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ABSTRACT: 
 
 
Objective: Transcranial Magnetic Stimulation (TMS) is a recognized therapy for treatment-

resistant depression and has been studied for its potential in managing chronic pain. Knowing the 

intrinsic relationship between pain and depressive symptomatology, this systematic review aims 

to assess the impact of TMS on depressive symptoms in patients with chronic pain.  
Methods: Electronic databases were systematically searched until November 2023 for studies 
applying TMS in chronic pain patients, with an assessment of both pain and depressive 

symptomatology.  

Results: From the records screened, 29 studies met the inclusion criteria for qualitative synthesis. 

The results showed heterogeneous protocols with widely different results in depressive 

symptomatology across the studies, precluding meta-analysis. TMS was considered a safe 

treatment option with minor side effects. 

Conclusions: The impact of TMS on depressive symptomatology among chronic pain patients 

is a complex subject. Considering the diversity of the protocols and results encountered, future 
research should prioritize the establishment of standardized TMS protocols to clarify their efficacy 

in managing depressive symptoms among chronic pain patients. 

Significance: This systematic review highlights the need for further investigation of TMS as a 

dual therapeutic approach for chronic pain and depressive symptomatology, emphasizing the 

necessity of improving the protocols to enhance clinical outcomes. 

 

 
Keywords: Transcranial Magnetic Stimulation; TMS; Chronic pain; Depression; Depressive 

symptomatology. 
 
 
Highlights: 

• TMS is an FDA - approved and safe therapy for treatment-resistant depression. 

• Studies have explored TMS as a potential therapy for managing chronic pain. 

• Pain and depressive symptomatology have a very intrinsic relationship. 

• It remains unclear whether TMS protocols aimed at pain management also relieve 

depressive symptomatology. 

• It’s very important to establish standardized protocols and target site consistency to clarify 

the efficacy of TMS in managing depressive symptoms among chronic pain patients. 
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INTRODUCTION: 

Depression, recognized as a leading cause of global mental and physical disability by the World 

Health Organization, has seen a significant increase in incident cases over the past three 
decades, affecting over 264 million individuals worldwide. (1)  

Depression and pain symptoms are highly prevalent conditions encountered by primary care 

physicians and specialists. A growing body of literature has focused on the interaction between 
depression and pain, implying that the conditions often coexist, respond to similar treatments, 

exacerbate one another, and share biological pathways and neurotransmitters. (2)  

Chronic pain, persisting for more than three months, whether as a primary complaint or secondary 

to an underlying condition, imposes substantial personal and economic burdens, impacting more 

than 30% of the global population. (3, 4)  

A World Health Organization study in primary care showed a strong association between 

persistent pain and depressive disorders, with those experiencing chronic pain being substantially 

more likely to have depressive symptoms. (5) Clinical studies have revealed that chronic pain, a 

stress state, often induces depression and up to 85% of patients with chronic pain are affected 

by severe depression. (2, 6, 7) Therefore, addressing mood alongside chronic pain management 

becomes imperative. (8) 

Neuromodulation techniques such as Transcranial Magnetic Stimulation (TMS) have received 

increasing attention as a treatment option for several disorders like treatment-resistant 

depression, pain disorders, schizophrenia, bipolar disorder, Parkinson’s disease, tinnitus, and 

stroke. TMS involves the generation of magnetic fields capable of inducing electric currents within 
the brain and it has demonstrated the ability to modulate cortical excitability, both locally at the 

targeted area and in distal brain regions involved in cognition and emotion regulation. With 

adherence to safety recommendations, TMS exhibits a highly favorable side-effect profile and is 

well tolerated by patients. (9) 

FDA (US Food and Drugs Administration) approval of TMS for treatment-resistant major 

depressive disorder (MDD) marked a significant milestone, leading to its widespread adoption 

in clinical practice globally. The dorsolateral prefrontal cortex (DLPFC) has been a primary target 

for neurostimulation in depression, with high-frequency repetitive TMS (HF-rTMS) applied to the 

left DLPFC being the gold standard approach for treating depression. (10, 11) 

Within the field of chronic pain management, there aren´t any official recommendations 

concerning the efficacy of TMS in patients with chronic pain and depressive symptomatology co-
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morbid. Transcranial magnetic stimulation has emerged as a promising intervention, primarily 

focused on targeting the primary motor cortex (M1). While M1 remains the primary site of 

stimulation, researchers have ventured into exploring alternative targets, such as the 

dorsolateral prefrontal cortex (DLPFC), particularly in patients with chronic depression. However, 

the effectiveness of DLPFC stimulation in alleviating pain has exhibited variability across various 

studies. (12)  

Acknowledging the intrinsic relationship between depression and chronic pain and the lack of 

evidence regarding the effect of TMS on depressive symptomatology in patients with chronic pain 

disorders, the main purpose of this systematic review is to comprehensively assess the existing 

literature in managing both chronic pain and depressive symptoms. By synthesizing findings from 

several studies, we aim to clarify the potential benefits and limitations of TMS as a therapeutic 
approach. Furthermore, this review intends to identify the gaps in current research and provide 

insight for future investigations. 

METHODS: 
 
To study the impact of transcranial magnetic stimulation on depression or depressive 

symptomatology in patients with chronic pain, this Systematic Review was conducted following 

the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) guidelines 

2020. (13) This systematic review protocol was submitted in the PROSPERO database. 
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1. Eligilibity criteria: 

 

A priori set of eligibility criteria was pre-specified based on the PICOS (Population; Intervention; 

Comparator; Outcomes; Study design) framework and is depicted in Table 1. 

 
 
Table 1: Based on the PICOS framework 
 
 

 
Domain 

 

 
Inclusion Criteria 

 
Exclusion Criteria 

Participants Patients older than 18 years old; 
Patients with a diagnosis of chronic pain of 
any etiology (e.g. fibromyalgia, cancer) and 
depressive symptomatology; 
No limitation on the setting (e.g. the 
community, hospitals, nursing homes); 
Studies were not excluded by sample size. 
 

Studies conducted on populations other than 
those of interest; 
Studies not ascertaining chronic nor depression 
by formal and validated criteria reporting how 
chronic pain was assessed; 
Studies with the same sample as in other 
publications included in this systematic review. 
 

Intervention Different types of Transcranial Magnetic 
Stimulation protocols; 
No restriction on the intervention setting, 
duration, and frequency. 
 

Interventions in which it’s not possible to assess 
the real effect of the TMS protocol. 
 

Comparator Any control condition that could include other 
active alternatives of treatment, except TMS, 
wait list or usual care (regular medication for 
example); 
Studies with no control group, but in which 
the patients were evaluated for outcome 
measures before and after de TMS 
intervention. 
 

None applied. 

Outcomes Studies including quantitative outcomes of 
depression or depressive symptoms as a 
primary, secondary or, tertiary study 
outcome; 
The outcome has to be evaluated at baseline 
and after the intervention period with 
validated measures of depression or 
depressive symptoms. 
 

Studies not including depression or depressive 
symptoms as an outcome; 
Studies not ascertaining depression or 
depressive symptoms by formal and validated 
scores or scales, or not reporting how these 
were evaluated; 
Studies that had insufficient information on the 
outcome of interest or in which the outcomes 
were described with vague or generic terms; 
Studies not providing quantitative data. 
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Study design Human studies, particularly, interventional 
studies such as randomized and non-
randomized controlled clinical trials 
evaluating TMS interventions; 
Any language; 
Any geographical location; 
Any publication year. 
 
 

Observational studies, case studies, literature 
reviews, and conference abstracts; 
Reports not providing original data, including 
those publishing methodologies, technology 
reviews/ appraisals and, protocols; 
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2. Information sources: 
 
A comprehensive search was conducted on PubMed, Scopus (the selected field consisted of 

article title, abstract and keywords), Web of Science Core Collection (field consisted of topic), 

Clinical Trials.gov, and PsycINFO electronic databases and completed on the 27th of November 

2023. For each electronic database, studies were searched from inception, and no language or 

date restrictions were applied, and if necessary, studies were translated to ascertain the eligibility 

of the records retrieved.  
For additional records, grey literature was also searched through Google Scholar and completed 

on the 27th of November 2023. Moreover, to identify possible additional relevant records, the 

included studies underwent backward and forward citation tracking. This involved manually 

searching reference lists and conducting additional searches on Google Scholar, respectively. 

These steps aimed to minimize selection and publication biases. 

. 

 

3. Search strategy: 
 

The search strategy was informed by previously published reviews, consideration of MeSH terms 

and the wider literature in the field, with input and support from a university librarian. The search 

was first defined for PubMed and further adapted for the individual databases as needed. The 

following search queries were used for each of the electronic databases: 

 

PubMed / Web of Science Core Collection / PshycoINFO / Google Scholar 
(depression OR depressive disorder OR dysthymic disorder OR mood disturbance OR affective 

disorder OR affective disturbance OR psychological distress OR suicide OR sadness) AND 

(transcranial magnetic stimulation OR TMS OR rTMS) AND (chronic pain) 

Scopus 
( depression OR ( depressive AND disorder ) OR ( dysthymic AND disorder ) OR ( mood AND 

disturbance ) OR ( affective AND disorder ) OR ( affective AND disturbance ) OR ( psychological 

AND distress ) OR suicide OR sadness ) AND ( ( transcranial AND magnetic AND stimulation ) 

OR tms OR rtms ) AND ( chronic AND pain ) 
Clinicaltrials.gov 
(depression OR depressive disorder OR dysthymic disorder OR mood disturbance OR affective 

disorder OR affective disturbance OR psychological distress OR suicide OR sadness) AND 

(transcranial magnetic stimulation OR TMS OR rTMS) AND (chronic pain) 
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4. Selection process: 
 
After duplicates removal, the records retrieved from the databases and other information sources 

were reviewed for eligibility using a two-phase approach: title and abstract screening and full-text 

review, using the predefined inclusion and exclusion criteria. In the first phase, all titles and 

abstracts were independently screened by two authors (I. S., P. A.) using EndNote reference 

management software 21. All disagreements were discussed and solved by consensus or in 

consultation with the wider review team. Ambiguous abstracts due to insufficient information to 
make a define decision remained included until the next phase and full-texts were retrieved. In 

the second phase, the full-text of the selected records was retrieved and evaluated by the same 

authors, independently. The number of studies that were included and excluded at each stage 

and the reasons for exclusion were recorded and reported in the PRISMA flow diagram (Figure 

1). For unavailable studies or if additional data were required, original study authors were 

contacted at least once by email or available channels. In the event that information was not 

provided unavailable, the study was finally excluded.  

