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Aims. Schizophrenia is a neuropsychiatric disorder associated with mental and motor disturbances. We aimed to investigate motor
control, especially central silent period (CSP) in subjects with schizophrenia (𝑛 = 11) on long-term antipsychotic treatment
compared to healthy controls (𝑛 = 9).Methods. Latency and duration of motor evoked potentials (MEPs) and CSPs were measured
with the help of single pulse transcranial magnetic stimulation (TMS) and intramuscular electrodes. After stimulation of the
dominant and nondominant motor cortex of abductor digiti minimi (ADM) and tibialis anterior (TA) muscle areas, respective
responses were measured on the contralateral side. Results. MEPs did not differ significantly between the groups. Multiple CSPs
were found predominantly in subjects with schizophrenia, which showed a higher number of CSPs in the dominant ADM and the
longest summarized duration of CSPs in the nondominant ADM (𝑃 < 0.05) compared to controls.Conclusions.There weremultiple
CSPs predominantly in the upper extremities and in the dominant body side in subjects with schizophrenia. Behind multiple CSPs
may lie an impaired regulation of excitatory or inhibitory neurotransmitter systems in central motor pathways. Further research is
needed to clarify the role of the intramuscular recording methods and the effect of antipsychotics on the results.

1. Introduction

Transcranialmagnetic stimulation (TMS) of themotor cortex
is a useful non-invasive method that enables investigation of
motor cortex excitability and central inhibitory mechanisms
in the central nervous system. The commonly measured
parameters of themotor responses includemotor conduction
time (MCT), transient suppression of ongoing motor activity
(central silent period=CSP), and latency andduration ofCSP
and motor evoked potential (MEP) amplitude. The lowest
stimulus intensity that induces an appropriate response in
the target muscle is considered to be motor threshold of the
motor cortex [1].

The induction mechanism of the central silent period
(CSP) is not completely understood. It has been suggested to
consist of an initial part of spinal origin and of a later part of
cortical origin [2–4] or to be of cortical, supraspinal origin,
being generated in the primary motor cortex [5]. The CSP is
probably controlled by complex subcortical extrapyramidal
systems with numerous interneuronal synapses associated
with (GABAergic) inhibitory circuits [6].

There are several TMS studies dealing with motor control
in schizophrenia [7, 8], which is considered to be a neuropsy-
chiatric disorder associated with mental as well as neurolog-
ical symptoms, like extrapyramidal signs and neurological
soft signs [9]. One of the earliest TMS studies [10] found
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that the latency of compound motor evoked potentials was
significantly reduced in subjects with schizophrenia. Later
TMS studies have not found significant differences in the
motor threshold, motor conduction, MEP size, or cortical
facilitation in schizophrenia compared to healthy controls [11,
12]. There is one study that reported that CSPs were divided
into an early part with a weak suppression of voluntary
EMG and a later component with a stronger suppression in
patients with schizophrenia [13]. There is growing evidence
for reduced cortical inhibition in nonmedicated subjects with
schizophrenia [14, 15], but earlier TMS studies have shown
a lot of variation of the results, especially when dealing
with persons with schizophrenia on antipsychotic medical
treatment [16–19].

The nigrostriatal, mesolimbic, and mesocortical do-
pamine pathways are the most important dopamine path-
ways, that modulate symptoms of schizophrenia. Through
these pathways it is possible to induce desired therapeutic
effects by antipsychotic treatment, but undesirable sideeffects
are also possible. Glutamate (gamma-aminobutyric acid,
GABA) has an important role in exciting the mesocorti-
cal pathways or inhibiting interneurons in the mesolimbic
pathways [20]. Dopamine is one of the most important
transmitters that influence the activity level in different
brain regions. A dysregulation of dopamine interactions
is supposed to result in positive or negative symptoms of
schizophrenia, but interactions between dopaminergic and
GABAergic neurotransmitter systems may play an important
role in the pathophysiology of schizophrenia [20, 21].

