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전자약 분야 전문기업 
리메드가 치료의 미래를 이끌어 갑니다!

2003년 창립된 리메드는 지난 20여년간 우울증의 근본적인 해결을 위한 
뇌 자극 제품의 연구개발에 힘써왔으며, 그 결과 최첨단 TMS 장비를 
성공적으로 도입했습니다.

리메드 ALTMS는 국내 최초로 미국 FDA와 식약처에서 우울증으로 승인을 받았으며, 
여기에 멈추지 않고 끊임없는 노력을 통해 ALTMS24, BrainStim, 그리고 
BrainStim-Home(wearable TMS)에 이르는 다양한 제품을 개발하였습니다.

앞으로도 뇌 자극 분야의 선두주자로서 리메드만의 가치있는 도전과 
창조 정신으로 혁신적 기술의 성장을 이루겠습니다.

FDA가 인정한 차별화된 기술력을 통해
글로벌 스탠다드로 앞장서겠습니다!

전 세계 환자들의 건강한 삶에 기여할 수 있는 핵심기술 개발을 위해
리메드는 지속적으로 R&D에 투자하고, 기업역량을 강화하고 있습니다.
이를 바탕으로 국내는 물론 해외에서도 그 전문성을 인정받고 있으며,
검증된 가치에 의한 신뢰를 바탕으로 더욱 다양한 솔루션 제공을 약속드립니다.
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왜 TMS치료를 선택해야 하는가?
TMS(Transcranial Magnetic Stimulation)는 안전하고 비침습적인 
치료로서 뇌의 뉴런을 자극하기 위해 빠르게 변화하는 자기장을 이용합니다. 

이는 약물치료로 효과를 보지 못했거나, 약물을 투여하지 못하는 분들에게 
효과적인 치료로 제안될 수 있으며, 더 나아가 폭 넓은 치료를 위한 
새로운 옵션이 될 것입니다.   

20년 간의 축적된 가치로 완성한
리메드 TMS 책자를 만나보세요
국내 최초의 전자약 기업 리메드가 창립 20주년을 맞아 
TMS의 A to Z를 총체적으로 담아낸 가이드북을 발간했습니다.

•비침습적 뇌 자극, TMS의 역사 및 기전
•국내 유수 교수진들의 질환 별 근거기반 프로토콜
•개원가에서의 다양한 활용 방안 및 필드의 노하우

【구매 문의】 1588-7395
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Adjunctive Low-frequency Repetitive Transcranial Magnetic Stimulation over 
the Right Dorsolateral Prefrontal Cortex in Patients with Treatment-resistant 
Obsessive-compulsive Disorder: A Randomized Controlled Trial
Ho-Jun Seo1, Young-Eun Jung2, Hyun Kook Lim1, Yoo-Hyun Um1, Chang Uk Lee3, Jeong-Ho Chae3

Departments of Psychiatry, 1St. Vincent Hospital, Suwon, 3Seoul St. Mary’s Hospital, Seoul, College of Medicine, The Catholic University 
of Korea, 2Department of Psychiatry, Jeju National University School of Medicine, Jeju, Korea

Objective: The present study aimed to evaluate the efficacy of low frequency (LF) repetitive transcranial magnetic stimulation 
(rTMS) over the right dorsolateral prefrontal cortex (DLPFC) for the treatment of obsessive-compulsive disorder (OCD).
Methods: Twenty-seven patients with treatment resistant OCD were randomly assigned to 3 week either active (n=14) or sham 
(n=13) rTMS. The active rTMS parameters consisted of 1 Hz, 20-minute trains (1,200 pulses/day) at 100% of the resting motor 
threshold (MT). OCD symptoms, mood, and anxiety were assessed at baseline and every week throughout the treatment period.
Results: A repeated-measures analysis of variance (ANOVA) was used to evaluate changes on the Yale-Brown Obsessive 
Compulsive Scale (YBOCS). Our results revealed a significant reduction in YBOCS scores in the active group compared with 
the sham group after 3 weeks. Similarly, a repeated-measures ANOVA revealed significant effect of time and time×group inter-
action on scores on the Hamilton Depression Rating Scale and the Clinical Global Impression-Severity scale. There were no 
reports of any serious adverse effects following the active and sham rTMS treatments. 
Conclusion: LF rTMS over the right DLPFC appeared to be superior to sham rTMS for relieving OCD symptoms and depression 
in patients with treatment-resistant OCD. Further trials with larger sample sizes should be conducted to confirm the present 
findings. 

KEY WORDS: Transcranial magnetic stimulation; Obsessive-compulsive disorder; Prefrontal cortex.

INTRODUCTION

Obsessive-compulsive disorder (OCD) is a chronic and 
highly debilitating neuropsychiatric disorder with a life-
time prevalence of 2-3%.1,2) Ego dystonic symptoms of 
OCD cause significant distress to patients as well as their 
family.3) The substantial impairments that OCD causes in 
terms of interpersonal and occupational functioning have 
led to considerable social costs as well as this disorder’s 
reputation as among the most disabling psychiatric 
conditions.4)

Current first-line treatment strategies for OCD include 
high doses of selective serotonin reuptake inhibitors (SSRIs) 

or clomipramine in conjunction with cognitive-behavioral 
therapy.5) However, pharmacological treatment regimens 
are typically broadened to include various psychotropic 
agents, particularly antipsychotics.6) Even with a diverse 
array of therapeutic options, approximately 30-60% of 
OCD patients show only partial responses to treatment or 
are unable to tolerate the side effects related to these 
medications.7) Additionally, a substantial portion of pa-
tients experiences persistent symptoms that impair their 
global functioning.8)

Repetitive transcranial magnetic stimulation (rTMS) is 
a non-invasive technique that may be an alternative strat-
egy to effectively treat patients with OCD. rTMS delivers 
electromagnetic pulses to selective areas of the cerebral 
cortex via the direct application of an insulated wire coil to 
the scalp. The stimulating coil passes a rapidly alternating 
electrical current that generates a briefly pulsed magnetic 
field and results in the depolarization of the conducting 
neuronal tissue located just under the coil.9)

The dorsolateral prefrontal cortex (DLPFC) is one of 
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Changes in Global and Nodal 
Networks in Patients With Unipolar 
Depression After 3-Week Repeated 
Transcranial Magnetic Stimulation 
Treatment
Kuk-In Jang 1,2, Miseon Shim 3,4, Sangmin Lee 1,2, Han-Jeong Hwang 4 and  
Jeong-Ho Chae 1,2*

1 Department of Psychiatry, College of Medicine, The Catholic University of Korea, Seoul, South Korea, 2 Emotion Laboratory, 
Department of Psychiatry, College of Medicine, The Catholic University of Korea, Seoul, South Korea, 3 Department of 
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Objectives: Repeated transcranial magnetic stimulation (rTMS) therapy has been applied 
in depressive disorders, but its neurobiological effect has not been well understood. 
Changes in cortical source network after treatment need to be confirmed. The present 
study investigated the effect of 3-week rTMS therapy on the symptom severity and 
cortical source network in patients with unipolar depression.