 

5. Data collection process and evidence synthesis: 
 
For studies deemed eligible for inclusion, a pre-defined data-extraction form developed for this 

systematic review was completed to allow standardized reporting of results across studies. The 

extraction of data was done by one author (I.S.) and summarized in a tabular form (Table 2) 

including the following parameters: author, year, sample, TMS target, TMS protocol, outcome 

assessment, main results, and adverse effects. Whenever possible, intention-to-treat data (i.e., 
analyzing all participants according to the group randomization) were collected. The data 

extracted was further independently cross-checked and revised for errors and potential divergent 

results by two other authors (P.A., I.B.). Discrepancies were solved by consensus with the wither 

review team. The heterogeneity in the studies included, TMS protocols, and outcomes measures, 

precluded a meta-analysis, and a narrative synthesis approach to summarize and interpret the 

qualitative and quantitative data was undertaken. The studies were evaluated through tabular and 

thematic analysis by grouping them according to the cortex area used as a stimulation target. 

This approach has been defined has suitable to synthetize heterogeneous literature. (14) 
 

6. Risk of bias assessment: 
 

For each study included, the risk of bias was assessed using the revised Cochrane risk of bias 

tool for randomized trials (RoB 2) and the risk of bias in non-randomized studies of interventions 

(ROBINS – I) tools. RoB 2 addresses: 1- bias arising from the randomization process; 2- bias due 
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to deviations from intended interventions; 3- bias due to missing outcome data; 4- bias in the 

measurement of the outcome; 5- bias in the selection of the reported result. Each domain is 

required, and no additional domains should be added. (15) ROBINS-I addresses three bias 

domains evaluated in each study. Pre- intervention domain: 1- bias due to confounding; 2- bias 

in selection of participants into the study. At intervention: 3 - bias in classification of intervention. 

Post- intervention: 4- bias due to deviations from intended interventions; 5 - bias due to missing 

data; 6 - bias in measurement of outcomes; 7 - bias in selection of the reported result. Two authors 

independently graded the risk of bias for each study. Any disagreements were solved through 
consensus or referral to the review team. (16) To maximize the base of evidence, no study was 

excluded based on the quality alone. 
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RESULTS  
 
 
1. Study Selection 
 
The database search allowed us to identify 869 records, 131 from PubMed, 316 from Scopus, 

237 from Web of Science Core Collection, 83 from PsycINFO, 2 from Clinicaltrials.gov, and 100 

from Google Scholar. After removing all the duplicates (N=397), 472 titles and abstracts were 
screened, of which 32 full-text articles were assessed, 12 of them excluded. Reasons in the 

PRISMA Diagram Fig. 1. Reference list screening identified 14 studies, 5 of which were excluded. 

Therefore, 29 articles met the criteria to be included in this systematic review. 

 

2. Study Characteristics 
 
The studies included in this systematic review were published between 2007 and 2023 and are 

presented and summarized in Table 2. In terms of countries where the studies were conducted, 
5 were in the USA, 2 in the Republic of Korea, 1 in Brazil, 2 in Egypt, 1 in Spain, 1 in Australia, 2 

in India, 1 in Austria, 1 in Austria and Italy, 1 in Turkey, 1 in Russia, 1 in Japan, 4 in France, 2 in 

Finland, 4 in China. 28 are Randomized Controlled Trials (RCT) and 1 is a Non- Randomized 

Clinical Trial. The sample number varies between 4 (Borckardt et al. (2009)) and 149 patients 

(Attal et al. (2021)), with the overall number being 1059 participants. According to the inclusion 

criteria defined, all participants were older than 18 years old and had been diagnosed with a 

chronic pain condition, such as chronic migraine, fibromyalgia, poststroke central pain, failed back 
surgery syndrome, chronic widespread pain, mild traumatic brain injury-related headache, 

neuropathic pain, chronic facial pain, postherpetic neuralgia.  

In all studies included, the primary focus was to assess the impact of repetitive TMS on pain 

scores in patients with a chronic pain condition. Therefore, the evaluation of depressive 

symptomatology was a secondary or tertiary outcome in all studies. The protocols were very 

heterogenic, the number of treatment sessions ranging from 3 to 23, each employing different 

frequencies, 0.5 Hz, 1 Hz (low-frequency), 5 Hz, 10 Hz, or 20 Hz (high frequency). Moreover, the 

stimulation intensity was varied as well, ranging from 70% (Bursali et al. (2021)) to 120% (Short 
et al. (2011); Avery et al. (2015); Nardone et al. (2016); Fitzgibbon et al. (2018); Petelin et al. 

(2022)) of the Resting Motor Threshold (RMT). Additionally, there are different targeting locations, 

such as the Left Dorsolateral Pre-Frontal Cortex (N=10), Right Dorsolateral Pre-Frontal Cortex 

(N=5), Primary Motor Cortex M1 (N=12), Left Primary Motor Cortex M1(N=5), S1/M1 and S2 

(N=1).  

The primary outcome of this systematic review is to evaluate the effect of different TMS protocols 
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on depressive symptomatology in patients with a diagnosed chronic pain condition. Multiple 

scales were used across studies, such as the Hamilton Depression Rating Scale (HAM-D), Beck 

Depression Inventory (BDI), Hospital Anxiety and Depression Scale (HADS) - depression sub-

score, Depression, Anxiety, and Stress Scale (DASS) - depression sub-score, Montgomery - 

Asberg Scale (MADRS) and The Center for Epidemiological Studies 10-Item Depression Scale 

(CESD). 
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Fig. 1 PRISMA Flow Diagram 

 
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372: n71. doi: 10.1136/bmj.n71. 

For more information, visit: http://www.prisma-statement.org/ 
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Table 2: Summary of Studies Characteristics 

 

 
 

ARTICLE 

 
 

TYPE OF 
STUDY 

 
 

SAMPLE 

 
 

PAIN 
CONDITION 

 
 

TARGET 

 
 

PROTOCOL 

 
 

OUTCOME 
ASSESSMENT 

 
 

MAIN RESULTS 

 
 

EFFECT ON PAIN 

 
 

ADVERSE 
EFFECTS 

 
Passard et al. 

(2007) 
(France) 

(17) 

 
RCT with 

sham control 

 
N=30 

 
Fibromyalgia 

 
Left M1 

 
10 sessions (2 

weeks) at 10 Hz, 
80% RMT, 2000 
pulses/session. 

 
HDRS 

BDI 
HADS- 

depression 
sub-score 

 

 
No statistically 

significant results in 
the depression scores. 

 
Pain scores 

significantly lower 
in the active rTMS 
group (vs sham). 

 

 
Mild and 
transient 

headaches 
Nausea 

Transient 
tinnitus 

Mild dizziness 

Borckardt et 
al. (2009) 

(USA) 
(18) 

RCT, cross 
over design N=4 

Chronic 
Neuropathic 

Pain 
Left DLPFC 

Randomized series 
of 3 real and 3 sham 

rTMS treatments. 
rTMS: 3 sessions (1 

week) at 10 Hz, 
100% RMT, 4000 
pulses/session. 

BDI 
CESD 

No statistically 
significant results, 
although greater 

reductions associated 
with the real rTMS 

protocol. 

Significant 
improvements in 3 
of the 4 patients, 

associated with the 
real rTMS.  

None reported 

Carretero et 
al. (2009) 
(Spain) 

(19) 

RCT with 
sham control N=26 

Fibromyalgia 
and Major 

Depression 

Right 
DLPFC 

20 sessions (4 
weeks) at 1 Hz, 

110% RMT, 1200 
pulses/session. 

HDRS 

No statistically 
significant 

improvements on the 
HDRS scores. 

There were no 
significant 

improvements on 
pain scores. 

Neck pain and 
headache 

Worsening of 
the 

depressive 
symptoms 

Nausea and 
increased 
tiredness 

Short et al. 
(2011) 
(USA) 
(20) 

RCT with 
sham control N=20 Fibromyalgia Left DLPFC 

10 sessions (5 per 
week for 2 weeks) at 
10 Hz, 120% RMT, 

4000 pulses/session. 
 
 
 
  

HDRS 

At 2 weeks follow-up, 
real rTMS group 

evidenced a significant 
improvement in HAM-

D (vs sham group).  

Pain scores 
improved 

significantly over 
time, but not 

between groups. 

Headache 
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Mhalla et al. 
(2011) 

(France) 
(21) 

RCT with 
sham control N=40 Fibromyalgia Left M1 

14 sessions (21 
weeks) at 10 Hz, 
80% RMT, 1500 
pulses/session. 

BDI 
HADS- 

depression 
sub-score 

No statistically 
significant results in 

the depression scores. 

Pain scores 
improved 

significantly from 
day 5 of treatment 
in the active rTMS 
group compared to 

the sham group. 
The effect 

maintained until 
week 25. 

Headache 
Transient mild 

headache 
Transient 
dizziness 

Ohn et al. 
(2012) 

(Republic of 
Korea) 

(22) 

Non- 
Randomized 

CT 
N= 22 Poststroke 

Central Pain M1 
5 sessions (1 week) 

at 10 Hz, 
90%RMT,1000 
pulses/session.  

HDRS 

The HDRS score 
decreased significantly 

in all patients after 
rTMS. 

The responder group 
showed a significantly 
lower HAM-D score 

than the non-
responder. 

  

Responder group 
(N=14) 

Non-responder 
group (N=8). 

Antalgic effect 
persisted for 2 

weeks. 

None reported 

Lee et al. 
(2012) 

(Republic of 
Korea) 

(23) 

RCT with 
sham control N=15 Fibromyalgia 

Right 
DLPFC 

M1 

The right DLPFC 
group (N=5): 10 

sessions (2 weeks) 
at 1Hz, 110% RMT, 

1600 pulses/session. 
The M1 group (N=5): 

10 sessions (2 
weeks) at 10 Hz, 
80% RMT, 2000 
pulses/session. 

BDI 

Right DLPFC group: 
BDI scores were 

significantly lower after 
ten sessions and 1 

month later. 
M1 group: BDI scores 

were significantly 
lower after ten 

sessions but not 1 
month later. 

