onr-
 Ggoup X S0 X sD X sD S0
Parkinson 1520.0 25.5 195.8 8.7 1172.0 35.6 1l607.2 50.5
Control 1l361.4 19.7 133s.s 6.1 1l0l4.0 30.3 1277.0 39.1

Groups are significantly different (p¢.0S)

TABLE 4: RESULTS OF THE ANALYSES OF TOTAL RESPONSE TIME (TRT)

VARIABLE ANALYSIS MAIN EFFECT INTERACTION LEVEL CF INTERPRETATION
. SIGNIFICANCE
TRT Overall 3lock .001 Learning effect
{no.1l) )
' Bridge GroupaTrial .025 Due to P when “off"
{no. 3} medication

P - Parkinaon subjects
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The ﬁgnjfica_‘nt GROUP * TRIAL interaction found in analysis ne.3 (F(2,24).- 4f77, P
<025} (seey Figure 3), appears.to be due to the performance of the Parkinson subjects: given
that the performance of the controls did not vary significantly over the three trials. More
specifically, it is the performance of the Parkinson group when "off” medication (trial 9)
which caused the interaction (p <.05) since trials 8 and 13 were not significantly

different.
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Correct Reaction Time (CRT): .

Table 5 illustrates the performance of both groups for CRT during the three phases of

the experiment (analysis no.2). -

The analysis of CRT produced a GROUP effect (F(1,12) =8.22, p <025) for thé
Learning phase, and for the Tr&tm;nt phase a GROUP effect (F(1,12)= 6.47, p <.0S)
phases) and a GROUP * BLOCK interaction (F(1,12) = 11.24,.p <01). Overall this
revealed that the Parkinson group was significantly slower than the control group (at both
simple and choice RTs) during the learning phase and when "off” medication (Blocks 1, 2,
& 3). However, when cogsidcring the performance of the two groups'duri.ng Blocks 4 and
S (Extended practice), there was no significant group difference for simple RT but the
Parkipson group was significantly slower for choice RT. Thus, we can see that until thcy
become familiar with the task, and including when they were "off” medication, the CRT
of the Parkinson group was significantly slower. When they had "learned” the task (after
12 trials or 1200 movements), and when "on” medication, their performance was no
different from the one of their control subjects except for their ability to react to less

predictable signals.

The GROUP * BLOCK interaction -was strongest over Blocks 3 and 4 (see Figurc‘ 4),
due to the performance of the Parkingon subjects when "off” medication. The CRT of the
Iatter subjects was significantly slower (p <01) at Block 3 {off) compared to Block 4 {on),
and the performance of the control subjects did not fluctuate signirimtl}f over these two

blocks.

The PROBABILITY effect was significant for all three phases a) Learning (F(3,36)w
) A
44.31, p <001} b) Treatment (F(3,36)= 140.95, p <.001); ¢) Extended practice (F(3,36)

86.21, p <001). This effect reflected the ability of the subjects to react to signals of
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different probability levels: i..c., as the direction became less probable, the participants took
longer to react. The GROUP * PROBABILITY interaction _faund for both Treatment
(F(3,36)= 4.55, p <.01) and Extended practice (F(3,36)="3.16, p <.05) phases (see Figure 5).'\
is suspected to be due to changes in the ability of the Par]s;.inson subjects to react to signals
of different probability levels and this, during Blocks 4 and § (Extended practice). Indeed,
during these two last blocks, the Parkinson group was no longer significantly slower than
the control group at making simple decisions (simple RT) but when direction became less
prediciablc (50% & 25%; complex RT), the Parkinson subjects were still t#king

significantly longer to react {p <.01).
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Non-Overshoot Movement Time (NOMT): Tt 8 T
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The results of the analysis of the movements without overshoot are listed in Table 6.