Methods: Thirty-five patients with unipolar major depressive disorder participated in the study. 
High-frequency (10 Hz) rTMS was applied at the left dorsolateral prefrontal cortex during 3 
weeks (five consecutive weekdays every week). Clinical symptoms were examined using the 
Hamilton Rating Scale for Depression and Anxiety. The resting state electroencephalography 
was recorded with 62 scalp channels before and after rTMS treatment.

Results: Clinical symptoms significantly improved after rTMS treatment in both the active 
(p = 0.001) and sham groups (p = 0.002). However, an increased cortical source network 
in global and nodal levels was observed only in the active group after a 3-week treatment.

Conclusions: The present study indicates that rTMS treatment leads to improved 
symptoms in patients with unipolar depression. Furthermore, treatment outcome of real 
effect was assured in changes of cortical source network.

Keywords: unipolar depression, repeated transcranial magnetic stimulation, electroencephalogram, cortical 
source network, brain stimulation

INTRODUCTION

Repeated transcranial magnetic stimulation (rTMS) has been proposed as an alternative treatment 
for depression (1, 2), and it has also been applied in other neuropsychiatric disorders (3–5). Basically, 
rTMS affects the neuronal polarization in the cytoplasmic membrane, which has significant impacts 
on the brain functions (6). Long-lasting effects on depression have been observed after applying 
high-frequency (10 to 20 Hz) rTMS at the dorsolateral prefrontal cortex (DLPFC) with multiple 
sessions in 10 to 15 consecutive days (7). Additionally, the primary effects of rTMS therapy have been 
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Introduction

Upper limb hemiparesis is one of the most common impair-
ments after stroke and is associated with limited activities 
of daily living and restricted participation.1 Therefore, ade-
quate functional recovery of upper limbs is critical. 
Nevertheless, effective rehabilitation modalities are lack-
ing, and novel therapeutic approaches that can be combined 
with conventional rehabilitation therapy are required.2

Repetitive transcranial magnetic stimulation (rTMS) has 
been actively studied for upper limb recovery after stroke as 
a novel modality for neuromodulation.3 Among various 
rTMS protocols, low-frequency rTMS over the contrale-
sional primary motor cortex (M1) has been applied in 
attempts to normalize imbalanced interhemispheric inhibi-
tion (IHI) by suppressing the overinhibition of contrale-
sional M1 toward ipsilesional M1.4 Low-frequency rTMS is 
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Low-Frequency Repetitive Transcranial 
Magnetic Stimulation Over Contralesional 
Motor Cortex for Motor Recovery in 
Subacute Ischemic Stroke: A Randomized 
Sham-Controlled Trial

Won-Seok Kim, MD, PhD1, Bum Sun Kwon, MD, PhD2, Han Gil Seo, MD, PhD3 , 
Jihong Park, MD1, and Nam-Jong Paik, MD, PhD1,

Abstract
Background. Low-frequency repetitive transcranial magnetic stimulation (rTMS) over the contralesional motor cortex (M1) 
has demonstrated beneficial effects on motor recovery, but evidence among patients with subacute stroke is lacking. We 
aimed to investigate whether 1-Hz rTMS over the contralesional M1 versus sham rTMS could improve arm function in 
patients with subacute ischemic stroke when combined with rehabilitative motor training. Methods. In total, 77 patients 
who were within 90 days after their first-ever ischemic stroke were enrolled and randomly allocated to either real 
(n = 40) or sham rTMS (n = 37). We delivered 1-Hz 30-minute active or sham rTMS before each daily 30-minute 
occupational therapy sessions over a 2-week period. The primary endpoint was changes in the Box and Block Test (BBT) 
score immediately after the end of treatment (EOT). Secondary analyses assessed changes in Fugl-Meyer assessment, 
Finger Tapping Test (FTT), Brunnstrom stage, and grip strength. Clinical Trial Registration. ClinialTrials.gov (NCT02082015). 
Results. Changes in BBT immediately after the end of treatment did not differ significantly between the 2 groups (P = .267). 
Subgroup analysis according to cortical involvement revealed that real rTMS resulted in improvements in BBT at 1 month 
after EOT (17.4 ± 9.8 real vs 10.9 ± 10.3 sham; P = .023) and Brunnstrom stage of the hand immediately after EOT (0.6 
± 0.5 real vs 0.2 ± 0.5 sham; P = .023), only in the group without cortical involvement. Conclusion. The effects of real and 
sham rTMS did not differ significantly among patients within 3 months poststroke. The location of stroke lesions should 
be considered for future clinical trials.

Keywords
stroke, transcranial magnetic stimulation, rehabilitation, motor cortex, recovery of function, neuronal plasticity
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Rapid Symptom Improvement in Major Depressive Disorder 
Using Accelerated Repetitive Transcranial Magnetic Stimulation
Soo-Jeong Kim1,2, Sang Joon Son3, Mi Jang4, Byung-Hoon Kim1,2, Seok Joo Hong3, Lina Seo3, Sun-Woo Choi2, 
Jeong-Ho Seok1,2, Jai Sung Noh3

1Department of Psychiatry, Gangnam Severance Hospital, Yonsei University College of Medicine, 2Institute of Behavioral Science in Medicine, 
Yonsei University College of Medicine, Seoul, 3Department of Psychiatry, Ajou University School of Medicine, Suwon, 4Department of Mental 
Health Services, National Center for Mental Health, Seoul, Korea

OObbjjeeccttiivvee:: Repetitive transcranial magnetic stimulation (rTMS) has contributed to increase in the remission rate for pa-
tients with major depressive disorder (MDD). However, current rTMS treatment is practically inconvenient because it 
requires daily treatment sessions for several weeks. Accelerated rTMS treatment is as efficient and safe for MDD patients 
as conventional rTMS.
MMeetthhooddss:: Fifty-one patients with MDD participated in this study; they were randomized into accelerated rTMS (n = 
21), conventional rTMS (n = 22), and sham-treatment (n = 8) groups. The accelerated and conventional rTMS groups 
received 15 sessions for 3 days and 3 weeks, respectively. The sham-treatment group received 15 sham rTMS sessions 
for 3 days. Primary outcome was assessed using self-report and clinician-rated Korean Quick Inventory of Depressive 
Symptomatology (KQIDS-SR and KQIDS-C, respectively). Adverse effects were monitored using the Frequency, Intensity, 
and Burden of Side Effects Rating scale. Changes in depressive symptoms were compared among the three groups 
using mixed model analyses.
RReessuullttss:: For the KQIDS-SR score, there was a significant main effect of “time” (F3,47 = 11.05, p ＜ 0.001), but no effect 
of “group” (F2,47 = 2.04, p = 0.142), and a trend-level interaction effect of “group × time” (F6,47 = 2.26, p = 0.053). 
Improvement in depressive symptoms, based on the KQIDS-SR score 3 weeks after treatment, was more prominent 
in the accelerated rTMS group than in the sham-treatment group (p = 0.011). Tolerability was comparable among the 
three groups.
CCoonncclluussiioonn:: The accelerated rTMS treatment group showed rapid improvement of depressive symptoms compared with 
the sham-treatment and conventional rTMS treatment groups. Therefore, accelerated rTMS treatment could be a viable 
option for MDD, with improved accessibility.

