Abnormal Sequencing of Motor Actions in Patients
With Schizophrenia: Evidence From Grip Force
Adjustments During Object Manipulation

Yvonne Delevoye-Turrell, Ph.D.
Anne Giersch, Ph.D.

Jean-Marie Danion, M.D.

Objective: During object manipulation,
grip force must be adjusted in anticipation
of destabilizing load forces to prevent the
object from slipping. This study used three
gripping tasks to assess whether schizo-
phrenia affects the predictive mechanisms
required for the scaling, timing, and/or se-
quencing of motor actions.

Method: Sixteen patients with schizo-
phrenia and 16 comparison subjects
matched for age, sex, and educational
level 1) lifted objects of various mass and
texture (lift task) and 2) used a manipu-
landum to hit (hit task) or resist (resist
task) impacts produced by a collision with
a pendulum. For an optimized perfor-
mance, all tasks demanded a predictive

increase in grip force and the timing of
external events. The fluid sequencing of
finger and hand submovements was re-
quired for the lift and the hit tasks but not
for the resist task.

Results: Patients were impaired in the
smooth execution of both the lift and the
hit tasks but not in the performance of
the resist task. In all three tasks, the scal-
ing of grip force was similar for patients
and comparison subjects.

Conclusions: Schizophrenia is associ-
ated with a specific deficit in the sequenc-
ing of motor actions rather than with an
overall problem in the predictive control
of movement.

(Am J Psychiatry 2003; 160:134-141)

Almost a century ago, Bleuler (1) and Kraepelin (2) de-
scribed multiple motor features in the majority of their pa-
tients with schizophrenia. These features included irregu-
lar timing and spacing of steps during gait, as well as
reduced efficiency and coordination of fine movements
during handiwork and crafts. Clinical reports later de-
scribed deficient motor synchrony as well as generalized
incoordination and clumsiness in voluntary motor behav-
ior (see Boks et al. [3], for a review). These motor deficits
appeared to be relatively independent of cognitive impair-
ments (4). However, the exact nature and cause of the mo-
tor perturbations remain unclear.

The combined role of anticipatory and reactive mech-
anisms in the generation of purposeful motor output
has now been well established. Because of its inherent
time delays, the motor system can not solely depend on
reactive mechanisms (5). Consequently, anticipatory
control is thought to be crucial for skilled motor perfor-
mance (6). It has been suggested that schizophrenia is a
pathology specifically affecting certain predictive mech-
anisms involved in the anticipatory control of motor ac-
tions (7, 8). This study was conducted to establish which
aspects of these predictive adjustments may be im-
paired during object manipulation in patients with
schizophrenia.

A lift task was used to test the predictive mechanisms
required for the scaling, timing, and sequencing of volun-
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tary motor activity. To lift an object, the grip force applied
to the surfaces of the object must result in sufficient fric-
tion to overcome the destabilizing load force due to grav-
ity. In subjects with intact anticipatory mechanisms, grip
force is tightly scaled both to the mass and to the texture
of manipulated objects. Hand transport, grasp closure,
and the upward lift movement are also well coordinated,
with grip force peak occurring at the moment of object
liftoff (9).

The duration of a lift is of the order of several hundred
milliseconds, and hence, it is long enough to allow both
anticipatory and reactive mechanisms to act in a comple-
mentary manner to ensure grasp stability. In the event of a
collision, there is no time for reactive feedback correction
(10). Hence, two collision tasks—previously developed for
healthy comparison subjects (11)—were used to examine
the working state of the predictive mechanisms in patients
with schizophrenia. Subjects used a manipulandum to ei-
ther produce or resist an imposed collision with a pendu-
lum. In the task in which a collision was produced (hit
task), good performance required scaling, timing, and se-
quencing of upper limb movement; the resist task de-
manded only scaling and timing of motor action. Combin-
ing the results of the lift, hit, and resist tasks provided a
means of isolating specific deficits in the sequencing of
motor actions in patients with schizophrenia.
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Method

Participants

Sixteen patients with schizophrenia (seven female and nine
male subjects; mean age=37.6 years, SD=15.5, range=18-50; mean
educational level=12.1 years, SD=7.0, range=6-20) and 16 healthy
comparison subjects (seven female and nine male subjects; mean
age=39.0 years, SD=16.5, range=19-50; mean educational level=
12.8 years, SD=6.2, range=8-20) provided written informed con-
sent and were paid for their participation.