Sham group: BDI 
scores were 

significantly lower after 
ten sessions but not 1 

month later. 
 

Right DLPFC 
group: pain scores 
were decreased 
immediately after 
ten sessions and 
increased slightly 
after 1 month, but 

was still lower 
compared to 

baseline. 
M1 group and 

Sham group: Pain 
scores were 

significantly lower 
immediately after 
ten sessions than 
at baseline but not 

1 month later. 

None reported 
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Hosomi et al. 
(2013) 
(Japan) 

(24) 

RCT with 
sham control, 

cross-over 
design 

N=70 Neuropathic 
pain M1 

Group A (N=34): real 
rTMS followed by 

sham. 
Group B (N=36): 
sham followed by 

real rTMS  
(in both groups - 

interval of 17 days). 
Real rTMS: 10 

sessions (2 weeks) 
at 5 Hz, 90% RMT, 
500 pulses/session. 

BDI 

BDI changes did not 
show significant 

differences between 
real and sham rTMS at 

any time points. 

Pain scores 
reduction was 

significantly higher 
after real rTMS 
stimulation (vs 

sham). 
 

Headache 
Deterioration 
of squeezing 
Deterioration 
of numbness 
Hypoglycemia 

Anxiety 
Appetite loss 

Dizziness 

Conforto et al. 
(2014) 
(Brazil) 

(25) 

RCT with 
sham control N= 18 Chronic 

Migraine Left DLPFC 

23 sessions (within 
eight weeks) at 10 
Hz, 110% RMT, 

1600 pulses/session.  

BDI 

Active group with no 
significant 

improvements in the 
BDI score.  

Number of 
headache days 

decreased 
significantly in 

sham group. No 
significant 

improvement in 
active group. 
Pain intensity 

improved in both 
groups at week 8. 

Headache or 
local pain 

under the coil 
Sleepiness  

Avery et al. 
(2015) 
(USA) 
(26) 

RCT with 
sham control N= 18 CWP Left DLPFC 

15 sessions (4 
weeks) at 10 Hz, 
120% RMT, 3000 
pulses/session. 

HDRS 
BDI 

Significant 
improvements in both 

scores, with no 
statistically significant 
differences between 

TMS group and sham 
group. 

Significant 
decreases in pain 
measures, but no 

significant 
differences 

between groups. 

Pain at the 
site of 

stimulation 
Headache 
Dizziness 

  

Khedr et al. 
(2015) 
(Egypt) 

(27) 

RCT with 
sham control N=34 

Neuropathic 
Pain 

Secondary to 
Malignancy 

M1 

10 sessions (5 per 
week for 2 weeks) at 

20 Hz, 80% RMT, 
2000 pulses/session. 

HDRS 

Significant 
improvement in real 
rTMS group after the 

10th session. 
Effects persisted at 1 

month. 

Significantly higher 
improvement in 

active rTMS group 
when compared to 

sham group. 

None reported 

Leung et al. 
(2015) 
(USA) 
(28) 

RCT with 
sham control N=29 MTBI-HA Left M1 

3 sessions (1 week) 
at 10Hz, 80%RMT, 

2000 pulses/session. 
HDRS 

No effect reported on 
depression 

assessment. 

Active rTMS group 
revealed a 
significant 

reduction pain 
scores (vs sham). 

Transient 
local 

tenderness 
Transient 
dizziness 
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Shu-Min Ma 
et al. 

(2015) 
(China) 

(29) 

RCT with 
sham control N=40 PHN M1 

10 sessions (2 
weeks) at 10 Hz, 
80% RMT, 1500 
pulses/session. 

SDS 
SDS score was not 
significantly different 

between groups at any 
time points. 

Real rTMS group 
showed greater 
reduction of pain 
scores (vs sham). 
Analgesic effects 

lasted for 1-3 
months. 

Neck pain and 
Headache 
Dizziness 
Dry mouth 

Lindholm et 
al. 

(2015) 
(Finland) 

(30) 

RCT, cross-
over design N=20 Neuropathic 

orofacial pain 
S1/M1 

Right S2 

In a randomized 
order, all participants 

received 2 active 
rTMS treatments 

(S1/M1 and S2) and 
1 sham treatment 

(between the 2 
active). 

2 sessions (4 weeks) 
at 10Hz, 90% RMT, 

1000 pulses/session. 

BDI No significant changes 
in depression scores. 

Pain scores were 
lowest after the S2 
stimulation being 
significantly lower 

than after the 
S1/M1 stimulation 

or sham. At 1 
month after S2 

stimulation, pain 
scores remained 

lower than at 
baseline. The 

S1/M1 stimulation 
was inefficient or 

even hyperalgesic 
in some patients. 

Unpleasant 
contraction of 
the temporal 

muscle 

Nardone et al. 
(2016) 

(Austria; Italy) 
(31) 

 

RCT with 
sham control N=12 

Neuropathic 
Pain with 

Spinal Cord 
Injury 

Left DLPFC 

10 sessions (2 
weeks) at 10Hz, 

120% RMT, 1250 
pulses/session. 

HDRS 

Decrease in 
depression score at 

the end of the 2 weeks 
in active rTMS group 
(vs the sham group) 
but not statistically 

significant. 

During treatment, 
pain scores 
decreased 

significantly in 
treatment group. 

Slightly 
uncomfortable 

twitching of 
facial muscles 

Fitzgibbon et 
al. 

(2018) 
(Australia) 

(32) 

RCT with 
sham control N=26 Fibromyalgia Left DLPFC 

20 sessions (4 
weeks) at 10 Hz, 
120% RMT, 3000 

pulses/session 

BDI 

Improvement in 
depression score, over 

time with no 
statistically significant 
differences between 

groups. 

Improvement of 
pain scores over 

time with no 
statistically 
significant 
differences 

between groups. 

Site 
discomfort 
Headache 
Neck pain 
Nausea 

Dizziness 
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Leung et al. 
(2017) 
(USA) 
(33) 

RCT with 
sham control N=29 MTBI-HA Left DLPFC 

4 sessions (1-2 
weeks) at 10 Hz, 
80% RMT, 2000 
pulses/session. 

HDRS 

Significant 
improvement in 

depressive 
symptomatology in 
real rTMS group. 

Real rTMS group 
revealed a 
significant 

reduction in pain 
scores (vs sham 

group). 

None reported 

Bhatia et al. 
(2019) 
(India) 
(34) 

RCT with 
sham control N= 30 CTTH Right 

DLPFC 

20 sessions (4 
weeks) at 1 Hz, 

110% RMT, 1200 
pulses/session. 

HDRS 
No statistically 

significant differences 
(sham vs active). 

Significant 
analgesic effect in 
the rTMS group (vs 

sham). 

None reported 

Yang et al. 
(2019) 
(China) 

(35) 

RCT with 
sham control N=56 

Parkinson 
disease 

associated 
with pain 

M1 

10 sessions (2 
weeks), at 0.50Hz, 
90% RMT, 3200 
pulses/session. 

HDRS 
No statistically 

significant differences 
between groups. 

Significant 
decrease in pain 
scores in active 
rTMS group (vs 

sham). 
 

Transient 
headache 
Transient 

increase in 
blood 

pressure 

Qian Pei et al. 
(2019) 
(China) 

(36) 

RCT with 
sham control N=75 PHN M1 

5-Hz rTMS group: 10 
sessions at 5 Hz, 
80% RMT, 1500 
pulses/session. 

10-Hz rTMS group: 
10 sessions at 10 

Hz, 80% RMT, 1500 
pulses/session. 

SDS 

No significant 
differences in 

depression scores 
among the 3 groups. 

5-Hz rTMS group 
and 10-Hz rTMS 

group with 
significant 

reduction in pain 
scores. Pain scores 
of the 10-Hz rTMS 
group significantly 
lower compared 
with 5-Hz rTMS 

group after the 7th 
session. 

Headache 
Neck pain 
Dizziness 
Dry mouth 

Tanwar et al. 
(2020) 
(India) 
(37) 

RCT with 
sham control N=90 Fibromyalgia Right 

DLPFC 

20 sessions (4 
weeks) at 1 Hz, 90% 

RMT, 1200 
pulses/session. 

HDRS 

HDRS scores in rTMS 
group decreased 

significantly (vs sham) 
and were maintained 

through 6 months. 

Significant 
decrease in pain 

scores in real rTMS 
group, sustained 

through 6 months. 

Headache 
Neck pain 

Mild dizziness 

Bursali et al. 
(2021) 

(Turkey) 
(38) 

RCT with 
sham control N= 23 FBSS M1 

10 sessions (5 per 
week for 2 weeks) at 

5 Hz, 70% RMT, 
1000 pulses/session. 

BDI 

BDI scores 
significantly lower in 
real rTMS group (vs 
sham group), at 10th 
day of treatment, 1 

month and 3 months 
after treatment. 

Significant 
decrease in pain 

scores with activity 
days 5, 10 and 1 

month after 
treatment. 

Mild 
headache 
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El-Badawy et 
al. 

(2021) 
(Egypt) 

(39) 

RCT N=30 Fibromyalgia Left M1 

rTMS group (N=15) - 
8 sessions (4 

weeks), at 10 Hz, 
90% RMT, 1000 
pulses/session. 

Anodal tDCS group 
(N=15): 8 daily 

sessions, an intensity 
of 2mA for 20 

minutes.  

HADS -
depression 
sub-score 

Both groups showed 
significant changes in 
the depression sub-

score, but rTMS group 
showed more 
improvement. 

Both groups 
showed highly 

significant 
improvements in 
the pain scores. 

rTMS group: 
Transient 
headache 
Tingling 

tDCS group: 
tingling 

sensation 
headache 
dizziness 

Freigang et al. 
(2021) 

(Austria) 
(40) 

RCT partially 
sham-

controlled 
N=34 

Chronic Low 
Back Pain or 

Neck pain 

Left M1 
Left DLPFC 

M1 group (N=11) - 
13 sessions (9 

months), at 5 Hz, 
90% RMT, 1800 
pulses/session. 

DLPFC group (N=12) 
- 13 sessions (9 

months), at 20 Hz, 
95% RMT, 2000 
pulses/session. 