KKEEYY  WWOORRDDSS:: Transcranial magnetic stimulation, repetitive; Major depressive disorder; Effectiveness, treatment; Safety; 
Accessibility, health services.

INTRODUCTION

Major depressive disorder (MDD) is a great burden to 

society, with functional impairment of the patients and in-
creasing suicidal risk. According to the World Health 
Organization, approximately 800,000 people commit 
suicide every year, and 9 out of 10 exhibit psychiatric ill-
nesses, two-third of which is accounted for by depression, 
being the single largest leading cause [1]. Depression is 
also known to be the leading cause of ill health and dis-
ability [2]. The social and economic costs associated with 
depression are becoming a global burden [3-6].

Even though pharmacological treatment of MDD has 
been developed, a substantial proportion of the patients 
with depressive disorder remain partially treated or treat-
ment-resistant. The Sequenced Treatment Alternatives to 
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Effect of Cognition Recovery by
Repetitive Transcranial Magnetic
Stimulation on Ipsilesional
Dorsolateral Prefrontal Cortex in
Subacute Stroke Patients
Jongwook Kim1, Byoungwoo Cha1, Doyoung Lee1, Jong Moon Kim1,2 and

MinYoung Kim1,2*

1 Department of Rehabilitation Medicine, CHA Bundang Medical Center, CHA University School of Medicine, Seongnam,

South Korea, 2 Rehabilitation and Regeneration Research Center, CHA University School of Medicine, Seongnam, South

Korea

Objective: To demonstrate the efficacy of high-frequency repetitive transcranial

magnetic stimulation (rTMS) over the ipsilesional dorsolateral prefrontal cortex (DLPFC)

on neurological recovery in patients with subacute phase stroke.

Methods: Patients with supratentorial hemispheric stroke who were hospitalized for

intensive rehabilitation in the subacute phase were enrolled for this retrospective analysis.

Two groups of patients were selected: the rTMS group who received high-frequency

(20Hz) rTMS ≥ 5 times over the ipsilesional DLPFC, and a control group who did not

receive any rTMS. The patients were further divided into groups with right- or left-side

brain lesions. Functional measurements for cognitive ability, mood, speech, and activities

of daily living, which were assessed at baseline and at the 1-month follow-up as a routine

clinical practice, were used for analyses.

Results: Among 270 patients with available clinical data, 133 (women, 51; age, 61.0

± 13.8 years) met the inclusion criteria and were enrolled for analysis. There were

no differences in demographic data and functional scores at baseline between the

rTMS (n = 49) and control (n = 84) groups. The rTMS group showed a higher gain in

the mini-mental status examination (MMSE) total score and subscores of all domains,

forward digit span, and FIM-cognition than the control group (P < 0.05). Among the

patients with left hemispheric lesions (n = 57), the rTMS group showed better outcomes

in cognition and depression through scores of total and “attention and concentration”

subscores of MMSE, FIM-cognition, and the geriatric depression scale (P< 0.05). Among

the patients with right hemispheric lesions (n = 76), the rTMS group showed better

outcomes in cognition through the MMSE total score and subscores of “attention and

concentration,” “registration,” and “recall,” and scores of both forward and backward

digit spans (P < 0.05).

Conclusion: High-frequency rTMS over the ipsilesional DLPFC has beneficial effects

on the recovery of cognition on both sides as well as mood in patients with left-sided

hemispheric lesions.

Keywords: stroke, repetitive transcranial magnetic stimulation, cognition, DLPFC (dorsolateral prefrontal cortex),

neurorehabilitation, ipsilesional dorsolateral prefrontal cortex, subacute stroke

TYPE Original Research
PUBLISHED 09 March 2023
DOI 10.3389/fnsys.2023.919977

OPEN ACCESS

EDITED BY

Chella Kamarajan,
Downstate Health Sciences University,
United States

REVIEWED BY

Stavros I. Dimitriadis,
Department of Clinical Psychology and
Psychobiology, Faculty of Psychology,
University of Barcelona, Spain
Andrew F. Leuchter,
University of California, Los Angeles,
United States

*CORRESPONDENCE

Elias Ebrahimzadeh
e_ebrahimzadeh@ut.ac.ir;

elias.ebrahimzadeh@ipm.ir

RECEIVED 14 April 2022
ACCEPTED 13 February 2023
PUBLISHED 09 March 2023

CITATION

Ebrahimzadeh E, Fayaz F, Rajabion L, Seraji M,
Aflaki F, Hammoud A, Taghizadeh Z,
Asgarinejad M and Soltanian-Zadeh H
(2023) Machine learning approaches and
non-linear processing of extracted
components in frontal region to predict rTMS
treatment response in major depressive
disorder.
Front. Syst. Neurosci. 17:919977.
doi: 10.3389/fnsys.2023.919977

COPYRIGHT

© 2023 Ebrahimzadeh, Fayaz, Rajabion, Seraji,
Aflaki, Hammoud, Taghizadeh, Asgarinejad and
Soltanian-Zadeh. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Machine learning approaches
and non-linear processing of
extracted components in frontal
region to predict rTMS
treatment response in major
depressive disorder
Elias Ebrahimzadeh 1,2*, Farahnaz Fayaz3, Lila Rajabion4,
Masoud Seraji5, Fatemeh Aflaki6, Ahmad Hammoud7,
Zahra Taghizadeh8, Mostafa Asgarinejad9 and
Hamid Soltanian-Zadeh1,2

1School of Electrical and Computer Engineering, College of Engineering, University of Tehran, Tehran,
Iran, 2School of Cognitive Sciences, Institute for Research in Fundamental Sciences (IPM), Tehran, Iran,
3Biomedical Engineering Department, School of Electrical Engineering, Payame Noor University of
North Tehran, Tehran, Iran, 4School of Graduate Studies, SUNY Empire State College, Manhattan, NY,
United States, 5Department of Psychology, University of Texas at Austin, Austin, TX, United States,
6Department of Biomedical Engineering, Islamic Azad University Central Tehran Branch, Tehran, Iran,
7Department of Medical and Technical Information Technology, Bauman Moscow State Technical
University, Moscow, Russia, 8Department of Bioengineering, George Mason University, Fairfax, VA,
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Predicting the therapeutic result of repetitive transcranial magnetic stimulation