Psychiatric diagnoses of the patients with schizophrenia were
established in accordance with their referring therapist and ful-
filled the DSM-1V criteria for schizophrenia. The mean age at on-
set of schizophrenia symptoms was 24.7 years (SD=7.9, range=10-
38), the mean disease duration was 14.5 years (§D=7.0, range=7-
27), and the mean number of hospitalizations was 6.5 (SD=6.5,
range=0-20). Patients with schizophrenia were clinically stable
and underwent clinical assessment. The mean level of symptom
severity, as measured by the Brief Psychiatric Rating Scale total
score, was 40.5 (SD=18.3, range=14-74), with higher scores re-
flecting greater symptom severity. The mean scores on the Scale
for the Assessment of Positive and Negative Symptoms were 32.4
(§D=25.9, range=2-102) for positive symptoms and 41.8 (SD=
20.4, range=7-66) for negative symptoms, with higher scores re-
flecting greater symptom severity.

Fourteen of the sixteen patients were receiving long-term neu-
roleptic treatment, administered in a standard dose (mean dose=
244 mg/day of chlorpromazine or chlorpromazine equivalents,
SD=171). Seven were also receiving antiparkinsonian treatment,
either trihexyphenidyl (mean dose=11 mg/day, SD=6) or tro-
patepine (mean dose=18 mg/day, SD=11). Two patients were not
receiving any treatment.

The comparison subjects were recruited through local adver-
tisements. Exclusion criteria for both groups were visual and au-
ditory disorders, history of neurological illness or trauma, alcohol
or other substance abuse, and age older than 55 years or younger
than 18 years. The patient and the comparison groups did not dif-
fer significantly in age, sex, or educational level.

Experimental Protocol

With their dominant hand, subjects used a precision grip be-
tween thumb and four fingers to grasp a manipulandum with
wood-surfaced sides (4.5%10.0%9.0 cm, 450 g). A six-axis load cell
(Novatech Gamma SI-130-10, Novatech Measurements, Ltd., East
Sussex, U.K.) was mounted within this manipulandum to mea-
sure forces and torques that were normal and tangential to the
loading axes. Data were sampled at 1000 Hz.

To examine possible group differences in frictional condition,
subjects started the 1-hour session by performing voluntary ob-
ject slips (five trials). The mean grip force levels when the object
started to slip was calculated for each individual. Subjects then
performed the three experimental tasks. The lift task was pre-
sented first, as it was the most familiar. In randomized fashion,
subjects then performed the two collision tasks.

The lift task. Subjects were seated at a table with their domi-
nant hand positioned 40 cm from the manipulandum. An audi-
tory signal indicated the start of each trial, from which point the
subjects’ task was to reach for and lift the manipulandum, main-
tain it at a steady position 20 cm from the tabletop for approxi-
mately 3 seconds, and then place the manipulandum back on the
table. Movement speed was not emphasized in the instructions
given to the subjects. The properties of the manipulandum were
varied in a series of trials. The grasp surface of the manipulandum
was covered with increasingly slippery materials (sandpaper, cot-
ton, silk), and iron bars were attached to the bottom of the manip-
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ulandum to vary the object mass (from light [450 g] to medium
[710 gl and heavy [880 g]). Subjects were aware of the changes in
the object’s properties and performed five trials for each of the
nine mass/texture combinations, presented in randomized
blocks. This procedure allowed assessment of whether patients
were able to integrate various intrinsic properties of an object for
an optimized adjustment of grip force levels.

Collision tasks. Subjects stood facing a pendulum (an alumi-
num bar, 75 cm in length and 750 g in weight) that swung in the
frontoparallel plane. A circular potentiometer located at the piv-
oting point measured the angle of pendulum swing (in degrees).
Subjects gripped the surfaces of the manipulandum, which were
covered with cotton fabric, between the thumb and four fingers of
their dominant hand.