Antipsychotic medical treatment relieves mental symp-
toms of schizophrenia, but conventional antipsychotics,
like haloperidol, often cause sideeffects such as restless-
ness (akathisia), stiffness of body (rigidity) or movement
disturbances (akinesia, dyskinesias), mainly by blocking
dopamine (D2) receptors. Atypical antipsychotics, like cloza-
pine, risperidone, and zotepine blockade, combined sero-
tonin and dopamine (5HTC2/D2) receptors and induce less
extrapyramidal side effects [20]. Earlier TMS studies have
demonstrated convincingly that clozapine treatment has a
lengthening effect on CSP in schizophrenia [22], probably
due to its ability to interfere with serotonin (5HTC2)- and
D2 receptors and GABA interneurons [20]. Abnormali-
ties in CSPs may be connected with positive or negative
symptoms of schizophrenia [21–23], but further research is
needed. Abnormalities in CSPs have been found in vari-
ous progressive neurological disorders often associated with
movement disturbances, for example, Alzheimer’s disease,
stroke, Parkinson’s disease, Huntington’s disease, epilepsy,
and motor neuron diseases like ALS [24]. In some neuropsy-
chiatric disorders like unipolar depression [25], attention-
deficit/hyperactivity disorder [26], and obsessive-compulsive
disorder [27] the cortical inhibition has been found reduced.

Because of themethodological diversity and the variation
in the results of earlier TMS studies dealing with motor
control in schizophrenia, we were challenged to investigate
the basic motor control elements in schizophrenia, but by
applying a different combination technique that has not
been used in the earlier studies: intramuscular needle target
electrodes and a single pulse TMS. We were interested to

see if the TMS responses in subjects with schizophrenia on
long-term antipsychotic treatment differed from controls or
demonstrated side-to-side differences. We also wanted to see
if the TMS parameters correlated with clinical parameters,
like severity of current mental symptoms, movement distur-
bances, and the daily dose of antipsychotics. We expected
no special findings in the motor conduction or in the motor
evoked potentials, but we expected that the schizophrenia
and control groupsmight differ from each other in the results
of central inhibition.

2. Material and Methods

Inclusion criteria for volunteers with schizophrenia were
ICD-10 diagnosis of schizophrenia (chronic, over one year
duration of illness) and long-term (over one year) use of
antipsychotic medication. Exclusion criteria (schizophrenia
and control groups) were any comorbid (ICD-10 diagnosis)
neurological or mental disease, a documented history of sub-
stance abuse or any serious traumatic injury of the extremities
or brain or functional or neuroanatomic cerebral abnor-
malities. During the recent hospitalization, the participants
with schizophrenia had been examined with computerized
tomogram of head (CT) and electroencephalography (EEG).

A total number of 11 volunteers from a hospital popu-
lation (5 females, 6 males, mean age 42,6 years, sd = 13,7)
with an ICD-10 diagnosis of schizophrenia (3 paranoid and 8
undifferentiated subtypes) and nine healthy volunteers from
hospital personnel (5 females, 4 males, mean age 36,1 years,
sd = 8,43) participated this study. Clinical examinations of
subjects with schizophrenia were performed with the help
of the following international psychiatric and movement
disorder rating scales (Table 1): PANSS (Positive andNegative
Syndrome Scale [28]), AIMS (Abnormal Involuntary Move-
ment Scale [29]), SAS (Simpson-Angus Scale of extrapyra-
midal symptoms, [30]), BAS (Barnes Akathisia Scale [31]),
and Calgary depression scale (depression associated with
schizophrenia [32]) by two of the authors.

The mean age of the subjects, the duration of schizophre-
nia and the mean daily dose and type of the used antipsy-
chotic medication, categorized as atypical or conventional (in
100mg chlorpromazine equivalents), are presented in Table 1.
Four participants with schizophrenia were on clozapine
treatment and one participant was using zotepine, which is an
atypical antipsychotic (AA) agent like clozapine [20]. Other
six participants with schizophrenia used combinations of
conventional antipsychotics (CA), like perphenazine, thiori-
dazine, and zuclopenthixol. Two CA users had additionally
risperidone (mean daily dose: 8mg, range: 4–12mg), but
because they showed clinically significant extrapyramidal
signs, they were assessed to belong to the group of CA users.
The mean daily doses of antipsychotics were converted to
dose equivalents to 100mg chlorpromazine (CPZ) [33, 34].
OneAAuser had additionally 3mg of lorazepam/day and one
CA user had 2mg and one AA user 5mg of lorazepam/day.
All participants were asked to avoid taking lorazepam at least
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Table 1: Sociodemographic and clinical parameters of subjects with schizophrenia and controls.

