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Summary. Motor  asymmetries were investigated in 28 
unmedicated schizophrenic in-patients and 32 healthy 
controls. Of the patients, who were assessed as right- 
handers by a handedness questionnaire, 46.4% changed 
their motor  laterality in at least one part of the tapping 
test series, probably because of a decrease of functional 
hemispheric asymmetry. These patients were charac- 
terized by more pronounced psychotic symptoms than 
those who did not change motor  laterality. According to 
the tapping frequency, two groups of patients could be 
distinguished: the high- and the low-frequency group. In 
both groups certain tapping data could be correlated 
with characteristic clinical features. While the findings in 
the high-frequency group point to an enhanced activa- 
tion level of the right hemisphere and appear to be cor- 
related with the onset of positive symptoms and better 
prognosis, the findings in the low-frequency group may 
be a reflection of a disturbed function of the left frontal 
region and seem to be correlated with a gradual chronic 
development  of predominant  negative symptoms with 
worse prognostic implications. 
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Introduction 

It is an important principle that in the central nervous 
system higher cognitive functions are closely integrat- 
ed with motor  and emotional processes. Hence,  distur- 
bances in one of these functional systems will lead to 
various changes in the integrated output.  In schizo- 
phrenic disorders there is a coincidence of cognitive im- 
pairment,  psychotic features and motor  abnormalities. 
Motor  abnormalities in schizophrenic patients include a 
wide range of voluntary and involuntary disturbances of 
different frequency and severity [23]. Supposedly, there 
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is a certain specific relationship between motor distur- 
bances and schizophrenic disorders. The exact relation- 
ship of motor features to prognosis is unclear; it appears, 
however, that the degree of the motor  disturbances de- 
pends on the severity of the illness [23]. Gt~nther [15] 
describes the existence of a psychotic motor syndrome 
(PMS) in the endogenously depressed and in schizo- 
phrenics. These motor abnormalities also involve changes 
in the fine and gross movements of the dominant right 
hand and complex motor  coordination of the extremi- 
ties. The findings may be due to a specific imbalance of 
right- and left-sided motor  neuron excitability [12] 
resulting from disturbances of intrahemispheric and 
interhemispheric processes. As the hemispheric asym- 
metries in various schizophrenic subgroups are different 
[13, 14, 16, 22], motor asymmetries are supposed to be 
different too. The aim of this study was to detect devia- 
tions in motor  asymmetries of unmedicated schizophren- 
ic patients and find out correlations between the motor  
behaviour and clinical features. 

Methods 

Subjects: 28 unmedicated schizophrenic in-patients (13 females 
and 15 males) were investigated and compared with 32 healthy 
controls (11 females and 21 males). Diagnosis was based on DSM- 
III criteria (American Psychiatric Association 1980). After group- 
ing the patients according to the tapping results, additional clinical 
characteristics were selected from the case histories without using 
quantitative scales. 

The mean age (SD) of the patients and the controls was 31.0 
(10.6) years and 30.5 (7.2) years, respectively. All subjects were 
right-handers. At first the handedness was assessed by means of 
the Edinburgh Handedness Questionnaire (Oldfield 1971 [28]) and 
was then checked with the help of a simple tapping-test series. 

Procedure 

The test was performed from 9.00-10.00 a.m. and consisted of 
four successive parts. In all sessions, the subjects had to press a 
button as fast as possible for a period of 15 s, first with their right 
and then their left index finger. In contrast to parts a and c, in parts 



40 

b and d finger tapping was carried out with concurrent tasks. In 
part b the patients were asked to tap while reading aloud a passage 
from a text, and in part d while simultaneously humming a tune. 
The number of taps were recorded and right-left differences were 
established in percent with respect to the faster hand. Statistical 
calculations are based on the non-parametric Mann-Whitney U-test; 
for comparison of percental differences the Chi-square analysis 
is used. 