(rTMS) treatment could save time and costs as ineffective treatment can be

avoided. To this end, we presented a machine-learning-based strategy for

classifying patients with major depression disorder (MDD) into responders (R) and

nonresponders (NR) to rTMS treatment. Resting state EEG data were recorded

using 32 electrodes from 88 MDD patients before treatment. Then, patients

underwent 7 weeks of rTMS, and 46 of them responded to treatment. By applying

Independent Component Analysis (ICA) on EEG, we identified the relevant brain

sources as possible indicators of neural activity in the dorsolateral prefrontal

cortex (DLPFC). This was served through estimating the generators of activity

in the sensor domain. Subsequently, we added physiological information and

placed certain terms and conditions to offer a far more realistic estimation than

the classic EEG. Ultimately, those components mapped in accordance with the

region of the DLPFC in the sensor domain were chosen. Features extracted from

the relevant ICs time series included permutation entropy (PE), fractal dimension

(FD), Lempel-Ziv Complexity (LZC), power spectral density, correlation dimension

(CD), features based on bispectrum, frontal and prefrontal cordance, and a

combination of them. The most relevant features were selected by a Genetic

Algorithm (GA). For classifying two groups of R and NR, K-Nearest Neighbor

(KNN), Support Vector Machine (SVM), and Multilayer Perceptron (MLP) were

applied to predict rTMS treatment response. To evaluate the performance of

classifiers, a 10-fold cross-validation method was employed. A statistical test

was used to assess the capability of features in differentiating R and NR for

further research. EEG characteristics that can predict rTMS treatment response

were discovered. The strongest discriminative indicators were EEG beta power,
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a b s t r a c t

Background: Although some studies have reported significant reductions in food cravings following the
single-session of repetitive transcranial magnetic stimulation (rTMS), there is little research on the ef-
fects of multi-session of rTMS on food consumption and body weight in obese subjects.
Objective: We conducted 4-week randomized, sham-controlled, single-blind, parallel-group trial to
examine the effect of rTMS on body weight in obese adults.
Methods: Forty-three obese patients (body mass index [BMI] �25 kg/m2) aged between 18 and 70 years
were randomized to the sham or real treatment group (21 in the TMS group and 22 in the sham
treatment group). A total of 8 sessions of rTMS targeting the left dorsolateral prefrontal cortex (DLPFC)
was provided over a period of 4 weeks. The primary outcome measure was weight change in kilograms
from baseline to 4 weeks. Secondary endpoints included changes in anthropometric measures, cardio-
vascular risk factors, food intake, and appetite.
Results: Participants in the rTMS group showed significantly greater weight loss from baseline following
the 8 session of rTMS (�2.75 ± 2.37 kg vs. 0.38± 1.0 kg, p< 0.01). Consistent with weight loss, there was a
significant reduction in fat mass and visceral adipose tissue at week 4 in the rTMS group compared with
the control group (p< 0.01). After the 8 sessions of rTMS, the TMS group consumed fewer total kilo-
calories and carbohydrates per day than the control group (p< 0.05).
Conclusions: 8 sessions of HF rTMS delivered to the left DLPFC were effective in inducing weight loss and
decreasing food intake in obese patients.
Trial registration: Clinical trial registered with the Clinical Trials Registry at http://cris.cdc.go.kr
(KCT0002548).

© 2019 Published by Elsevier Inc.

Introduction

The prevalence of obesity has increased dramatically worldwide
over recent decades and has reached epidemic proportions [1]. It

has been reported that one-third of the adult population in most
developed countries is obese [2], resulting in an increasing number
of people with type 2 diabetes, cardiovascular disease, stroke,
cancer, metabolic syndrome, liver disease, and other conditions [3].
Although the first-line strategy for the treatment of obesity is
lifestyle modifications, the success rate in the long term is low
[4e6]. When lifestyle changes alone do not achieve the desired* Corresponding author.
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Abstract

Aims: We conducted a 4-week randomized, sham-controlled, single-blind, parallel-

group trial to examine the effect of repetitive transcranial magnetic stimulation

(rTMS) delivered to the left dorsolateral prefrontal cortex (DLPFC) on functional brain

connectivity and body weight in adults with obesity.

Materials and methods: Of the 45 volunteers with obesity, aged between 18 and

70 years (body mass index [BMI] ≥25 kg/m2 according to the obesity criterion for an

Asian population), 36 participants (54.1 ± 11.0 years, BMI 30.2 ± 3.5 kg/m2, 77.8%

female) completed the 4 weeks of follow-up, undergoing two resting state fMRI

scans (20 in the real stimulation group and 16 in the sham stimulation group). A total

of eight sessions of high-frequency rTMS targeting the left DLPFC were provided

over a period of 4 weeks (5-second trains with 25-second inter-train intervals, 10 Hz,

110% motor threshold; 2000 pulses over 20 minutes).

Results: Participants in the real stimulation group showed significantly greater

weight loss from baseline following the eight session of rTMS (−2.53 ± 2.41 kg vs

0.38 ± 1.13 kg, P < 0.01). For intrinsic brain connectivity comparisons, the between-

ness centrality values within the right frontoparietal network tended to increase with

rTMS, and a significant interaction effect was identified for time (pre vs post) × rTMS

(real vs sham) in the right frontoparietal network (P = 0.031, FDR corrected).

Conclusions: We observed that rTMS selectively increased resting state functional

connectivity within the right frontoparietal network. Our findings suggest that high-

frequency rTMS to the left DLPFC might strengthen the frontoparietal network that

orchestrates top-down inhibitory control to reduce food intake.
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fMRI, functional connectivity, obesity, repetitive transcranial magnetic stimulation,

resting-state
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HIGHLIGHTS
•  Repetitive transcranial magnetic stimulation (rTMS) conforming to the safety guideline 

is generally safe.
• Any precautions and risks for rTMS should be screened prior to starting rTMS.
• Risk-benefit ratios of rTMS should be carefully discussed in high-risk situations.
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The purpose of this study was to compare the use of different frequencies of repetitive transcranial magnetic

stimulation (rTMS) on the upper extremity muscle activity and hand function of chronic stroke patients. The

study subjects comprised 18 chronic stroke patients: the 5 Hz rTMS group (HFG), which included nine

patients who received rTMS to the affected cerebral hemisphere, and the 1 Hz low-frequency group (LFG),

which had nine patients who received rTMS to the nonaffected cerebral hemisphere. The intervention was con-

ducted three times a week for four weeks. Electromyography was used to check muscle activity, and the stroke

upper extremity function test (MFT) and grip strength test were performed to check hand function. Pre- and

post-evaluations were performed for both groups. A comparison between the two groups showed a significant

difference in the activity of the trapezius anterior and triceps brachii muscle for the muscle activities in the

HFG group (p < 0.05) as well as a significant difference in the MFT results for hand function (p < 0.05). In the

LFG group, a significant difference was noted in the triceps brachii muscle for muscle activity (p < 0.05), but no

significant difference was evident in hand function (p > 0.05). The comparison of the two groups showed a sig-

nificant difference in muscle activity in the triceps brachii muscle (p < 0.05) but no significant difference in

hand function (p > 0.05). This study confirmed that high-frequency rTMS has a positive effect on upper

extremity muscle activity and hand function in chronic stroke patients.