Scales PANSS AIMS BAS SAS AP (mg) DUI AGE Subtype Calgary
(CPZ equiv.) (years) (years) (𝑛)

Groups
Control (𝑛 = 9) 36.1/

𝑚/sd 8.43
Total (𝑛 = 11) 74.09/ 7.36/ 1.18/ 1.27/ 638.84/ 17.27/ 42.09 Paranoid (3) 5.55 ± 2.8
𝑚/sd 15.06 5.78 1.17 1.19 439.90 12.16 13.67 Undiffer. (8)
CA (𝑛 = 6) 73.83/ 10.67/ 1.83/ 1.33/ 700.00/ 22.50/ 49.50/ Paranoid (1) 4.83 ± 3.31
𝑚/sd 17.53 5.96 1.17 1.51 496.5 12.63 12.45 Undiffer. (5)
AA (𝑁 = 5) 74.40/ 3.40/ 0.40/ 1.20/ 565.45/ 11.00/ 33.20/ Paranoid (2) 6.40 ± 2.07
𝑚/sd 13.51 1.82 0.55 0.84 404.03 8.94 9.60 Undiffer. (3)

Analysis between users of CA and AA (Mann-Whitney test)
𝑈 test 14.5 4.5 4.5 13 11 5.5 4 8
𝑃 value 0.93 0.05 0.05 0.93 0.54 0.08 0.05 0.25

Analysis between controls, AA, and CA (Kruskal-Wallis test)
Chi-square 5.94
𝑃-value 0.051
Total: all subjects with schizophrenia; CA: subjects with schizophrenia, users of conventional neuroleptics; AA: subjects with schizophrenia, users of atypical
neuroleptics; daily dose of antipsychotics (CPZ, mg in 100mg chlorpromazine equivalents); DUI: duration of illness (in years) and age (in years) of the subjects
with schizophrenia;𝑚: mean value, sd: standard deviation; 𝑛: number of subjects; PANSS: Positive andNegative Syndrome Scale (total score); AIMS: Abnormal
Involuntary Movement Scale; SAS: Simpson and Angus Scale for Extrapyramidal Signs; BAS: Barnes Akathisia Rating Scale (global clinical assessment of
akathisia); undiffer./paranoid: undifferentiated/paranoid subtype of schizophrenia; Analysis: statistical analysis of the differences between the users of CA and
AA (Mann-Whitney 𝑈 test, 𝑃: probability, level of significance was set <0.05).

2 days and any other psychotropic agents during a week prior
to the TMS investigation [35, 36].

With the help of the Edinburgh handedness inventory
[37], the handedness of all the participants was clarified. Two
CA users and two AA users were left handed. All controls
were right anded.The footedness was also asked and because
this correlated with handedness, the dominance of the brain
part and the body-side was determined according to the
obtained handedness.

It was voluntary to participate in this study. The partici-
pants were informed about the study and they were required
to give their written informed consent prior to the study.
The clinical investigations were performed at theDepartment
of Clinical Neurophysiology Helsinki, University Hospital
(Ekåsens Hospital), Finland. The study was approved by the
local ethics committee.

TMS was performed with the help of a commercially
available magnetic stimulator, Cadwell MES-10, supplied
with a round coil that has an external diameter of 9 cm. A
biphasic stimulation pulse with an intensity of 60 to 80% of
themaximumcapacity of the devicewas applied.The stimula-
tion intensity constantly exceeded the motor threshold level.
In each series of stimuli, altogether five consecutive stimuli
were given with a time interval of 1 to 5 seconds. For the
stimulation of muscles in the upper extremities, the center of
the coil was placed at the midpoint between the upper tip of
the earlobe and Cz of the 10-20 EEG system, corresponding
to the temporal area, contralateral to the side of the recorded
responses. The most optimal site for the coil to stimulate the
muscles in the lower extremities was to have the center of it

located in the central area close toCz of the 10-20EEG system.
Adjustments of coil positions were made to achieve the most
favorable site of stimuli of the respective muscles.The shaft of
the coil was directed backwards.