Resul ts  

A c c o r d i n g  to  the  t app ing  resul ts  sch izophren ic  pa t i en t s  
were  d iv ided  into  the fo l lowing subgroups :  

1. Pa t ien t s  wi th  o r  wi thou t  change  in the i r  m o t o r  la te ra l -  
i ty dur ing  the  t app ing  test  ser ies  

2. Pa t ien t s  with high and  low t app ing  f requenc ies  

Table 1. Number of taps with right or left hand/15 s under different conditions in various groups of unmedicated patients without (subgroup 
A) and with changing motor laterality (subgroup B) 

Case Rest Reading Rest Humming 
number Right Left Right Left Right Left Right Left 

High-frequency group 
Subgroup A 

ISubgroup B I 

1 101 98 88 81 107 98 93 85 

2 117 90 110 90 116 88 112 107 

3 100 93 83 75 98 89 90 85 

4 105 93 90 85 115 92 106 94 

5 100 76 86 71 100 79 90 73 

6 104 87 102 94 112 89 101 97 

104.5 89.5 93.2 82.7 108.0 89.2 98.7 90.2 
+ SD 6.5 7.6 10.5 8.8 7.7 6.2 9.2 11.8 

7 101 88 79 ~1]  100 84 84 77 

8 97 81 75 ~ 96 86 91 80 

9 107 96 79 104 96 101 100 

10 113 97 79 107 107 92 

11 112 105 87 87 111 93 92 

12 104 91 95 76 99 ~ 0 ~  97 

13 94 95 98 93 95 85 103 90 

~2 104.0 93.3 84,5 84.7 101.7 93.0 94.3 92.6 
_+ SD 7.2 7.6 8.9 6.2 5.9 8.6 6.5 11.5 

Low-frequencygroup 
Subgroup A 

/Subgoup B[ 

14 95 87 89 78 89 79 78 71 

15 95 75 85 75 92 77 95 79 

16 66 51 58 44 60 48 65 44 

17 89 64 77 52 73 55 82 56 

18 80 76 72 68 81 70 80 79 

19 71 6t 59 55 77 72 58 57 

20 85 62 71 64 83 63 73 69 

21 83 53 78 62 71 59 69 56 

22 79 70 59 50 73 67 67 63 

~" 82.5 66.5 72.0 60.9 77.7 65.5 74.1 63.8 
• SD 9.9 11.6 11.5 11.6 9.8 10.3 11.0 11.7 

23 53 40 32 ~ 51 36 32 3 0  

24 43 36 27 ~9~49 47 42 39 
25 87 78 80 88 [ ]  83 

26 87 [ ]  92 94 88 91 

27 76 74 56 51 70 63 68 

28 77 71 64 52 68 ~ 60 57 
_~ 70.5 65.5 58.5 57.3 69.7 64.5 62.2 64.0 

SD 18.3 22.8 25.8 26.7 18.9 22.3 23.5 26.3 
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Selected traits Patients without drugs 

High-frequency group Low-frequency group 

Subgroup A Subgroup B Subgroup A Subgroup B 
(n = 6) (n = 7) (n = 9) (n = 6) 

n % % n n % % n 

Manifestation of predominant symptoms 

Pronounced 
Less pronounced 
Slight 

Clinical response to drugs 

Pronounced 
Less pronounced 
Slight or without 

Abnormal EEG findings 

Defect syndromes 

Absent 
Dubious 
Present 

1 16.7 57.1 4 
3 50.0 28.6 2 
2 33.3 14.3 1 

[6 100.0 42.85 31 
0 0 42.85 3 
0 0 14.3 1 

0 0 42.85 3 

6 100.0 85.7 6 
0 0 14.3 1 
0 0 0 0 

[02 0 333 2] 
22.2 50.0 

7 77.8 16.7 1 

1 11.1 0 0 

4 44.4 50.0 3 
4 44.4 50.0 3 

2 22.2 33.3 2 

2 22.2 0 0 
5 55.5 16.7 1 

[2 22.2 83.3 5j 

1.1. Characteristics in the Tapping Frequencies 
of  Patients with Changing Motor Laterality 

During the investigation it became obvious that unlike 
all controls, who always tapped faster with their right 
hands, many patients, though right-handers according to 
the questionnaire, showed a higher left-hand tapping 
frequency in one or two parts of the test. This is shown 
in Table 1 (see patients of subgroups B). The effect was 
detected in 7 patients with high and 6 with low tapping 
frequencies. Overall, 46.4% of the patients revealed 
such a shift in their motor  behaviour. In both groups this 
phenomenon occurred far more frequently during simul- 
taneous reading and humming than under rest conditions 
(P < 0.01 for both concurrent tasks). No sex differences 
could be detected. 

