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Objective: To determine praxis function in patients with Parkinson’s disease (PD)
and multiple system atrophy (MSA).

Methods: Nineteen patients with PD and 16 patients with probable MSA were re-
cruited into study. Twenty-five age-matched, healthy subjects were included as con-
trols. The Mayo Clinic praxis test battery was applied. Pantomime tasks, including
oral/facial, trunk, and upper extremity movement, were used to evaluate ideomotor
apraxia (IMA). Sequential tasks, including Luria test for ideational apraxia (IDA) and
use of actual objects, were also tested. In addition, Standardized Mini Mental Test
(MMSE), Hamilton Depression (HAM-D), and Anxiety (HAM-A) Scales were used.
Results: Mean ages of the study participants were 66 = 7,68 + 5, and 65 £ 7 years
in PD, MSA, and control groups, respectively. Mean total praxis score was signifi-
cantly lower for patients with PD (92.4 + 4) and MSA (75.9 £ 18) than for controls
(97.4 £ 2) (P = 0.000). Transitive performances of upper extremities and sequential
tasks were significantly impaired in patients with PD compared to control subjects
(P < 0.05). There was no correlation between total praxis scores and sum scores of
tremor, bradykinesia, and rigidity of both of the upper limbs of patients with PD.
Subgroup praxis scores were substantially worse in MSA group (P < 0.0001).
Compared to control subjects, mean scores for MMSE, HAM-D, and HAM-A tests
were significantly worse in MSA group, but, for PD patient group, only HAM-A
scores were worse.

Conclusion: Our results indicate that although not a presenting symptom, IMA and
IDA may be features of MSA and, to a lesser degree, of PD. Also, it seems to be
unrelated to the motor features of patients with PD.

Introduction

presents as a loss of deftness of hand and finger
dexterity. IMA is an impairment of one’s ability to

Apraxia is defined as the inability to execute a skilled or
learned motor act, and this is not entirely caused by
impaired comprehension, sensory-motor deficits, atax-
ia, or involuntary movements [1]. Nevertheless, the
presence of elemental motor and sensory defects in
addition to cognitive deficits does not prohibit praxis
testing; thus, the examiner can interpret the results of
praxis with the knowledge gained from the neurologic
examination [2]. Generally, motor apraxia occurs in
three forms: limb-kinetic, ideomotor apraxia (IMA),
and ideational apraxia (IDA). Limb-kinetic apraxia
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pantomime tool use, and IDA manifests as an inability
to perform multi-step tasks. Multiple types of apraxia
can coexist in the same patient [3]. With regard to IMA,
the most common type of errors in gestural functioning
involve ‘spatial errors’ such as a disruption of wrist
trajectories and substituting a body part for an object,
and ‘temporal errors’ such as impaired timing. In
patients with IDA, ‘content errors,” such as persevera-
tion, are common [3].

Although apraxia is not a typical clinical feature of
Parkinson’s disease (PD), there have been a few studies
that have reported varying degrees of apraxia in
patients with PD [4-9]. However, other studies have
not demonstrated apraxia in patients with PD when
performing gestures using the limbs [10] or when
performing orofacial movements [10,11]. With regard
to multiple system atrophy (MSA), some studies have
demonstrated that a minority of patients with MSA
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exhibited praxic dysfunction [8,12], but other reports
failed to identify apraxia in this patient group [7,11]. In
this study, we evaluated praxic functions in patients
with PD and MSA using an apraxia screening test
battery specific for identifying IMA and IDA.

Patients and methods

Sixteen consecutive patients with MSA and 19 patients
with PD were recruited from the Movement Disorders
Unit in the Department of Neurology, Cerrahpasa
Faculty of Medicine, Istanbul University for partici-
pation in this study. Patients with MSA were diagnosed
as probable MSA according to the criteria proposed by
Quinn [13]. The diagnosis of PD was consistent with the
UK Parkinson’s disease Society Brain Bank criteria
[14]. All of the patients with PD were on dopaminergic
medication, and none of them had clinically severe
tremor, rigidity, bradykinesia, or abnormal compre-
hension, which could interfere with the performance of
the tests. Disease severity was evaluated using the
Unified PD Rating Scale (UPDRS, Part I-IIT) [15] for
patients with PD, the Unified MSA Rating Scale
(UMSARS) [16] for MSA group, and the Hoehn-Yahr
Scale (H-Y) [17] for both groups. In addition, UPDRS
subgroup scores for tremor, bradykinesia, and rigidity
were determined in both upper extremities of patients
with PD. Twenty-five gender- and age-matched healthy
subjects were included as controls. The local ethics
committee of the Cerrahpasa Faculty of Medicine ap-
proved this study, and informed consent was obtained
from all participants.

