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Abstract The present study compared the performance
on apraxia tests and additional motor tasks between med-
icated chronic schizophrenic inpatients (n = 21) and
healthy subjects (n = 21). Praxis testing did not reveal a
clear-cut apractic syndrome in the patient group. The most
striking difference between patients and healthy controls
was the more frequent use of body parts as object (BPO)
by schizophrenic patients (P < 0.0003). There was no sig-
nificant difference in psychopathology between sub-
groups classified according to their BPO performance, al-
though a tendency towards a difference in duration of ill-
ness and the actual hospitalization period existed between
BPO subgroups. Schizophrenic patients performed more
poorly than controls in frontal motor tasks: sequencing,
including oral sequential movements, and reciprocal in-
nervation. Frontal motor task performance tended to be
related to the negative dimension of schizophrenia in ac-
cordance with previous studies. The data do not support
the assumption that BPO performance is part of a multidi-
mensional concrete attitude in schizophrenic patients.
Nevertheless, this peculiarity in motor behaviour might be
a link between neurophysiology and psychopathological
phenomenology in schizophrenia. We therefore suggest
further investigation focusing the performance of object-
related pantomime movements in schizophrenic patients.
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Introduction

Recently, Walker and Lewine (1990) reported on a pre-
liminary study in which they investigated developmental
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precursors of schizophrenia using home movies that
showed healthy children together with their siblings who
developed schizophrenia in later life. The results suggest
that viewers blind to the identity and psychiatric status of
the subjects in the films are able to differentiate individu-
als who later become schizophrenic patients from their
unaffected siblings before the age of 8 years. The judge-
ment was made according to the viewers, own criteria,
which included neuromotor characteristics of the children.

Earlier in the 20th century Bleuler (1911) mentioned
movement disturbances in a group of schizophrenics.
While pointing out the peculiarities of gait in schizo-
phrenic patients he also referred to their “apraxia-like
symptoms”. Kraepelin (1904) described various odd char-
acteristics of voluntary actions in schizophrenia, stressing
the strange mannerisms of patients while eating, e.g. eat-
ing by hand or making use of a spoon in some extraordi-
nary ways. In his work on psychomotor movement disor-
ders Kleist (1908) claimed motor behaviour as an objec-
tive correlate of different psychic disorders. Accordingly,
more recent investigations aimed at identifying motor or
movement characteristics of psychoses as biological
markers and diagnostic signs (Merriam et al. 1990; Giin-
ther et al. 1986; Manschreck 1982; Yates 1973; King
1954).

Freeman (1969) reported his findings on some chronic
schizophrenic patients to whom he applied tests for disor-
ders of motility, including serial and reciprocal move-
ments. He stated that these patients show disturbances in
posture as well as in voluntary movements, e.g. blocking,
delayed initiation, incomplete movement, repetition and
inability to pass from one step in a movement sequence to
the next.

To investigate voluntary motor activity in schizophre-
nia Manschreck et al. (1982) used the techniques pro-
posed by Freeman (1969). They found disturbances in
voluntary movements in a vast majority of schizophrenic
patients. Besides clumsiness and awkwardness in sponta-
neous movement, they especially found elicited motor
disturbances, primarily abnormalities in alternating move-
ments and motor sequencing.
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In their study on relations between neurological signs
and the positive-negative dimension in schizophrenia
Merriam et al. (1990) found a significant association be-
tween negative symptomatology and neuropsychological
signs of prefrontal impairment. They also examined
praxis (buccolingual, limbs and finger) and found a posi-
tive correlation between abnormalities in praxis-testing
and duration of illness, but no association with positive or
negative symptoms, age or neuroleptic dose. Although the
authors did not give much information about the extent
and characteristics of disturbances in praxis test perfor-
mances, their results might nevertheless suggest that
apractic signs are schizophrenia trait-markers that appear
in the later course of the disease. One could also speculate
that a more elaborate and extended examination of praxis
might uncover these disturbances in voluntary movement
at earlier stages of the illness.