In addition to this, it is evident from Table 1 that 
right-left differences of both subgroups B in contrast to 
subgroups A are significantly lower ( P < 0 . 0 1 ) .  This 
effect includes males and females. Furthermore,  right- 
left differences are somewhat lower during concurrent 
tasks, since the right-hand tapping frequency decreases 
slightly more than the left. 

1.2. Relationship Between Shifts in Motor Laterality 
(Subgroups B) and Selected Individual Clinical Features 

As shown in Table 2, in both subgroups B the manifes- 
tation of predominant  symptoms is more pronounced; 
while in the high frequency group this result is near the 
significance level, in the low-frequency group it is signifi- 
cant (P < 0.05). 

Moreover ,  in the high-frequency group this effect is 
connected with a lower responsiveness to drugs ( P <  

Controls 

Number of taps/15 s 
119 107 95 83 

Patients 

High Frequency Group Low Frequency Group 
o]~ 

5O 

qO 

30 

20 

10 

iz9 10z 9s 83 Jl sq 4z ~5 

Fig. 1. Frequency distribution of right-hand taps under conditions 
of rest; in the controls (n = 32) above, and in the patients without 
drugs (n = 28) below 

0.05) and in the low-frequency group with a greater 
amount  of defect syndromes (P < 0.05). 

In conclusion, it can be said that patients with chang- 
ing motor laterality are characterized by different se- 
lected clinical features: a more pronounced manifesta- 
tion of their clinical symptoms was combined with a 
worse prognosis (lower responsiveness to drugs or more 
defect syndromes). 

In addition to this, in the high- and the low-frequency 
groups abnormal E E G  findings are slightly more often 
present in patients with shifting motor  laterality. 
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2.1. Characteristics in the Tapping Frequencies 
of the High- and Low-frequency Groups 

Figure 1 shows that in the controls the frequency dis- 
tribution of the right-hand taps under rest conditions 
forms a Gaussian curve, with the most frequent values in 
the range between 107 and 96 taps per 15 s. In the un- 
treated patients this distribution is different. While in 
some schizophrenics the frequency of right-hand tapping 
is similar to that of the controls, tapping frequency is 
markedly lower in quite a few of them. For this reason, 
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Fig. 2. Above: total number of right-hand taps (mean values and 
standard deviations) and below: total number of left-hand taps 
(mean values and standard deviations) in the controls and in differ- 
ent tapping groups of unmedicated patients 

the patients were divided into two groups: the high- 
frequency group with a right-hand tapping frequency in 
the range between 119 and 96 taps/15s and the low- 
frequency group with a lower tapping frequency. This 
differentiation was made without considering any other 
findings. If all patients were included in one group only, 
we would merely find out that the frequency of the right- 
hand taps is lower in the patients. 

Figure 2 indicates group and sex differences in the 
tapping frequencies. It became evident that in all groups 
the male patients show faster right- and left-hand taps 
than the females. This is a significant effect (P < 0.05) 
with only one exception - the right-hand values in the 
low-frequency group. 

In addition to this, marked group differences can be 
detected. While the right-hand taps of the high-frequen- 
cy group do not differ significantly from those of the con- 
trols, the left-hand taps of the female and male patients 
show significant higher values than the controls (females 
- P < 0 . 0 5 ;  males - P <  0.01). 

Patients of the low-frequency group in comparison 
with the controls are characterized by a significant de- 
cline in right- and left-hand taps regardless of sex 
(P < 0.01). The decrease in the right-hand taps is more 
pronounced. 

2.2. Correlation of the Tapping Results 
of the High- and Low-frequency Groups 
with Clinical Characteristics 

Table 3 shows that the clinical pictures of the high- and 
the low-frequency group are different. 