Hit task. The subject’s task was to use the manipulandum to hit
the head of the pendulum to make it reach target heights of 5°,
10°, or 18° (+0.5°). Subjects performed 12 trials for each pendu-
lum target angle, which were presented in a semirandomized or-
der. This task demanded 1) anticipatory scaling of grip force to
the magnitude of the collision, 2) fluid sequencing of the onset of
the grip force increase with the start of arm movement, and 3) es-
timation of the time of impact.

Resist task. Subjects held the manipulandum against the head
of the pendulum. When they were ready, the experimenter raised
the pendulum to a pre-set angle of 6°, 12°, and 20° (+0.5°). These
release angles were chosen so that subjects experienced similar
forces of impact in both collision tasks. Then, the experimenter
released the pendulum at various time intervals (0.5-2.0 seconds)
after an auditory signal, which indicated the start of the trial. The
subjects’ task was to maintain the manipulandum immobile
throughout the trial. Subjects performed 12 trials for each pendu-
lum release angle. As the arm was immobile throughout, no
movement sequencing was involved in this task, and good perfor-
mance was reached as long as the subject could accurately pre-
dict the force and the time of the impact.

Statistical Analysis

Grip force and load force curves were differentiated to obtain
the rate of change of grip force and the rate of change of load
force. The results of each trial were scored automatically.

In the lift task (Figure 1, left), the values and the times of peak
grip force, rate of change of grip force, load force, and rate of
change of load force were measured. The times of onset of the
grip force increase and of the load force increase were defined as
the moment when their derivatives reached 10 newtons/second
(N/sec). The time of load force peak indicated the moment of ob-
ject liftoff. The peak rate of change of load force indicated the
speed at which the subjects lifted the object. Finally, the mean
and the standard deviation of grip force during the 500-msec
static hold phase were measured 250 msec after the peak of grip
force. A three-way repeated measures analysis of variance (ANOVA)
was carried out with group (patient group, comparison group),
object texture (sandpaper, cotton, silk), and object mass (light,
medium, heavy) as factors.

In the collision tasks (the hit and resist tasks) (Figure 1, right),
the mean and standard deviation of the grip force baseline were
measured during the first 500 msec of each trial. The values and
the times of peak grip force, rate of change of grip force, load
force, and pendulum angle were also measured. The time of onset
of the grip force increases was defined as in the lift task. The two
collision tasks were analyzed separately. For both, a two-way re-
peated measures ANOVA was carried out with group (patient
group, comparison group) and target (5°, 10°, 18° for the hit task;
6°, 12°, 20° for the resist task) as factors.
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FIGURE 1. Details of the Measurements of Grip Force and Load Force for the Lift and the Collision Tasks Performed by
Healthy Comparison Subjects and Patients With Schizophrenia?
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Results

The patients and comparison subjects performed the
tasks without difficulty. Figure 2 shows representative
force recordings generated by a comparison subject (top)
and a nonmedicated patient with schizophrenia (bottom)
while lifting the light cotton-covered object (left), while
using the manipulandum to hit the pendulum (center),
and while using the manipulandum to resist an imposed
collision (right). Results for the medicated and nonmedi-
cated patients were similar in all points. There was no cor-
relation between reported results and the patients’ level of
medication.

Lift Task

The measurement of the peak rate of change of load
force indicated that the patients (mean=45 N/sec, SD=2)
and the comparison subjects (mean=49 N/second, SD=2)
lifted the objects at a similar speed (F=1.31, df=1, 133, n.s.)
(Table 1). In the comparison subjects, grip force and load
force curves rose in parallel and peaked in synchrony,
which suggested that the arm movement, the grip closure,
and the start of the upward arm movement were well se-
quenced (Figure 2, top left). In the patients with schizo-
phrenia, the force patterns were different (Figure 2, bot-
tom left). Patients took more time to establish a firm grip
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and frequently tended to push down on the object before
initiating the lift.