As Manschreck (1982) assumes in accordance with the
early view of Kleist (1908), certain motor and thinking ab-
normalities in schizophrenics may have a common patho-
logical basis. Current neuropsychological models of schizo-
phrenia tend to integrate the neuroanatomical and neuro-
physiological basis of motor function and cognitive
processes. Frith and Done (1988) assume that thinking is
internalized action and focus on a hypothetical internal
monitoring system for voluntary actions (and thoughts).
They propose that failure in the internal labelling of acts,
i.e. the incapacity for information about self-generated
acts to reach the monitor might explain positive symptoms
of schizophrenia (not recognizing the internal source of
“sclf” of actions), whereas negative symptoms are attrib-
uted to a failure in initiating self-generated movements.

Gray et al. (1991) propose a model for integrating the
neural and cognitive aspects of positive symptoms, and
focus on connections between the limbic system and basal
ganglia (striatum). Their model explains certain substan-
tial aspects of motor behaviour such as the reaction to
novelty and the transition from control to automatic pro-
cessing, which are regarded as crucial in schizophrenic
disorders.

Besides other experimental investigations of move-
ment disturbances in schizophrenic patients, classical
ideomotor-apraxia testing may serve as a means to study
the drafiing of motor concepts in an elaborate and parily
standardized way. Particularly, the ability to plan ahead
ideationally and to perform actions symbolically are as-
sessed by testing ideomotor apraxia. Apraxias are defined
as disorders of the execution of learned skilled move-
ments not caused by paresis, akinesia, abnormality of tone
or posture, interference of abnormal involuntary move-
ments, deafferentation, incomprehension or inattention to
commands (Heilman 1979; Geschwind 1975). The term
ideomotor apraxia refers to a disorder limited to simple,
single movements and gestures, although complex move-
ments can indeed be correctly executed. Thus, the perfor-
mance of single gestures on verbal command or by imita-
tion is disturbed in ideomotor apraxia (Hécaen 1981),
whereas spontaneous activity (object manipulation) is
only rarely disturbed.

Since the pioneering work of Liepmann (1905), who
was the first to study apraxia systematically, localizational
neuroscience attributed ideomotor apraxia to a dysfunc-
tion of the dominant hemisphere, especially of the parietal
cortex (presumed to contain the s.c. visuokinesthetic mo-
tor engrams) and the intra- and interhemispheric intercon-
nections between the parietal lobe and other areas that are
involved in the execution of learned movements (e.g.
Heilman 1979).

Lesions within different brain areas and neural systems
may give rise to different apractic syndromes regarding
the body regions affected (orofacial, axial and limb move-
ments; Geschwind 1975). To our knowledge a systematic
investigation of apraxia in schizophrenia that compares
patients with healthy subjects does not exist.

The aim of this study was to determine whether
chronic schizophrenic patients manifest an apractic syn-
drome and whether movement peculiarities in gestural
and pantomime performance correspond to: (1) distinct
psychopathological features, (2) motor abnormalities that
have already been described in schizophrenic patients, or
(3) course variables of the disease. We applied a battery of
apraxia tests to chronic schizophrenic patients who were
thoroughly evaluated according to their psychopathologi-
cal features and examined neurologically. Healthy sub-
jects served as a control group.

Subjects and methods

A group of 21 inpatients (17 men and 4 women) of the Psychiatric
University Hospital, Zurich, who met DSM-III-R (American Psy-
chiatric Association 1987) criteria for chronic schizophrenia were
examined. A control group of 21 healthy volunteers who were
matched with patients for age and gender were recruited from the
hospital staff by an experienced psychiatrist. Healthy subjects sat-
isfied both the currently not mentally ill and never mentally ill cat-
egories of the Research Diagnostic Criteria (RDC) (Spitzer et al.
1978). The mean age in the patient group was 40.7 years (SD +
14.3 years), and 41.5 years (SD + 14.3 years) in the group of
healthy controls. All patients were chronically pretreated with neu-
roleptics. Data on the type and dosage of medication were not
available for all patients. Patients differed in age at onset of dis-
case, duration of illness (mean 16.9 years; SD + 13.6; min. 3.0 and
max 43.1) and duration of actual hospitalization period.