Keywords : high frequency repetitive transcranial magnetic stimulation, low frequency repetitive transcranial mag-

netic stimulation, stroke, muscle activity, hand function 

1. Introduction

Repetitive transcranial magnetic stimulation (rTMS) is

a representative non-invasive method for cerebral

activation and can control brain excitability by adjusting

the rTMS frequency [1]. The effect of rTMS can be

directly confirmed by measuring the response of the

stimulated cerebrum, mainly by focusing on the motor

area that can be measured objectively [2]. A previous

study reported that the excitability of the corticospinal

tract can be temporarily changed when rTMS is applied

to the primary motor region [3]. The value measured in

the cortical motor area after rTMS is defined as the motor

evoked potential (MEP), and the excitability of the cortex

varies in line with the frequency of the rTMS [4]. In

addition, it is known that the excitability of the cerebral

cortex decreases when low-frequency stimulation of 1 Hz

is applied and increases when high-frequency stimulation

is given [5]. In a study by Higgins et al. (2013), task-

oriented training combined with 1 Hz LF-rTMS was

applied to the experimental group, and task-oriented

training combined with sham LF-rTMS was applied to

the control group in nine patients with chronic stroke.

Significant improvements in upper extremity and hand

function were subsequently reported in the 1 Hz LF-

rTMS group [7].

Rose et al. (2014) investigated a functional task

combined with 1 Hz LF-rTMS (experimental group) and

a functional task combined with sham LF-rTMS (control

group) among chronic stroke patients. They found

significant improvements in the upper extremity and hand

function in the experimental group [8]. In another study,
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Comparison of the Effect of Repetitive Transcranial Magnetic Stimulation 

by Frequency on Upper Limb Function in Acute Stroke Patients: 

A Randomized Controlled Trial
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This study was conducted to compare the effects of low frequency repetitive transcranial magnetic stimulation

(LF-rTMS) and high frequency repetitive transcranial magnetic stimulation (HF-rTMS) on upper limb func-

tion in stroke patients with acute stage. A total of 40 subjects were randomly assigned 20 each to the LF(1Hz)-

rTMS group and the HF(10Hz)-rTMS group, and all subjects received intervention for 20 minutes a day, 5

times a week, for 2 consecutive weeks. The subjects' upper limb function was evaluated using the Wolf Motor

Function Test (WMFT), Fugl-Meyer Assessment (FMA), Box and Block Test (BBT), and Jebsen-Taylor Hand

Function Test (JTHFT). As a result of this study, there were significant differences between before and after

intervention in WMFT and FMA in the LF-rTMS group (p < 0.05). In the HF-rTMS group, there was a signif-

icant difference between before and after the intervention in FMA, and there was also a significant difference

between before intervention and follow up test (p < 0.01). There were no significant differences between groups

in all dependent variables (p > 0.05). These suggest that LF-rTMS and HF-rTMS applied to the primary motor

cortex had a positive effect on upper limb function in stroke patients with acute stage, but there was no signif-

icant difference in the effect between the two.

Keywords : low frequency repetitive transcranial magnetic stimulation, high frequency repetitive transcranial mag-

netic stimulation, magnetic field, stroke, upper limb function, primary motor cortex, magnetic stimulator

1. Introduction

Stroke is a leading adult disease that causes long-term

disability. Various kinematic defects appear after stroke,

especially in more than two-thirds of patients with

impaired upper limb function. Impairment of upper limb

function due to muscle weakness, abnormal muscle tone,

and sensory impairment causes many obstacles in the

performance of activities of daily living and becomes a

major factor that makes independent daily living difficult

[1]. Rehabilitation of the upper limb remains an important

task for post-stroke survivors, as only 20 % of patients

with hemiplegia after stroke have recovery of normal

hand function [2]. The recovery of a stroke depends on

the location and severity of the injury, but the appropriate

treatment for the first 3 months after the stroke has a great

influence on the recovery, and the recovery becomes

slower over time. Therefore, it can be seen that the

management of the early acute phase of stroke is the most

important factor determining the recovery of upper limb

function [3].

Several disorders that appear after stroke are associated

with metabolic and electrophysiological changes in cells

and neural networks [4]. There is also a change in the

balance between inhibition and excitement in the affected

and opposite hemispheres, as well as both the subcortical

and vertebral regions [5]. The affected hemisphere has

decreased cortical excitability, causing a decrease in the

excitability of that muscle, and the unaffected hemisphere

increases cortical excitability. One of the most important

processes in the recovery of motor function after stroke is

cortical reorganization by neuroplasticity. In particular,

many previous studies have suggested that the initial

stage after stroke is important for improving neuro-

plasticity [6, 7].

 There are a number of methods applied to accelerate

recovery after a stroke. In recent years, research on the

application of repetitive transcranial magnetic stimulation

©The Korean Magnetics Society. All rights reserved.
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This study was to investigate the effect of 5 Hz high frequency repetitive transcranial magnetic stimulation

(HF-rTMS) with neuromuscular electrical stimulation (NMES) on cerebral activities in chronic stroke patients.

Sixteen selected patients were randomly divided into two groups. Experimental group (EG) was subjected to 5

Hz HF-rTMS and NMES, and control group (CG) was treated with hand intrinsic muscle with NMES. Cere-

bral activities were confirmed by alpha waves and sensorimotor rhythm (SMR) waves in electroencephalo-

gram (EEG). As a result, EG showed a significant differences in alpha waves of F3, P3, Cz (p<0.05), and a

significant differences in SMR waves of F3 and Cz (p<0.05). Between two groups, alpha waves showed a signif-

icant differences at P4 (p<0.05), and SMR waves showed a significant differences at Cz (p<0.05). 5 Hz HF-

rTMS with NMSE may have a positive signal on cerebral activities in chronic stroke patients. 