The statistical analysis confirmed the previous obser-
vations by indicating that the time from the onset of grip
force increase to the onset of load force increase was sig-
nificantly longer for the patients than for the comparison
subjects (F=26.08, df=1, 133, p<0.01). The time from load
force peak to grip force peak was, however, similar for the
patients and the comparison subjects (F=0.42, df=1, 133,
n.s.). The intrinsic properties of the object had no selec-
tive group effect on the coordination of grip force and
load force patterns.

For all subjects, the grip force peak was scaled to the tex-
ture (F=289.55, df=2, 266, p<0.01) and to the mass (F=
370.43, df=2, 266, p<0.01) of the manipulandum: grip force
peak was scaled higher for the objects that were more slip-
pery and heavier. The peak rate of change of grip force was
also scaled to the texture (F=122.80, df=2, 266, p<0.01) and
to the mass of the manipulandum (F=63.17, df=2, 266,
p<0.01), which indicated that all subjects increased grip
force at a faster rate when planning to lift heavier or more
slippery objects. Finally, grip force levels remained scaled
to the texture (F=326.10, df=2, 266, p<0.01) and to the mass
(F=722.54, df=2, 266, p<0.01) of the manipulandum during
the static hold phase of the task (Figure 3).
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FIGURE 2. Representative Grip Force and Load Force Recordings for a Healthy Comparison Subject and a Nonmedicated
Patient With Schizophrenia Who Completed the Lift, the Hit, and the Resist Tasks?
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For the same object, the grip force peak was significantly
larger for patients than for comparison subjects (F=8.29,
df=1, 133, p<0.01). This difference was not due to a differ-
ence in the predictive control of grip force, as the peak rates
of change of grip force were similar in both groups (F=0.27,
df=1, 133, n.s.). During static hold, grip force levels were
both greater (F=7.47, df=1, 133, p<0.01) and more variable
(F=19.06, df=1, 133, p<0.01) for patients than for compari-
son subjects. As the minimum grip force required to pre-
vent the object from slipping was similar for the patients
(mean=5.9 N, SD=0.4) and for the comparison subjects
(mean=6.2 N, SD=0.4) (F=0.38, df=1, 170, n.s.), the differ-
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ence in grip force levels during object manipulation was
not due to a group difference in the slip ratio.

Hit Task

The force patterns were similar for the patients and the
comparison subjects (Table 2; Figure 2, center). Typically,
subjects had a steady grip force baseline while waiting for
the auditory tone. As they started to move the hand, grip
force increased and reached a maximum value close to the
time of impact. As a result of the impact, the pendulum
started to swing (Figure 1, right). The maximum pendu-
lum angle was on average within 1.8° (SD=0.6°) of target
values for the patients and within 2.2° (SD=0.6°) for the

http://ajp.psychiatryonline.org 137
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TABLE 1. Measures of Grip Force and Load Force for 16 Healthy Comparison Subjects and 16 Patients With Schizophrenia
Who Completed a Lift Task Requiring the Integration of Information About an Object’s Texture and Mass?

Object Texture Object MassP
Sandpaper Cotton Silk Light Medium Heavy

Measure and Group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Time from grip force to load force onsets (msec)

Comparison subjects 62 8 75 12 81 10 74 11 74 10 70 10

Patients 114 7 147 11 148 9 131 9 135 8 142 9
Time from load force to grip force peaks (msec)

Comparison subjects 89 16 96 16 115 15 62 13 102 15 135 19

Patients 85 14 128 14 120 13 62 11 119 13 152 17
Peak grip force (newtons [N])

Comparison subjects 10.1 0.5 15.2 0.6 18.7 0.8 109 0.5 15.1 0.6 179 0.7

Patients 11.6 0.4 165 05 222 08 127 05 172 05 204 0.6
Peak rate of change of grip force (N/sec)

