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Abstract

In this review, we explore the evidence concerning the efficacy of repetitive transcranial magnetic 
stimulation (rTMS) to treat negative symptoms of schizophrenia. The majority of protocols have 
utilized high-frequency excitatory rTMS over the left dorsolateral prefrontal cortex (DLPFC) with limited 
therapeutic benefits in ameliorating negative symptoms. Although there are many promising results, 
current evidence does not fully support the clinical use of rTMS in the treatment of negative symptoms 
or cognitive dysfunction in patients with schizophrenia. Due to the disabling nature of these symptoms, 
clinical use of this technique could be justified in certain cases although overall response rates are not 
likely to be high. Treatment of cognitive dysfunction with rTMS is a promising but new area of research. 
Regarding side effects, the active rTMS intervention was well tolerated. Future research must focus 
on the clinical efficacy of patterned rTMS (e.g., theta burst stimulation), and optimum stimulation site 
and parameters. 

rTMS has been linked to cortical modulation, many researchers 
have explored its therapeutic potential across several schizophrenic 
symptoms. rTMS uses alternating magnetic fields to increase local 
cortical excitability via high frequency and decrease excitability via 
low frequency. 

Studies of pathophysiological mechanisms of schizophrenia 
have often considered cortical excitability and inhibition. Studies of 
sensory processing using repulse inhibition and evoked potentials 
suggest that the cerebral cortex is less able to suppress responses to 
inputs in patients with schizophrenia. Functional magnetic resonance 
imaging (fMRI) studies confirm that auditory hallucinations are 
accompanied by activation of speech processing areas of the brain, 
involving Broca’s area and temporal cortex, suggesting an increased 
excitability [4]. 

Study results suggest a possible role of reduced inhibitory processes 
in the pathogenesis of schizophrenia. In paired-pulse TMS paradigm, 
an initial, conditioning sub threshold TMS pulse is followed shortly 
after that by a second suprathreshold test TMS pulse. The amplitude 
of MEP changes produced by the conditioning pulse can be mapped 
to the inter pulse interval. Shorter inter pulse intervals (i.e., 1–6 msec) 
produce reductions in the MEP response to the test pulse, whereas 
longer inter pulse intervals (i.e., 10–20 msec) amplify MEP answers 
to the test pulse. A decrease in paired-pulse inhibition was detected 
in patients with schizophrenia when compared with normal control 
subjects [5].Inhibitory effects negotiated by cross-callosal projections 
can also be examined via TMS. TMS of the motor cortex has been 
shown to inhibit tonic electromyographic activity in ipsilateral muscle 
groups. Boroojerdi et al reported that the delay between transcallosal 
stimulation and inhibition of electromyographic response was 
significantly prolonged in schizophrenic patients compared with 

Introduction 
Neuromodulation techniques like repetitive transcranial magnetic 

stimulation (rTMS) have been a promising option in schizophrenia. 
rTMS is a neurostimulation method permitting brain neuronal 
metabolism modulation in a non-invasive way. Possible mechanism 
of action of TMS depends on the ereation of a transmembrane 
potential. By the magnetic stimulation, a charge is moved across an 
excitable cellular membrane, creating a transmembrane potential, 
or nerve depolarization voltage. If sufficient, this voltage can cause 
membrane depolarization and initiate an action potential, which 
then propagates along a nerve like any other action potential. It has 
repeatedly been demonstrated that high-frequency rTMS (10-25 Hz) 
enhances brain excitability, and low-frequency rTMS (1 Hz and low) 
reduces it. It has also been found that high-frequency rTMS applied 
over the left prefrontal cortex (PFC) increases brain perfusion, while 
low-frequency rTMS has the opposite effect [1]. Extensive series of 
studies have suggested the efficacy of high-frequency stimulation 
applied to the left dorsolateral prefrontal cortex in depression. There 
is also good evidence for the efficacy of low-frequency stimulation 
applied to the right dorsolateral PFC.

Cortical excitability and inhibition abnormalities in 
schizophrenia 

Typical pathophysiological models of schizophrenia demonstrate 
the cortical excitability and inhibition abnormalities. TMS motor 
evoked potential (MEP), and pre-pulse inhibition studies with 
schizophrenic subjects exhibit a dysfunction to suppress responses 
to inputs, which is known as hyperexcitability [2]. Patients with 
prominent negative symptoms often exhibit reduced activation 
in frontal brain regions, a state known as hypoactivation [3]. As 
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normal control subjects [6]. It also reported longer transcallosal 
suppression of motor contractions in schizophrenia group compared 
with healthy subjects, although no change in the latency of effect 
was observed. Certainly medication effects need to be considered in 
interpreting these group differences. 

