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Background: Antipsychotic treatment in schizophrenia is frequently associated with extrapyramidal side
effects. Objective behavioural measures to evaluate the severity of extrapyramidal side effects in the
clinical setting do not exist.
Objectives: This study was designed to investigate grasping movements in five drug naive and 13
medicated subjects with schizophrenia and to compare their performance with that of 18 healthy control
subjects. Deficits of grip force performance were correlated with clinical scores of both parkinson-like
motor disability and psychiatric symptom severity
Methods: Participants performed vertical arm movements with a handheld instrumented object and caught
a weight that was dropped into a handheld cup either expectedly from the opposite hand or unexpectedly
from the experimenter’s hand. The scaling of grip force and the temporospatial coupling between grip and
load force profiles was analysed. The psychiatric symptom severity was assessed by the positive and
negative symptom score of schizophrenia and the brief psychiatric rating scale. Extrapyramidal symptoms
were assessed by the unified Parkinson’s disease rating scale.
Results: Drug naive subjects with schizophrenia performed similar to healthy controls. In contrast,
medicated subjects with schizophrenia exhibited excessive grip force scaling and impaired coupling
between grip and load force profiles. These performance deficits were strongly correlated with the severity
of both extrapyramidal side effects related to antipsychotic therapy and negative symptoms related to the
underlying pathology.
Conclusions: These data provide preliminary evidence that deficits of sensorimotor performance in
schizophrenia are, at least in part, related to the side effects of antipsychotic treatment. The investigation of
grasping movements may provide a sensitive measure to objectively evaluate extrapyramidal side effects
related to antipsychotic therapy.

A
lmost a century ago, Bleuler1 and Kraepelin2 described
several motor deficits in schizophrenia, such as
dyscoordination of hand and arm movements when

performing crafts. In this era antipsychotic drugs did not
exist and, consequently, these early clinical findings cannot
be considered a side effect of drug treatment. Today,
antipsychotic treatment is widely used and frequently
associated with basal ganglia dysfunction causing parkin-
son-like symptoms, such as tremor, increased muscle
stiffness, reduced movement speed, and postural imbal-
ance.3 4 Surprisingly, most current studies investigating
motor performance in schizophrenia seem to simply neglect
the possibility of antipsychotic side effects or struggle with
the problems associated with the recruitment of drug naive
subjects.5–7 Only a few studies investigated motor perfor-
mance in drug free and medicated subjects with schizo-
phrenia.8 9 The motor disability in schizophrenia is currently
held to be a problem in predictive control of movement.6 7 10

However, the exact nature and cause of the motor disability
in schizophrenia still remains to be elucidated.

The combined role of motor concepts for predictive and
reactive force control is well established in grasping.11–15

When we transport environmental objects the applied grip
force is always adjusted to be slightly higher than the
minimum required to prevent the object slipping against the
loads induced by movement.11 15 Grip force is modulated in
parallel with load without an obvious time delay, suggesting
that the central nervous system can predict the load
variations induced by voluntary movements before their
occurrence.11 13 If, however, the force acting on the object is
unexpectedly changed, for example, by dropping a mass into

a handheld cup, then the adjustment of grip force lags behind
the increase in load, showing a switch from predictive to
reactive control.14 In contrast, if the subject can estimate the
time of impact, for example by dropping the weight from one
hand into a cup held by the opposite hand, then grip force is
adjusted in a predictive manner before impact.14

This study was designed to answer the question of how
parkinson-like side effects, induced by antipsychotic treat-
ment, affect predictive and reactive mechanisms of grip force
control. Grip force coordination when transporting a hand-
held load and when catching a weight was assessed in
medicated and drug naive subjects with schizophrenia. The
performance of subjects with schizophrenia was compared
with that of healthy subjects and performance deficits were
correlated with clinical scores of both psychiatric symptom
severity and motor disability.

METHODS
Participants
Eighteen right handed subjects with schizophrenia (nine
women; mean age = 36 years, SD = 11 years) and 18 right
handed healthy sex and age matched control subjects (nine
women; mean age = 36 years, SD = 12 years) participated in
the study. Exclusion criteria for were a history of neurological
disease or trauma, alcohol or other substance misuse, and age
younger than 18 years. All participants gave written informed

Abbreviations: PANSS, positive and negative symptom score of
schizophrenia; BPRS, brief psychiatric rating scale; UPDRS, unified
Parkinson’s disease rating scale
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consent. The study was approved by the local ethics
committee.