The mean education level, which was assessed in four degrees
{primary school to university), was 2.0 {SD % 0.6) in the patient
group and 2.6 (SD % 0.9) in the group of healthy subjects. Charac-
teristics of the study samples are indicated in Table 1. All patients
underwent a thorough neurological examination as described by
DelJong (1967) and Monrad-Krohn and Refsum (1964). Addition-
ally, Parkinsonism was assessed by the motor subscale of the Uni-
fied Parkinson’s Disease Rating Scale (UPDRS; Fahn et al. 1987)
and Tardive Dyskinesia (TD) by the Simpson Rating Scale for Tar-
dive Dyskinesia (Simpson et al. 1979). Handedness was assessed
by the Edinburgh Inventory (Oldfield 1971).

For the examination of praxis we applied several different in-
ventories. Ideomotor apraxia was assessed by the Apraxia-Test de-
veloped by Kertesz and Ferro (1984), which consists of 20 items in
4 descriptive categories (facial, e.g. “whistle”; intransitive, e.g.
“wave goodbye”; transitive, e.g. “pretend to use a toothbrush”;
complex bimanual, e.g. “pretend to drive a car”) and by an addi-
tional inventory also distinguishing object-related (transitive, e.g.
“pretend to hammer a nail into a wall”), nonobject related (intran-
sitive, e.g. “threaten”), high emotional (e.g. “blow a kiss”) and
low emotional (e.g. “pretend to comb your hair”), meaningless
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Table 1 Characteristics of group of chronic schizophrenic patients (n = 21) and healthy subjects (n = 21)

Chronic schizophrenic patients

Healthy subjects

Variable Mean SD Mean SD
Age (years) 40.7 *14.3 415 +14.3
Males vs females 17/4 17/4
Education?® 20 £ 06 26 += 09
Age at onset (years) 238 * 6.1

Length of illness (years)® 16.9 +13.6

Length of actual hospitalization period (years) 52 £ 97

2 Four levels (primary school to university)
b Min 3.0; max 43.1

(e.g. “touch your knees with a pencil”) as well as expressive ges-
tures with high symbolic value (e.g. “military salute”). Single
items were related to more than one category.

Axial movements were examined according to the proposals of
Poeck et al. (1982) (13 items; e.g. “lift your shoulders”, “close
your eyes”) and Geschwind (1975) (7 items, not assessing head
and eye movements; e.g. “kneel”, “take the position of a boxer”).
Additionally, buccofacial apraxia and dynamic oral movements
were examined by two different tests as suggested by Poeck and
Kerschensteiner (1975) and Luria (1966; 9 items and 6 items; e.g.
“show your teeth”, *“clear your throat” and “show your teeth and
then stick out your tongue”). Simple and more complex motor
tasks, including the Ozeretski’s test, the fist-ring test and the fist-
edge-palm test for motor sequencing (Luria 1966) were assessed
according to the proposals of Freeman (1969).

Movement errors were rated by the scoring system of Kertesz
and Ferro (1984) and an error type called “body part as object”
(BPO) was additionally assessed (Goodglass and Kaplan 1963;
Rothi et al. 1988). The BPO performance means that the subject
uses a part of his or her body (most typically a hand or fingers) as
the imagined tool according to a given pantomime. For example,
the index finger rubbed against the teeth becomes the toothbrush in
response to “show me how you would pretend to brush your
teeth”. We did not discourage the use of body parts as objects prior
to the examination.

To assess psychopathology in 19 (15 men and 4 women) of the
21 chronic schizophrenic patients, the Scale for Assessment of
Negative Symptoms (SANS) (Andreasen 1982) and the Positive
and Negative Syndrome Scale (PANSS; Kay et al. 1987) were
used. The positive syndrome score, negative syndrome score and
general psychopathology score of the PANSS were calculated sep-
arately, and the SANS summary score was defined as the sum of
items 8, 13, 17, 22 and 25.