The BLOCK effect (F(1,12)= 22.99, p <001), scen during the Learning phase,
indicates that both groups significantly improved ;)vér ‘Blocks 1 and 2. However, the
analysis of the GROUP * BLOCK interaction (F(1,12}= 4.93, p <.05) revealed that the

control group learned faster than the Parkinson group at making- precise movements. -

The main DISTANCE effect a) Learning (F(3,36)= 205.66, p <001) b) Treatment
(F(3,36)= 182.84, p <001); ¢) Extended practice (F(3,36)= 201,21, p <.001) present during
the three phaﬁw of the experiment (see Table 6), simply reflected the f:;c_t that i:oth groups
showed longer movement times for longer distances. | Where the groups .iclndcd to be
significantly different was for longer distances (p <0S). Indeed, the ‘amalysis of the
GROUP * DISTANCE interaction during the Learning (F(3,36)= 2.93, p <05) and the
Treatment (F(3,36)= 3.30, p '<.05) phases revealed that the Parkinson group - was
significantly slower than the control group when moving over the two longest distances
(123 & 164 mm) (see Figure 6) anel this difference appeared to be significantly greater
when parkinsonians were "off” medication {p <01). However, when the groups were
given extended practic;c (Blocks 4 & 5), they were no longer different at making longer

—

movements.

The BLOCK * DISTANCE interaction was prwczi;f-for- all phases. During Learning
(F(3,36)= 5.01, p <01) (see Table 6), it revealed \t;—a’t both groups improved significantly
from Block 1 to Block 2. At the Treatment phase, the BLOCK * DISTANCE (F(3,36)-
3.32, p <05) as well as the 'GROUP * BLOCK * DISTANCE (F(3,36)= 3.39, p <08)
interactions supported the fact f.hat_whcn parkinsonians were "off” medication (Block 3),

their performance was much slower (p <01) whereas when "on” medication (Block 4),
/

/
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they were not different from their controls (see’ Figure 6). Concerning the BLOCK *
DISTANCE interaction (F(3,36)}= 3.84, p <05) found for Blocks 4 and S (Extended
practice), a further a.nélysis revealed that this interaction was due to a slowness at making

precise movements for the longest distance (164 mm) at Block 5 only.
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Overshoot Movement Time (OMT):

Given the fact that some data were mmmg (duc to a Iow ovcrshoot rate for the

e e e e eima s e B et}

longcst &;s;mnc:) only the three fu'st lcvcls (41 82, and 123 mm) of OMT were consndcrcd
in this analysis. The results of this analysis (analysis no.2, Table 7) revealed t}\mt a
significant GRQUP effect was present during the three phases of the cxpcrimc;t a)
Learning (F(1;12)= 5.14, p <05) b) Treatment (F(1,12)= 5.50, p <.05)% c¢) Extended
practice (F(1,12)m 4.9.4, p <05). Indeed the Pa:kinsoﬁ subjects were significantly slower at

‘moving and at correcting their movements throughout the testing.

The significaﬁt Block effect seen in the Learning phase (F(1,12)= 5.14, p <.05) simply ‘
reflected that i:oth groups improved significantly from Block 1 to Block 2. As-to the
DISTANCE effect prcscnt' in all three phases a) Learning F{(2,24)= 34.06, p <001); b)
Treatment (F(2,24) 100.50, p <001); ¢) Extcndc:d practice (F(2,24)= 33.47, p <001), it

meant that as the distance to move increased, the time to cover this distance was longer.

oy
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i

Errors and Ovcrshoots.

4y In terms of error and overshoot rates, both groups were not significantly different
even though the control group had a "tendency”™ to be less cautious than their counterparts

{see Table 8).

Concerning the analysis of the error rate (see Table 9), the results suggested that as
the movement direction became less probable, the sﬁbjccts'tcndod to make more errors in
initiating the movement in the wrong direction. This main PROBABILITY effect was
present during the three phases “a} Learning (F(3,36)}= 136.00, p <001} b) Treatment
(F(3.36).- 102.99, p <.001); c) Extended practice (F(3,36)= 141.17, p <.001) but a BLOCK
* PROBABILITY interaction (F(3,36)= 17.97, p <.001) during the Learning phase indicated
that from Block 1 to Block 2 both groups significantly improved by making less mistakes
when they initiated their movements, for the probability levels 75% and 50%. The
GROUP * BLOCK * PROBABILITY interaction (F(3,36)= 17.97, p <.001) scen in the last
phase (Extended practice) simply reflected that, specifically for the least probable

Tovement direction (25 %) at Block S, the Parkinson group tended to make more errors.