Keywords : 5 Hz HF-rTMS, NMES, stroke, cerebral activity, EEG

1. Introduction

Upper limb (UL) rehabilitation for stroke patients is a

very important field in improving UL motor recovery and

daily living performance. Occupational therapy to restore

UL function in stroke patients requires an active and

integrative approach based on the principle of motor

learning [1]. Recently, a non-invasive brain stimulation

(NIBS) that directly activates motor areas of the cerebral

cortex to promote UL function in stroke patients has been

proposed. Especially, repetitive transcranial magnetic

stimulation (rTMS) is used as one of the representative

NIBS interventions. rTMS is a method of depolarizing the

axon of neuron located in the cerebral cortex by applying

magnetic stimulation on outer part of the skull using an

electromagnetic coil to create a magnetic field, and using

the generated magnetic field wave to directly apply an

electric current to cerebral cortex [2]. In general, the

stimulation frequencies used in rTMS are low-frequency

repetitive transcranial magnetic stimulation (LF-rTMS) of

1 Hz or less and high-frequency repetitive transcranial

magnetic stimulation (HF-rTMS) of 5 Hz or more. and it

can help to increase cerebral activities in stroke patients

according to the difference in stimulation frequency of

rTMS. Among these, HF-rTMS can induce neuroplasticity

by increasing the excitability of the cerebral cortex on the

affected side and increasing the innervation rate. Specifi-

cally, the resting motor threshold (RMT) was verified as

activation of the cerebral cortex by applying 90 % inten-

sity, 5 Hz, or more than 900 stimuli [3]. In a previous

study, task-oriented training after 10 Hz HF-rTMS was

effective in reducing abnormal muscle stiffness in the UL

of stroke patients [4]. Vabalaite et al. (2021) reviewed a

study on the effects of HF-rTMS in stroke patients, and

reported that HF-rTMS improved the cortex and upper

extremity motor function on the injured side compared to

sham rTMS [5]. And another intervention applied to

restore UL function in stroke patients is neuromuscular

electrical stimulation (NMES), which is suggested as a

method to restore motor function through electrical

stimulation of peripheral muscles. In general, NMES is a

widely used method for preventing muscle weakness and

reducing spasticity [6]. It restores motor function in stroke

patients by stimulating the remaining nerve conduction
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The Efficacy of Miniaturized Repetitive Transcranial Magnetic 
Stimulation in Patients with Depression
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OObbjjeeccttiivvee:: The present study aimed to evaluate the efficacy of repetitive transcranial magnetic stimulation (rTMS) at 
a high frequency using a miniaturized device compared to standard rTMS and sham rTMS for the treatment of de-
pression.
MMeetthhooddss:: Fifty-four patients with depression were randomly assigned to either 15 days of miniaturized, standard, or 
sham rTMS. The stimulation consisted of 60 trains of 5 seconds at 10 Hz for 30 minutes. Clinical measures were assessed 
at baseline and on the final day of the stimulation.
RReessuullttss:: A repeated-measures analysis of variance revealed a significant main effect of time and a time by group inter-
action on Hamilton Rating Scale for Depression scores. There were no significant correlations between individual motor 
thresholds and changes of clinical outcomes. Our results revealed a significant reduction in the Hamilton Rating Scale 
for Depression in the miniaturized and standard groups compared to the sham group.
CCoonncclluussiioonn:: The antidepressant utility of miniaturized rTMS using subthreshold stimulation was comparable to that of 
standard stimulation.

KKEEYY  WWOORRDDSS:: Depression; Transcranial magnetic stimulation; Antidepressants.

INTRODUCTION

Promoting both existing treatment options and greater 
access to treatment may be more clinically significant 
than the development of entirely new treatment modal-
ities, because many individuals who face depression re-
ceive no treatment for their symptoms.1) Many alternative 
treatments for patients with major depressive disorder 
(MDD) have emerged in recent years.2) Among these, re-
petitive transcranial magnetic stimulation (rTMS), a prom-
ising neuromodulatory technique, has been demonst-
rated to be safe and effective for the treatment for MDD. 
Previous studies have demonstrated the antidepressant ef-

ficacy of high-frequency rTMS when applied to the left 
dorsolateral prefrontal cortex (DLPFC), specifically.3-7) 

Many outpatients being treated for depression fail to 
complete their recommended course of treatment.8) Be-
cause this premature termination can result in poorer out-
comes (e.g., increased major depressive episodes), impro-
ving the continuity of treatment for these patients is likely 
critical to their care.9) Standard rTMS protocols require 
daily stimulation for several weeks and may consequently 
lead to elevated treatment discontinuity rates.10) Drop-out 
rates with conventional high frequency rTMS and sham 
rTMS are comparable,11) as daily clinic visits are required 
for both and may be an obstacle to adequate treatment 
continuity. The use of miniaturized devices, which are 
smaller and lighter than standard ones, may thus serve as 
a good solution for outpatient treatment. Patients with 
MDD could potentially use these devices at home without 
regular visits to clinic, lowering rates of disuse and thus 
improving treatment adherence.

Treatment with rTMS is characterized by many varia-
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The paper was to investigate the effects of a combination of 10-Hz high-frequency repetitive transcranial mag-

netic stimulation (rTMS) and somatosensory training (SST) on upper limb motor and hand function in chronic

stroke patients. Upper limb motor and hand function were evaluated using Fugl-Meyer assessment (FMA),

manual functions test (MFT), and pinch, grasping strength. The results revealed that there was a significant

difference in FMA and MFT before and after the SST after 10-Hz high-frequency rTMS (p<0.05). The exper-

imental group showed a significant improvement in FMA and pinch strength compared to the control group

(p<0.05). There was no significant improvement between MFT and grasping strength between the groups

(p>0.05). Thus, 10-Hz high-frequency rTMS, combined with SST, can be considered to be an effective treat-

ment for the recovery of upper limb motor and hand function in chronic stroke patients.