Sham group (N=11)- 
followed the same 
schedule, however 
the experiment was 
stopped for ethical 

reasons. 

DASS -
depression 
sub-score 

No significant results. 

The overall pain 
intensity decreases 

after the rTMS 
stimulation. 

At the end of the 
treatment, pain 
intensity in the 

DLPFC-group was 
lower than the M1 

group but the 
differences did not 
reach significance. 

None reported 

Guinot et al. 
(2021) 

(France) 
(41) 

RCT with 
sham control N=39 Fibromyalgia M1 

16 sessions (13 
weeks) at 10 Hz, 
80% RMT, 2000 

pulses/session + 12 
weeks of 

multicomponent 
therapy - 3 sessions 

per week. 
Sham control, only 

had the MT program. 

BDI 

BDI score decreased 
significantly in both 

groups, with no 
significant differences 

between them. 

In both groups pain 
scores improved, 

with no differences 
between them. 

None reported 

Attal et al. 
(2021) 

(France) 
(42) 

RCT with 
sham control N=149 

Chronic 
peripheral 

neuropathic 
pain 

Left DLPFC 
M1 

15 sessions (22 
weeks) at 10 Hz, 
80% RMT, 3000 
pulses/session. 

BDI 
HADS- 

depression 
sub-score 

All groups improved 
depression scores 
similarly after rTMS 

sessions. 
 

Active M1- rTMS, 
but not the DLPFC- 

rTMS group, 
induced significant 

effects on pain 

Headache 
Pain at 

stimulation 
site 
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scores compared to 
sham. 

Petelin et al. 
(2022) 

(Russia) 
(43) 

RCT N=25 

Chronic pain 
disorder and 

refractory 
depression 

Right 
DLPFC 

Left DLPFC 

Right-side low-
frequency stimulation 

group (N=12): 10 
sessions (2 weeks) 
at 1Hz, 90% RMT, 

1200 pulses/session. 
 

Left-side high-
frequency stimulation 
(N=13): 10 sessions 
(2 weeks) at 10Hz, 
100--120% RMT, 

3000pulses/session. 

MADRS 

Left DLPFC group: 
Statistically significant 

decrease in 
depressive 

symptomatology. 
Right DLPFC group: 

Decrease in 
depressive 

symptomatology was 
not statistically 

significant. 
At one month follow-

up, both protocols 
produced statistically 
significant differences 
from baseline MADRS 

scores. 

Right DLPFC 
group: Pain 

intensity decrease 
was statistically 

significant. 
Left DLPFC group: 

Statistically 
significant effect, 

but clinically minor. 
At one month 
follow-up, the 

severity of pain was 
found to be 
statistically 

indistinguishable 
between the 

different protocols. 

Unbearable 
pain in the 
stimulation 

Säisänen et 
al. 

(2022) 
(Finland) 

(44) 

RCT, cross 
over design N=20 Chronic 

facial pain M1 

Two consecutive 
high-frequency rTMS 
protocol separated 
by six weeks, study 

period of two 
months. 

Protocol A - 5 
sessions (1 week), at 

10 Hz, 90% RMT, 
2400 pulses/session. 

 
Protocol B - 5 

sessions (1 week), at 
20Hz, 90% RMT, 

3600 pulses/session. 

BDI 

Depression scores 
improved slightly but 
non-significantly after 

rTMS. 

Sustained 
decrease in pain 
intensity with the 

two-high frequency 
rTMS protocols in 
chronic facial pain. 

The second 
treatment causing a 
more pronounced 

decrease. 

Tiredness 
Headache 
Dizziness 
Pain in the 

head 
Nausea 

Poor sleep 
ophthalmic 

branch tickling 
twitching of 
the hand 

tingling in the 
hand 

tightness in 
the 

chest/crushing 
chest pain 
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Yang et al. 
(2023) 
(China) 

 (45) 

RCT N=39 

Neuropathic 
pain with 

spinal cord 
injury 

M1 

rTMS group (N=13) - 
20 sessions (4 

weeks) at 10 Hz, 
80% RMT, 1500 
pulses/session. 

iTBS group (N=13) - 
20 sessions (4 

weeks), triplet 50 Hz 
bursts, repeated at 5 

Hz, at 80% RMT, 
600 pulses/session. 
iTBS + rTMS group 

(N=13) - iTBS at 80% 
RMT followed 2 

minutes later by a 10 
Hz rTMS delivered at 
80% RMT for a total 

of 2100 pulses. 

HDRS 

Comparing the HDRS 
scores with the 

baseline, differences 
were significant in all 
groups. Among the 
three groups there 
were no statistically 

significant differences. 

iTBS + rTMS 
produced greater 
analgesia than the 

other protocols. 

None reported 

 
 
RCT- Randomized Controlled Trial; M1 – Primary Motor Cortex; DLPFC – Dorsolateral Pre-Frontal Cortex; RMT – Resting Motor Threshold; HDRS – Hamilton Depression Rating Scale; BDI 
– Beck Depression Inventory; HADS- Hospital Anxiety and Depression scale; CESD – Center For Epidemiological Studies 10-Item Depression Scale; CT- Clinical Trial; CWP - Chronic 
Widespread Pain; MTBI-HA – Mild Traumatic Brain Injury- Related Headaches; PHN - Postherpetic Neuralgia; SDS – Self-rating Depression Scale; S1/M1-sensorimotor cortex ; S2 – 
Secondary Somatosensory Cortex;  CTTH -  Chronic Tension-type Headache; FBSS - Failed Back Surgery Syndrome;  DASS- Depression, Anxiety and Stress Scale;  tDCS – transcranial 
Direct Current Stimulation; iTBS -  intermittent Theta Burst Stimulation
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3. Risk of Bias 
 
 
Table 3: Risk of Bias assessment using RoB 2.0 
 
 

Randomized Controlled Trials assessed with RoB 2.0 for each risk of bias domain 

Articles Randomization 
process 

Deviations 
from 

Intended 
Interventions 

Missing 
Outcome 

Data 

Measurement 
of the 

outcome 

Selection 
of the 

reported 
result 

Overall 
Risk of 

Bias 

Passard 
et al. 

(2007) 

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Borckardt 
et al. 

(2009) 
Low Risk Low Risk Low Risk High Risk Low Risk High Risk 

Carretero 
et al. 

(2009) 
Low Risk Low Risk Low Risk Low Risk Some 

Concerns 
Some 

Concerns 

Short et 
al. 

(2011) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Mhalla et 
al. 

(2011) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Lee et al. 
(2012) Some Concerns Low Risk Low Risk High Risk Low Risk High Risk 

Hosomi et 
al. 

(2013) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Conforto 
et al. 

(2014) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Avery et 
al. 

(2015) 
Low Risk Low Risk Low Risk Low Risk Some 

Concerns 
Some 

Concerns 

Khedr et 
al. 

(2015) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Leung et 
al. 

(2015) 
Low Risk Low Risk Low Risk High Risk Some 

Concerns High Risk 

Shu-Min 
Ma et al. 
(2015) 

Low Risk Low Risk Low Risk High Risk Some 
Concerns High Risk 

Lindholm 
et al. 

(2015) 
Low Risk Low Risk High Risk Low Risk Some 

Concerns High Risk 

Nardone 
et al. 

(2016) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 
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Leung et 
al. 

(2017) 
Low Risk Low Risk Low Risk High Risk Low Risk High Risk 

Fitzgibbon 
et al. 

(2018) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Bhatia et 
al. 

(2019) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Yang et 
al. (2019) Some Concerns Low Risk Low Risk High Risk Low Risk High Risk 

Qian Pei 
et al. 

(2019) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Tanwar et 
al. 

(2020) 
Low Risk Low Risk Low Risk Some 

Concerns 
Some 

Concerns 
Some 

Concerns 

Bursali et 
al. 

(2021) 
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

El-
Badawy 

et al. 
(2021) 

Low Risk Low Risk Low Risk Low Risk Some 
Concerns 

Some 
Concerns 

Freigang 
et al. 

(2021)  
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Guinot et 
al. (2021) Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Attal et al. 
(2021) Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Petelin et 
al. (2022) Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Säisänen 
et al. 

(2022) 
Low Risk Low Risk Low Risk Low Risk Some 

Concerns 
Some 

Concerns 

Yang et 
al. (2023) Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

 
 
 
The risks of bias were evaluated according to the Cochrane guidance, as outlined in the Tables 

3 and 4. The assessment revealed varying levels of risk across different domains for each 

included randomized controlled trial within this systematic review, with 16 trials categorized as 

low risk, 5 trials as having some concerns, and 7 trials as high risk.  

Regarding the randomization process, only two of the RCTs included were judged to have some 

concerns (Lee et al. (2012); Yang et al. (2019)). The remaining studies were rated as having low 

risk in this domain. The concerns regarding the randomization were due to the lack of information 
regarding information on how randomization was conducted in both studies. 

Deviation from the intended intervention emerged as the most robust domain with all RCTs rated 
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low risk. 

Concerning missing outcome data, most studies were rated as low risk, except for 1 study, which 

was rated high risk (Lindholm et al. (2015)) due to a high participant dropout rate (20%) and the 

absence of a statistical method for handling missing outcome data.       

Additionally, 6 studies (Borckardt et al. (2009); Lee et al. (2012); Leung et al. (2015); Shu-Min Ma 

et al. (2015); Leung et al. (2017); Yang et al. (2019)) were rated as high-risk and 1 study (Tanwar 

et al. (2020)) was rated as some concerns regarding the outcome measurement. This was 

primarily attributed to insufficient information concerning the blindness of the outcome assessors 
and the potential influence of knowledge of intervention on the assessed outcomes. 

Concerning the selection of the reported result, 8 studies (Carretero et al. (2009); Avery et al. 

(2015); Leung et al. (2015); Shu-Min Ma et al. (2015); Lindholm et al. (2015); Tanwar et al. (2020); 

El-Badawy et al. (2021); Säisänen et al. (2022)) were rated as having some concerns. These 

trials did not report whether the outcomes were analyzed following a pre-specified analysis plan 

finalized before unblinded outcome data were available. 