When we take all the results in the account, schizophrenia is 
related to reduce cortical inhibition and enhanced cortical excitability. 
However, drug effects may be complicated, since one study found 
that antipsychotic medication produced less early inhibition of MEPs 
[7]. Antipsychotic drugs may extend the duration of transcallosal 
inhibition induced by TMS. Study results suggest that schizophrenia 
is associated with reduced cortical inhibition that is reversed in part 
by antipsychotic drugs [8]. Abnormally short-interval intracortical 
inhibition has also been reported in patients with schizophrenia [9]. 
Short-interval intracortical inhibition abnormalities may link to core 
symptoms of schizophrenia with several studies reporting correlations 
between positive symptoms and short-interval intracortical 
inhibition strength. Short-interval intracortical inhibition deficits are 
also thought to be related to deficient cortical inhibition in different 
stages of schizophrenia, including chronic and medicated or recently 
diagnosed and unmediated cases [8]. Abnormal cortical-inhibition 
has been hypothesized to contribute to social cognition deficits in 
schizophrenia [10]. 

Resting-state functional network connectivity in schizophrenia 
is another research area. Functional connectivity is defined as the 
temporal dependence of neuronal activity patterns of anatomically 
separated brain regions. Examining the brain as a network of 
functionally interacting regions can provide new insights about 
neuronal communication. Functional connectivity studies using 
electroencephalography measure synchronization. Especially, 
such synchronous activity has been measured using gamma band 
oscillations. Neural oscillation is rhythmic or repetitive neural activity 
observed in the brain. When neurons fire in a synchronous manner, 
their rhythmic input is reflected in the extracellular field potential 
as brain oscillations. Examining dysfunction in rhythmic activity in 
mental disorders has recently emerged as a convincing passageway 
to define the underlying neural dysfunction. Recently, schizophrenia 
is at the focus of brain oscillations studies. Resting state gamma 
oscillations, although less studied, have been found to be deviant 
in patients with schizophrenia [11]. These high-frequency neural 
oscillations also have been suggested as biomarkers for schizophrenia. 

Effect of rtms on negative symptoms 
Negative symptoms are deficits of normal thought processes 

and emotional responses and are less responsive to antipsychotic 
medications. They lead to a reduced quality of life, decreased functional 
ability, and the burden on others than do positive symptoms. Due 
to the poor response to medications, the development of novel 
treatments for negative symptoms of schizophrenia is critical. rTMS 
has been offered as a promising treatment for the negative symptoms 
of schizophrenia. During the past decade, several trials have reported 
on the efficacy of rTMS treatment; however, the results were 
inconsistent. 

The first study examining effects of higher-frequency rTMS 

delivered to PFC in patients with schizophrenia with predominantly 
negative symptoms was reported by Cohen et al [12]. rTMS at 20 Hz 
was given daily to patients in an open-label fashion to left PFC for 10 
days. The results after rTMS indicated no change in hypofrontality; 
however, negative symptoms presented an overall decrease. An 
improvement in neuropsychological test performance was also noted, 
although only performance in a delayed visual memory task achieved 
statistical significance. 

Rollnik et al. examined, in a double-blind, crossover design, the 
effects of higher frequency rTMS delivered to left prefrontal cortex 
in 12 schizophrenia patients with negative symptoms [13]. In this 
study, rTMS was delivered to left DLPFC each day for 2 weeks. 
Each stimulation session consisted of twenty 2-second pulse trains 
at 20 Hz and 80% of MT. The Brief Psychiatric Rating Scale score 
significantly decreased following active rTMS compared with sham 
stimulation, whereas depressive and anxiety symptoms did not 
change significantly. 

Wobrock et al. evaluated the efficacy of 10-Hz rTMS applied to 
the left DLPFC for the treatment of predominant negative symptoms 
in schizophrenia. They conducted a randomized, sham-controlled, 
double-blind trial in which76 patients were treated with 10-Hz rTMS 
applied 15 sessions over the left DLPFC as added to the ongoing 
treatment, and 81 patients were given sham rTMS. There was not any 
statistically significant difference noted in improvement in negative 
symptoms, cognitive function or depression between the two groups 
at day 21 or subsequently through day 105. However, there was a 
small, but statistically significant, improvement in positive symptoms 
in the active rTMS group, limited to day 21. They concluded that 
application of 10-Hz rTMS to the left DLPFC was well tolerated but 
was not found to be superior compared with sham rTMS in correcting 
negative symptoms [14]. 