Psychiatric diagnosis of each subject with schizophrenia
was established in accordance with the DSM-IV-TR criteria
for schizophrenia. The average disease duration was 10 years
(SD = 8 years, range = 0.5–30 years) and the average number
of admissions to hospital was seven (SD = 7, range = 1–26).
The average level of symptom severity was rated with the
brief psychiatric rating scale (total score: 41, SD = 14,
range = 18–70).16 The average scores on the scale for the
assessment of positive and negative symptoms17 were 10.4
(SD = 5.8, range = 3–22) for positive symptoms and 15.4
(SD = 6.1, range = 8–25) for negative symptoms. Thirteen
subjects with schizophrenia were receiving antipsychotic
drugs. Dose was stable for at least one week until and during
testing. Five subjects with schizophrenia had never received
antipsychotic drugs. None of the subjects with schizophrenia
received antiparkinsonian drugs. The average motor subscore
(subitems 18–31) of the unified Parkinson’s disease rating
scale (UPDRS),18 used to rate the patients’ motor disability
associated with antipsychotic treatment, was 14.7 (SD = 13,
range = 0–40). Table 1 summarises the demographic and
clinical data.

Instrumented object
Participants grasped a cylindrical and cordless instrumented
object with the dominant right hand (fig 1). Technical details
about the instrumented object were provided elsewhere.12

The object incorporated a force sensor for grip force
registration and linear acceleration sensors for registration
of acceleration signals in three dimensions. Grip surfaces
were sandpaper at a medium grain (number 240) in all trials
performed. For arm movement experiments the object was

used alone (mass 0.35 kg). For the weight catching experi-
ments the object was mounted onto a cup (mass 0.37 kg) in
which a 100 g weight was dropped.

Experimental procedures
Before the experiments participants washed their hands with
water and soap and carefully dried them. The experimenter
gave verbal instructions, demonstrated the procedure, and
observed the participants as they did the tasks.

Vertical arm movements
Participants were instructed to move the object fast between
two points 30 cm apart on a straight, vertical line and to keep
its orientation constant. Short breaks of about one second
were introduced in between single up and down movements.
Five trials consisting of 10 movements with inter-trial breaks
of 30–60 seconds were performed. After the experiment,
participants were asked to slowly release the object until it
dropped to the support. This procedure was repeated twice to
obtain an estimate of the minimal grip force necessary to
prevent the object from slipping. The slip point was defined
as the first detectable change in acceleration along the
object’s vertical Z axis and the minimum grip force was
determined at this time point.

Weight catching task
Participants sat in a stable chair with the dominant arm
slightly abducted, the elbow resting on the right thigh and
the forearm held unsupported and rotated in front to the
trunk with the elbow flexed at about 90 .̊ Participants held
the object mounted onto a cup (fig 1B). Participants were
instructed to hold the object stationary and to prevent it from
slipping. In the experimenter release condition, participants

Table 1 Demographic and clinical data of subjects with schizophrenia

Patient
Sex, age
in years

Symptom
duration
in years

Number of
hospital stays BPRS score

PANSS score
positive
symptoms

Negative
symptoms

Motor subscore
of the UPDRS Antipsychotic treatment

1 F, 22 1 3 44 20 10 0 none
2 F, 31 1 1 37 12 18 0 none
3 F, 31 0.5 2 44 7 23 0 none
4 M, 22 0.5 1 57 8 17 0 none
5 M, 34 0.5 2 46 19 12 0 none
6 F, 55 6 6 52 8 12 30 risperidone 37.5 mg