Praxis functions were measured in all patients and
control subjects using the praxis test battery, which was
constructed at the Mayo Clinic, in Rochester, MN,
USA (EK and FSO) [18]. Test battery evaluating praxic
functions in a culturally diverse group of 173 subjects
from the USA and Turkey indicated that the Mayo
Clinic apraxia tests were valid for use in multiple cul-
tural groups [10]. The majority of verbal commands of
this tabulated apraxia battery are consistent with other
existing batteries [1,7]. During the testing procedure,
patients and control subjects were told the following: ‘1
am going to ask you to perform some tasks. Please go
do them as quickly and accurately as possible.” After
excluding scores for the lower extremity (five items; 10
points), we used six subparts, consisting of 45 items
(maximum score = 100 points), for this study. IMA
was evaluated by examining orofacial, upper extremity,
and axial movements as pantomime, imitation by the
tester and using actual objects. IDA was determined by
having participants perform sequential gestures. The
subjects were given three points, 0 = wrong or incor-
rect, I = incomplete or clumsy, and 2 = correct (Ta-

ble 1). Specific types of errors in all test items were
noted, and transitive and intransitive movements of
orofacial and upper extremities were determined. All
but three subjects (one in each group) were right han-
ded, and all used their dominant hand for performing
tasks. Patients with PD with motor fluctuations were
tested during their ‘on’ periods.

The Mini Mental Status Examination (MMSE) [19],
Hamilton Anxiety (HAM-A) [20], and Hamilton
Depression (HAM-D) [21] tests were performed to
evaluate the possibility of cognitive or mood distur-
bances, which could interfere with test performances in
all subjects.

Statistics

The obtained data were analyzed using the SPSS
software (SPSS Version 6.1; SPSS Inc., Chicago, IL,
USA). The Kruskal-Wallis non-parametric variance
analysis test was used for comparing the data from the
three groups. Dunn’s multiple comparisons test was used
to compare the data of two groups with each other
(GraphPad version 3.06; GraphPad Software, La Jolla,
CA, USA). Pearson’s correlation co-efficient was used for
comparing data from patients with PD. All P-values are
two tailed.

Results

The demographics of the patients and control subjects
are given in Table 2. The mean ages, in years, were
66.1 £ 7 (range: 53-78) for PD group, 68.6 £ 5
(range: 58-78) for the MSA group, and 653 £+ 7
(range: 57-78) for control subjects. The mean duration
of disease was 3.9 + 2 year for patients with PD and
5.2 £ 1 year for MSA group. Of the 16 patients with
MSA, 12 were MSA-P (striatonigral type), and 4 were
MSA-C (olivopontocerebellar type), all of whom had
parkinsonism. In patients with PD, the mean total score
of the UPDRS (parts I-11T) was 21.4, the UPDRS Part
II mean score was 6.6, and the sum subscores of the
UPDRS, which evaluated tremor, rigidity, and brady-
kinesia, were 3.7 on the right and 4.6 on the left side.
The mean total score of the UMSARS was 38.9 + 17
in patients with MSA. The mean H-Y stages were
1.9 £ 0.4 and 3.06 + 0.4 in the PD and MSA groups,
respectively.