Dlabac et al. performed a meta-analysis with 9 randomized 
controlled trials including 213 patients, to assess the efficacy of 
prefrontal rTMS for managing negative symptoms of schizophrenia. 
The mean weighted effect size for rTMS versus sham was in the small-
to-medium range and statistically significant. When only the studies 
with a stimulation frequency of 10 Hz included, the mean effect size 
increased to 0.63.Studies with at least 3 weeks duration had a larger 
mean effect size when compared to studies with shorter treatment 
duration. They concluded that the results of this meta-analysis 
warrant further study of rTMS as a potential treatment of negative 
symptoms of schizophrenia [15]. 

Another study by Hajak et al. included 20 patients with 
schizophrenia who received high-frequency TMS over 10 days to the 
left DLPFC [16]. At the end of the study, functional neuroimaging was 
performed. There was a significant decrease in negative symptoms 
and depressive symptoms while positive symptoms seemed to worsen. 
However, no changes were noted on the neuroimaging. Goyal et al. 
[17], showed improvement in negative symptoms in their double-
blind, sham-controlled study of 10 right-handed patients diagnosed 
with schizophrenia. Prikryl et al. [18], also found improvement in 
negative symptoms in their randomized, sham-controlled study of 22 
patients with schizophrenia who had prominent negative symptoms 
and were stabilized on antipsychotic medication. Schneider et al. [19], 
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used 10Hz TMS at 110 percent of the motor threshold over the left 
DLPFC in 51 patients with schizophrenia, which showed significant 
benefit in reducing negative symptoms as well as neurocognitive 
deficits. Cordes et al. [20], found mild to moderate effect using 10 Hz 
stimulation at 110 % MT in a sham-controlled trial of 35 individuals 
with chronic schizophrenia. In a group of 22 chronic, hospitalized 
patients with schizophrenia, high-frequency TMS was not found 
to have a therapeutic effect [21]. Novak et al. [22], were unable to 
show that high-frequency rTMS over the left DLPFC would decrease 
negative symptoms in 16 patients with schizophrenia. This study 
only used 90- percent motor threshold with a total of 2000 stimuli 
per session. Although Mogg et al. [23], in negative symptoms, they 
did see some improvement in cognitive function in their study of 17 
patients with schizophrenia who were treated with TMS. Possibly, 
rTMS may provoke neural plasticity in the prefrontal circuits of the 
brain by facilitating dopaminergic, GABAergic and glutaminergic 
neurotransmission [24] and this may be reflected by a change in 
cognition after rTMS treatment. 

In another double-blind, randomized controlled study, authors 
assessed the therapeutic effects of high-frequency left DLPFC rTMS 
on negative symptoms of schizophrenia. In the study, 117 patients 
with negative symptoms were randomized to a 20-day course of either 
active rTMS applied to the left DLPFC or sham rTMS. They reported 
that treatment with high-frequency rTMS for 6 weeks significantly 
improved negative symptoms in the high-frequency group as 
compared to the sham group. The decline of negative symptoms 
persisted to the 6-months follow-up assessment [25]. 

Two previous studies have investigated the effect of rTMS 
treatment in patients with schizophrenia on neuronal activation 
[26,27]. Both of the studies applied rTMS treatment to the left 
DLPFC. However, both studies did not reveal any statistically 
significant differences in neuronal activation between the sham and 
the active rTMS groups. It has been proposed that using a relatively 
high number of rTMS stimuli may be more efficient and effects of 
different rTMS parameters and fMRI tasks targeting relevant brain 
circuitry deserve further investigation [28]. 

Zhao et al., compare the effect of four different rTMS protocols 
in the treatment of the negative symptoms of schizophrenia. Ninety-
six patients with predominantly negative symptoms were randomly 
allocated to four treatment groups: 10 Hz, 20 Hz, theta burst 
stimulation, and sham rTMS. In the first three groups, the left DLPFC 
was stimulated at 80% of the motor threshold five times per week for 
four weeks. Two subjects in the control group and one subject from 
the 20 Hz group dropped out during the trial. After 4 weeks of rTMS 
treatment, all the active rTMS groups had lower scores on the clinical 
scales of negative symptoms and general psychopathology scales, 
compared to the control group. The theta burst stimulation group 
had significantly more decline in these scores compared to the 10 
Hz and the 20 Hz groups. There were not any significant differences 
noted between the 10 Hz and 20 Hz groups. There was no pre- versus 
post-treatment differences in the positive symptom scale scores 
between the four groups. There were not any serious adverse events 
reported. The authors concluded that rTMS, particularly the theta 
burst stimulation protocol for rTMS, is a safe and efficient treatment 
method for patients with prominent negative symptoms [29]. 