Keywords : high frequency repetitive transcranial magnetic stimulation, stroke, somatosensory, upper limb motor

function. hand 

1. Introduction

Various approaches such as somatosensory training,

imagination training, mirror therapy, forced suppression

induction therapy, task-oriented training, virtual reality

therapy, and robot therapy are being studied to restore the

upper limb function of stroke patients in neurorehabilita-

tion [1]. In addition, non-invasive electrical stimulation

methods such as repetitive transcranial magnetic stimu-

lation (rTMS) that promote neuromodulation by safely

stimulating specific areas of the brain using magnetism or

electricity, have been recently developed [2]. Non-

invasive brain stimulation began in 1980 when Merton

and Morton used transdermal electrical stimulation to

measure the locomotor potential of the scalp correspond-

ing to the motor cortex [3]. However, transcutaneous

electrical nerve stimulation (TENS) was not widely used

in clinical practice because of the pain and discomfort

associated with electrical stimulation. Hence, transcranial

magnetic stimulation (TMS) was developed and applied

to reduce discomfort from stimulation by generating a

magnetic field pulse on the scalp to generate an induced

current in the cells for depolarization [4]. The induced

current reaches a maximum level at the surface and drops

exponentially as the distance increases [5]. TMS changes

to an electric field in the tissue when the magnetic field

formed through the coil reaches an appropriate strength

over time. Like general electrical stimulation, TMS causes

nerve depolarization [6]. In particular, the 8-shaped TMS

coil can maximize the efficiency of the local stimulation

of the cerebral cortex by creating a space of ~1 cm
2

 at the

site of stimulation [7]. Local stimulation of the cerebral

cortex through TMS is used as a therapy in neuro-

rehabilitation programs that improve sensory, cognitive,

and motor functions of various neuropsychiatric diseases

and stroke. With recent advances in science and techno-

logy, the limitations of these clinical applications have

been gradually overcome, and the recovery mechanism

has been elucidated in various studies. Locally, low blood

flow and low metabolism in the left prefrontal cortex
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A Machine Learning Approach to Predict rTMS
Therapy Response in Major Depressive Disorder

Mohammad Shams

Abstract—Machine learning techniques have been utilized to
predict the outcome of repetitive transcranial magnetic stimu-
lation (rTMS) treatment in depression, e.g., through classifying
the responders (R) and non-responders (NR) to rTMS treatment
for major depression disorder (MDD) patients. MDD is among
the leading causes of disability in the world with affecting more
than 260 million people, and a major contributor to the overall
global burden of disease. In this study, the outputs of the Local
Subset Feature Selection (LSFS) method were used by an SVM
classifier to evaluate the capability of the proposed method in
the prediction of rTMS treatment response in depression cases.
A Leave-One-Out cross-validation method is applied to the input
data to evaluate the performance of the response classification.
The achieved accuracy, sensitivity, and specificity were 89.5%,
90%, and 87%, respectively. The main restriction of this study
that would limit its usage in clinical applications is the small
sample size.

Index Terms—Major depressive disorder (MDD), repetitive
transcranial magnetic stimulation (rTMS), electroencephalogra-
phy (EEG), classification

I. INTRODUCTION

MAJOR depressive disorder (MDD), also simply known
as depression, is a debilitating mental disease char-

acterized by at least one discrete depressive episode lasting
at least two weeks. MDD is a leading cause of disability
worldwide with affecting more than 260 million people and
is a major contributor to the overall global burden of disease
with genetic, biological, and environmental risk factors [1].
Although both psychotherapy and psychopharmacology are
effective in treating MDD [2], nonetheless the development
of new therapeutic procedures is still a need to reduce adverse
side effects of pharmacological treatments [3]. Evidence-based
guidelines on the therapeutic use of Repetitive transcranial
magnetic stimulation (rTMS) found that this procedure is
effective in treating psychiatric disorders like depression and
schizophrenia [4]. rTMS is a noninvasive method that stimu-
lates brain nerve cells by applying magnetic fields for treating
major depression. This noninvasive treatment is safe and pain-
free with minimal side effects [5], [6]. In 2008, the US
Food and Drug Administration (FDA) approved rTMS as a
therapy for mildly treatment-resistant depression. Since the
initial clearance by the FDA, rTMS is progressively being
applied into clinical practice [7].

By considering the applicability of rTMS, prediction the
clinical response to rTMS is a need to improve the treatments
for depression by reducing the costly ineffective pharmacolog-
ical and psychotherapeutic treatments. Several previous studies
have used machine learning techniques to predict response to
rTMS. Bailey et al. predicted responses to rTMS treatment
for depression by classification on EEG data recorded during

working memory by using weighted phase lag index (wPLI) in
gamma frequency band, and achieved classification accuracy
of 91% [8]. In another study, they used the features of EEG
power and weighted phase lag index (wPLI) only in alpha
and theta frequency bands, alpha peak frequency (iAPF) and
frontal theta cordance. Their classification accuracy of the
combination of mood and EEG features by LSVM classifier
was 86.6% [9]. Khodayari-Rostamabad et al. used power
spectral, mutual information (MI), and coherence features
through applying machine learning methods to predict MDD
treatment response [10]. Also, Mumtaz et al. employed wavelet
coefficients and coherence features to study the results in
the same subject [11]. Their achieved results illustrated as
accuracy, sensitivity, and specificity are shown in Table I.
Furthermore, since EEG is a signal with nonlinear dynamics,
it seems applying the Time-Frequency (TF) features of EEG
may be informative for predicting the response to treatment.
However, as mentioned before, most of the previous studies in
the prediction of MDD treatment outcome only have focused
on linear, nonlinear, spectral, bispectral and cordance features.
The novel contribution of this proposed approach is that, as
far as we are aware, no study has analyzed TF features of
EEG for Prediction of rTMS therapy Response in MDD. The
flowchart of this study is shown in Figure 1 on page 2.

II. METHODS

A. Participants

In this study, 36 patients with MDD in the age range of
16–71 years participated. The patients were referred to the
Brain and Cognition Clinic, Tehran, Iran. MDD diagnosis
was performed by three experienced psychiatrist based on the
Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV-TR) published by the American Psychiatric Association
(APA). Participants also assessed by Hamilton Rating Scale
for Depression (HRSD), and Beck Depression Inventory (BDI-
II), and all have the HRSD score ≥12 and BDI-II score ≥15.
In this study, 18 patients were under psychiatric medication
treatment (antidepressant, mood stabilizer or antipsychotic)
fixedly from more than four weeks before the treatment. All
patients provided written informed consent. The design and
all procedures adhered to the latest version of the Declaration
of the Brain and Cognition Clinic guidelines.

B. Treatment and Clinical Assessment

Before EEG recording and receiving rTMS treatment, the
participants were washed out at least 5 days of antidepres-
sant, antipsychotics and mood stabilizer medications. The
rTMS was applied over the left dorsolateral prefrontal cortex
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Three Weeks of rTMS Treatment 
Maintains Clinical Improvement But 
Not Electrophysiological Changes in 
Patients With Depression: A 6-Week 
Follow-Up Pilot Study
Kyung Mook Choi 1,2,3,4, Soo-Hee Choi 5, Sang Min Lee 2,3,4, Kuk-In Jang 2,3,4 
and Jeong-Ho Chae 2,3,4*
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Mary’s Hospital, Seoul, South Korea, 3 Institute of Biomedical Industry, Catholic University of Korea, College of Medicine, 
Seoul, South Korea, 4 Department of Biomedicine & Health Sciences, Catholic University of Korea, College of Medicine, 
Seoul, South Korea, 5 Department of Psychiatry, Seoul National University Hospital, Seoul, South Korea