As to the overshoot ra.tc (see Table 10), the significant BOUNDARY DISTANCE effect
seen at the three phases a) Learning (F(3,36)= 58.91, p <001); b) Treatment (F(3,36)=
28.51, p <001); ¢} Extended practice (F(3,36)= 26.31, p <001) meant that as the subjects
moved towards a target further from the boundary, they made more overshoots when

compared to targets placed closer to the boundary of thc"d.iSpIay.

The BLOCK * BOUNDARY D{S’I‘ANCE interaction (F(3,36)= 7.71, p <.001) occurisg
at the Learning stage reflected the fact that both groups improved significantly from Block

1 to Block 2: particularly for targets farthest from the béunda.ry of the display.
: A
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- DISCUSSION
e

The purp;:sc 01" the present study was tﬁ. assess the ability of Park.insbn subjects to
;:na.kc simple and complex decisions (involving choice), and their ability to produce fast
precise movements. In order to help separate the impact of Parkinson's disease on the

- motor and cognitive aspects of motor contrfol from drug mediated responses, parkinsonians'

performance was assessed when they were "on” and "off” medication.
Overall, the hypotheses tested in this study were partially confirmed.

K Compared to matched control subjcéts, people suffering from Parkinson’s disease
L .

proved to be slower at making simple and choice decisions (Learning and “off™ phases;
Blocks 1, 2, & 3), but once the task was "learned” {Extended practice phase; Blocks 4 &

5), their performance was slower only for decisions imvolving choice (for low probable

movement direction: 25 % and S0 %).

- Concerning the hypotheses—ghich speculated that pmﬁnsonmns were slower at
moving to targets at varying distances, it was confirmed for OMT but not completely for
NOMT. Indecd, during the Learning and the "off” phbases (Blocks 1, 2, and 3), Parkinson
subjects were found to be slower than coatrol subjects when moving to farthest targets
(123 & 164 mm), but this difference disappeared during the Extended practice phase
(Blocks 4 and 5). With respect to the ability to,correct a movement after having overshot
the target (OMT), parkinsonians appeared to be slower than control subjects and this effect

remained for all phases (Learning, Treatment, and Extended practice).

- 68 -
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As to the two last hypotheses, which stated that lthc performance of Parkinson
subjects when "off” mcdimtion was slower than when "on”, they were ggain partially
confirmed since parkinsonians proved to be-slower at making simple decisions (probability
levels: 100% and 75 %) and at moving to farthest targets (123 and 164 mm) during the

unalleviated phase (Block 3) compared to the alleviated phase (Block 4).

In order to show the direct relationship between the results and the original*

hypoihcscs. cach measurement variable {CRT, NOMT, OMT, error and overshoot rates) will

g

be discussed separately.

Correct Reaction Time (CRT):

- Concerning the ability to make simple and choice decisions (Correct RT) compared to
the performance of normal control subjects, Parkinson subjects at first appeared to be
akinetic (during the "learning™ and when "off”, they had difficulty in initiating motor
responses), but this difference narrowed and was not significant during the two last blocks
(Extended Yaracticc). A possible explanation may be that, when asked if they put more
emphasis on speed or on accxiracy, or both, the -Pa.rkinson patients first tended to
emphasize accuracy over speed (two first blocks) and then, they changed to a balance
between speed and accuracy (sec appendix 4). On the other hand, the control subjects
tended to maintain a consistent emphasis on speed and accuracy. As to their ability to
react to signals of different probability levels, the Parkinson subjects took significantly
longer to initiate 'a less, predictable mbvczﬁcnt than a highly probable one. This
relationship varied across blocks of trials and, in particular, changed when compared with
the control subjects. The difference between Parkinson and control subjects being grwtcr.
for less probable decisions. Overall, this behavior, which would suggest the presence of
bradyphrenia, was still present even after considerable practice on the task: ie., when the
task might be considered to be learned (Extended practice).