The relaxation level in an inactive muscle and the inhi-
bition of the muscle activity in the preactivated muscle
were monitored. The responses were recorded with the
Dantec Keypoint device by using a pair of monopolar needle
electrodes that were inserted into the abductor digiti minimi
(ADM) muscles in the upper extremities and tibialis anterior
(TA) muscles in the lower extremities at a distance of 3 cm
from each other. The cathode was positioned proximal to the
anode. The intramuscular recording with needle electrodes
enables the measurement of the high-frequency components
of the muscular activity and a high number of single-motor
units simultaneously and illustrates a sizeable portion of
motor tract reaching to that definitive muscle. The intra-
muscular recording provides a possibility to measure several
single-motor units simultaneously.This method gives a more
precise picture of the suppression of the high-frequency
components in the muscle compared to the surface electrode
measurement that provides information from the compound
motor activity of the muscle [38–40].

Recommendations for the optimal TMS technique, inten-
sity, and muscle contraction were applied [3]. The optimal
stimulus location was determined by mapping the primary
motor area with the stimulating round coil until the best
response according to the amplitude criteria was achieved in
the target muscle by a constant stimulus intensity that was
above the level of the motor threshold. TMS was performed
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on the motor cortex of the dominant and the nondominant
hemispheric areas. Because there were left-handed (𝑛 = 4)
and right-handed (𝑛 = 5) subjects in the schizophrenia group,
the calculations of all the TMS responses were based on the
hemispheric dominance on the subjects.

To measure the motor distal latency (MDL) and the
latency of 𝐹-responses (𝐹), electrical stimuli with rectangular
pulses having a duration of 0.2ms and intensities of 10 to
50mA were given at the ulnar and peroneal nerves at the
wrist and at the fibular head on the lateral side of the knee,
respectively (Table 3). To measure 𝐹-waves, 10–20 stimuli
were applied with a time interval of 1-2 sec, and the 𝐹-waves
were identified. 𝐹 was calculated from the minimum latency
of the responses.

For the analysis of the muscle activation, the following
parameters were recorded and calculated: (1) motor conduc-
tion time from cortex to ADM (MCTa) and to TA (MCTt),
(2) MDL = respective motor distal latency to the stimulation
of ulnar and peroneal nerves, (3) latency of 𝐹-response to the
ulnar nerve stimulation at the wrist (𝐹

𝑢
) and to the peroneal

nerve stimulation at the fibular head (𝐹
𝑝
), MDLwas excluded

from the 𝐹 latency, (4) central motor conduction time from
the motor cortex to the neck: CMCT

𝑛
= MCTa − (𝐹

𝑢
/2 +

MDL), (5) central motor conduction time from the motor
cortex to the lumbar area: CMCT

𝑙
= MCTt − (𝐹

𝑝
/2 +MDL).

Based on studies with TMS of motor cortex, the MEPs show
considerable amplitude variation [41, 42]. Therefore we did
not find it relevant to assess amplitude sizes in this study.

For the analysis of the CSP in each voluntarily maximally
preactivated muscle, the following parameters were recorded
on the contralateral side to a series of five magnetic stimuli:
the latency, the duration, and the total number of the silent
periods of the activated muscle (ADM, TA). The maximum
preactivation of the muscle was defined as a full interference
pattern of the muscle activity in a time frame of 500ms
and a sensitivity of 1mV/div. The presence of the CSP was
defined as a simultaneous decrease of amplitude of muscular
activity below 0.05mV/div in five consecutivemeasurements.
Stimulation intensity was the same as that used to elicitMEPs.

For statistical analyses, PASW for Windows 18 was used.
The values of the samples were not normally distributed,
tested with the help of the Shapiro-Wilk test. The groups (i.e.,
schizophrenia and controls) were compared using theMann-
Whitney test for independent samples. Side-to-side differ-
ences within the groups (i.e., schizophrenia and controls)
were analysed with the help of the Wilcoxon signed rank
test for related samples.The schizophrenia group was divided
due to antipsychotic medical treatment to two subgroups
(i.e., users of AA and users of CA), but because of the
small sample sizes the statistical analysis was not performed
for the schizophrenia subgroups. The Kruskal-Wallis test
for independent samples was used to test the possible age
difference between the study groups (i.e., controls, users of
AA, and users of CA). Spearman’s correlation test was used
to analyse the correlations within subjects of schizophrenia
between TMS measures and PANSS, AIMS, SAS, BAS,
Calgary, duration of schizophrenia, age of the subjects, and

daily dose of the antipsychotics. The level of significance was
set at 𝑃 < 0.05. Bonferroni correction was used to correct the
test results for multiple comparisons.