Patients of the high-frequency group are predomi- 
nantly characterized by delusions (in most cases within 
a limited range), derealization, depersonalization and 
coenaesthetic hallucinations. But they do not show a 
blunted affect or motor  retardation. The patients of this 
group were diagnosed as suffering from onsetting schizo- 

Table 3. Correlation of tapping groups with clinical diagnosis 

Diagnosis 

Onsetting schizophrenic psychosis 
Schizoaffective paraphrenia 
Paranoid schizophrenia 

Coenaesthetic schizophrenia (according to Huber) 
Schizophrenia with paranoid-hallucinatory symptoms 

Schizophrenia with paranoid-hallucinatory and 
occasional catatonic symptoms 

Catatonia 
Hebephrenia 
Simple schizophrenia 

Patients without drugs (/2 = 28) 

Total High-frequency group Low-frequency group 
n Sex Sex 

Male Female Male Female 
n /2 /7 /2 

3 2 1 
2 2 - 
2 2 - 

3 1 1 1 - 
8 1 3 1 3 

- 1 

2 
- 4 

3 



Table 4. Relationship between tapping 
groups and clinical features Selected traits 

Deviating premorbid personality 
No deviating premorbid personality 

Onset of disease: 
0.5-2 years before 
More than 2 years before 

Onset of symptoms: 
Acute 
Subacute 
Gradual 

Predominant symptoms: 
Positive 
Mixed 
Negative 

Clinical response to drugs: 
Pronounced 
Less pronounced 
Slight or without 

Defect syndromes: 
Absent 
Dubious 
Present 

43 

Patients without drugs (n = 28) 

High-frequency X 2 analyses Low-frequency 
group P group 
(n  : 13) (n  = 15) 

n % % n 

3 23.1 0.05 66.7 10 
10 76.9 0.05 33.3 5 

8 61.5 0.01 6.7 1 
5 38.5 0.01 93.3 14 

9 69.2 0.001 0 0 
4 30.8 - 33.3 5 
0 0 0.001 66.7 10 

12 92.3 0.001 0 0 
1 7.7 - 26.7 4 
0 0 0.001 73.3 11 

9 69.9 0.001 6.7 1 
3 23.1 - 46.7 7 
1 7.7 0.05 46.7 7 

12 92.3 0.001 13.3 2 
1 7.7 - 40.0 6 
0 0 0.01 46.7 7 

phrenic psychosis, schizoaffective paraphrenia, paranoid 
schizophrenia, coenaesthetic schizophrenia or schizophre- 
nia with paranoid-hallucinatory symptoms. 

In contrast to this, the low-frequency group shows 
prevailing negative symptoms such as affective flatten- 
ing, emotional withdrawal, motor  retardation, anenergia 
and poverty of speech. They were diagnosed as schizo- 
phrenic patients with paranoid-hallucinatory symptoms 
including the group with occasional catatonic symptoms 
and those with catatonia, hebephrenia and simple schizo- 
phrenia. 

A gender preference was found neither in the high- 
nor in the low-frequency group. Sex differences in clini- 
cal diagnosis are difficult to determine,  because the 
groups are too small. It should be noted, however, that 
in the hebephrenic group there are only females, while 
in the schizophrenia simplex group there are only males. 

Table 4 corroborates the group differences which are 
described in Table 3 and makes clear that clinical traits 
related to good prognosis and positive symptoms (no 
premorbid dysfunction, disease of short duration, acute 
onset of the symptoms, responsiveness to neuroleptic 
drugs and no defect syndroms) occur far more frequent- 
ly in the high-frequency group, whereas clinical traits as- 
sociated with bad prognosis and negative symptoms 
(deviating premorbid personality, long-lasting disease, 
gradual onset of the symptoms, low responsiveness to 
neuroleptic drugs and performance deficits) are much 

more pronounced in the low-frequency group. In all the 
features mentioned there were significant differences be- 
tween the opposite groups. 

Discussion 

Characteristics in the Patients 
with Changing Motor Laterality 

Of all unmedicated schizophrenic patients, though defi- 
nite right-handers according to the questionnaire, 46.4% 
showed a higher left-hand tapping frequency in at least 
one part of the tapping test series. This was more pro- 
nounced during concurrent tasks because in these condi- 
tions the tapping frequency of the right hand decreased 
slightly more than the tapping frequency of the left. The 
effect of a shifting in the faster tapping hand cannot be 
considered to be an expression of a simple change in 
handeness. According to our investigations - not de- 
scribed here - unequivocal left-handers demonstrate 
stable faster left-hand tapping in all tests. For this rea- 
son, this result cannot be compared with those of Lish- 
man et al. [21] and Fleminger et al. [9] who found more 
left-handers in psychotics, especially in males. 