e : “
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The difficulty in initiating a motor response (akinesia) “whcrc the movement is
predictable (equivalent to a simple RT), is preseat in Parkinson's disease but only when
the patients are "off” medication, and ‘when they are in the mlunl sm’écs of learning a
novel task. At both these stages the two groups are significantly different at all I;chls of
probability. However, over the last two blocks the two groups were only significantly
different when dealing with less ppebable signals. The slower spced of mcntal processing
of the Parkinson subjects appears to be impaired (bradyphirenia) even when they are under

drug control: at least when they face less probable signals. -

Since most studies on RT and Parkinson’s discase have used a rclaﬁvcly low number
of trials (from 15 to 240) compared to the present study (2000 movements), we observed
that the results previously obtained, correspond mostly to the ones obtained when the
subjects were at the learning stage (Blocks 1 & 2). Indeed, as with previous studics, the
present study found the RTs of the Parkinson subjects to be significantly slower than
~ pormal for a2 povel task (Angel et al, 1970; Bloxham et al., 1984; Cassell et al., 1973;
Evarts et al,, 1981 Frith, Bloxham, & Ca.rpcntcr 1986; Marsden, 1982, 1984; Rafal et al.,
1984; Teravainen & Calne, 1981; Wilson et al., 1980) and this, when the patients were
under drug control. ‘Moreover, in the two first blocks of the préscnt study. parkinsonians
did not show more difficulty to r;spond to changes in probability level or choice RT
(Teravainen & Calne,1981), suggesting that l;a;.rkjnmn subjects did not show mental
processing deficiency (bradyphrenia) for more complex tasks when' "on” medication. As it
was found in Normand et al (1987), eight trials appeared to be sufficient for the normal

control subjects to become familiar with the task.

When "off” medication (Block 3), it was observed that the performance of the
Parkinson subjects (CRT) was significantly slower than the control group for both simple

and choice RTs. When back "on” muedigation (Block 4), the performance of the Parkinson



o ~ 71
group was not significantly different for highly probable movements (simple RT), but they

were significantly slower at reacting to less predictable-movements (choice RT).

Up to now, very few studies have considered the performance of parkinsonians when
"on" :mciC "off” medication. Indeed, the x;:mn work has been that of Rafal et al (1984)
and Teravainen and Calre (1980) who found the patients to-show slower RTs in an
unalleviated state. The findings of Rafal et al (1984) co.nccrnihg the presence of
bradyphrenia during the "off” period suggest that the patients’ complex RTs tend to be
more Vvulnerable to an unalleviated state than simple RTs. They suggest that choice RT
&;n be rcmedlate;l by drug therapy. As with Rafal et al. (1984), Cummings (1986) states
that dopamine treatment improves the parkinsonian performance on complex RT tasks but
docs‘ not facilitate simple RT; which suggests that abnormalities of dopaminergic functions
are contributing to response latencies of the more complicated procedures. Perhaps lthc
combined effects of aging and"an unalleviated form of Parkinson’s disease mazy contribute
to enhance the peural noise in the central ncrvﬁus system. . In other words, the
deterioration of dopaminergic activities when the Parkinson subjects are "off” medication
together with the changes accompanying “normal” aging may lw:i tc-). a substantial
disorganization responsible for the fact that it takes longer and stromger signals for
parkinsonians to make an accurate identification of tl. material presented (Welford,

1980). 1

The present results do not completely sulpport the findings of the literature since the
siowncss of thought of the Parkinson group was present during both conditions, i.e., when
"otf" (Block 3) and when "on” (Blocks 4 & 5: Extended practice). Had we compared the
"off” data to the first two blocks we would have fully supported the findings o'f' Rafal et
al. (1984). Morcover, wit.h‘cxtcndcd practice the difference between control and Parkinson
subjects becomes more apparent (for low probable levelss 25 and 50%), even when the

latter are "on” medication.
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No group difference was found for correct RT at Blocks 4 and S: "I‘hc feature which
femained was the presence of bradyphrenia when the patients had to initiate movements
towards less predictable target lights (p <.0S). Thus, the results of the present study seem
to support the idea that, as t.li.c Parkinson subjects become more and more familiar with

the task, and when they are under drug control (at Blocks 4 & 5), their difficulty .in

initiating (akinesia) simple movements disappears but their ability to react to less probable”

” (more complex) signals (bradyphrenia) remains.