The neurological examination in particular praxis testing, and
the assessment of psychopathology, were performed by two inde-
pendent well-trained clinicians. Only univariate tests were used for
analysis because of the small sample sizes (n = 21) compared to
the number of variables (15-19) subject to investigation. All cal-
culations were carried out with the SAS statistical analysis system
(SAS Institute Inc.). Because the variables being compared did not
fulfil the normal distribution requirement of the two-tailed t-test,
comparisons of independent groups were performed by the
Wilcoxon Rank Sum Test (also called the Mann-Whitney-U-Test).
This test provides a comparison of two independent populations
with regard to their central tendency. Spearman correlation coeffi-
cients were evalnated between variables.

Type 1 error results from the probability of obtaining one or
more significant results by chance amongst a set of N tests. This
type of etror can be estimated with the help of the binominal ex-
pansion (control of type 1 error is called “alpha-protection”). In the
present investigation Wilcoxon Rank-Sum tests were carried out
with an o-level of 0.05 comparing averages of 15 variables be-
tween BPO and non-BPO groups, and on 19 variables between pa-
tient and control groups.

On the one hand, there is already a 46% probability that, by va-
lidity of the null hypothesis (“average values are equal in the two
groups™) at the 5% level, none of the 15 variables turn out by
chance to have significant differences in their average values be-
tween groups (from the binominal term (1-o)', with o = 0.05).
However, there are only 2 chances in 1000, for o = 0.05, that any
5 of 19 variables turn out by chance to have significant differences
in their average values between groups. Thus, our failure to find
significant differences in certain features between patients and
healthy subjects with vs without BPO performance (see Results)
provides no conclusive testimony of an actual similarity between
groups, whereas, our ability to find significant differences in cer-
tain features between subjects with vs without the diagnosis schiz-
ophrenia does indeed indicate an actual difference between these
groups.

Results

In both groups right-handers outweighed left-handers (19:
2 in the patient group and 20: 1 in the control group). The
mean laterality quotient (LLQ) was 69.7 (SD % 57.3) for the
patient group and 86.9 (SD + 30.8) for controls. This dif-
ference was not statistically significant.

The neurological examination did not reveal signs of
focal brain lesion in any patient. The assessment of
Parkinsonian symptoms by the UPDRS (motor subscale)
failed to reveal marked symptoms in any patient. Parkin-
sonism was moderate in one subject only. The most fre-
quent symptom (13/21) was minimal hypomimia (not def-
initely above normal range) and slight rigidity could be
detected in 8 subjects (absent in 13 subjects).

Tardive dyskinesia (TD) as assessed by the Simpson
Rating Scale was absent in most of the patients. None of
them showed moderately severe or severe dystonic/dyski-
netic disturbances. In the small group of patients who re-
vealed mild or moderate TD the oral/perioral region (3
mild and 2 moderate) and the lower extremities (3 mild
and 2 moderate) were most-often affected. In the patient
group the mean score was 10.3 (SD * 5.2) for the PANSS
positive syndrome, 16.3 (SD £ 8.1) for the PANSS nega-
tive syndrome and 11.7 (SD #+ 4.1) for the SANS sum-
mary score.

The movements of schizophrenic patients in gestural
and pantomime performance were generally more clumsy,
coarse and less extensive in space and time compared to
healthy controls, but in only a few cases could they be
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judged as “impaired but recognizable performance” or
worse (score 2-0 according to Kertesz and Ferro 1984).
No differences were found between the respective perfor-
mances of the right and left arm independent of object re-
lation or emotional loading of the desired movements.
Additionally, in the Kertesz and Ferro (1984) apraxia test
9 schizophrenic patients did not symbolize the object
when asked to “blow out a match” (whereas only one sub-
ject made this mistake in the control group). Asked to
“sniff a flower”, many patients (and healthy controls) in-
clined forward, making it difficult to judge object symbol-
ization in this similar task.