intramuscularly (gluteal
muscle) every 2 weeks

7 F, 33 16 15 18 3 24 52 ziprasidone 80 mg orally/
day

8 M, 33 6 5 45 8 18 17 amisulpride 200 mg orally/
day; olanzapine 10 mg
orally/day

9 M, 40 30 26 61 13 25 33 ziprasidone 80 mg orally/
day

10 F, 58 20 17 30 3 20 44 amisulpride 600 mg orally/
day

11 M, 28 0.5 1 50 13 11 8 olanzapine 20 mg orally/
day

12 F, 44 15 12 31 9 9 12 ziprasidone 160 mg orally/
day

13 F, 42 5 8 30 5 9 15 amisulpride 500 mg orally/
day

14 M, 28 2 4 24 6 8 8 amisulpride 400 mg orally/
day

15 M, 22 6 8 30 8 9 10 risperidone 2 mg orally/
day; clopenthixole 160 mg
orally/day

16 M, 33 10 3 70 17 22 33 risperidone 6 mg orally/day
17 F, 54 10 4 34 6 9 22 ziprasidone 160 mg orally/

day
18 M, 36 12 10 36 22 21 40 olanzapine 20 mg orally/

day

M, male; F, female; BPRS, brief psychiatric rating scale; PANSS, positive and negative syndrome scale; UPDRS, unified Parkinson’s disease rating scale (motor
subscore = items 18–31).
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were asked to keep their eyes closed for the entire
experiment. The experimenter dropped a 100 g weight
unexpectedly into the cup from a height of 20 cm (fig 1B).
In the self release experiment, participants themselves
dropped the 100 g weight into the cup with their eyes open.
Ten such trials with inter-trial intervals of five seconds were
performed for the experimenter and self release conditions,
respectively.

Data analysis and statistics
Positive kinematic acceleration (ACC) of the object was
directed upward. The net load force (LF) was calculated from
the object mass and the vectorial summation of gravity
(9.81 m/s2) and inertial accelerations along the object’s X, Y,
and Z axes. Figure 2 shows the parameters obtained for data
analysis.

Vertical arm movements
To exclude learning effects, the first trial was excluded from
the data analysis. Two time points within the course of
voluntary movements were determined (fig 2A): (1) move-
ment onset as determined when the acceleration signal

deviated more than two standard deviations from the
baseline level and (2) peak acceleration. At these time points
grip force and acceleration signals, as well as calculated load
force were determined. The ratio between grip and load
forces at movement onset and at the time of peak
acceleration was calculated. A correlation analysis between
grip and load forces was performed for the entire course of
each movement to describe the temporospatial coupling
between both forces. Squared correlation coefficients (r2)
were calculated. Statistically, for each movement direction
(up or down) we tested whether the ratio between grip and
load forces differed between subjects with schizophrenia and
healthy controls, using repeated measures analysis of
variance with the between subject factor ‘‘group’’ (subjects
with schizophrenia compared with controls) and the within
subject factor ‘‘direction’’ (up compared with down). A p
value of (0.05 was considered significant. The temporal
coupling between grip and load forces (assessed by the
squared correlation coefficient) was compared between
subjects with schizophrenia and healthy controls using the
Mann-Whitney U test.

Weight catching task
The load perturbation was assessed by determining the peak
downward acceleration of the cup attributable to impact.
Peak grip force was obtained from the last seven trials in the
experimenter and self release conditions (fig 2B). To test the
hypothesis that predictive and reactive control mechanisms
were maintained in subjects with schizophrenia, regression
analyses were performed on the grip force traces obtained
from 0.5 second periods starting at the time of peak
acceleration. Grip force traces obtained from subjects with
schizophrenia (with/without drugs) and controls and from
both experimental conditions were correlated. We used
repeated measures analysis of variance to investigate the
influence of the between subject factor ‘‘group’’ (subjects
with schizophrenia compared with controls) and the within
subject factor ‘‘condition’’ (experimenter compared with self
release) on the peak grip forces. A p value of (0.05 was
considered significant. Clinical scores and grip force para-
meters obtained from both tasks were compared using
Spearman rank correlations and significance was assumed
if the p value was less than 0.05.

RESULTS
The slip forces were similar (p.0.1 for each comparison) for
healthy subjects (2.1 (SD 0.2) N), drug naive subjects with
schizophrenia (2.2 (SD 0.2) N) and subjects with schizo-
phrenia receiving medication (2.1 (SD 0.3) N). Consequently,
any group differences in scaling of grip forces are unlikely to
result from variations in the frictional condition at the skin-
object interface.

Qualitative description
Figure 2 illustrates representative data obtained from the
performance of a healthy subject during each task. Grip force
was modulated in parallel with load force during vertical arm
movements (fig 2A). In the self release condition of the
weight catching trial (fig 2B), grip force started to rise before
the load perturbation induced by impact, indicating anticipa-
tion of the time of impact. When, however, the weight was
dropped unexpectedly from the experimenter’s hand, grip
force lagged behind the time of impact, suggesting reactive
force control.