Overall, the results obtained for correct RT correspond to the conclusions of Frith et

" al. (1986) who state that the "initiation difficulties (of parkinsonians} are particularly

PN

likely when the movement: involves the “deployment of a motor program in novel .

circumstances”... however, "if the task is performed, repeatedly, then special programs will

develop and performances become skilled” {p.667). - -

According to Marsden (1982), the main problem of Parkinson subjects is to
automatically cxecu;c learned motor plans.. Meanwhile, in light of the work preseated by
Frith et al. (1986) and in light of the present study, it may be suggested that once they

are given the chance to practice sufficiently, the Parkinson subjects are capable of learning

2 new skill to a level where it can be pcrfoi’med (to some extent) automatically. These -

findings run counter to Flowers’ conclusions (19?8a) /wﬁich maintained that Parkinson

subjects could’ not learn a new task, and that even prolonged practice might not be

beneficial to them. \ .

'In previous studies, akinesia was seen as a difficul\i‘y—iﬁ" 'ﬁ@‘ 4 motor program
(Marsden, 1982), as a problem in initiating preprogrammed movcmc:t; A(Blo'—xliz‘xp et al,
1984), as well as a faulty transmission of motor command from the decision making
sysiem to- the motor apparatus (-Angel et al., 1970). Recently, Dick, Cowan, Day,

Berardelli, Kachi, Rothwell, and Marsden (1984).and Berardelli et al. (1986a) found that

&

S/
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in fact, the édrticomotoncuronc connections and the ‘ability of the Parkinson patients to
plan a motor program remained intact. Thus, in light of this recent study, and following

_ the conclusions of Stern et al. (1983) suggesting the involvement of the basal ganglia in

the monitoring rather than in the initiation of movements, it would be more appropriate .

to sce akinesia as a difficulty in deploying already existing programs in novel situations.
Therefore, as soon as the situation becomes more familiar, motor sets (modification of an
' existing motor program for use in a new situation; Frith et al., 1986) are then dcvclc;i;cd

and the difficulty in initiating- movements (simple RT) is significantly improved.

Non-Overshoot Movement Time (NOMT):

LY

- L4
. With regard to the ability to execute a correct motor response (NOMT), no significant

difference was féu;zd between _thc.two groups except for making precise movements over
- longer distances (123 & 164 mm) while the Parkinson subjects were m the process of
‘learning, and when they were "off” medication (Blocks 1, 2, & 3). 'I’hcsc results suggest
that, as soon as the Parkinson subjects felt comfortable with the task and were under drug
zcontrol (Blocks 4 & 5: Extended practice), they had lss difficulty monitoring longer

mcvcmcnté.
. -

-

- ‘_;I‘hc literature on movement. time (MT) and Parkinson's disease supports the presence

" of bradykinesia (Berardelli et al., 19862; Casscn et al., 1973; Evarts et al., 1981; Marsden,
1982, 1984; Teravainen & Calae, 1980, 1981). According to Teravainen and Calne (1980,
" 1981), MT ;Jvould be itself the best measure of hypokinesia.since it was generally more

-affected by the disease, and since it responded more to treatment than RT.

The results =obtained in the present study diverge appreciably form the- latter

conclusions. Indeed, in the present study, br?dykincsia’ was far from bci?g aft important -

feature. E_irm if the parkinsopian group tended to be slower than the control group for
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_NOMT, the overall difference remained non significant.’ In fact, the only sign of
bradykinesia noticed was ‘pbservable when the patients tried to execute long, precise

Lt

movements during the learning session, and when "off” medication.

As mentioned earlier, given that most studies have used a2 small number of Iesponscs
to assess the motor performance of Parkinson subjects, it is not surprising that their
results tended "to correspond to the ones obtained here when the subjects were in the.

learning stage (Blocks 1 & 2).