The phenomenon of changing motor  laterality on tap- 
ping tests may more likely be related to reduced hemi- 
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spheric asymmetries occuring during psychosis [6, 27]. 
Laterality scores in dichotic listening tasks decrease 
when psychotic symptoms are marked and increase dur- 
ing the period of improvement [17, 33, 34]. 

Interestingly, patients with reduced motor laterality 
in contrast to patients without this feature show a more 
pronounced manifestation of psychotic symptoms in 
their clinical characteristics possibly combined with a 
worse prognosis: in the high-frequency group with a 
lower responsiveness to drugs and in the low-frequency 
group with more defect syndromes. 

Furthermore, the latter fact is corroborated by the 
presence of slightly more abnormal EEG findings in sub- 
groups B. 

In this connection it is interesting to note that Keefe 
et al. [18] found that patients with severe positive as well 
as negative symptoms are relatively unresponsive to 
haloperidol. 

As a consequence of this, it may be said that different 
findings in functional motor asymmetries may be corre- 
lated to various clinical features. 

Characteristics in the Patients 
with High and Low Tapping Frequencies 

According to the tapping results, sex differentiation has 
to be taken into account, since it is a matter of fact that 
males tap faster than females [20]; and a higher percent- 
age of males in one group could be responsible for 
higher tapping frequencies. Although in the present in- 
vestigations significant sex differences could be estab- 
lished too, the most important tapping results mentioned 
here were, however, not effected by this. 

The most important tapping result in the high-fre- 
quency group was the fact that while right-hand taps cor- 
responded with those of the controls, the left-hand taps 
were significant faster. This issue is in accordance with 
motor studies carried out in a subgroup of schizophrenic 
patients by Bracha [4]. A left-prone circling behaviour 
was found in 10 unmedicated schizophrenic patients, 
whereas 85 normal controls showed equal right and left 
turning. In similar animal experiments, it was detected 
that left-sided rotations occurred together with a relative 
dopaminergic overactivity of the right nigro-striatal sys- 
tem [11]. The left-prone circling behaviour as well as the 
increased tapping frequency of the left hand are sup- 
posed to be related to an enhanced level of activation of 
the right hemisphere. At this point it is important to 
mention that the exact functional changes of the right 
hemisphere which cause faster left-hand tapping in this 
group remain obscure. "Enhanced activation level" is a 
term we suggest for describing those processes. 

In the clinical characteristics patients of this group 
demonstrated predominantly delusions, derealization 
and depersonalization, and were diagnosed mainly in the 
groups: schizophrenic psychosis at onset, schizoaffec- 
tive paraphrenia and paranoid schizophrenia. Morever, 
these patients are characterized by prevailing positive 
symptoms with an acute onset of the disease, a good 
responsiveness to drugs and do not show any marked 
defect syndromes. These findings are in line with those 

according to which in the paranoid subgroup the right 
hemisphere is more affected than the left [22, 24]. The 
present findings may be compared with the results ob- 
tained by Oepen et al. [26], who in a group of acute un- 
medicated schizophrenic patients with first manifesta- 
tions of their symtoms found better performances in the 
left visual field in both the word and the face tasks. This 
was interpeted as an overactivity of the right hemi- 
sphere. Furthermore, it is suggested by Bracha [5] that 
patients showing left-prone behaviour belong to a sub- 
group of unmedicated schizophrenic patients presuma- 
bly consisting above all of paranoid patients, i.e. those 
with a better prognosis and neuroleptic response than 
the remaining schizophrenics. 

The results of the low-frequency group differ both in 
their tapping findings and their clinical features. This 
group was characterized by drastic reductions of right- 
and left-hand taps which had a tendency to be more pro- 
nounced in the right hand. Similar drops in tapping 
scores could be demonstrated in patients with left frontal 
lesions [20]. In these experiments, too, the right-hand 
taps were more markedly reduced than the left-hand 
taps. Additional findings support the fact that significant 
impairment in the movements of both arms and hands 
results from left-sided cortical lesions [19, 35], while 
right-sided lesions impair the movement in the contralat- 
eral arm only [35]. 