Scores of the apraxia battery are summarized in
Table 3. The mean total praxis scores were significantly
different amongst all groups, and the worst score was in
the MSA patient group (75.9 + 18.8), followed by the
patients with PD (92.4 £+ 4.2) and then, the controls
(97.4 £ 2.0) (P = 0.000). In patients with MSA, all
subgroup items of the praxis scores were significantly
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Table 1 Praxis test battery [18] (Scoring: 0 = Not done or incorrect;
1 = Incomplete or clumsy; 2 = Prompt and correct)

1. Oral/Facial

— Cough — Chew food

— Whistle — Sniff a flower

— Smile — Blow out a candle

— Blow out cheeks — Knit eyebrows

— Nod yes — Suck through a straw

_ _/20 Subtotal

II. Upper extremity
— Salute like a soldier
— Wave goodbye

— Signal to stop

— Thread a needle
— Light a match
— Dial telephone

— Signal come here — Use a key
— Signal go away — Pitch a ball
— Brush teeth — Make a fist

— Comb your hair

— Use a hammer

— Use scissors

— Use pencil

_ _/40 Subtotal

II1. Axial

— Stand up

— Make one full turn
— March like a soldier
— Shovel snow

— Take two steps backward
_ _/10 Subtotal

IV. Sequential

— Hang a picture on the wall
— Open bottle, pour drink in glass, and drink

— Write letter, place in envelope, and seal it

— Put candle in holder, light it, and blow it out

— Look up a number in the phone book and make a phone call
_ _/10 Subtotal

V. Imitation

— Palms open

— Diamond with index fingers and thumbs

— Interlocking circles

— One hand fisted, the other open

— Fist-edge-palm (Luria test)

_ _/10 Subtotal

VI. Use of actual objects

— Fork or knife

— Key

— Scissors

— Comb

— Pencil

_ _/10 Subtotal

__ /100 Total score

— Make circle with thumb/fingers
— Make figure 8 in air

— Open hand

— Point to the floor

worse than those of the control subjects, and the items
measuring axial movements, imitation tasks, and use
of actual objects yielded significantly lower scores for
patients with PD. In the patients with PD, only the
performance of upper extremities and sequential tasks
were significantly worse than the control subjects. In
addition, the mean IMA score for transitive movements
was significantly worse in the PD group than in the
control group, whereas no difference was found for
intransitive movements. There was a significantly
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inverse correlation between total praxis scores and the
sum of the scores for tremor, bradykinesia, and rigidity
on the right upper limbs of patients with PD
(P = 0.054, r = -0.4).

Patients with MSA exhibited more errors, whilst
performing the ideomotor praxis test than patients with
PD or the control group. In 10 patients with MSA and
eight patients with PD, errors were observed in the use
of a body part as an object and/or in trajectorial
movements, such as hypersupination of the forearm or
elevation of the arm above the head during finger
tapping, and abduction and adduction of the whole arm
during alternating movements of the hands, even
though the required movements were demonstrated to
them.

Standardized Mini Mental Test, HAM-A, and
HAM-D test scores were significantly different between
the groups, but the worst scores were in the MSA group
(Table 3). In patients with PD, the mean HAM-A score
was significantly worse than that of the control subjects.
In patients with MSA, total praxis scores were signifi-
cantly inversely correlated with HAM-A and HAM-D
scores but not with MMSE (P = 0.04, r = —0.5;
P =0.04, r = -0.5; and, P = 0.1, r = 0.3, respec-
tively). In patients with PD, we did not find any
correlation between total praxis scores and the
previously mentioned parameters.

Discussion

In the present study, IMA and IDA were assessed in a
group of patients with MSA and PD using an apraxia
screening test battery. Based on the total scores of the
test, ideomotor and ideational praxis dysfunctions were
found in both patients with MSA and PD, but were
more prominent in the MSA group. Patients with PD
displayed IMA in the upper limbs, especially on tran-
sitive tasks, and also, IDA on sequential movements
when compared to healthy controls. However, none of
the patients suffered from clumsiness of movement in
daily life. In general, except for during evaluations, the
families of patients with apraxia are unaware of their
clumsiness, because most patients are non-apraxic in
their daily routine tasks, unless the apraxia is severe.
Patients suffering from severe apraxia may have diffi-
culty with the spatial dimensions of their movements
when using actual objects [1].