A recent study aimed to assess the effect of rTMS on their 
individual domains of negative symptoms, such as affective flattening, 
alogia, apathy, avolition, anhedonia, and impaired attention. Forty 
schizophrenic male patients on stable antipsychotic medication with 
prominent negative symptoms were included in the study. They were 
divided into 15 sessions of 10 Hz stimulation over the left DLPFC 
and sham groups. The active rTMS group demonstrated a statistically 
significantly higher reduction in all domains of negative symptoms of 
schizophrenia. They reported that high-frequency stimulation of the 
left DLPFC may represent an efficient augmentation of antipsychotics 
in relieving the negative symptoms of schizophrenia [30]. 

Cerebellum and cortico-thalamo-cerebellar circuit 
The cerebellum and cortico-thalamic-cerebellar circuit have been 

implicated in the pathophysiology of schizophrenia. Patients with 
schizophrenia exhibit deficits supporting cerebellar dysfunction, such 
as neurological soft signs, impaired eyeblink conditioning, procedural 
learning deficits, dyscoordination, abnormal posture and poor 
cognitive performance. Stimulation of cerebellum might be a novel 
target for treating patients with schizophrenia. Resting state gamma 
activity is a biomarker related to functional brain connectivity. To 
investigate the effect of cerebellar-rTMS on resting state gamma 
activity, while studying its efficacy in 11 recent onset schizophrenia 
patients who received 10 sessions of high-frequency rTMS to midline 
cerebellum over 2 weeks. Over the treatment course, a significant 
decrease was seen on negative syndrome and depression scores. 
Gamma spectral power in left frontal and temporal segments reduced 
significantly after administration of rTMS. The authors concluded 
that cerebellar-rTMS might be a useful adjunct to treat negative and 
affective symptoms in schizophrenia [31]. 

Effect on social cognitive impairments 
Schizophrenia patients often report poor functional abilities 

to be one of the most disturbing consequences of their disorder; 
improvement of functional outcomes has become an important 
treatment target. Neither typical nor atypical antipsychotic 
medication significantly improves deficits in facial affect recognition. 
However, adjuvant cognitive remediation focusing on social 
cognition in general or on facial affect recognition, in particular, has 
shown promising results. According to a recent meta-analysis, social 
cognitive training programs have moderate-to-large effects on both 
social cognitive performance (including facial affect recognition) and 
observer-rated community function [32]. Other add-on treatments, 
like brain stimulation methods, have not yet been investigated 
enough concerning their effects on social cognitive impairments 
in schizophrenia. A sham-controlled study evaluated the effects 
of adjunctive rTMS on facial affect recognition in patients with 
chronic schizophrenia. In this study 36 patients with a diagnosis 
of schizophrenia were randomly and double-blindly distributed to 
groups of 10 sessions 10 Hz rTMS or sham stimulation. Authors 
reported that the facial affect recognition improved significantly in the 
rTMS group. The authors also reported that there was no correlation 
between clinical improvement and facial affect recognition. The 
results indicate that prefrontal 10 Hz rTMS stimulation may help to 
correct impaired facial affect recognition in schizophrenia [33]. 
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Conclusion 
Several studies recently investigated the effects of rTMS on 

negative symptoms of schizophrenia. Although there are many 
promising results, current evidence does not fully support the clinical 
use of rTMS in the treatment of negative symptoms or cognitive 
dysfunction in patients with schizophrenia. Given the often disabling 
nature of these symptoms, clinical use of this technique could be 
justified in certain cases although overall response rates are not 
likely to be high. Treatment of cognitive dysfunction with rTMS is a 
promising but new area of research. Regarding side effects, the active 
rTMS intervention was well tolerated. Future studies will also need 
to identify predictive markers to target accurately patient subgroups 
with a high likelihood to respond to rTMS.

References
1. Kole MH, Fuchs E, Ziemann U, Paulus W, Ebert U (1999) Changes in 5-HT1A 

and NMDA binding sites by a single rapid transcranial magnetic stimulation 
procedure in rats. Brain Research 826: 309-312. 