3. Results and Discussion

3.1. Characteristics of the Findings. All subjects completed
the study protocol. The subjects with schizophrenia and the
controls did not differ significantly on age (𝑃 > 0.05).
Table 1 shows sociodemographic and clinical parameters in
study participants. Table 2 summarizes the mean values and
the standard deviations (sd) of the main TMS results in all
the study participants. The obtained 𝐹-waves and the motor
distal latencies reflected the normal function of the peripheral
nervous system (Table 3) in all study participants.

Figure 1 presents a typical inhibitory response with mul-
tiple CSPs in the nondominant ADM of a subject with
schizophrenia. The person was a clozapine user. Because it
was observed that there are multiple CSPs predominantly in
participants with schizophrenia and only in some controls,
we decided to study the occurrence of multiple CSPs more
closely and take it into account in the calculations. Eight out
of 11 participants with schizophrenia had more than one CSP
in the dominant and nondominant ADMs, whereas only two
out of nine controls hadmore than oneCSP in their ADMs. In
the dominant ADM, the controls showed constantly only one
compound of the CSP. In the nondominant TAs, four subjects
with schizophrenia and three controls had more than one
CSP, while in the dominant TA seven patients and only one
control hadmore than one CSP.Wemeasured the latency and
duration of the first part of multiple CSPs (the first maximal
suppression of the muscle activity). To calculate the total
duration of the CSP, durations of the first and later occurring
CSPs were added together in respective stimulation site.

3.2. Statistical Analysis

3.2.1. Subjects with Schizophrenia versus Controls

Dominant Site of Stimulation (Dominant Hemisphere/
Dominant ADM and TA). The schizophrenia group did not
differ significantly from the controls in MCT, CMCT, or
latency of CSP in ADM or in TA (𝑈 > 40.5, 𝑃 > 0.05), but
the schizophrenia group had a significantly higher number of
CSPs in ADM (1.8±0.6,𝑈 = 13.5, 𝑃 = 0.004, significant even
after Bonferroni correction, 𝑃 = 0.024) and in TA (1.7 ± 0.6,
𝑈 = 23.0, 𝑃 = 0.046, but nonsignificant after Bonferroni
correction). No significant differences were obtained in the
first CSP duration or in the total duration of CSP in ADM or
TA (𝑈 > 26.0, 𝑃 > 0.05) between the groups (Table 2).
Within Subjects with Schizophrenia. The measured TMS
parameters in ADM or TA (Table 2) did not correlate sig-
nificantly with obtained records in PANSS, AIMS, SAS, BAS,
Calgary, daily dose of antipsychotics, duration of illness or age
of the subject (Table 1).
Nondominant Site of Stimulation (Nondominant Hemi-
sphere/Nondominant ADM and TA). The schizophrenia
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Table 2: The results of the TMS measurements and significant (𝑃: probability) differences in the subjects with schizophrenia compared to
controls.

Group Controls Total CA AA
Number 9 11 6 5

Site of stim. ADM ADM ADM ADM
𝑚 (sd) 𝑚 (sd) 𝑚 (sd) 𝑚 (sd)

Nondominant body side
MCT 21.5 (1.4) 21.2 (1.8) 20.7 (1.8) 21.8 (1.6)
CMCT 6.6 (1.2) 6.5 (1.5) 6.1 (1.3) 7.0 (1.6)
CSP

First duration 104.2 (59.2) 101.8 (5.7) 72.0 (57.2) 137.60 (85.6)
Total duration 83.1 (57.8) 166.9 (76.7) 97.3 (81.6) 169.4 (102.0)
Total number 1.2 (0.4) 2.1 (0.9) 2.17 (1.17) 2.0 (0.7)
CSP latency 56.0 (7.6) 53.2 (6.2) 54.5 (6.6) 51.6 (6.1)

Site of stim. TA TA TA TA
MCT 28.9 (1.5) 29.9 (2.3) 29.0 (2.4) 31.1 (1.6)
CMCT 11.7 (1.5) 12.8 (1.6) 12.6 (1.2) 12.9 (1.5)
CSP