In a recent study by Berardelli et al. (19861:). it was found .that this ™failure to

energize muscles” (bradykinesia) would be most apparent in large movements. Although

our study iooked at fine motor pexfo ce, we still observed the Parkinson subjects to be

sign.ificantiy slower at moving over londegy distances (123 & 164 mm) and this, during the,
Learning and the "off” stages. According to 'Kcrr (1982, p.231), "moving to a target light
requires th: éonti.nual monitoring of the movement in order. to compare the current
pusition with the desired outcome Qa.nd to make appropriate corrections”. Thus.thxs
slowness at making long and precise movements might be mainly rclaigd to a monitoring
&fﬁculty which was prwcn-t during the learning of a novel task; and which became worse

when Parkinson subjects were "off” medication (p <01).

Interestingly, Berardelli et al. (1986b) and Dick et al .(1984) suggested that this
slowness of movement seen in Parkinson subjects might be due to a defective motor
-commahd sent to the motor com:x. Given that the corticomotoneuron connection has been
found mta.ct ¢ven in bradykinetic patients who were "off™ treatment, and since these
Parkinson subjects appeared to be able to change the amplitude and duration of the first
agonist burst appropriate if) the size of the movement and the background load, as in
normal subjects, Berardelli ¢t al. (1986b) concluded that "perhaps the premotor cortex and

the supplementary n:otor a:éa'(ar:a of the cerebral cortex that receives a major 'output

L]
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. from globus pallidus via the thalamus; Evarts & Wise, 1984), deprived of their normal

basal ganglia input‘ by Parkinson’s disease, do not compute the command signal to the

motor cortex to match the size of the movement required”. Kerr, Dall, and Grimes (1987)
also implied that the motor control problems of Parkinson subjects were related to

problems in generating and monitoring movements of a particular force.

In light of the present results on Blocks 4 and 5, ie, when the task might be
considered to be learned and when the Parkinson subjects were back on medication, the
difficulty the Parkinson subjects p;i:viously had at monitoring long and precise movements
disappeared. Thus as the case for akinesia, bradykinesiz would then tend to improve with

prolonged practice.

The basal ganglia are seen as an aid in the monitoring of ongoing movement (Stern et

al, 1983). According to Cummings (1956), they have important analytic and synthetic

* functions that modify, fa:)cus, and direct incoming and outgoing impulses. With

Parkinson’s disease, these functions appear to be defective. Indeed, Parkinson subjects have
a tendency to perform all actions at a slow and steady pace so that a reasonable degree of
control may be maintained (Marsden, 1984). Meanwhile, rather than considering
bradykinesia as a static phenomenon, the present rcsiﬁts suggest that the difficulty the
Parkingon subjects had at monitoring long and precise movements tcnded to disappear as
the patients became more familiar with the task (Blocks 4 & 5). Therefore, concomitant

with the changes observed for akinesia, we can suggest that when given the chance to

" practice sufficiently, the Parkinson gubjects were éapablc of learning a new skill to a level

at which the monitoring of that new motor s¢t was exccuted in a2 manner -cquivalcnt o
control subjects. Bradykinesia may gmn be defined as a difficulty in monitoring new
motor sets. According to the presemt results, akinesia and bradykinesia would be closely

related.
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A
Overshoot Movement Time (OMT):

-

In comparison with their age-matched controls, the l"a.rkiqson subjects appeared to be
significantly slower :at correcting a motor rcsponsc after ‘ﬁnving overshot the target light
(OMT). Interestingly, this.behavior remained the same at any level of OMT, ovér all five -
blocks of uﬁl&

The results obtained by Berardelli et al. (1986a) support these findings. Indeed, these

authors obsqvﬁ that the Parkinson subjects ha:i difficulty in running motor programs

’ particularly ix}hcn they had to switch from ome program to another. Even if “t.l;c

: Parl:-ihson subjects made no more ofcrshoots than the normal control subjects, they took

" much longer to ¢orrect their false moves (Angel et al,. 1970; Berardelli -ct al, 1986a;
Marsden, 1982). '

‘When looking more closely at the results of the present study, .it is interesting to
notice that, contrary to the normal group whoss mean scores (OMT) ovg: the five Blocks
was faster than the value of TRT, Parkinson subjects tended to be slower at OM{than at
TRT (se¢ Table 3). This observation suggest that the Parkinson subj:u‘w:rc in fact
unable to execute fast corrective movements bclc;w the value of their CRT. In other
words, these findings may suggest that when the Parkinson subjects had to modify their
motor .rspon—sc,_'t—fé—- mental set required to prepéire the correctiv"c movement fook. almost as

much time as for the initiation of a correct motor response (OMT > CRT + NOMT).