The clinical symptomatology in the low-frequency 
group consisted of affective flattening, emotional with- 
drawal, motor retardation, anenergia and poverty of 
speech. These patients belong to these diagnostic cate- 
gories: schizophrenia with paranoid hallucinatory and 
occasional catatonic symptoms, catatonia, hebephrenia 
and simple schizophrenia. In most cases they show a 
gradual onset of predominant negative symptoms, a 
lower responsiveness to drugs, as well as more defect 
syndromes than patients of the high-frequency group do. 
There is evidence that schizophrenia is associated with 
structural changes specifically including limbic regions 
[3, 30]. The left side is supposed to be more involved 
than the right side [7, 8, 29]. In chronic schizophrenic 
processes disturbances of frontal regions [10, 32] particu- 
larly in the left side could be detected [3]. Many patients 
with chronic processes are characterized by gradual de- 
velopment of the disease, a poor premorbid adjustment 
and predominant negative symptoms [1, 31]. The latter 
was found to be correlated with prefrontal impairment 
[25]. Thus, an interrelationship between chronic proces- 
ses, negative symptoms and frontal impairment might be 
assumed. 

As a consequence of this, it can be said that patients 
with high and low tapping frequencies show different 
functional and structural abnormalities as well as differ- 
ent clinical pictures. 

References 

1. Andreasen NC, Flaum M, Swayze VW, Tyrell G, Arndt S 
(1990) Positive and negative symptoms in schizophrenia. Arch 
Gen Psychiatry 47: 615-621 



45 

2. Benson FD, Stuss DT (1990) Frontal lobe influences on delu- 
sions: a clinical perspective. Schizophr Bull 16:403-411 

3. Bogerts B, Wurthmann C, Piroth HD (1987) Hirnsubstanz- 
defizit mit paralimbischen und limbischen Schwerpunkt im CT 
Schizophrener. Nervenarzt 58 : 97-106 

4. Bracha HS (1987) Asymmetric rotational (circling) behaviour, 
a dopamine-related asymmetry: preliminary findings in un- 
medicated and never-medicated schizophrenic patients. Biol 
Psychiatry 22: 995-1003 

5. Bracha HS (1989) Is there a right hemi-hyper-dopaminergic 
psychosis? Schizophr Res 2:317-324 

6. Crow TJ, Colter N, Frith CD, Johnstone EC, Owens DGC 
(1989) Developmental arrest of cerebral asymmetries in early 
onset schizophrenia. Psychiatry Res 29 : 247-253 

7. Crow TJ, Ball J, Bloom SR, Brown R, Bruton CJ, Colter N, 
Frith CD, Johnstone EC, Owens DGC, Roberts GW (1989) 
Schizophrenia as an anomaly of development of cerebral asym- 
metry. Arch Gen Psychiatry 46:1145-1150 

8. De Lisi LE, Hoff AL, Schwartz JE, Shields GW, Halthore SN, 
Gupta SM, Henri FA, Anand AK (1991) Brain morphology in 
first-episode schizophrenic-like psychotic patients: a quantita- 
tive magnetic resonance imaging study. Biol Psychiatry 29: 
159-175 

9. Fleminger JJ, Dalton R, Standage KF (1977) Handedness in 
psychiatric patients. Br J Psychiatry 131:448-452 

10. Franzen G, Ingvar DH (1975) Abnormal distribution of cere- 
bral activity in chronic schizophrenia. J Psychiatr Res 12 : 199- 
214 

11. Glick SD, Jerussi TP, Zimmerberg B (1977) Behavioural and 
neuropharmacological correlates of nigrostriatal asymmetry in 
rats. In: Harnad S, Doty RW, Jaynes J, Goldstein L, Kraut- 
hamer G (eds) Lateralization in the nervous system. Academic 
Press, New York, pp213-249 

12. Goode D J, Manning AA (1988) Specific imbalance of right 
and left sided motor neuron excitability in schizophrenia. 
J Neurol Neurosurg Psychiatry 51 : 626-629 

13. Gorynia I (1987) Die durch Sinnesreizung bedingte Alpha- 
wellenasymmetrie von schizophrenen Patienten. Psychiat 
Neurol reed Psychol (Leipz) 39 : 589-595 

14. Gorynia I (1988) Die Beziehung der Alphawellenasymmetrie 
zu anderen Lateralit~itsbefunden bei schizophrenen Patienten 
und gesunden Vergleichspersonen. Zent bl Neurochir 49 : 69- 
75 