2. Daskalakis ZJ, Christensen BK, Chen R, Fitzgerald PB, Zipursky RB, et 
al. (2002) Evidence for impaired cortical inhibition in schizophrenia using 
transcranial magnetic stimulation. Arch Gen Psychiatry 59: 347-354. 

3. Wobrock T, Schneider-Axmann T, Retz W, Rosler M, Kadovic D, et al. (2009) 
Motor circuit abnormalities in first-episode schizophrenia assessed with 
transcranial magnetic stimulation. Pharmacopsychiatry 42: 194-201. 

4. Puri BK, Lekh SK, Nijran KS, Bagary MS, Richardson AJ (2001) SPECT 
neuroimaging in schizophrenia with religious delusions. Int J Psychophysiol 
40: 143-148. 

5. Fitzgerald PB, Brown TL, Daskalakis ZJ, Kulkarni J (2002) A transcranial 
magnetic stimulation study of inhibitory deficits in the motor cortex in patients 
with schizophrenia. Psychiatry Research 114: 11-22. 

6. Boroojerdi B, Topper R, Foltys H, Meincke U (1999) Transcallosal inhibition 
and motor conduction studies in patients with schizophrenia using transcranial 
magnetic stimulation. Br J Psychiatry 175: 375-379. 

7. Davey NJ, Puri BK, Lewis HS, Lewis SW, Ellaway PH (1997) Effects of 
antipsychotic medication on electromyographic responses to transcranial 
magnetic stimulation of the motor cortex in schizophrenia. J NeurolNeurosurg 
Psychiatry 63: 468-473. 

8. Daskalakis ZJ, Christensen BK, Fitzgerald PB, Moller B, Fountain SI, et al. 
(2008) Increased cortical inhibition in persons with schizophrenia treated with 
clozapine. J Psychopharmacology 22: 203-209. 

9. Rogasch NC, Daskalakis ZJ, Fitzgerald PB (2014) Cortical inhibition, 
excitation, and connectivity in schizophrenia: a review of insights from 
transcranial magnetic stimulation. SchizophrBulletion 40: 685-696. 

10. Mehta UM, Thirthalli J, Basavaraju R, Gangadhar BN (2014) Association of 
intracortical inhibition with social cognition deficits in schizophrenia: Findings 
from a transcranial magnetic stimulation study. Schizophr Research 158: 
146-150. 

11. Tikka SK, Nizamie SH, Das B, Katshu MZ, Goyal N (2013) Increased 
spontaneous gamma power and synchrony in schizophrenia patients having 
higher minor physical anomalies. Psychiatry Research 207: 164-172. 

12. Cohen E, Bernardo M, Masana J, Arrufat FJ, Navarro V, et al. (1999) 
Repetitive transcranial magnetic stimulation in the treatment of chronic 
negative schizophrenia: a pilot study. J NeurolNeurosurg Psychiatry 67: 129-
130. 

13. Rollnik JD, Huber TJ, Mogk H, Siggelkow S, Kropp S, et al. (2000) High 
frequency repetitive transcranial magnetic stimulation (rTMS) of the 
dorsolateral prefrontal cortex in schizophrenic patients. Neuroreport 11: 
4013-4015. 

14. Wobrock T, Guse B, Cordes J, Wolwer W, Winterer G, et al. (2015) Left 
prefrontal high-frequency repetitive transcranial magnetic stimulation for the 
treatment of schizophrenia with predominant negative symptoms: a sham-
controlled, randomized multicenter trial. Biol Psychiatry 77: 979-988. 

15. Dlabac-de Lange JJ, Knegtering R, Aleman A (2010) Repetitive transcranial 
magnetic stimulation for negative symptoms of schizophrenia: review and 
meta-analysis. J Clin Psychiatry 71: 411-418. 

16. Hajak G, Marienhagen J, Langguth B, Werner S, Binder H, et al. (2004) High-
frequency repetitive transcranial magnetic stimulation in schizophrenia: a 
combined treatment and neuroimaging study. Psychol Med 34: 1157-1163. 

17. Goyal N, Nizamie SH, Desarkar P (2007) Efficacy of adjuvant high frequency 
repetitive transcranial magnetic stimulation on negative and positive 
symptoms of schizophrenia: preliminary results of a double-blind sham-
controlled study. J Neuropsychiatry Clin Neuroscience 19: 464-467. 