Comparison subjects 78 4 116 6 132 8 87 5 114 6 125 7

Patients 78 4 104 5 132 7 87 4 111 5 116 6

2 With their dominant hand, subjects used a precision grip between the thumb and four fingers to grasp a manipulandum with wood-surfaced
sides (4.5x10%9 cm, 450 g). A six-axis load cell was mounted within the manipulandum to measure forces and torques normal and tangential
to the loading axes. Data were sampled at 1000 Hz. In the lift task, subjects reached for and lifted the manipulandum, maintained it at a
steady position 20 cm from the tabletop for approximately 3 seconds, and placed it back on the table. The manipulandum was covered with
increasingly slippery material (sandpaper, cotton, silk) to vary the texture of the grasp surface, and iron bars were attached to the manipu-
landum to vary the mass. Subjects performed five trials for each texture/mass combination, presented in randomized blocks.

b | ight mass=450 g; medium mass=710 g; heavy mass=880 g.

FIGURE 3. Grip Force Used by 16 Healthy Comparison Subjects and 16 Patients With Schizophrenia to Hold Objects of
Various Textures and Masses
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a Forces measured in newtons (N).
b Light mass=450 g; medium mass=710 g; heavy mass=880 g.

comparison subjects. The statistical analysis showed that levels in the following analyses. Grip force peak was scaled
the group effect was significant neither for pendulum ac- to load force peak (F=196.23, df=1, 547, p<0.01), and this
curacy (F=2.89, df=1, 547, n.s.) nor for the produced force adjustment was similar for the patients and the compari-

of impact, i.e., load force peak (F=0.02, df=1, 547, n.s.). son subjects (F=2.91, df=1, 547, n.s.). However, the interac-

For the patient group, the statistical analyses revealed a  tion of group and target was significant (F=7.24, df=1, 547,
shift in the timing of the anticipatory grip force responses. p<0.01), indicating that the comparison subjects had
The patients started increasing their grip force levels too larger grip force peaks than the patients when aiming for
late in respect to the start of the arm movement. As a con- the 18° target. This is very probably a ceiling effect, as the
sequence 1) the time from the onset of the grip force in- patients had significantly higher grip force baseline levels.

crease to impact (i.e., peak load force) was significantly ~ All subjects increased grip force at a higher rate when
shorter for the patients than for the comparison subjects planning to produce larger load force peaks (F=202.50, df=
(F=12.90, df=1, 485, p<0.01), and 2) the grip force peak oc- 1, 547, p<0.01). Grip force was increased at a faster rate for
curred significantly later after impact for the patients than the comparison subjects than for the patients (F=4.28, df=
for the comparsion subjects (F=20.47, df=1, 547, p<0.01). 1, 547, p<0.05).

On average, grip force baselines were significantly
higher (F=21.44, df=1, 547, p<0.01) and more variable (F=
11.16, df=1, 547, p<0.01) for the patients than for the com- All subjects maintained a steady grip force baseline
parison subjects. To standardize across groups, grip force while waiting for the auditory tone. As they saw the pen-
baseline was thus subtracted from the overall grip force dulum fall, the subjects increased their grip force levels,

Resist Task
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TABLE 2. Measures of Grip Force and Load Force for 16 Healthy Comparison Subjects and 16 Patients With Schizophrenia
Who Completed Collision Tasks Involving Producing or Resisting a Collision With a Pendulum?

Pendulum Target Angle of Hit Task

Pendulum Release Angle of Resist Task

5° 10° 18° 6° 12° 20°

Measure and Group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Peak load force (newtons [N])

Comparison subjects 3.2 0.5 8.9 0.5 254 0.6 3.2 0.8 8.4 2.3 26.5 5.9

Patients 3.2 0.4 8.7 0.5 25.6 0.5 3.5 0.9 8.3 2.8 26.5 8.6
Time from grip force onset to load force

peak (msec)

Comparison subjects 217 17 250 17 322 19 141 31 202 30 234 28

Patients 169 16 215 17 256 16 191 34 215 25 199 25
Time from load force to grip force peaks

(msec)

Comparison subjects 36 5 27 5 16 5 84 7 89 7 92 7

Patients 57 4 48 5 27 5 91 9 93 6 929 6
Baseline grip force (N)