15. Gtinther W, Giinther R, Streck P, R6mig H, R6del A (1988) 
Psychomotor disturbances in psychiatric patients as a possible 
basis for new attempts at differential diagnosis and therapy. 
Eur Arch Psychiatr Neurol Sci 237 : 65-73 

16. Gt~nther W, Moser E, Petsch R, Brodie JD, Steinberg R, 
Streck P (1989) Pathological cerebral blood flow and corpus 
callosum abnormalities in schizophrenia: relations to EEG 
mapping and PET data. Psychiatry Res 29 : 453-455 

17. Johnson O, Crockett D (1982) Changes in perceptual asym- 
metries with clinical improvement of depression and schizo- 
phrenia. J Abnorm Psycho191:45-54 

18. Keefe RSE, Mohs RC, Losonczy MF, Davidson M, Silverman 
JM, Kendler KS, Horvath TB, Nora R, Davis KL (1987) Char- 
acteristics of very poor outcome schizophrenia. Am J Psychia- 
try 144 : 889-895 

19. Kimura D, Archibald Y (1974) Motor functions of the left 
hemisphere. Brain 97 : 337-350 

20. Leonard G, Milner B, Jones L (1988) Performance on uni- 
manual and bimanual tapping tasks by patients with lesions of 
the frontal or temporal lobe. Neuropsychologia 26:79-91 

21. Lishman WA, McMeekan ERL (1976) Hand preference pat- 
terns in psychiatric patients. Br J Psychiatry 129:158-166 

22. Magaro PA, Chamrad DL (1983) Information processing and 
lateralization in schizophrenia. Biol Psychiatry 18 : 29-42 

23. Manschreck TC (1986) Motor abnormalities in schizophrenia. 
In: Nasrallah HA, Weinberger DR (eds) Handbook of schizo- 
phrenia. Vol. 1: The neurology of schizophrenia. Elsevier, 
Amsterdam, pp 65-96 

24. Maurer K, Dirks T (1988) Topography of P 300 in psychiatry - 
cognitive P 300 fields in psychoses. Z EEG-EMG 19 : 21-25 

25. Merriam AE, Kay SR, Opler LA, Kushner SF, Van Praag HM 
(1990) Neurological signs and the positive-negative dimension 
in schizophrenia. Biol Psychiatry 28:181-192 

26. Oepen P, Ft~nfgeld M, H611 T, Zimmermann P, Landis T, 
Hermle L (1988) Rechtshemisph~irische Uberaktivit/~t und 
emotionale Irritabilit~it bei akuter Schizophrenie. In: Oepen G 
(Hrsg) Psychiatric des rechten und linken Gehirns. Deutscher 
Arzteverlag, K61n, S 53-64 

27. Oepen G, Fiinfgeld M, Harrington A, Hermle L, Botsch H 
(1989) Right hemisphere involvement in mescaline-induced 
psychosis. Psychiatry Res 29 : 335-336 

28. Oldfield RC (1971) The assessment and analysis of handed- 
hess: the Edinburgh inventory. Neuropsychologia 9:97-113 

29. Roberts GW (1991) Schizophrenia: A neuropathological 
perspective. Br J Psychiatry 158 : 8-17 

30. Rossi A, Stratta P, Albenzio LD, Tartaro A, Schiazza G, 
Michele VD, Ceccoli S, Casacchia M (1989) Reduced tem- 
poral lobe area in schizophrenia by magnetic resonance imag- 
ing: preliminary evidence. Psychiatry Res 29 : 261-263 

31. Walker E, Lewine RJ (1988) The positive/negative symptom 
distinction in schizophrenia Validity and etiological relevance. 
Schizophr Res 1 : 315-328 

32. Weinberger DR, Berman KF, IUowsky BP (1988) Physiologi- 
cal dysfunction of dorsolateral prefrontal cortex in schizophre- 
nia. Arch Gen Psychiatry 45 : 609-615 

33. Wexler BE, Heninger GR (1979) Alterations in cerebral later- 
ality during acute psychotic illness. Arch Gen Psychiatry 36: 
278-284 

34. Wexler BE, Giller EL, Southwick S (1991) Cerebral laterality, 
symptoms, and diagnosis in psychotic patients. Biol Psychiatry 
29 : 103-116 

35. Wyke M (1971) The effects of brain lesions on the perfor- 
mance of bilateral arm movements. Nenropsychologia 9 : 33-42 