The test for axial movements (Geschwind 1975; Poeck
et al. 1982) did not show any difference between groups.
When assessed according to Geschwind no disturbances
in axial praxis could be revealed in both groups. Further-
more, only two patients in the schizophrenic group per-
formed head and trunk movements instead of eye and
neck movements (en bloc) when tested according to
Poeck et al. (1982). Accordingly, no statistically significant
difference resulted between the groups. (Head and eye
movements were not assessed by the scale of Geschwind
1975).

Oral- and facial-movement testing according to Poeck
and Kerschensteiner (1975) and Luria (1966) revealed a sta-
tistically significant (P < 0.009) difference between groups,
but this difference could be attributed to only one item {“put
your tongue between your teeth and your lower lip”). Here
six patients (and only one of the controls) did not perform
correctly. In addition, there were only two other items where
one or two patients (and none of the controls) revealed in-
correct movements. Schizophrenics did worse than healthy
subjects in performing dynamic oral movements as tested
according to Luria (1966; P < 0.0006). This was true only
for sequencing, not for one-step movements.

The most striking difference between schizophrenic
patients and healthy subjects in apraxia tests was the fre-
quency in using body parts as objects (BPO). This manner
of performance was more frequent (P < 0.0003) in the pa-
tient group. There were more individuals who exhibited
BPO movements and more BPO movements per individ-
ual among chronic schizophrenics (Table 2).

The BPO performance was not associated with psy-
chopatholgoy, particularly not with negative symptoms
assessed by SANS and PANSS negative-syndrome items.
The subgroup without BPO movements scored even
slightly higher for the negative syndrome items, particu-
larly for the item “difficulty in abstract thinking”. There
was no statistically significant difference between the ed-
ucation level of patients and controls with and without
BPO movements.

Patients and healthy subjects with BPO performance
were older (without statistical significance) than those
without. There was a distinct difference in the group of
schizophrenics according to the duration of illness and the
duration of the actual hospitalization period, both being
longer in the subgroup with BPO movements (mean 20.6
vs 7.6 years and 147 vs 2608 days, respectively). Never-
theless, these differences failed to meet statistical signifi-

Table 2 Frequency distribution of body part as object perfor-
mance (BPO) for chronic schizophrenic patients (z = 21) and
healthy subjects (2 = 21)

Number of BPOs exhibited
0 1 2 3 4 5

Healthy subjects 18 2 1 0 0 0
Chronic schizophrenic patients 6 10 2 1 1 1

cance at the 5% level (P < 0.057 and P < 0.11) due to the
small size of the subgroups.

The examination of motility according to Freeman
(1969) revealed a statistically significant difference be-
tween healthy subjects and schizophrenics (P < 0.0001)
due to more frequent mistakes in motor sequencing and
reciprocal movements (Luria subtest; P < 0.0001). Mis-
takes in the Luria subtest (lower scores) tended to be re-
lated to the SANS summary score (r = -0.41; P < 0.08)
and showed a weaker correlation (r = -0.39; P < 0.10)
with the PANSS negative score.

Discussion

The main finding of this study is that chronic schizo-
phrenic inpatients compared with healthy subjects more
often make use of their body parts as objects in pan-
tomime performance. There were more BPO movements
per subject as well as more subjects with BPO movements
in the patient group at praxis testing.

Goodglass and Kaplan (1963) were the first to describe
BPO in aphasic patients with apraxia. These authors pre-
sumed that BPO might express the loss of emotional dis-
tance to the performed action and allow the subject to
compensate for an impaired or undeveloped function. Ka-
plan (1968; cited in Goodglass and Kaplan 1983) found
BPO performance regularly in children up to 8 years of
age. In their study on error-pattern analysis in ideomotor
apraxia, Rothi et al. (1988) saw, in accordance with the
findings of Goodglass and Kaplan (1963), BPO errors
substantially more often in patients with brain lesions than
in healthy controls, whereas Duffy and Duffy (1989)
could not find a significant difference between brain-dam-
aged patients and healthy subjects according to BPO mea-
sures. Goodglass and Kaplan (1963) stated that gestural
deficiencies including BPQ are part of an apractic disor-
der and not, as one could assume, part of a general com-
munication disorder.