Error and Overshoot rates:

In terms of error and overshoot rates, the Parkinson group tended to make less false

moves than the control group but these differences were not significant.

[
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In the studies reviewed, it was found that the parkinsonians were not abpormally
prone to make more false moves indeed, thcy-cvcn tended to make less errors and to be
more accurate than control subjects (Angel et al, 1970; Bcrardclh et al., 1986a; Marsden,
1982). The results of the present study corroborate the findings of t.h-c latter authors but .
do not sipport Flowers' conclusions (1978a). Indeed, Flowers (1978a) found Mt the
error score of parkinsonians was considerably worsé thar normal and that, as" ppposcd t0
control subjects, thers was no possible improvement iz error score for them. In light of
the present results, not only did ’wc notice that Parkinson subjects were not different than
control subjects but that, as with the latter, they were also able to reduce their false
moves. This improvement in both, error and overshoot rates, occured during the first

block of trials, i.e., during the first 400 movements.

Conclusion:

Overall, the results of this study suggest that once they are given sufficient practice
to learn a task (1200 responses), and when they are under drug control, Parkinson subjects
are not significantly different from their age-matched controls except for thc:r ability to
make decisions when movement direction is less probable (25% & 50%), and when they
have to readjust their motor responses after having overshot the target light. In other

bwords, these findings propose that bradyphrenia (slownﬁs of thought or slo.wn of
decision making), which was masked during learning, may be a more important feature of
Parkinson’s dumsc ¢ than previcusly thought since it remained after extended practice while
“he patients were in an alleviated state. As to the tendency of the Parkinson subjct':ts 10
be slower than control subjects at initiating (akinesia) and executing (bradykinesia) simple
and long movements, it gradually improved with pra‘cticc to reach a point (during extended

practice) where both groups were no longer distinct.

-~
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Given the characteristics of the present task, which allowed a large number ‘of

movement responses (2000 movements), it was possible, during this study, to observe that,

in the learning of this novel task, akinesia and bradykinesia were respectively scen as a

-difficulty in deploying and monitoring already existing motor programs in novel

situations. Simce tbe Parkinson subjects during the extended practice had no more
difficulty than control subjects at initiating simple response and executing movements, it
was suggested that with prolonged practice, Parkinson subjects were able to develop motor

scts, i.¢., to modify an existing motor program for us¢ in a new situation.

The major contribution of this study is to have demonstrated that Parkinson subjects

' could benefit from extended p.aracticc at a novel task to such a point that their performance

became not significantly different from that of their matched controls. As to their ability

to ;nakc decisions implying more choices, the nature of the differences between both
s .

groups became more obvi‘ﬁo}ﬁs with extended practice since parkinsonians proved to be

significantly slower at making more complex decisions.

In order to obtain a clearer picture of the true effects of Parkinson’s disease on
psychomotor performance, future studies on the trac;mctcr would benefit from increasing
their Parkinson group aad from extending the learning session from eight to twelve trials
(1200 responses} before testing the Parkinson patients at an unalleviated state. Indecd,
given the fact that eight trials seemed not to be sufficient for the Parkinson group to feel
comfortable with the task, the results at the "off” phase may have been contaminated by

lmnmg

W
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- . Appendix A ‘ : Q
-Gm,momnon SHEET

Name:' . .