18. Prikryl R, Kasparek T, Skotakova S, Ustohal L, Kucerova H, et al. (2007) 
Treatment of negative symptoms of schizophrenia using repetitive 
transcranial magnetic stimulation in a double-blind, randomized controlled 
study. Schizophr Research 95: 151-157. 

19. Schneider AL, Schneider TL, Stark H (2008) Repetitive transcranial magnetic 
stimulation (rTMS) as an augmentation treatment for the negative symptoms 
of schizophrenia: a 4-week randomized placebo controlled study. Brain 
Stimul 1: 106-111. 

20. Cordes J, Thunker J, Agelink MW, Arends M, Mobascher A, et al. (2010) 
Effects of 10 Hz repetitive transcranial magnetic stimulation (rTMS) on clinical 
global impression in chronic schizophrenia. Psychiatry Research 177: 32-36. 

21. Holi MM, Eronen M, Toivonen K, Toivonen P, Marttunen M, et al. (2004) 
Left prefrontal repetitive transcranial magnetic stimulation in schizophrenia. 
SchizophrBulletion 30: 429-434. 

22. Novak T, Horacek J, Mohr P, Kopecek M, Skrdlantova L, et al. (2006) The 
double-blind sham-controlled study of high-frequency rTMS (20 Hz) for 
negative symptoms in schizophrenia: negative results. Neuro EndocrinolLett 
27: 209-213. 

23. Mogg A, Purvis R, Eranti S, Contell F, Taylor JP, et al. (2007) Repetitive 
transcranial magnetic stimulation for negative symptoms of schizophrenia: a 
randomized controlled pilot study. Schizophr Research 93: 221-228. 

24. Transcranial magnetic stimulation in clinical psychiatry. 1st ed. ed. Arlington, 
VA: American Psychiatric Publishing; 2007. 

25. Quan WX, Zhu XL, Qiao H, Zhang WF, Tan SP, et al. (2015) The effects 
of high-frequency repetitive transcranial magnetic stimulation (rTMS) on 
negative symptoms of schizophrenia and the follow-up study. NeurosciLett 
584: 197-201. 

26. Guse B, Falkai P, Gruber O, Whalley H, Gibson L, et al. (2013) The effect 
of long-term high frequency repetitive transcranial magnetic stimulation 
on working memory in schizophrenia and healthy controls--a randomized 
placebo-controlled, double-blind fMRI study. Behav Brain Research 237: 
300-307. 

27. Prikryl R, Mikl M, PrikrylovaKucerova H, Ustohal L, Kasparek T, et al. (2012) 
Does repetitive transcranial magnetic stimulation have a positive effect on 
working memory and neuronal activation in treatment of negative symptoms 
of schizophrenia? Neuro Endocrinol Lett 33: 90-97. 

28. Dlabac-de Lange JJ, Liemburg EJ, Bais L, Renken RJ, Knegtering H, et 
al. (2015) Effect of rTMS on brain activation in schizophrenia with negative 
symptoms: A proof-of-principle study. Schizophr Research 168: 475-482. 

29. Zhao S, Kong J, Li S, Tong Z, Yang C, et al. (2014) Randomized controlled 
trial of four protocols of repetitive transcranial magnetic stimulation for treating 
the negative symptoms of schizophrenia. Shanghai Arch Psychiatry 26: 15-
21. 

30. Prikryl R, Ustohal L, PrikrylovaKucerova H, Kasparek T, Venclikova S, et al. 
(2013) A detailed analysis of the effect of repetitive transcranial magnetic 
stimulation on negative symptoms of schizophrenia: a double-blind trial. 
Schizophr Research 149: 167-173.