 
 
 
Table 4: Risk of Bias assessment using ROBINS-I 
 
 

 
Pre/post uncontrolled trials assessed with ROBINS-I for each risk of bias 
domain 
 

Articl
es 

Confoun
ding 

Selectio
n of 

particip
ants 

into the 
study 

Classific
ation of 

interventi
ons 

Deviatio
ns from 

the 
intended 
intervent

ions 

Missi
ng 

data 

Measure
ment of 

the 
outcome 

Select
ion of 

the 
report

ed 
result 

Over
all 

risk 
of 

Bias 

Ohn 
et al. 
(2012

) 

Critical Low 
Risk 

Low Risk Low Risk Low 
Risk 

Low Risk Low 
Risk 

Critic
al 

 
 
In case of pre/post studies, only one of the studies included, conducted by Ohn et al. (2012), was 

a non-randomized clinical trial. This study assessed low risk in all ROBINS-I domains except for 

the confounding domain which was categorized as having critical risk. Despite the study’s efforts 

to consider various potential confounders the uncontrolled nature of these studies presents a 

challenge in achieving sufficient adjustment for confounding variables. Therefore, the risk of bias 
related to confounding factors remains a significant concern in interpreting the results of this 

study.  
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4. The impact of TMS in depressive symptomatology 

 

 

4.1 Protocols targeting the DLPFC: 
 

4.1.1 Left DLPFC:  
Seven studies included (Borckardt et al. (2009); Short et al. (2011); Conforto et al. (2014); 

Avery et al. (2015); Nardone et al. (2016); Fitzgibbon et al. (2018); Leung et al. (2017)) 
investigated the use of high-frequency protocols (10 Hz) targeting the left DLPFC. At the 

end of treatment, four of the studies (Short et al. (2011); Avery et al. (2015); Nardone et 

al. (2016); Fitzgibbon et al. (2018)), reported significant differences of depressive 

symptomatology scores over time with no statistically significant differences between the 

sham and the active TMS group. However, Short et al. (2011), at two weeks follow-up 

reported a significant improvement of the HDRS score of the active group (vs sham 

group). Leung et al. (2017) showed significant improvement of the HDRS score in the 

active group. In contrast, Conforto et al. (2014), reported statistically significant 
improvements in the BDI score of the sham group compared to the active group.  

In a RCT with a cross-over design, Borckardt et al. (2009) investigated the effects of rTMS 

in four patients diagnosed with chronic neuropathic pain. The participants were randomly 

assigned to a series of three real rTMS treatments followed by three sham treatments, 

with a three-week interval. The rTMS protocol employed high-frequency stimulation at 

10Hz. At the end of the treatment, there were no statistically significant results in terms 

of depressive symptomatology, although greater reductions in depression scores were 
associated with the real rTMS protocol.  

 

4.1.2 Right DLPFC:  
Three of the studies included (Carretero et al. (2009); Bhatia et al. (2019); Tanwar et al. 

(2020)) detailed protocols targeting the right DLPFC, using low-frequency rTMS (1Hz) for 

20 sessions over four weeks. In Carretero et al. (2009), a RCT was conducted in patients 

diagnosed with fibromyalgia and comorbid major depression, with no statistically 

significant improvements in the HDRS score in both active rTMS group and sham group. 
Conversely, Tanwar et al. (2020) conducted a RCT with 90 patients diagnosed with 

fibromyalgia demonstrating significant improvement of the HDRS score in the real 

treatment group, compared to the sham group, with sustained improvements through six 

months of follow-up. Bhatia et al. (2019), another RCT was conducted involving 30 

patients diagnosed with Chronic Tension-type Headache (CTTH) revealing improvement 

of HDRS score in both groups (sham and active group). However, there were no 
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statistically significant differences observed between the groups.  

 
4.1.3 Left and Right DLPFC:   
Petelin et al. (2022) reported a RCT with 25 patients diagnosed with chronic pain 

disorders of various etiologies and refractory depression. Patients were randomly 

assigned to two groups: one receiving a low-frequency (1Hz) TMS protocol applied to the 

right DLPFC (N=12) while the other group receiving a high-frequency (10 Hz) TMS 

protocol targeting the left DLPFC (N=13). The left DLPFC stimulation group showed a 
statistically significant reduction in depressive symptomatology compared to baseline. 

However, the right DLPFC stimulation group did not demonstrate a statistically significant 

decrease in depressive symptomatology. At one month follow up, both protocols resulted 

in statistically significant differences in MADRS scores compared to baseline.   

 
4.2 Protocols targeting the M1:  
We included 14 studies in our analysis that investigated targeting the Primary Motor Cortex 

M1 (Ohn et al. (2012); Hosomi et al. (2013); Khedr et al. (2015); Shu-Min Ma et al. (2015); 
Yang et al. (2019); Qian Pei et al. (2019); Bursali et al. (2021); Guinot et al. (2021) Säisänen 

et al. (2022); Yang et al. (2023)) with different rTMS protocols, 4 of them targeting the Left 

M1 (Passard et al. (2007); Mhalla et al. (2011). Leung et al. (2015); El-Badawy et al. (2021)).  

 

Hosomi et al. (2013) conducted RCT employing a cross over design, involving 70 patients 

diagnosed with neuropathic pain. Participants were randomly assigned to two groups, with 

one undergoing real rTMS sessions followed by a sham period, while the other group 

experience the reverse sequence. The real rTMS consisted of 10 sessions of high-frequency 
stimulation over a two-week period, delivered at 5Hz, with a 17-day interval between real and 

sham treatments. During the study, the evaluation of depressive symptomatology using the 

BDI score revealed no significant differences between the real rTMS and the sham stimulation 

groups at any point. 

Khedr et al. (2015) and Bursali et al. (2021) conducted RCTs employing rTMS high-frequency 

protocols (20Hz and 5 Hz, respectively), consisting of 10 sessions. Both studies reported 

significant reductions in depressive symptomatology when comparing active stimulation to 
the sham treatment, with these effects persisting for at least one-month after the treatment. 

Ohn et al. (2012) executed a clinical trial of five sessions of high-frequency rTMS (10Hz), that 

also demonstrated significant reductions in the depressive symptomatology. In both this study 

and the one conducted by Khedr et al. (2015), significant correlations were established 

between the antalgic effects induced by the rTMS intervention and the reduction observed in 

HDRS scores.  

Shu-Min M et al. (2015) documented a RCT with 40 patients diagnosed with postherpetic 
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neuralgia. The study implemented a high-frequency (10 Hz) protocol of 10 sessions. 

However, the results revealed no statistically significant differences between the real rTMS 

group and the sham group. 

Qian Pei et al. (2019) conducted a RCT employing high-frequency protocols of rTMS targeting 

the primary motor cortex in 75 patients with postherpetic neuralgia. The patients were 

randomized into three groups, one group receiving 10 sessions at 5Hz, the other, 10 sessions 

at 10 Hz and the sham group. After treatment, statistical analysis revealed no significant 

differences among the three groups in terms of depressive symptomatology evaluated by 
Self-Rating Depression Scale. 

Guinot et al. (2021) investigated the effect of 16 sessions of a high-frequency (10Hz) protocol 

complementing 12 weeks of multicomponent therapy in patients diagnosed with fibromyalgia, 

comparing it to the effects of multicomponent therapy alone. The study revealed a reduction 

in depressive symptomatology in both groups, although no statistically significant differences 

were found between groups. Säisänen et al. (2022) reported a study with two consecutive 

high-frequency five-sessions protocols (protocol A- 10Hz, protocol B- 20 Hz) separated by an 

interval of six weeks. Although, there were improvements of the BDI scores, the findings did 
not reach statistical significance, similar to the study conducted by Guinot et al. (2021).  

In contrast with the preceding studies, Yang et al. (2019) conducted a RCT targeting the M1, 

employing a low frequency protocol, in a cohort of 56 patients diagnosed Parkinson’s disease 

associated with pain. The intervention protocol comprised 10 sessions over two-week period, 

employing a frequency of 0.50 Hz. Following the treatment, no statistically significant 

differences were found in the HDRS scores in the active rTMS group and the sham group. 

 
Yang et al. (2023) conducted a RCT in 39 patients with neuropathic pain due to spinal cord 

injury. The patients were randomly allocated into three groups: one receiving treatment with 

rTMS, one receiveing treatment with intermittent theta burst stimulation (iTBS), and one 

receiving combined treatment with both rTMS and iTBS. All groups underwent 20 sessions 

of treatment over a 4-week period. The rTMS group (N=13) employed 20 sessions of rTMS 

at a frequency of 10Hz. The iTBS group (N=13) underwent 20 sessions of iTBS involving 

triplet 50Hz bursts repeated at 5Hz. The iTBS + rTMS group underwent 20 sessions of iTBS 

followed by 10Hz rTMS. At the end of the treatment period, the HDRS scores were compared 
among the three groups. The analysis revealed no statistically significant differences in 

depressive symptomatology among the 3 treatment groups.  

Passard et al. (2007), Mhalla et al. (2011) and Leung et al. (2015) each conducted 

randomized controlled trials using high-frequency protocols (10Hz), targeting the Left Primary 

Motor Cortex (M1). The studies implemented varying number of treatment sessions, with 

Leung et al. (2015) employing three sessions, Passard et al. (2007) employing ten sessions 
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and Mhalla et al. (2011) employing fourteen sessions. Both Passard et al. (2007) and Mhalla 

et al. (2011) focused on patients diagnosed with Fibromyalgia, while Leung et al. (2015) 

focused on patients with Mild Traumatic Brain Injury Related Headache. Despite the differing 

conditions and treatment durations, none of the studies reported statistically significant effect 

on the depressive symptomatology in either active rTMS group or the sham group following 

treatment. 

El-Badawy (2021) investigated the therapeutic effect of rTMS and Anodal tDCS (transcranial 

Direct Current Stimulation) targeting the M1 in patients diagnosed with Fibromyalgia. Through 
a randomized allocation process, patients were assigned to either the rTMS group or the 

anodal tDCS group. The rTMS group (N=15) received eight sessions at 10 Hz, and the anodal 

tDCS group (N=15) underwent eight sessions as well at an intensity of 2mA for 20 minutes. 

In both groups, at the end of the treatment course, there were significant improvements in 

Hospital Anxiety and Depression Scale (HADS) - depression sub-score, but the rTMS group 

showed a higher degree of improvement compared to the anodal tDCS group.  