Our data do not suggest an association between BPO
performance and the negative symptoms of schizophrenia,
particularly not with the item “difficulty in abstract think-
ing”. Therefore, our data do not directly support the as-
sumption that BPO in schizophrenic patients is part of
a multidimensional concrete attitude (Goldstein and
Scheerer 1941) in schizophrenic patients. Nevertheless,
this assumption certainly has not been falsified by our
findings insofar as only one of our pafients did not reveal
any difficulty in abstract thinking and all patients showed



predominantly negative symptoms in clinical psycho-
pathological examination.

One could conjecture that BPO in schizophrenic pa-
tients reflects their difficulty to deal with novelty. The ab-
sence of an object confronts the individual with a new and
difficult aspect of an otherwise simple habitual motor
task: This aspect can be less successfully integrated into
the motor program (without BPO) by schizophrenic pa-
tients than it can by healthy subjects.

In our study we could not find clear-cut apraxia or dys-
praxia in schizophrenic patients. Pantomime and gestural
movements performed by schizophrenic patients were of-
ten expressionless and concentrated on the essential part
of the task, thus appearing coarse and meagre. In most
cases performance could not definitely be rated as “im-
paired” (i.e. not reaching the maximum score) in the
Kertesz scale. Only a few patients showed abnormal en
bloc movements when tested for axial praxia.

Schizophrenic patients also did not show an unequivo-
cal oral or buccofacial apractic syndrome, although the
patient group differed significantly from controls in both
instruments used to test oral movements. This difference
could be attributed to sequential movements in one test
(one-step movements were done completely correctly in
this test) and to mistakes in performing a single item in
the other.

A more elaborate error-pattern analysis, however, and
even more different items to test oral praxia, may reveal
an apractic or oral apractic syndrome, which distinguishes
between schizophrenic patients and healthy controls or
other psychiatric control groups. We looked for apractic
signs in only one group of schizophrenic patients with
predominant negative symptoms. Therefore, our findings
do not rule out the possibility that apraxia can be found in
other schizophrenic subgroups (e.g. with predominant
paranoid-hallucinatory symptomatology). The BPO per-
formance in our schizophrenic patients tended to be re-
lated to the duration of illness and the actual hospitaliza-
tion period, which means that the frequent use of body
parts as object in transitive motor tasks is not an early sign
in the course of schizophrenia.

Chronic schizophrenic patients performed worse than
healthy subjects in tests for sequencing and reciprocal co-
ordination. This was also true for oral-movement se-
quences. Furthermore, mistakes in performing these tasks
were related to the negative symptoms of schizophrenia.
According to Luria (1966) difficulties in motor sequenc-
ing and reciprocal coordination reflect a dysfunction of
the premotor cortex, a “defect of successive kinetic organ-
isation” or of the “kinetic melodies”. Our data are in ac-
cordance with the results of Merriam et al. (1990), who
found a significant correlation between prefrontal neuro-
logical impairment and negative dimensions of schizo-
phrenia, and support again the assumption of frontal-lobe
dysfunction in schizophrenic negative symptoms (e.g.
Andreasen 1989; Weinberger 1988).

The assessment of Parkinsonian symptoms and TD in
the patient group revealed only mild symptoms in some of
the patients, and marked drug-induced extrapyramidal
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symptoms did not occur. Thus, it seems unlikely that move-
ment abnormalities found in apraxia tests and examina-
tion of motility in schizophrenic patients results from
chronic neuroleptic treatment. This assumption is sup-
ported by the findings of Manschreck et al. (1982), which
suggest that neuroleptics lessen motor disturbances (not
extrapyramidal) rather than cause them. Of course, the
limitations of our data do not enable us to definitely ex-
clude the possibility that motor findings in schizophrenic
patients are not due to neuroleptic treatment.

Motor behaviour peculiarities are important contribu-
tions to the understanding of schizophrenias conceived as
neurodevelopmental disorders. As a result of our findings
we suggest further investigation focusing on the perfor-
mance of transitive object-related pantomime movements
in schizophrenic patients and in comparison with other di-
agnostic groups, e.g. affective disorders.
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