Comparison subjects 7.8 0.1 8.1 0.2 8.6 0.1 1.1 0.1 11.7 0.1 12.5 0.2

Patients 9.7 0.2 9.3 0.2 10.9 0.5 12.3 0.2 10.8 0.3 10.9 0.2
Peak grip force (N)

Comparison subjects 6.1 0.9 15.2 1.0 28.7 1.1 6.2 1.4 12.8 1.4 21.8 13

Patients 71 0.8 15.9 0.9 23.0 1.0 7.3 1.5 13.4 1.2 22.8 1.2
Peak rate of change of grip force (N/sec)

Comparison subjects 53 7 124 8 218 9 48 16 99 15 182 14

Patients 49 7 117 7 191 7 55 17 126 13 167 13

2 Subjects stood facing a pendulum (an aluminum bar, 75 cm in length and 750 g in mass) that swung in the frontoparallel plane. A circular
potentiometer located at the pivoting point measured the angle of pendulum swing (in degrees). Subjects gripped the light (450 g), cotton-
covered manipulandum between the thumb and four fingers of their dominant hand. In the hit task, the subject used the manipulandum
to hit the head of the pendulum to make it reach a target height of 5°, 10°, or 18° (+0.5°). In the resist task, the subject held the manipulan-
dum against the head of the pendulum and attempted to maintain it immobile when the pendulum was raised to a preset angle of 6°, 12°,
or 20° (+0.5°). Each subject performed 12 trials for each pendulum target angle and for each pendulum release angle.

which reached a maximum value soon after the time of
impact (Table 2; Figure 2, right).

The time from the onset of grip force increase to load
force peak was similar for the patients and the comparison
subjects (F=0.16, df=2, 565, n.s.). The time between load
force and grip force peaks was also similar for the patients
and the comparison subjects (F=2.67, df=2, 565, n.s.). For
all subjects, grip force levels were increased at a faster rate
(F=70.42, df=2, 565, p<0.01) and reached higher peaks (F=
33.33, df=2, 565, p<0.01) for bigger load force peaks. Grip
force was increased at a similar rate (F=0.25, df=2, 565,
n.s.) and reached similar peak levels (F=1.74, df=2, 565,
n.s.) for the patients and the comparison subjects.

Discussion

A systematic procedure was used to establish the nature
of the motor deficits observed in patients with schizophre-
nia. Specifically, three experimental tasks were selected to
assess whether schizophrenia affects the predictive mech-
anisms required for the scaling, timing, and/or sequenc-
ing of motor actions.

During object lift, the patients and the comparison sub-
jects increased grip force levels at a similar rate. However,
the patients had a significant delay between the onset of
grip closure and the start of the upward lift movement.
This dyscoordination force pattern may explain why the
patients developed excessive force levels compared to the
comparison subjects. In the hit task, patients started to in-
crease grip force levels after the start of the arm move-
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ment; thus, grip force responses peaked systematically af-
ter impact. This was in marked contrast to the pattern
observed in the healthy subjects. The two control deficits
described here may have been related to a problem in the
timing of the occurrence of an event, i.e., object liftoff or
time of impact. It could also have been a problem in the
sequencing of multiple subgoals within a movement. Con-
sequently, to partial out these two confounds, subjects
were presented with a third task in which they were asked
to increase grip force levels in time for an externally im-
posed collision. In this task, the timing of the grip force
peaks was similar for the patients and the comparison
subjects, indicating that patients with schizophrenia were
not impaired in a motor task for which only the timing of
an external event was necessary. Taken together, these
findings show that patients with schizophrenia were spe-
cifically impaired in the fluid sequencing of motor actions.