 

4.3  Protocols targeting the Left DLPFC and the Left M1:  
Freigang et al. (2021) conducted a RCT with 34 patients with chronic low back pain or neck 

pain. The patients were randomized into three groups according to the target of stimulation. 

The Left M1 (N=11) underwent a protocol consisting of 13 sessions at 5Hz, the left DLPFC 

group (N=12) underwent the same number of sessions, but at 20 Hz of frequency, and the 

sham group (N=11). At the end of the treatment, no significant results in the Depression, 

Anxiety, and Stress Scale (DASS) - depression sub-score were observed in any of the groups.     
 

4.4 Protocols targeting the Right DLPFC and the M1: 
Lee et al. (2012) conducted a RCT with 15 patients diagnosed with Fibromyalgia. Patients 

were randomized into three groups. One group (N=5) received 10 sessions at 1 Hz (low 

frequency protocol) applied to the right DLPFC, other group (N=5) received 10 sessions at 10 

Hz (high frequency protocol) to the M1, and the sham group (N=5). In the right DLPFC group, 

the BDI scores were significantly lower immediately after ten sessions compared to baseline. 

And one month after, those changes maintained. In the M1 group, the BDI scores were 

significantly lower after the 10th session, but not one month later.     
 

 

4.5 Protocol targeting the Left DLPFC and the M1: 
In a RCT conducted by Attal et al. (2021), 149 patients diagnosed with chronic peripheral 

neuropathic pain were enrolled. The study aimed to compare the effects of stimulation of the 

M1 area (N=49), the left DLPFC (N=52) and a sham group (N=48). The patients were 
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randomly allocated to one of the three groups. The M1 stimulation group employed 15 

sessions at 10 Hz targeting the primary motor cortex, over a duration of 22 weeks. The left 

DLPFC-group employed 15 sessions at 10 Hz targeting the left dorsolateral prefrontal cortex, 

also over a duration of 22 weeks. At the end of the treatment, all groups exhibited 

improvement in the depressive symptomatology. However, there were no statistically 

significant differences observed between the groups in terms of the magnitude of 

improvement.  

  
4.6 Protocols targeting the S1/M1 and S2:  
Lindholm et al. (2015) conducted a RCT with cross-over design involving 20 patients with 

diagnosed neuropathic orofacial pain. In randomized order, all patients received two rTMS 

stimulations and one sham stimulation, between the two active ones. The rTMS stimulations 

were delivered at a frequency of 10 Hz targeting specific cortical regions. One session 

targeted the S1/M1 (Primary somatosensory cortex and precentral gyrus) and the other 

targeted the right S2 (Secondary somatosensory cortex). At the end of the treatment no 

statistically significant changes in depressive scores were observed among any of the 
participants. 

 

 

 DISCUSSION: 
 

The main purpose of this systematic review was to evaluate the impact of TMS on depressive 

symptomatology among individuals diagnosed with chronic pain disorders. To our knowledge, this 
is one of the first reviews that assess TMS interventions in patients with chronic pain in which 

depressive symptomatology is treated as a primary outcome.  

General interpretation: 

The results obtained from the articles included in this systematic review are found to be very 

diverse. All the papers found studied TMS’ efficacy in the treatment of chronic pain and had 

evaluation of the effect in depressive symptomatology as a secondary outcome.  

A review by Galhardoni et al. (2015) reports that the M1 target has been the most assessed for 

cortical stimulation studies in chronic pain. However, there is a solid basis for targeting other areas 
like the left and right DLPFC. Studies in healthy volunteers have shown that high-frequency rTMS 

to the right DLPFC was able to trigger analgesic effects similar to M1 stimulation, despite their 

differences in mechanisms of action. The left DLPFC has also been used in rTMS studies in 



 29 

patients with fibromyalgia, but it has shown a small analgesic effect. (46) Another meta-analysis, 

by Zhu et al. (2023) studied the effects of high-frequency stimulation on the M1 and DLPFC in 

patients with fibromyalgia. In the subgroup analysis, the results showed no statistical 

significance but the trend of analgesic effect in the M1 region was better than that in the DLPFC 

region. (47) In accordance with those studies, Passard et al. (2007), Mhalla et al. (2011) and El-

Badawy et al. (2021) reported significant improvement of pain scores with high-frequency rTMS 

stimulation of the left M1. Lee et al. (2012) compared stimulation of the right DLPFC and the M1 

describing that in both groups there was an improvement in BDI scores, although only the right 
DLPFC group maintained these improvements for one month. Short et al. reported no significant 

differences in the improvement of pain scores between the active rTMS and the sham group when 

stimulating the left DLPFC in patients with fibromyalgia. In terms of treating neuropathic pain, a 

systematic review and meta-analysis by Jiang et al. (2022) reported that active high-frequency 

rTMS had a significant clinical effect on pain symptoms in patients with NP compared with sham 

rTMS. Low-frequency stimulation had no therapeutic effect reported. With regards to the rTMS 

site, their analysis revealed that stimulation at M1 was superior to other sites. (48) Attal et al. 

(2021) compared stimulation of the left DLPFC and the M1 reporting significant improvement in 
pain scores in the group stimulated in the primary motor cortex, but not in the group stimulated in 

the left DLPFC, as described above. Qian Pei et al. (2019) reported significant improvement of 

pain scores when stimulating the M1 with more significant results in the group with higher 

frequency of stimulation.  Knowing that all protocols were directed at relieving pain and that pain 

treatment with TMS remains highly experimental, it is easily justifiable that the protocols varied 

so much in terms of target location and parameters of stimulation.  

A common finding in the studies included revealed that a significant reduction in pain scores 

wasn’t always accompanied by a significant improvement on depressive symptomatology. We 

hypothesize that this happened for two main reasons. Firstly, some studies excluded patients with 

comorbid major depression (Passard et al. (2007), Mhalla et al. (2011), Conforto et al. (2014), 
Attal et al. (2021)). In these cases, the baseline Beck Depression Inventory scores were minimal 

(0-9) or mild (10-18) indicating that the patients had lesser depressive symptoms. This alone 

reduces the chance of TMS effectively treating these symptoms and creates lower compliance 

with psychological evaluations as described by Conforto et al. (2014). Secondly, among patients 

with comorbid pain and depression, those with depression tended to respond less effectively to 

treatments directed solely to pain levels, as reported by Ohn et al. (2012). A review by Zis et al. 

(2017) describes how perception of pain is sensitive to various mental processes such as the 

feelings and beliefs that someone has about pain. Therefore, it’s not exclusively driven by the 
noxious input. (49) In patients with pain, depression is associated with more pain complaints, 

greater pain intensity, longer duration of pain and, greater likelihood of non-recovery. Depression 
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also predicts increased healthcare utilization, poorer adherence to treatment, worse patient 

satisfaction, and future episodes of pain. (2, 7)  

Comparing the results through the stimulation target, we can’t take many conclusions since the 
results were so diverse. The studies in which the stimulated area was the left DLPFC didn´t report 

statistical differences in the effect of TMS on depressive symptomatology between the active 

rTMS group and the sham group, except for the one conducted by Leung et al. (2017). This could 

be explained by the differences between the parameters used for the stimulation and the ones 

standardized for major depression by the FDA-approved protocol.  

The FDA-cleared repetitive Transcranial Magnetic Stimulation protocol entails a high-frequency 

(10Hz) stimulation targeted at the left dorsolateral prefrontal cortex. Each session lasts 

approximately 38 minutes, with a stimulation intensity set at 120% of the RMT, 3000 pulses per 
session, encompassing 30 sessions administered over six weeks (five days per week). (50) 

Another established protocol, theta burst stimulation (TBS), delivers 600 pulses in a 3-minute 

session, with the same stimulation intensity and number of sessions. iTBS has shown 

effectiveness on par with rTMS. (51) However, the studies included in our analysis exhibit 

significant deviations from these standardized protocols. Notably, none of the studies adhere 

strictly to the 30-session rTMS regimen, and many diverge from the prescribed stimulation 

intensity of 120% RMT. Therefore, it can be expected that numerous protocols didn’t have a 
significant impact on depressive symptomatology. Out of the 29 studies, only six (Carretero et al. 

(2009); Conforto et al. (2014); Fitzgibbon et al. (2018); Bhatia et al. (2019); Tanwar et al. (2020); 

Yang et al. (2023)) investigated the effects of a TMS protocol consisting of at least 20 sessions. 

Furthermore, only 5 studies (Short et al. (2011); Nardone et al. (2016)) report 120% RMT and of 

those only 3 (Avery et al. (2015); Fitzgibbon et al. (2018); Petelin et al. (2022)) report the 

application of 3000 pulses per session.  

Comparing the studies with protocols applied to the primary motor cortex, most of them didn’t 

report any statistically significant results in depressive symptomatology. This outcome was 

expected since M1 is not the target of choice for depression treatment. However, since we 

evaluated studies that treated pain as a primary outcome, it is to be expected that this is frequently 
targeted. From what we gathered, only Ohn et al. (2012), Khedr et al. (2015) and Bursali et al. 

(2021) reported significant reductions in depressive symptomatology compared to the sham 

treatment. In both, significant correlations were made between the antalgic effects of rTMS and 

the depressive symptomatology reduction, suggesting that depressive symptoms improve as a 

consequence of the improvement of the pain conditions. (2)  
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Moreover, there are certain studies where both active and sham control groups reported 

improvement in depressive symptomatology following rTMS intervention, with no discernible 

differences between them, as observed in the ones conducted by Lee et al. (2012) and Attal et 

al. (2021). These studies highlight a significant placebo effect, characterized by similar outcomes 

between the treated and untreated groups. This is also evident in the research conducted by 

Conforto et al. (2014), where the group receiving the rTMS intervention showed no significant 

change in depression scores, while the control group exhibited a significant improvement of 

depressive symptomatology despite not receiving stimulation. From a psychological viewpoint, 
numerous mechanisms contribute to placebo effects. Among them two key mechanisms are 

widely recognized: expectations and conditioning. The presence of a conditioning protocol to 

increase expectations results in larger placebo analgesic responses, demonstrating that 

expectation can both mediate and modulate placebo effects as well as interact with other factors 

such as emotion. (52) 

In terms of safety, the most feared side-effect of TMS is the triggering of epileptic seizures. 