http://www.ncbi.nlm.nih.gov/pubmed/10224311
http://www.ncbi.nlm.nih.gov/pubmed/10224311
http://www.ncbi.nlm.nih.gov/pubmed/10224311
http://www.ncbi.nlm.nih.gov/pubmed/11926935
http://www.ncbi.nlm.nih.gov/pubmed/11926935
http://www.ncbi.nlm.nih.gov/pubmed/11926935
http://www.ncbi.nlm.nih.gov/pubmed/19724982
http://www.ncbi.nlm.nih.gov/pubmed/19724982
http://www.ncbi.nlm.nih.gov/pubmed/19724982
http://www.ncbi.nlm.nih.gov/pubmed/11165352
http://www.ncbi.nlm.nih.gov/pubmed/11165352
http://www.ncbi.nlm.nih.gov/pubmed/11165352
http://www.ncbi.nlm.nih.gov/pubmed/11864806
http://www.ncbi.nlm.nih.gov/pubmed/11864806
http://www.ncbi.nlm.nih.gov/pubmed/11864806
http://www.ncbi.nlm.nih.gov/pubmed/10789306
http://www.ncbi.nlm.nih.gov/pubmed/10789306
http://www.ncbi.nlm.nih.gov/pubmed/10789306
http://www.ncbi.nlm.nih.gov/pubmed/9343125
http://www.ncbi.nlm.nih.gov/pubmed/9343125
http://www.ncbi.nlm.nih.gov/pubmed/9343125
http://www.ncbi.nlm.nih.gov/pubmed/9343125
http://www.ncbi.nlm.nih.gov/pubmed/18308816
http://www.ncbi.nlm.nih.gov/pubmed/18308816
http://www.ncbi.nlm.nih.gov/pubmed/18308816
http://www.ncbi.nlm.nih.gov/pubmed/23722199
http://www.ncbi.nlm.nih.gov/pubmed/23722199
http://www.ncbi.nlm.nih.gov/pubmed/23722199
http://www.schres-journal.com/article/S0920-9964%2814%2900358-2/abstract?cc=y=
http://www.schres-journal.com/article/S0920-9964%2814%2900358-2/abstract?cc=y=
http://www.schres-journal.com/article/S0920-9964%2814%2900358-2/abstract?cc=y=
http://www.schres-journal.com/article/S0920-9964%2814%2900358-2/abstract?cc=y=
http://www.ncbi.nlm.nih.gov/pubmed/23051885
http://www.ncbi.nlm.nih.gov/pubmed/23051885
http://www.ncbi.nlm.nih.gov/pubmed/23051885
http://www.ncbi.nlm.nih.gov/pubmed/10454880
http://www.ncbi.nlm.nih.gov/pubmed/10454880
http://www.ncbi.nlm.nih.gov/pubmed/10454880
http://www.ncbi.nlm.nih.gov/pubmed/10454880
http://www.ncbi.nlm.nih.gov/pubmed/11192620
http://www.ncbi.nlm.nih.gov/pubmed/11192620
http://www.ncbi.nlm.nih.gov/pubmed/11192620
http://www.ncbi.nlm.nih.gov/pubmed/11192620
http://www.ncbi.nlm.nih.gov/pubmed/25582269
http://www.ncbi.nlm.nih.gov/pubmed/25582269
http://www.ncbi.nlm.nih.gov/pubmed/25582269
http://www.ncbi.nlm.nih.gov/pubmed/25582269
http://www.ncbi.nlm.nih.gov/pubmed/20361909
http://www.ncbi.nlm.nih.gov/pubmed/20361909
http://www.ncbi.nlm.nih.gov/pubmed/20361909
http://www.ncbi.nlm.nih.gov/pubmed/15697042
http://www.ncbi.nlm.nih.gov/pubmed/15697042
http://www.ncbi.nlm.nih.gov/pubmed/15697042
http://www.ncbi.nlm.nih.gov/pubmed/18070852
http://www.ncbi.nlm.nih.gov/pubmed/18070852
http://www.ncbi.nlm.nih.gov/pubmed/18070852
http://www.ncbi.nlm.nih.gov/pubmed/18070852
http://www.ncbi.nlm.nih.gov/pubmed/17689931
http://www.ncbi.nlm.nih.gov/pubmed/17689931
http://www.ncbi.nlm.nih.gov/pubmed/17689931
http://www.ncbi.nlm.nih.gov/pubmed/17689931
http://www.ncbi.nlm.nih.gov/pubmed/20633377
http://www.ncbi.nlm.nih.gov/pubmed/20633377
http://www.ncbi.nlm.nih.gov/pubmed/20633377
http://www.ncbi.nlm.nih.gov/pubmed/20633377
http://www.ncbi.nlm.nih.gov/pubmed/20378181
http://www.ncbi.nlm.nih.gov/pubmed/20378181
http://www.ncbi.nlm.nih.gov/pubmed/20378181
http://www.ncbi.nlm.nih.gov/pubmed/15279057
http://www.ncbi.nlm.nih.gov/pubmed/15279057
http://www.ncbi.nlm.nih.gov/pubmed/15279057
http://www.ncbi.nlm.nih.gov/pubmed/16648775
http://www.ncbi.nlm.nih.gov/pubmed/16648775
http://www.ncbi.nlm.nih.gov/pubmed/16648775
http://www.ncbi.nlm.nih.gov/pubmed/16648775
http://www.ncbi.nlm.nih.gov/pubmed/17478080
http://www.ncbi.nlm.nih.gov/pubmed/17478080
http://www.ncbi.nlm.nih.gov/pubmed/17478080
http://diyhpl.us/~bryan/papers2/neuro/magnetic-stimulation/clinical/Transcranial Magnetic Stimulation in Clinical Psychiatry_ Mark S George_ Robert H Belmaker_ 2006.pdf
http://diyhpl.us/~bryan/papers2/neuro/magnetic-stimulation/clinical/Transcranial Magnetic Stimulation in Clinical Psychiatry_ Mark S George_ Robert H Belmaker_ 2006.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25449864
http://www.ncbi.nlm.nih.gov/pubmed/25449864
http://www.ncbi.nlm.nih.gov/pubmed/25449864
http://www.ncbi.nlm.nih.gov/pubmed/25449864
http://www.ncbi.nlm.nih.gov/pubmed/23022750
http://www.ncbi.nlm.nih.gov/pubmed/23022750
http://www.ncbi.nlm.nih.gov/pubmed/23022750
http://www.ncbi.nlm.nih.gov/pubmed/23022750
http://www.ncbi.nlm.nih.gov/pubmed/23022750
http://www.ncbi.nlm.nih.gov/pubmed/22467118
http://www.ncbi.nlm.nih.gov/pubmed/22467118
http://www.ncbi.nlm.nih.gov/pubmed/22467118
http://www.ncbi.nlm.nih.gov/pubmed/22467118
http://www.ncbi.nlm.nih.gov/pubmed/26187147
http://www.ncbi.nlm.nih.gov/pubmed/26187147
http://www.ncbi.nlm.nih.gov/pubmed/26187147
http://www.ncbi.nlm.nih.gov/pubmed/25114477
http://www.ncbi.nlm.nih.gov/pubmed/25114477
http://www.ncbi.nlm.nih.gov/pubmed/25114477
http://www.ncbi.nlm.nih.gov/pubmed/25114477
http://www.ncbi.nlm.nih.gov/pubmed/23810122
http://www.ncbi.nlm.nih.gov/pubmed/23810122
http://www.ncbi.nlm.nih.gov/pubmed/23810122
http://www.ncbi.nlm.nih.gov/pubmed/23810122