First duration 60.3 (47.8) 88.8 (67.2) 48.3 (10.6) 137.4 (75.7)
Total duration 73.9 (58.0) 138.7 (101.8) 48.3 (10.6) 179.4 (88.6)
Total number 1.3 (0.5) 1.4 (0.5) 1.0 (0.0) 1.8 (0.5)
CSP latency 63.8 (10.8) 67.3 (7.3) 64.8 (8.8) 70.2 (4.1)

Dominant body side
MCT 21.8 (1.6) 21.4 (1.7) 20.9 (1.9) 21.9 (1.4)
CMCT 6.9 (1.5) 6.5 (1.3) 6.0 (1.5) 7.0 (1.1)
CSP

First duration 83.1 (57.8) 140.1 (79.7) 137.2 (91.6) 143.6 (73.3)
Total duration 106.0 (60.6) 130.1 (94.4) 166.8 (79.4) 167.0 (82.8)
Total number 1.0 (0.0) 1.8 (0.6) 2.0 (0.6) 1.6 (0.6)
CSP latency 56.6 (7.0) 54.9 (9.4) 56.2 (10.7) 53.4 (8.6)

Site of stim. TA TA TA TA
MCT 29.5 (2.1) 29.0 (4.2) 27.5 (5.0) 30.9 (2.1)
CMCT 12.2 (1.5) 12.0 (3.7) 11.0 (4.9) 13.2 (1.3)
CSP

First duration 71.2 (51.7) 96.3 (59.0) 73.2 (37.5) 124.0 (72.1)
Total duration 67.1 (53.3) 107.9 (88.8) 87.8 (59.3) 199.8 (113.9)
Total number 1.1 (0.3) 1.7 (0.6) 1.3 (0.5) 2.2 (0.5)
CSP latency 68.0 (8.0) 69.1 (8.8) 67.0 (9.5) 71.6 (8.2)

Mean: 𝑚; sd: standard deviation; MCT: motor conduction time; CMCT: central motor conduction time; CSP: central silent period; ADM: abductor digiti
minimi and TA: tibialis anterior muscles; total: all subjects with schizophrenia; CA: users of conventional antipsychotics; AA: users of atypical antipsychotics;
time values are means in milliseconds, 𝑛: number of subjects.

group did not differ significantly from the controls in MCT,
CMCT, or latency of CSP in ADM or in TA (𝑈 > 30.0,
𝑃 > 0.05). The schizophrenia group had a higher number
of CSPs in the nondominant ADM compared to controls
(2.1±0.9,𝑈 = 21.5,𝑃 = 0.03, but this was nonsignificant after
Bonferroni correction, 𝑃 > 0.05). Between the groups, no
significant differences were obtained in the number of CSPs
in TA or in the first CSP duration in ADM or TA (𝑈 > 25.0,
𝑃 > 0.05). The total duration of CSP was significantly longer
in ADM (166.9 ± 76.7, 𝑈 = 15.0, 𝑃 = 0.007, after Bonferroni
correction even 𝑃 = 0.049) in subjects with schizophrenia,

but the groups did not differ from each other in the total
duration of CSP in TA (U = 27.0, 𝑃 > 0.05) (Table 2).

In ADM, a positive correlation (rho = 0.791, 𝑃 = 0.004,
after Bonferroni correction even 𝑃 = 0.04) were obtained
between the number of CSPs (2.1 ± 0.9, Table 2) and PANSS
(74,1 ± 15.1, Table 1).
Within Subjects with Schizophrenia and Controls. No sig-
nificant side-to-side differences were observed within the
study groups (i.e., schizophrenia and controls) in any of the
measured TMS parameters.
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Table 3

Parameter
Body side

𝐹 (ms) 𝐹 (ms) MDL (ms) MDL (ms) 𝑛 𝑛 𝑛STIM 𝑛STIM
ND DO ND DO ND DO ND DO

CTRL/ADM
Mean 24,7 24,2 2,5 2,7 11,9 10,7 17,2 16,4
Max 29 29,1 2,8 3,3 19 20 20 20
Min 21,4 18,1 2,2 2,3 5 5 11 8