The presence of apraxia in patients with PD has been
documented in other publications [Correction added on
22 January 2010, after first online publication: the word
‘populations” was replaced with ‘publications’]. It has
been proposed that in PD, extrapyramidal signs, such as
bradykinesia, might cause a delay in initiation or per-
formance of a gesture; however, the quality of the gesture
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Table 2 Demographic features of patients with PD and MSA, and the controls

PD (n = 19) MSA (n = 16) Controls (n = 25) P

Age (years) 66.10 £ 7.27 68.68 + 5.53 65.28 + 6.8 0.22
Gender (F/M) 4/15 5/11 8/14

Education (years) 8.73 £ 4.27 9.31 + 4.33 11.16 + 4.3 0.161
Disease duration (years) 3.94 £ 232 525 £ 1.73 -

Age at onset (years) 62.15 + 6.93 63.43 £ 5.96 -

Hoehn-Yahr Stage 1.94 £ 0.4 3.06 + 0.44 -

UPDRS (I-I1I) 21.42 + 11.09 - -

UMSARS - 38.94 £ 17.29 -

PD, Parkinson’s disease; MSA, multiple system atrophy; UPDRS, Unified PD Rating Scale; UMSARS, Unified MSA Rating Scale.

Table 3 Comparisons of test results in PD, MSA, and control groups

Group 1 PD Group 2 MSA Group 3 Controls

n =19 (n = 16) (n = 25) P* P** 1 ys 2 P*¥* 1vs3 P*¥*2vs 3
Total apraxia score 92.42 + 423 75.93 + 18.87 97.48 + 2.02 0.000 NS < 0.01 < 0.001
Oral-facial 19.31 £ 1.0 17.18 + 3.25 19.64 = 0.63 0.01 NS NS < 0.01
Upper extremity 36.68 + 2.40 32.37 + 6.97 38.80 + 1.22 0.0004 NS < 0.05 < 0.001
Axial 9.47 + 0.96 6.62 = 3.0 9.84 + 0.47 0.0001 < 0.001 NS < 0.001
Sequential tasks 8.47 + 1.07 6.06 + 2.81 9.48 + 0.71 < 0.0001 NS < 0.05 < 0.001
Imitation 9.05 £ 0.84 6.50 £ 2.82 9.72 £ 0.54 < 0.0001 < 0.05 NS < 0.001
Use actual objects 942 + 1.0 7.18 + 2.63 10.0 + 0.0 < 0.0001 < 0.01 NS < 0.001
IMA — Transitive 25.52 £ 1.92 22.68 + 4.88 27.12 + 0.97 0.001 NS < 0.05 < 0.01
IMA - Intransitive 3047 £ 1.50 26.87 + 5.48 31.32 £ 0.94 0.001 NS NS < 0.001
MMSE 27.94 + 2.19 23.06 + 5.86 29.12 + 0.93 0.0001 < 0.05 NS < 0.01
HAM-A 6.89 = 7.12 7.06 + 3.04 424 + 4.07 0.01 NS < 0.05 < 0.01
HAM-D 6.42 = 7.19 8.37 £ 5.0 3.40 + 3.39 0.002 NS NS < 0.01

PD, Parkinson’s disease; MSA, multiple system atrophy; MMSE, Standardized Mini Mental Test; HAM-A, Hamilton anxiety scale; HAM-D,
Hamilton depression scale; NS, non-significant; Bold values indicate statistically significant difference of P <0.05; *Kruskal-Wallis Test; **Dunn’s

Multiple Comparisons Test.

Correction added on 22 January 2010, after first online publication: the headings of the first two columns were changed from Group 2 PD and
Group 1 MSA to Group 1 PD and Group 2 MSA. The numerical values under the last two columns P** [ vs 3 and P** 2 vs 3 were also changed

from roman to bold.

may not be affected by these symptoms. Thus, the fact
that patients with PD had less success in praxis perfor-
mance than the control group could not be explained
with bradykinesia alone [3-9,22]. In our PD patient
group, the motor deficits were not so severe that they
interfered with the performance of gestures, and we as-
sume that the lower apraxia scores might also reflect the
presence of apraxia in these patients. Leiguarda et al.[7]
observed bilateral IMA for transitive movements in 27%
of patients with PD. Praxic dysfunction of the limbs was
the most common type of apraxia, followed by orofacial
apraxia in association with IMA in the basal ganglia le-
sions [23]. On the other hand, Benecke et al.[24] docu-
mented deficits in the performance of sequential
movements in patients with PD. In the current study, we
observed more errors in transitive movements, upper
limb movements, and sequential tasks in the PD patient
group than in the control subjects, without any impair-
ment of orofacial gestures. In contrast to all of these re-
sults, Leiguarda et al.[7] reported that IMA scores in

patients with PD significantly correlated with body
bradykinesia. In our study, we found an inverse corre-
lation between motor involvement on right side of the
patients with PD and praxis dysfunctions. However, we
studied in a relatively small group of patients to reach a
definite conclusion.