In contrast, the predictive scaling of motor responses
was not impaired in patients with schizophrenia. In the lift
task, grip force levels were scaled both to the weight and to
the texture of the object. The rates of grip force develop-
ment were also adjusted, revealing that grip force was set
to the final force level right from the start of grip closure.
These results indicate 1) that the integrative mechanisms
involved in the identification of object attributes for ob-
ject-oriented movement are preserved in patients with
schizophrenia, and 2) that patients with schizophrenia are
not impaired in the predictive scaling of force levels. This
later point was further emphasized in the collision tasks
for which sensorimotor feedback mechanisms were of no
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use. In both the hit and the resist tasks, grip force rates and
peaks were scaled to the force of impact in a similar fash-
ion for the patients and the comparison subjects. These
results do not support the supposed deficit in the central
monitoring of action in schizophrenia (7, 8, 12). Our find-
ings are, however, in accordance with the findings of ex-
periments examining the automatic control of upper limb
movements, in which patients with schizophrenia were
shown to scale movement parameters in reaching and
pointing tasks (13, 14) and to adjust grip force levels in a
predictive manner for externally and self-imposed colli-
sions (15).

The data reported here demonstrate that schizophrenia
is not associated with an overall problem in the predictive
control of movement but rather with a specific deficit in
the fluid sequencing of motor actions. Functional brain
imaging studies have pointed to the cerebellum and the
basal ganglia as major brain areas involved in the auto-
matic control of sequential movements (16). Both of these
brain regions are thought to be dysfunctional in patients
with schizophrenia (17, 18).

The following discussion considers three alternative ex-
planations for the origins of the sequencing deficits ob-
served in the patients in this study.

First, striatal dysregulation in patients with schizophre-
nia has been frequently associated with neuroleptic treat-
ments, which sometimes induce Parkinson-like symp-
toms such as resting tremor, reduced movement speed,
and posture/balance impairments. However, in the pa-
tients in this study, none of these symptoms were ob-
served. Furthermore, identical motor performance in the
three experimental tasks was exhibited by both the pa-
tients who had received neuroleptic medication and by
those who had not. Previous clinical observations de-
tected dysfunctional motor sequencing (dysdiadochoki-
nesia) as early as 1919 (2), i.e., well before the introduction
of chlorpromazine. For these various reasons, we feel that
our results are not related to long-term use of neuroleptic
drugs. To further confirm the absence of treatment effects
on movement sequencing, future research should focus
on testing patients who have never received neuroleptic
medication.

A second hypothesis is that the sequencing deficits ob-
served in the patients with schizophrenia are due to iso-
lated dysfunctions of either the basal ganglia or the cere-
bellum, or of both structures. Neuropsychological studies
using the lift task have shown that both patients with Par-
kinson’s disease (19) and those with cerebellar lesions (20)
display a prolonged latency between the onsets of grip
and load force increases. These dyscoordination force pat-
terns are similar to those observed in the patients with
schizophrenia in this study. However, both cerebellar le-
sion patients and Parkinson’s disease patients are also
characterized by a marked slowness in the rate of grip clo-
sure, a feature that was not observed in the patients in this
study. Overall, these observations suggest that schizo-
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phrenia is not associated with isolated dysfunction to
these two specific brain areas.

Third, it is possible that the pathology is due to an ab-
normality in the neural circuitry involving distributed and
specific neural substrates. The cortico-cerebellar-tha-
lamic-cortical circuit has been suggested as a possible
substrate for the fluid sequencing of movement (21), as it
enables very rapid on-line feedback between the cerebral
cortex and the cerebellum. It is interesting to note that re-
sults obtained in a series of neuroimaging studies on
memory deficits in patients with schizophrenia led An-
dreasen (22) to propose the cortico-cerebellar-thalamic-
cortical circuit as the possible neural substrate for the cog-
nitive dysmetria theory. This neo-Bleulerian model pre-
sents schizophrenia as a fundamental cognitive abnor-
mality that reflects a disorder in the specific neural circuits
underlying the control of “synchrony,” a mechanism nec-
essary for the fluid coordination of sequences of motor ac-
tivities and thought. The motor behavior data reported in
the present study fit well within the dysmetria theoretical
framework. However, further behavioral and functional
imaging studies are required to confirm the central role of
the cortico-cerebellar-thalamic-cortical circuit in the pa-
thology of schizophrenia. Furthermore, for the validation
of the cognitive dysmetria theory, a systematic correlation
between the severity of motor and cognitive deficits would
be essential.
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