Citation: Sayar GH, Bulut H, Tarhan N (2015) Use of Repetitive Transcranial Magnetic Stimulation in Treatment of Negative Symptoms of Schizophrenia. 
J Neurol Neurol Sci Disord 1(1): 017-021.

Sayar et al. (2015)

021

Copyright: © 2015 Sayar GH, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

31. Tikka SK, Garg S, Sinha VK, Nizamie SH, Goyal N (2015) Resting State 
Dense Array Gamma Oscillatory Activity as a Response Marker for Cerebellar-
Repetitive Transcranial Magnetic Stimulation (rTMS) in Schizophrenia. J 
ECT. 

32. Kurtz MM, Richardson CL (2012) Social cognitive training for schizophrenia: 

a meta-analytic investigation of controlled research. SchizophrBulletion 38: 
1092-1104. 

33. Wolwer W, Lowe A, Brinkmeyer J, Streit M, Habakuck M, et al. (2014) 
Repetitive transcranial magnetic stimulation (rTMS) improves facial affect 
recognition in schizophrenia. Brain Stimul 7: 559-563.

http://www.ncbi.nlm.nih.gov/pubmed/25923998
http://www.ncbi.nlm.nih.gov/pubmed/25923998
http://www.ncbi.nlm.nih.gov/pubmed/25923998
http://www.ncbi.nlm.nih.gov/pubmed/25923998
http://www.ncbi.nlm.nih.gov/pubmed/21525166
http://www.ncbi.nlm.nih.gov/pubmed/21525166
http://www.ncbi.nlm.nih.gov/pubmed/21525166
http://www.ncbi.nlm.nih.gov/pubmed/24857264
http://www.ncbi.nlm.nih.gov/pubmed/24857264
http://www.ncbi.nlm.nih.gov/pubmed/24857264

	Title
	Abstract
	Introduction
	Cortical excitability and inhibition abnormalities in schizophrenia  
	Effect of rtms on negative symptoms  
	Cerebellum and cortico-thalamo-cerebellar circuit  
	Effect on social cognitive impairments  

	Conclusion
	References