SCH/ADM
Mean 24,5 25,1 2,5 2,4 9,7 11,3 15,6 17,8
Max 26,7 28,7 2,9 2,8 17 18 20 20
Min 22,3 22 2 2 3 6 9 8

Parameter
Body side

𝐹 𝐹 MDL MDL 𝑛 𝑛 nSTIM nSTIM
ND DO ND DO ND DO ND DO

CTRL/TA
Mean 26,1 26,7 4,2 4,2 11,2 8,1 16,9 19,3
Max 29,7 27,8 5,2 4,8 19 10 20 20
Min 24 23,8 3,6 3,4 5 5 12 17

SCH/TA
Mean 25,9 25,4 4,2 4,4 9,6 9,4 18 19,1
Max 32,5 30 5 5,2 19 15 20 20
Min 24,3 23,8 3,3 3,6 4 3 13 15

Themean, minimum, and maximum records for 𝐹-waves (=𝐹, in milliseconds) obtained (number of 𝐹-waves: 𝑛) in ADM (A: abductor digiti minimi) and TA
(T: tibialis anterior) muscles after 8–20 stimuli (number of stimuli: 𝑛STIM) given to each nerve site.
The minimum latency of each F-wave was measured. ND: nondominant hemispheric site, DO: dominant hemispheric site, CTRL: control, SCH: subject with
schizophrenia, MDL: motor distal latency.

Within Subjects with Schizophrenia. No significant correla-
tions were obtained between the measured TMS parameters
and the scores in PANSS, AIMS, SAS, BAS, and Calgary, daily
dose of antipsychotic medication, duration of illness, or age
of the subject.
Between Users of Conventional Antipsychotics, Users of Atypi-
cal Antipsychotics, and Controls the following Tendencies were
Observed. Users of CA seemed to have the shortest mean
values of the first CSP duration (ADM 72.0 ± 57.2/TA 48.3
± 10.6) and total CSP duration (ADM 97.3 ± 81.6/TA 48.3 ±
10.6) in the nondominant extremities compared to controls
and to the users of AA.
Users of AA seemed to have the longest mean values of the
first CSP duration (ADM 137.6. ± 85.6/TA 137.4 ± 75.7)
and the longest total CSP duration (ADM 169.4 ± 102.0/TA
179.4 ± 88.6) in the nondominant extremities, but also in the
dominant TA, where also the mean value of the number of
CSPs was the highest (2.2 ± 0.5) of all (Table 2).

3.3. Discussion. The target of this study was to measure pre-
cisemotor evoked potentials (MEP) and central silent periods
(CSP) in the abductor digiti minimi (ADM) and tibialis
anterior (TA) muscles in all four extremities of subjects with
schizophrenia and compare the results to healthy controls.
Single pulse transcranial magnetic stimulation (TMS) and
intramuscular electrodes were applied. Clinical features of
schizophrenia were taken into account when evaluating the
results.

The groups (schizophrenia and controls) did not differ
from each other in respect of MEPs. Within the groups,
there could not be demonstrated any significant side-to-
side differences. These expected study results confirmed that
the function of descending corticospinal motor pathways
in schizophrenia was intact compared to healthy controls
[11, 12].

However, our results indicate that central inhibition was
disrupted into several separate compounds; in other words,
recurrent CSPs could be observed mainly in subjects with
schizophrenia. Contrary to the study by Davey et al. [13], the
CSPs consisted of the first suppression of the EMG activity,
followed by additional 1-2 weaker EMG suppressions that
were observed mainly in the subjects with schizophrenia.
After each TMS impulse, there could be up to one to three
sets of inhibited muscular activity within 500ms after the
stimulation.

We used an intramuscular pair of monopolar electrodes
for recording, a technique that provides a possibility to
record a high number of single-motor units simultaneously,
thus, reflecting a comprehensive part of the function of the
motor track to the target muscle. This is a more accurate
method to define the behavior of muscular activity than the
measurement of compoundmuscle activity with surface elec-
trodes and enables the measurement of the high-frequency
components of the muscular activity [38–40]. The changes
in muscular electrical activity, including the firing frequency,
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1mV
50ms

1mV
50ms

Nondominant ADM

Figure 1: This figure demonstrates an example of an inhibitory
respons in a subject with schizophrenia, who had clozapine med-
ication. After TMS on the nondominant motor cortex of this
subject, there could be observed 2 separate CSPs contralateral in the
nondominant ADM (arrows pointing to the suppression of muscle
activity). To compare, there are no inhibitory responses on the
ipsilateral, dominant ADM.

can be evaluated, and the onset and end of the silent period
can be easily and exactly determined. Thus, the use of the
intramuscular electrodes might have helped us to detect all
the compounds of CSPs, not only the first one, but also the
later appearing, recurrent parts.