However, studies with large samples have concluded that, in a population with no risk of epileptic 

attack, there is no greater risk than normal of the development of a new attack. Other temporary 

effects may be seen such as headaches (20 to 25%), neck pain (10 to 15%), tinnitus, cognitive 

effects (temporary concentration and memory disorders), acute mood changes (irritability), and 
neurocardiogenic syncope. According to the international safety guidelines, with appropriate 

patient selection and defined treatment parameters, TMS can be a safe technique. (53) In 

accordance, this review also describes TMS as a safe intervention since many studies reported 

an absence of unintended consequences and others reported mild and transient headaches or 

tingling/discomfort on the site of stimulation as the most prevalent side effects. Dizziness, neck 

pain, and nausea were other side effects mentioned across studies, albeit with a lesser frequency. 

A Review by Rossi et al. (2021) recommends that TMS may be delivered by a physician or by an 

appropriately trained individual operating under the supervision of the physician. TMS should be 
delivered in a context where anticipated side effects may be appropriately managed, like a clinical 

setting. (54) 

Included articles limitations:  

The main limitation identified among the studies included in our review is the heterogeneity in the 

transcranial magnetic stimulation protocols, which encompasses variations in the number of 

sessions, applied frequency, resting motor threshold intensity, and number of pulses per session. 

Such discrepancies pose challenges in comparing and extrapolating findings across studies. 

An additional limitation arises from the fact that the evaluation of depressive symptomatology was 
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not the primary outcome in any of the included studies. Consequently, the assessment of 

depressive symptoms may lack precision, potentially influencing the quality and reliability of the 

results.  

Furthermore, the cohort intervals in the studies range from 4 to 149, with a median value of 29, 

demonstrating that most have small samples.  This translates to modest statistical power derived 

from quantitative analyses, often failing to achieve statistical significance.   

Moreover, a notable limitation concerns the timeline of the studies. Most of them (except for 

Tanwar et al. (2020) who reported a 6-month follow-up) did not provide long-term treatment 
outcomes. This limitation confines our review to short-term antidepressant effects, exacerbated 

by the fact that most studies employed 2-week protocols, which may not allow adequate time to 

evaluate changes in depressive symptomatology.  

Limitations of the review itself:  

In the course of conducting this systematic review, it’s important to note that studies were not 

excluded based on their quality or risk of bias. It became apparent that excluding studies solely 

based on their quality would greatly restrict the pool of available evidence. Therefore, this decision 

was made to ensure an inclusive assessment of the available literature allowing for a 
comprehensive analysis of the evidence regarding this topic.  

The presence of deadlines posed a significant limitation during the systematic review process. 

Due to time constraints, there was a limited window available for conducting the literature search, 

screening studies, and synthesizing the findings. Consequently, it may have restricted the depth 

of the review process and the number of studies that could be included. 

Implications for practice, policy, and future research:  

In essence, this paper showed that the impact of TMS on depression among chronic pain patients 
is a complex and vast subject that requires future research with more standardized protocols and 

consistency of sites stimulated. Studies including a significant number of patients with chronic 

pain and co-morbid depression, evaluating the effect of TMS on depressive symptoms as a 

primary outcome, will allow us to better understand the potential of TMS for this specific situation.  

Finally, TMS as a treatment for chronic pain remains highly experimental, and further 

investigations and growing evidence in this field would also help determine what are the most 

effective TMS protocols for these patients. 
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ANEXOS 



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is reported  

TITLE   
Title  1 Identify the report as a systematic review. Página 1: The impact of Transcranial Magnetic 

Stimulation (TMS) on depressive symptomatology 
in patients with chronic pain disorders: A 
Systematic Review. 

ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts checklist. Página 2: Objective: Transcranial Magnetic 

Stimulation (TMS) is a recognized therapy for 

treatment-resistant depression and has been studied 

for its potential in managing chronic pain. Knowing the 

intrinsic relationship between pain and depressive 

symptomatology, this systematic review aims to 
assess the impact of TMS applied on depressive 

symptoms in patients with chronic pain.  
Methods: Electronic databases were systematically 

searched until November 2023 for studies applying 

TMS in chronic pain patients, with assessment of both 

pain and depressive symptomatology.  

Results: From the records screened, 29 studies met 

the inclusion criteria for qualitative synthesis. The 
results showed heterogenous protocols with widely 

different results in depressive symptomatology across 

the studies, precluding meta-analysis. TMS was 

considered a safe treatment option with minor side 

effects. 

Conclusions: The impact of TMS on depressive 

symptomatology among chronic pain patients is a 
complex subject. Considering the diversity of the 

protocols and results encountered, future research 



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is reported  

should prioritize the establishment of standardized 

TMS protocols to clarify its efficacy in managing 

depressive symptoms among chronic pain patients. 

Significance: This systematic review highlights the 

need for further investigation of TMS as a dual 

therapeutic approach for chronic pain and depressive 

symptomatology, emphasizing the necessity of 

improving the protocols to enhance the clinical 
outcomes. 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of existing knowledge. Página 3: A World Health Organization study in 

primary care showed a strong association between 

persistent pain and depressive disorders, with those 

experiencing chronic pain being substantially more 
likely to have depressive symptoms. (5) Clinical 

studies have revealed that chronic pain, a stress 

state, often induced depression and up to 85% of 

patients with chronic pain are affected by severe 

depression. (2, 6, 7) Therefore, addressing mood 

alongside chronic pain management becomes 

imperative. (8) 

Página 4: Acknowledging the intrinsic relationship 

between depression and chronic pain and the lack of 

evidence regarding the effect of TMS on depressive 

symptomatology in patients with chronic pain 

disorders, the main purpose of this systematic review 

is to comprehensively assess the existing literature in 



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is reported  

managing both chronic pain and depressive 

symptoms. By synthesizing finding from several 

studies, we aim to clarify the potential benefits and 

limitations of TMS as a therapeutic approach. 

Furthermore, this review intends to identify the gaps 

in current research and provide insight for future 

investigations. 

 
Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Página 4: Acknowledging the intrinsic relationship 

between depression and chronic pain and the lack of 

evidence regarding the effect of TMS on depressive 

symptomatology in patients with chronic pain 

disorders, the main purpose of this systematic review 

is to comprehensively assess the existing literature in 

managing both chronic pain and depressive 
symptoms. By synthesizing finding from several 

studies, we aim to clarify the potential benefits and 

limitations of TMS as a therapeutic approach. 

Furthermore, this review intends to identify the gaps 

in current research and provide insight for future 

investigations. 

METHODS   
Eligibility 
criteria  

5 Specify the inclusion and exclusion criteria for the review and how studies were 
grouped for the syntheses. 

Página 4: Eligilibity criteria:  

A priori set of eligibility criteria was pre-specified 
based on the PICOS (Population; Intervention; 
Comparator; Outcomes; Study design) framework and 
is depicted in Table 1.  

Table 1: Based on the PICOS framework  



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is reported  

Página 8: The studies were evaluated through tabular 
and thematic analysis by grouping them according to 
the cortex area used as a stimulation target.  
 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other 
sources searched or consulted to identify studies. Specify the date when each source 
was last searched or consulted. 

Página 7: A comprehensive search was conducted on 

PubMed, Scopus (the selected field consisted of 

article title, abstract and keywords), Web of Science 

Core Collection (field consisted of topic), Clinical 

Trials.gov, and PsycINFO electronic databases and 

completed on the 27th of November 2023. For each 

electronic database, studies were searched from 

inception, and no language or date restrictions were 

applied, and if necessary, studies were translated to 

ascertain the eligibility of the records retrieved.  

For additional records, grey literature was also 
searched through Google Scholar and completed on 

the 27th of November 2023. Moreover, to identify 

possible additional relevant records, the included 

studies underwent backward and forward citation 

tracking. This involved manually searching reference 

lists and conducting additional searches on Google 

Scholar, respectively. These steps aimed to minimize 
selection and publication biases.  

.  
 
 
 
 



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is reported  

Search strategy 7 Present the full search strategies for all databases, registers and websites, including 
any filters and limits used. 

Página 7: The search strategy was informed by 

previously published reviews, consideration of MeSH 

terms and the wider literature in the field, with input 

and support from a university librarian. The search 

was first defined for PubMed and further adapted for 

the individual databases as needed. The following 
search queries were used for each of the electronic 

databases:  

PubMed / Web of Science Core Collection / 
PshycoINFO / Google Scholar  

(depression OR depressive disorder OR dysthymic 

disorder OR mood disturbance OR affective disorder 

OR affective disturbance OR psychological distress 

OR suicide OR sadness) AND (transcranial magnetic 

stimulation OR TMS OR rTMS) AND (chronic pain) 

Scopus  

( depression OR ( depressive AND disorder ) OR ( 

dysthymic AND disorder ) OR ( mood AND 

disturbance ) OR ( affective AND disorder ) OR ( 

affective AND disturbance ) OR ( psychological AND 

distress ) OR suicide OR sadness ) AND ( ( 

transcranial AND magnetic AND stimulation ) OR tms 
OR rtms ) AND ( chronic AND pain )  

Clinicaltrials.gov  

(depression OR depressive disorder OR dysthymic 



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is reported  

disorder OR mood disturbance OR affective disorder 

OR affective disturbance OR psychological distress 

OR suicide OR sadness) AND (transcranial magnetic 

stimulation OR TMS OR rTMS) AND (chronic pain)  

 

Selection 
process 

8 Specify the methods used to decide whether a study met the inclusion criteria of the 
review, including how many reviewers screened each record and each report retrieved, 
whether they worked independently, and if applicable, details of automation tools used 
in the process. 

Página 8: After duplicates removal, the records 
retrieved from the databases and other information 

sources were reviewed for eligibility using a two-

phase approach: title and abstract screening and full-

text review, using the predefined inclusion and 

exclusion criteria. In the first phase, all titles and 

abstracts were independently screened by two 

authors (I. S., P. A.) using EndNote reference 

management software 21. All disagreements were 
discussed and solved by consensus or in consultation 

with the wider review team. Ambiguous abstracts due 

to insufficient information to make a define decision 

remained included until the next phase and full-texts 

were retrieved. In the second phase, the full-text of 

the selected records was retrieved and evaluated by 

the same authors, independently. The number of 

studies that were included and excluded at each 
stage and the reasons for exclusion were recorded 

and reported in the PRISMA flow diagram (Figure 1).  