Figure 3 illustrates representative data obtained from trials
of two subjects with schizophrenia. Subject 7 did receive
antipsychotic treatment, while subject 5 had never received
antipsychotic drugs. Subject 5 performed similar to healthy
controls. Compared with healthy controls, subject 7 produced

Experimenter
dropping the 
weight

Subject
holding
the object

20 cm LF

LF

Up

ACCZ

ACCY

ACCX

Down

ACC

m

GF GF

A

B

m

Figure 1 Configuration of the hand and fingers applied when
performing vertical arm movements with the handheld object (A) and
performing the weight catching task in the experimenter release
condition (B). GF, grip force; LF, load force; ACC, linear acceleration.
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greater grip forces, regardless of the task performed, and
smaller arm accelerations when transporting the object. The
force traces generated by subject 7 also appear to be more
irregular. Obviously, antipsychotic drugs result in an overflow
of grip force and bradykinesia of voluntary movement. The
clinical scores of motor disability confirmed these findings:
the motor subscore of the UPDRS was 52 points for subject 7,
but zero points for subject 5.

Vertical arm movements
Figure 4 illustrates means of peak accelerations and the ratios
between grip and load forces at the time of movement onset

and peak acceleration obtained from vertical arm movements
within each group. Medicated subjects with schizophrenia
exhibited lower peak accelerations than healthy controls
(F1,24 = 7.9; p,0.01). Movement direction had no significant
effect on the peak accelerations and there was no significant
interaction ’’group’’6 ‘‘direction’’. Peak accelerations were of
similar magnitude when comparing healthy subjects with
drug naive subjects with schizophrenia, regardless of move-
ment direction. The interaction ‘‘group’’ 6 ‘‘direction’’ was
not significant.

The force ratios at the time of movement onset (F1,24 = 7.8;
p,0.01) and at the time of peak acceleration (F1,24 = 5.7;
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Figure 2 Illustration of the parameters
obtained for data analysis from the arm
movement task (A) and weight catching
task (B) in the self release and
experimenter release conditions. The
performance of a healthy control
subject (woman, 31 years) is illustrated.
(A) Circles indicate peak grip and load
forces. The closed vertical line indicates
movement onset, the dotted vertical line
shows peak acceleration. The panel to
the right represents plots of grip force
compared with load force for the course
of upward and downward movements.
The correlation coefficients of the least
square regression lines are indicated
for both movements. (B) Circles indicate
peak load forces. The dotted vertical
lines show the time of peak downward
acceleration attributable to impact and
peak grip force. The arrows refer to the
onset of grip force increase. Note the
onset of grip force occurred close to
peak downward acceleration for the
weight catching trial in the self release
condition, but after peak downward
acceleration in the experimenter release
condition.
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p = 0.02) were greater for subjects with schizophrenia
compared with healthy controls. There was no significant
effect of movement direction. The interaction ‘‘group’’ 6
‘‘direction’’ was not significant. Drug naive subjects with
schizophrenia also generated greater force ratios at the time
of movement onset (F1,8 = 6.5; p = 0.03), however, we found
no significant difference between both groups for the force
ratios at the time of peak acceleration. The factor ‘‘direction’’
and the interaction ‘‘group’’ 6 ‘‘direction’’ were not
significant.

The average r2 correlation coefficients (SD) obtained from
regression analyses between grip and load force profiles were
0.77 (0.1) for upward movements and 0.80 (0.1) for down-
ward movements of healthy subjects. The correlation
coefficients of medicated subjects with schizophrenia were
smaller (p(0.001) than those of healthy subjects (0.36 (0.2)
for upward and 0.48 (0.2) for downward movements). In
contrast, the correlation coefficients of drug naive subjects
with schizophrenia (0.72 (0.2) for upward and 0.71 (0.1) for
downward movements) and healthy subjects were just not
significantly different (p>0.06). None of the interactions
were significant.