The patients with PD exhibited some spatial errors in
gesture performances [4], such as abnormalities in the
orientation of movement axis, planarity, and the shape
of wrist trajectory as well as in the disruption of inter-
joint coordination [7,8]. In patients with PD studied by
Grossman et al.[6], the majority of errors occurred in
the substitution of a body part as an object. The errors
observed in our patients with PD and MSA were mainly
spatial mistakes with abnormal movement trajectories
followed by errors in the substitution of a body part as
an object.

To date, few published studies have examined
apraxia in patients with MSA. Leiguarda et al.[7] found
normal scoring for apraxia in 10 patients with MSA. In
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other reports, the same authors studied the kinematic
properties of a bread-slicing movement using a three-
dimensional motion analysis and found IMA for
transitive movements in four patients with MSA,
although none of them clinically exhibited apraxia [8].
In another study, IMA was demonstrated in the
minority of patients with MSA [12]. In our study, in
comparison with the age-matched healthy subjects, the
patients with MSA exhibited significantly erroneous or
incomplete praxic performances whilst performing
tests.

In our study, patients with MSA displayed more
cognitive impairment, anxiety, and depression
compared to controls, and there was also a significant
inverse correlation with praxis scores and HAM-A and
HAM-D scores, but not with MMSE values. In fact,
cognitive deficits in the patients with MSA may cor-
relate with abnormalities in performing praxis tests,
which would be in agreement with published reports
demonstrating that some patients with MSA with
cognitive dysfunctions exhibited IMA [8,12]. Zadikoff
and Lang have commented that IMA in the minority
of patients with MSA [12] could be related to the
relative lack of frontal/cognitive impairment in pa-
tients with MSA, which would spare the praxis system
[3]. On the other hand, in patients with PD, apraxia
scores were found to correlate with cognitive distur-
bances [7], but in our study population, MMSE results
were within normal limits in the PD group, and there
was no correlation between apraxia scores and
MMSE, HAM-A, and HAM-D scores. Although it
has been previously demonstrated that IMA is signif-
icantly correlated with higher HAM-D scores in pa-
tients with PD [7].

The basal ganglia are involved in the transformation
of action plans to motor acts through connections with
the motor, premotor, and parietal cortex. Apraxia can
occur in diseases of the basal ganglia, like PD, and even
in isolated lesions [3]. Basal ganglia-restricted pathol-
ogy does not necessarily result in overt apraxia; how-
ever, when it coincides with damage to the cortical
components of the neural system, different types of
apraxia can develop [7,8,23]. The severity and charac-
teristics of motor errors may be related to the location
and extensiveness of basal ganglia—cortical network
involvement in the pathological processes [8,23]. It has
been proposed that the basal ganglia play a role in
praxis, because it is an integral component of the neural
network in the brain [8]. In addition, there is also dif-
ferent fronto-striatal pathways involved in sequencing
of movements.

There are some limitations in the current study. First,
we evaluated a relatively small group of patients. Sec-
ond, we did not use a tool for kinematic measurement
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of praxis function nor did we measure how long it took
patients and control subjects to complete the tests.
However, we did note that all subjects completed the
tests within a reasonable time period (i.e., 5-10 min).

In conclusion, based on apraxia assessment scores,
apraxia might be a feature of MSA and, to a lesser
degree, PD. However, it was not apparent in the daily
life of these patients and was not a major clinical
symptom of PD or MSA. Also, it seemed to be unre-
lated to the motor features of patients with PD. Hence,
clinicians should be aware of the possibility of apraxia
in these patients and examine them accordingly. It is
clear that prospective and kinematic assessments of the
association between praxic disruptions and basal gan-
glia disorders are warranted in a larger sample of
patients with PD and MSA.
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