Resident Nmber - : ‘ | - 3

.Address

Phone Nunbe% :

Date of Bi.rlth:

Present Age: | AP Lo

Date of Admission:

Mainp Dn.agnos13-

Stage (if aple.cable). R . e

Other .Relevant D:.agnos&:

-

»

Past Medical History: (i.e.’date.at cnset, length of time requ.u:mg
Insplta_'l_:.za'uon, recent surgeries - 1 yr, epilepsy, etc.)

-’

Medicatio;z & Timetable:

Phys:.cn.an. 5

Previcus occupe!tmn (s):

Hobbies,- interests:

Activities at Centre {i.e. Physiotﬁerapy, occupational therapy,

recreology) : ~
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Qiﬁpendix B

INSTRUCTIONS ABOUT THE TASK

“

This machmc measures your abmty to respond to a stimulus by mcasurmg the time
you take to react to 2 hght (reaction time) and the time you take to perform. the task, i.c.,
is to move towards the target hght and turn it off (movement time). This machine aiso

‘measures ¢rrors (stamng in the wrong direction) a.nd overshoots (overshooting thc target
. light).
* The machine includes 2 wheel, a pointer, and five target lights. The wheel and the
pointer go in opposite directions which means that when you’want to move the pointer to
the right, you turn the wheel to the left or vice-versa.

There is a cross on the pointer. To turn off the target light, you have to cover the
S
light with the cross for an uninterrupted period of 200 milliseconds otherwise the light

will not turn off.

The display shows five target lights that will appear one at a time. No other target

will apear before yov complete a successful alignment.

‘The task is to move the pointer towards the ‘ta.rgct light and 1o align. it Tor a period
of 200 msec for the light to turn off and for the next one to appear. Try to accomplish
the task as fast and as _w:uraicly as you can. Try not to grasp the wheel too tightly and

do not fdi‘gct to blink the eyes often.
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One trial consists of 100 target movements. The experiment includes 20 trials (2000
move_m;nts) distributed into four sessions. The first session aims at learning the task. It
includes :ig;n trials and lasts approximatively 40 minutes {Parkinson subjects are under
drug control). The second one is run when the Parkinson subjects are at an unalleviated
state {off medication) and this, in -order to look at the effects of the disease on the
‘movement components. For this scssion.. thé dosc of the parkinsonians ims to 'bcl ‘
postponed from one to three hours. The third session is conducted thiny~mi.nutcs after
the administration of the postponed drugs to examine how fast the medication become
effective. Finally the last scséion. whose objective is to look at the pcrfqrmancc_of the
subjects at their peak dose effect, is Held about two hours after drug ibgestion (or x::.x;c hour

and a half after the third session).



Appendix C
. Y —
, CONSENT FORM . _
- . 3
" Je - reconnais que le test m'a &té expliqué et’

jieh comprends les camposantes. A
J'accepte de participer 2 cette &tude, ‘wu:ce.fois il est entendu que je

serai libre de m'en retirer en tout .temps -si j'en manifeste -le désir.

- =

. ' (Signature)

,,(Témm)

Signature du médecin en service

1

: CCNSENT FORM
- '
I . acknowledge that the test has-been explained to

me and I understand what is Jreguired.
I agree to participate in this study with the understanding that I am

‘free to quit whenever I wish.

(Signature)

tWit:aess) . .

) Signature of the attending physician
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a)

b) Control group:

Appendix D

- INVENTORY OF THE ANSWERS

\

Parkinson group:

STRATEGY- 4/7 subjects said they first started by putting more emphasis on
accuracy but that they adopted amother strategy afterwards, i.e., t-Ecy concentrated on
speed and on accuracy. The other Parkinson subjects, 3/7, revealed that they kept the

L]

same stategy all along, ie., they put "as much emphasis on speed as on accuracy.

ANTICIPATION- 4/7 Parkinson subjects did not try to anticipate the dext light while
the three others maintained that they tried sometimes.
- "y

STRATEGY- 5/7 control subjects said th;:;r were putﬁ.ng as much emphasis on speed

as on accuracy all along the 20 trials. The remaining subjects (2/7) opted for

accuracy.

¥

-

. .
ANTICIPATION- 5/7 control subjects did not try to antif:ipatc the directiont of the

next light while 2/7 tried sometimes.

D