The statistically significant highest level of multiple CSPs
occurred on the dominant upper extremities (ADM) in
subjects with schizophrenia, but recurrent CSPs could be
observed also in the nondominant ADM and dominant
TA. Because high PANSS scores were linked to multiple
CSPs (nondominant ADM), it is possible that there is a
connection between regulation of central inhibition and
mental symptomsof schizophrenia.Theusers of conventional
antipsychotics seemed to show reduced central inhibition
and more extrapyramidal signs like akathisia and abnormal
involuntary movements; they were older, the duration of
illness was longer, and their daily dose of antipsychotic
medication was higher compared to the users of atypical
antipsychotics (the differences were not statistically signif-
icant). The PANSS and SAS rates were about the same in
both subgroups (Table 1).The users of atypical antipsychotics
seemed to demonstrate increased and disrupted central
inhibition, mainly in the nondominant body side and in the
lower extremities. They also tended to have the longest CSP
durations (Table 2), consistent with earlier studies, reporting
that clozapine normalizes or even lengthens the reduced
central inhibition in schizophrenia [22]. These findings and
observationsmay reflect the severity of the current symptoms
and the chronic course of illness of the study participants,
especially on conventional antipsychotic treatment. A need
for higher doses of conventional antipsychotics may in turn
cause more neuroleptic-induced side effects. However, there

are studies reporting modified CSPs in Parkinson’s disease
[43, 44] and decreased CSPs in restless legs syndrome
(RLS) [45]. RLS and Parkinson’s disease are supposed to
have their pathophysiological origin in the disturbed basal
ganglia that are responsible for the control mechanisms on
the primary motor cortex [46]. Central dysregulation of
dopamine transmission may not only promote psychiatric
symptoms [47], but also play a role in causingmotor changes.
In our earlier studies we observed recurrent CSPs in nonmed-
icated subjects with chronic restless legs syndrome too [48].
Individuals with schizophrenia tend to exhibit a greater right-
side than left-side parkinsonism caused by left-sided striatal
hypodopaminergia unrelated to antipsychotic treatment [49]
that may partly explain asymmetric findings in this study.
We suggest that the physiological basics of multiple CSPs
could be located in the extrapyramidal tracks and might
reflect disturbances in their neurotransmitter systems or
reflect interactions between GABA and dopamine regulation
systems and that the findings in this study reflect not only
changes in motor control in schizophrenia but also changes
induced by antipsychotic medications [20].

Limitations of the study were the small study sam-
ple, a heterogeneity of the schizophrenia group, and left-
handedness of someparticipantswith schizophrenia. Because
there were only three participants with paranoid schizophre-
nia, and because the two subtype groups (i.e., paranoid and
undifferentiated schizophrenia) were mixed with users of
atypical and conventional antipsychotics, we found it not
possible to compare the results between the subgroups in a
reliable way. Lorazepam and other additional psychotropic
medications were set on a pause in good time before TMS
investigations; thus, withdrawal symptoms were not proba-
ble.

4. Conclusions

The findings of our study can be summarized into three
main aspects. (1) Descending corticospinal motor pathways
and peripheral nerve systems were functioning correctly in
schizophrenia. (2) Significant changes in themotor inhibitory
system were observed in schizophrenia, seen as multiple
central silent periods and their summarized lengthened
outcome. (3) No significant side-to-side differences were
observed within the subjects with schizophrenia or within
the controls. The results may point to an impaired regulation
of excitatory or/and inhibitory neurotransmitter systems in
central motor pathways in schizophrenia.

Further research is needed to clarify the role of the
intramuscular recordingmethods and effects of antipsychotic
medication on the TMS parameters. The same study proce-
dure should be repeated in larger homogeneous schizophre-
nia populations with long-term antipsychotic treatment ver-
sus nontreated population.
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