When correlating the clinical scores with the behavioural
measures of subjects with schizophrenia under antipsychotic
treatment we found a significant correlation (p,0.01 for all
comparisons) between the force ratio at the time of move-
ment onset and both the UPDRS motor subscore and the
negative symptom score of the PANSS for both upward
(UPDRS: 0.82; PANSS: 0.65) and downward movements

(UPDRS: 0.75, PANSS: 0.72). There was also a significant
correlation (p,0.01 for all comparisons) between the force
ratios of medicated subjects at the time of peak acceleration
and both the UPDRS motor subscore (upward movements:
0.75; downward movements: 0.70) and the negative symp-
tom score of the PANSS (upward movements: 0.65; down-
ward movements: 0.71). There was a significant (p,0.001)
correlation between the UPDRS motor score and the negative
symptom score for medicated subjects with schizophrenia
(0.81). The force ratios were not significantly correlated with
the BPRS or the positive symptom score of the PANSS.

There was a significant negative correlation (p,0.01 for all
comparisons) between the r2 correlation coefficients of
medicated subjects and both the UPDRS motor subscore
(upward movements: 20.85; downward movements: 20.89)
and the negative symptom score of the PANSS (upward
movements: 20.67; downward movements: 20.67). The
correlation coefficients were not significantly correlated with
the BPRS or the positive symptom score of the PANSS. The
peak accelerations were not significantly correlated with any
of the clinical scores. There was no significant correlation
between the behavioral measures of our small sample of drug
naive subjects with schizophrenia and any of the clinical
scores.

Weight catching trials
Figure 5 illustrates average traces of grip force obtained from
weight catching trials performed by each group. The vertical
lines within the grip force panels indicate the time of weight
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impact. It is evident that, irrespective of antipsychotic drugs,
subjects with schizophrenia increased grip force before the
time of impact in the self release condition, suggesting
predictive force control. In the experimenter release condi-
tion, grip force lagged some 100 ms behind the perturbation
at impact, suggesting long loop reactive force responses
initiated by sensory feedback from the grasping fingers and
transferred via the cerebral cortex.14

The peak grip forces of medicated subjects with schizo-
phrenia were greater than those of healthy subjects
(F1,24 = 31.2; p,0.001). The peak grip forces were greater in
the experimenter release than in the self release
condition (F1,24 = 33.6; p,0.001). The interaction ‘‘group’’

6 ‘‘condition’’ was significant (F1,24 = 5.5; p,0.04), suggest-
ing that peak grip forces were most pronounced for weight
catching trials of medicated subjects in the experimenter
release condition (p,0.01 for each comparison). The peak
grip forces generated by healthy controls and unmedicated
subjects with schizophrenia were not significantly different.
However, peak grip forces were significantly greater in the
experimenter release than in the self release condition
(F1,8 = 28.3; p,0.01). The interaction ‘‘group’’ 6 ‘‘condition’’
was not significant.

Only the peak grip forces of medicated subjects with
schizophrenia were significantly correlated (p,0.01 for each
comparison) with the UPDRS motor subscore (self release
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condition: r2 = 0.80; experimenter release condition:
r2 = 0.72) and the negative symptom score of the PANSS
(self release condition: r2 = 0.82; experimenter release con-
dition: r2 = 0.71), regardless of the experimental condition.

To test the hypothesis that predictive and reactive control
mechanisms were maintained in subjects with schizophrenia,
regression analyses between grip force traces obtained from
subjects with schizophrenia with/without medication and
healthy were performed. There was no significant correlation
between the force traces obtained from the self release and
experimenter release conditions for healthy subjects
(r2 = 0.38), medicated (r2 = 0.34) and unmedicated subjects
with schizophrenia (r2 = 0.27). The grip force traces of
medicated (self release condition: r2 = 0.98; p,0.001; experi-
menter release condition: r2 = 0.99; p,0.001) and unmedi-
cated subjects with schizophrenia (self release condition:
r2 = 0.97; p,0.001; experimenter release condition: r2 = 0.92;
p,0.001) were significantly correlated with the force traces
of healthy subjects. These data suggest that subjects with
schizophrenia adjusted grip force in a predictive manner in
the self release condition and in a reactive manner in the
experimenter release condition, regardless of whether they
were taking antipsychotic drugs or not.