Our previous study demonstrated that 3 weeks of repetitive transcranial magnetic 
stimulation (rTMS) increases P200 amplitudes and improves the symptoms of depression 
and anxiety in depression patients. In the present study, we investigated whether 3 weeks 
of rTMS treatment maintained the P200 amplitude in patients with depression at 6 weeks 
of follow-up. We measured the 6-week maintenance effects of rTMS using clinical 
questionnaires and an auditory oddball paradigm. Twenty-one patients with medication-
resistant major depression participated in this pilot study. All patients underwent rTMS 
treatment for 3 weeks; they completed clinical ratings and performed the auditory 
oddball task at the pre-treatment, post-treatment, and 6-week follow-up visit (3 weeks 
after finishing rTMS treatment). The results revealed an increase in P200 amplitudes as 
well as improvements in the symptoms of depression and anxiety by 3 weeks of rTMS 
treatment. Furthermore, the results demonstrated maintenance effects on clinical ratings 
at 6-week follow-up. Depression and anxiety scales showed improvements in post-
treatment and maintenance effects at the 6-week follow-up. Although P200 amplitude 
showed a significant main effect for 3 time points (baseline, post-treatment, and 6-week 
follow-up visit), at 2 time point comparisons, P200 amplitudes significantly increased 
in post-treatment compared to those of the baseline condition but did not show the 
maintenance effects of long-term rTMS at the 6-week follow-up compared to those of 
the baseline condition (  p = .173, Bonferroni correction). Standardized low-resolution brain 
electromagnetic tomography (sLORETA) for P200 showed significant activation in the left 
middle frontal gyrus in post-treatment but no significant activation at the 6-week follow-up. 
Moreover, the amplitudes of overall topographic distribution were reduced at 6 weeks of 
follow-up. The 3 weeks of rTMS treatment induced the maintenance of the improvements 
in the symptoms of depression and anxiety. However, considering the results of the event-
related potential (ERP) and sLORETA, 3 weeks of rTMS treatment may not be sufficient 
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리메드 20주년 기념

TMS
guidebook

TMS를 이용한 다양한 논문들이 발표되었고, 
현재도 많은 연구들이 활발히 진행되고 있습니다!

•정신건강의학과- 우울, 강박, 불안, PTSD, 인지 저하 등 
•신경과- 두통, 이명, 수면장애, 신경병성 통증, 섬유근육통 등
•재활의학과- 운동 기능 저하, 파킨슨병, 삼킴 장애, 구음 장애 등
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•과별 최신 논문 발췌



특징 및 장점

기술 사양

적응증

OptionBasic

다양한 질환에 특화된 코일 적용 및 사용자의 
간편성을 극대화하여 합리적인 가치를 
선보입니다!

•TBS를 포함한 다양한 자극모드 기본옵션 (Single, Repetitive, TBS, Pair)
•마그네틱 샷 카운트 제한 및 소모품이 없는 최적의 효율성
•24시간 연속 사용이 가능한 특허 받은 오일 냉각 시스템
•터치 스크린 형식의 사용자 친화적(user-friendly) 조작 방식
•고급스러운 외관으로 인테리어 효과 증대
•국내 제조사로서 신속한 AS 및 응대 가능

•전류 파형 : 대칭 이상파 (Symmetric biphasic wave)
•펄스폭(pulse width) : 430μsec
•펄스 주파수 : 0.1~100pps
•자계생성부 출력 : 최대 2.5 T-peak
•타이머 설정 범위 : 1~60 분

•Major depressive disorder(MDD)
•Obsessive compulsive disorder(OCD)
•Smoking cessation
•Anxiety disorder
•PTSD
•Addiction
•Obesity
•Sleep Disorder

•Tinnitus
•Parkinson’s disease
•Stroke
•Aphasia
•Cognitive impairment
•Dysphagia
•Neuropathic pain
•Fibromyalgia

국내 전자약 기업 최초 FDA 승인
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개별 환자 관리가 가능한 고급형 모델로
다양한 확장기능을 통해 사용성이 높습니다!

특징 및 장점

•환자 DB 저장이 가능해져 환자 관리 용이
•한글 지원 및 직관적인 이미지를 통한 사용성 증대
•질환에 따라 선택적으로 적용가능한 다양한 각도의 코일 (120°, 150°, 180°)
•뉴로네비게이션 및 로봇암과 결합하여 확장기능 사용 가능
•TBS를 포함한 다양한 자극모드의 기본옵션 (Single, Repetitive, TBS, Pair)
•마그네틱 샷 카운트 제한 및 소모품이 없는 최적의 효율성
•24시간 연속 사용이 가능한 특허 받은 오일 냉각 시스템
•터치 스크린 형식의 사용자 친화적(user-friendly) 조작 방식
•고급스러운 외관으로 인테리어 효과 증대
•국내 제조사로서 신속한 AS 및 응대 가능

기술 사양

적응증

•전류 파형 : 대칭 이상파 (Symmetric biphasic wave)
•펄스폭(pulse width) : 360μsec
•펄스 주파수 : 0.1~100pps
•자계생성부 출력 : 최대 3 T-peak
•자극 시간(On Time) : 0.1 ~ 60sec
•휴지 시간(Off Time) : 1 ~180sec

•Major depressive disorder(MDD)
•Obsessive compulsive disorder(OCD)
•Smoking cessation
•Anxiety disorder
•PTSD
•Addiction
•Obesity
•Sleep Disorder

•Tinnitus
•Parkinson’s disease
•Stroke
•Aphasia
•Cognitive impairment
•Dysphagia
•Neuropathic pain
•Fibromyalgia
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본 제품은 의료기기 품목신고 및 허가 이전의 제품입니다

특징 및 장점

•강력하고 컴팩트한 헬멧형 TMS로 최적화된 치료 기대
•컴팩트한 크기로 공간 활용 증대
•간편한 터치 형식으로 5가지 치료모드 선택
•병원에 자주 내원할 수 없는 환자에게 재택치료의 편리성 제공

기술 사양

적응증

•자기 에너지 : 2.3 테슬라 ± (20%)
•반복률 : 1~20Hz
•타이머 설정 : 60분
•설정 모드 : 1~5
•무게 : 헬멧 1kg, 기계 본체 : 4kg
•전원 공급 장치 입력 전력 : 220-240V~, 50/60Hz
•전력 소비량 : 300VA
•치수 (W*H*D) : 231*173.5*323mm

•Depression 
•Learning ability 
•Stress 
•Panic 
•Epileptic Seizure Disorder 
•cognitive function 
•Tinnitus 
•Stroke 

•Anxiety 
•Bipolar disorder 
•Alzheimer's disease 
•Fatigue 
•Hallucination 
•Dementia 
•Pressure
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컴팩트한 사이즈의 웨어러블 기기로 치료의 다양성을 높여드립니다!
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