DISCUSSION
This study investigated the impact of extrapyramidal side
effects related to antipsychotic treatment on the control of
grasping in schizophrenia. Drug naive subjects with schizo-
phrenia performed similar to healthy controls. In contrast,
subjects with schizophrenia receiving antipsychotic medica-
tion exhibited deficits in the scaling and timing of grip force
that were strongly correlated with both the severity of
extrapyramidal side effects and psychiatric negative symp-
toms.

Subjects with schizophrenia receiving antipsychotic treat-
ment generated slower accelerations of the arm and excessive
grip forces during both the arm movement and weight
catching tasks. Sensory information from cutaneous mechan-
oreceptors at the grasping fingers is crucial for the accurate
scaling of grip force.12 15 Indeed, an overflow in grip force has
been found primarily in disorders affecting the processing of
sensory feedback at a peripheral or central level.15 20

Interestingly, a slowing of the arm movement and excessive
grip forces are consistent findings in subjects with
Parkinson’s disease.12 21 The cardinal features of Parkinson’s
disease result from a well circumscribed dopaminergic deficit
within the basal ganglia circuits.22 The grip force overflow in
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Parkinson’s disease has been interpreted to reflect deficient
integration of afferent information from the grasping fingers
at the level of the basal ganglia.21 23

Basal ganglia dysfunction attributable to blockage of
dopamine-D2 receptors is a common side effect of anti-
psychotic treatment in schizophrenia.4 24 Parkinson-like
symptoms were evident in any of our medicated subjects
with schizophrenia. Importantly, the amount of grip force
overshoot was significantly correlated with the severity of
extrapyramidal symptoms as assessed by the UPDRS motor
subscore. It seems as if the amount of force overshoot is a
sensitive measure of extrapyramidal side effects related to
antipsychotic therapy. Nevertheless, further studies investi-
gating the effects of antipsychotic therapy over time are
needed to prove this suggestion. Drug naive subjects with
schizophrenia performed similar to healthy controls. One
possible interpretation is that the observed performance
deficits in medicated subjects are associated with antipsy-
chotic treatment, but not a direct result of the underlying
disorder. However, given the shorter disease duration within
the group of drug naive subjects an alternative explanation is
that the motor disability develops over the course of the
disease.

Interestingly, the amount of grip overflow was also
correlated with the negative symptoms of schizophrenia as
assessed by the PANSS. Such correlation may, at least in part,
result from a phenomenological overlap between extrapyr-
amidal symptoms, such as slowness of movement and
speech, reduced facial expression and muscular rigidity,
and some of the rated negative symptoms, such as blunted
affect, poor rapport, and lack of spontaneity. Indeed, there
was a significant correlation between the UPDRS motor score
and the negative symptom score of the PANSS. The question
if the rating of negative symptoms was tainted by extra-
pyramidal side effects or is directly correlated with motor
disability should be elucidated in future work.

We were able to confirm previous findings that subjects
with schizophrenia in principle retain the ability to exhibit
both predictive and reactive control mechanisms when
manipulating objects.5 19 Nevertheless, the normally very
precise13 temporospatial coupling between grip and load force
profiles during transport movements was significantly
impaired in medicated subjects. Again, the degree of
disability was highly correlated with the severity of both
negative symptoms of schizophrenia and extrapyramidal side
effects. On the other hand, our data contrast with earlier
studies on hand motor performance in schizophrenia
suggesting a primary motor deficit in schizophrenia.8 9 One
possible explanation for this obvious difference may be the
small case number within our group of drug naive subjects.

First generation antipsychotic drugs are high affinity
antagonists of dopamine-D2 receptors that are most effective
against psychotic symptoms, but have high rates of extra-
pyramidal side effects. Second generation antipsychotic drugs
differ pharmacologically from the first generation agents in
their lower affinity for dopamine D2-receptors, which is
widely accepted to cause less severe extrapyramidal side
effects.24 25 All medicated subjects in our cohort received
second generation drugs. Our study, however, is limited by
the low case number and therefore we cannot comment on
the question of how the severity of grip force overshoot and
dyscoordination differs in between various second generation
antipsychotic drugs depending on their neurotransmitter
receptor affinity.

Our preliminary data suggest that hand motor dysfunction
in schizophrenia may, at least in part, be a consequence of
extrapyramidal side effects related to antipsychotic treat-
ment. The measurement of grip forces seems to be a sensitive
adjunctive method to the clinical rating of drug induced side
effects in schizophrenia.
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