 



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is reported  

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers 
collected data from each report, whether they worked independently, any processes 
for obtaining or confirming data from study investigators, and if applicable, details of 
automation tools used in the process. 

Página 8: The extraction of data was done by one 

author (I.S.) and summarized in a tabular form (Table 

2) including the following parameters: author, year, 

sample, TMS target, TMS protocol, outcome 

assessment, main results, and adverse effects. 

Whenever possible, intention-to-treat data (i.e., 
analyzing all participants according to the group 

randomization) were collected. The data extracted 

was further independently cross-checked and revised 

for errors and potential divergent results by two other 

authors (P.A., I.B.). Discrepancies were solved by 

consensus with the wither review team.  

 
Data items  10a List and define all outcomes for which data were sought. Specify whether all results 

that were compatible with each outcome domain in each study were sought (e.g. for all 
measures, time points, analyses), and if not, the methods used to decide which results 
to collect. 

Página 8: The data extracted was further 
independently cross-checked and revised for errors 

and potential divergent results by two other authors 

(P.A., I.B.). Discrepancies were solved by consensus 

with the wither review team. The heterogeneity in the 

studies included, TMS protocols, and outcomes 

measures, precluded a meta-analysis, and a narrative 

synthesis approach to summarize and interpret the 
qualitative and quantitative data was undertaken. The 

studies were evaluated through tabular and thematic 

analysis by grouping them according to the cortex 

area used as a stimulation target. This approach has 

been defined has suitable to synthetize 

heterogeneous literature. (14)  



PRISMA 2020 Checklist 

Section and 
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Item 
# Checklist item  Location where item is reported  

 
10b List and define all other variables for which data were sought (e.g. participant and 

intervention characteristics, funding sources). Describe any assumptions made about 
any missing or unclear information. 

Não aplicável. 

Study risk of 
bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including 
details of the tool(s) used, how many reviewers assessed each study and whether they 
worked independently, and if applicable, details of automation tools used in the 
process. 

Página 8-9: For each study included, the risk of bias 

was assessed using the revised Cochrane risk of bias 

tool for randomized trials (RoB 2) and the risk of bias 

in non-randomized studies of interventions (ROBINS 

– I) tools. RoB 2 addresses: 1- bias arising from the 

randomization process; 2- bias due to deviations from 
intended interventions; 3- bias due to missing 

outcome data; 4- bias in the measurement of the 

outcome; 5- bias in the selection of the reported 

result. Each domain is required, and no additional 

domains should be added. (15) ROBINS-I addresses 

three bias domains evaluated in each study. Pre- 

intervention domain: 1- bias due to confounding; 2- 

bias in selection of participants into the study. At 
intervention: 3 - bias in classification of intervention. 

Post- intervention: 4- bias due to deviations from 

intended interventions; 5 - bias due to missing data; 6 

- bias in measurement of outcomes; 7 - bias in 

selection of the reported result. Two authors 

independently graded the risk of bias for each study. 

Any disagreements were solved through consensus 
or referral to the review team. (16) To maximize the 

base of evidence, no study was excluded based on 

the quality alone.  
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Section and 
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Item 
# Checklist item  Location where item is reported  

 
Effect 
measures  

12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used 
in the synthesis or presentation of results. 

Não aplicável 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis 
(e.g. tabulating the study intervention characteristics and comparing against the 
planned groups for each synthesis (item #5)). 

Não aplicável. 

13b Describe any methods required to prepare the data for presentation or synthesis, such 
as handling of missing summary statistics, or data conversions. 

Não aplicável. 

13c Describe any methods used to tabulate or visually display results of individual studies 
and syntheses. 

Não aplicável. 

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify 
the presence and extent of statistical heterogeneity, and software package(s) used. 

Não aplicável. 

13e Describe any methods used to explore possible causes of heterogeneity among study 
results (e.g. subgroup analysis, meta-regression). 

Não aplicável. 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized 
results. 

Não aplicável. 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis 
(arising from reporting biases). 

Não aplicável. 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence 
for an outcome. 

Não aplicável. 

RESULTS   
Study selection  16a Describe the results of the search and selection process, from the number of records 

identified in the search to the number of studies included in the review, ideally using a 
flow diagram. 

“Figure 1: PRISMA flow diagram summarizing the 
selection process” 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, 
and explain why they were excluded. 

“Figure 1: PRISMA flow diagram summarizing the 
selection process” 

Study 
characteristics  

17 Cite each included study and present its characteristics. “Table 2: Summary of Studies Characteristics” 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. “Table 3: Risk of Bias assessment using RoB 2.0” 
“Table 4: Risk of Bias assessment using ROBINS-I” 
 

Results of 
individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where 
appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible 
interval), ideally using structured tables or plots. 

Não aplicável. 

Results of 20a For each synthesis, briefly summarise the characteristics and risk of bias among Não aplicável. 
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syntheses contributing studies.  
20b Present results of all statistical syntheses conducted. If meta-analysis was done, 

present for each the summary estimate and its precision (e.g. confidence/credible 
interval) and measures of statistical heterogeneity. If comparing groups, describe the 
direction of the effect. 

Não aplicável. 

20c Present results of all investigations of possible causes of heterogeneity among study 
results. 

Não aplicável. 

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results. 

Não aplicável. 

Reporting 
biases 

21 Present assessments of risk of bias due to missing results (arising from reporting 
biases) for each synthesis assessed. 

Não aplicável. 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed. 

Não aplicável. 

DISCUSSION   
Discussion  23a Provide a general interpretation of the results in the context of other evidence. Página 29: A common finding in the studies included 

revealed that a significant reduction in pain scores 

wasn’t always accompanied by a significant 

improvement on depressive symptomatology. We 

hypothesize that this happened for two main reasons. 

Firstly, some studies excluded patients with comorbid 

major depression (Passard et al. (2007), Mhalla et al. 

(2011), Conforto et al. (2014), Attal et al. (2021)). In 
these cases, the baseline Beck Depression Inventory 

scores were minimal (0-9) or mild (10-18) indicating 

that the patients had lesser depressive symptoms. 

This alone reduces the chance of TMS effectively 

treating these symptoms and creates lower 

compliance with psychological evaluations as 

described by Conforto et al. (2014). Secondly, among 

patients with comorbid pain and depression, those 
with depression tended to respond less effectively to 
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treatments directed solely to pain levels, as reported 

by Ohn et al. (2012). A review by Zis et al. (2017) 

describes how perception of pain is sensitive to 

various mental processes such as the feelings and 

beliefs that someone has about pain. Therefore, it’s 

not exclusively driven by the noxious input. (48) In 

patients with pain, depression is associated with more 

pain complaints, greater pain intensity, longer 
duration of pain and, greater likelihood of non-

recovery. Depression also predicts increased 

healthcare utilization, poorer adherence to treatment, 

worse patient satisfaction, and future episodes of 

pain. (2, 7)  

Página 30: Comparing the results through the 
stimulation target, we can’t take many conclusions 

since the results were so diverse. The studies in 

which the stimulated area was the left DLPFC didn´t 

report statistical differences in the effect of TMS on 

depressive symptomatology between the active rTMS 

group and the sham group, except for the one 

conducted by Leung et al. (2017). This could be 

explained by the differences between the parameters 
used for the stimulation and the ones standardized for 

major depression by the FDA-approved protocol. 

Página 30: Comparing the studies with protocols 

applied to the primary motor cortex, most of them 
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didn’t report any statistically significant results in 

depressive symptomatology. This outcome was 

expected since M1 is not the target of choice for 

depression treatment. However, since we evaluated 

studies that treated pain as a primary outcome, it is to 

be expected that this is frequently targeted. From 

what we gathered, only Ohn et al. (2012), Khedr et al. 

(2015) and Bursali et al. (2021) reported significant 
reductions in depressive symptomatology compared 

to the sham treatment. In both, significant correlations 

were made between the antalgic effects of rTMS and 

the depressive symptomatology reduction, suggesting 

that depressive symptoms improve as a consequence 

of the improvement of the pain conditions. (2)  

Página 31: Moreover, there are certain studies where 

both active and sham control groups reported 

improvement in depressive symptomatology following 

rTMS intervention, with no discernible differences 

between them, as observed in the ones conducted by 

Lee et al. (2012) and Attal et al. (2021). These studies 
highlight a significant placebo effect, characterized by 

similar outcomes between the treated and untreated 

groups. This is also evident in the research conducted 

by Conforto et al. (2014), where the group receiving 

the rTMS intervention showed no significant change 

in depression scores, while the control group 

exhibited a significant improvement of depressive 

symptomatology despite not receiving stimulation. 
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From a psychological viewpoint, numerous 

mechanisms contribute to placebo effects. Among 

them two key mechanisms are widely recognized: 

expectations and conditioning. The presence of a 

conditioning protocol to increase expectations results 

in larger placebo analgesic responses, demonstrating 

that expectation can both mediate and modulate 

placebo effects as well as interact with other factors 
such as emotion. (51) 

 

23b Discuss any limitations of the evidence included in the review. 
Páginas 31-32: The main limitation identified among 

the studies included in our review is the heterogeneity 
in the transcranial magnetic stimulation protocols, 

which encompasses variations in the number of 

sessions, applied frequency, resting motor threshold 

intensity, and number of pulses per session. Such 

discrepancies pose challenges in comparing and 

extrapolating findings across studies. 

An additional limitation arises from the fact that the 
evaluation of depressive symptomatology was not the 

primary outcome in any of the included studies. 

Consequently, the assessment of depressive 

symptoms may lack precision, potentially influencing 

the quality and reliability of the results.  
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Furthermore, the cohort intervals in the studies range 

from 4 to 149, with a median value of 29, 

demonstrating that most have small samples.  This 

translates to modest statistical power derived from 

quantitative analyses, often failing to achieve 

statistical significance.   

Moreover, a notable limitation concerns the timeline of 

the studies. Most of them (except for Tanwar et al. 
(2020) who reported a 6-month follow-up) did not 

provide long-term treatment outcomes. This limitation 

confines our review to short-term antidepressant 

effects, exacerbated by the fact that most studies 

employed 2-week protocols, which may not allow 

adequate time to evaluate changes in depressive 

symptomatology.  

 
23c Discuss any limitations of the review processes used. 

Página 32: In the course of conducting this systematic 
review, it’s important to note that studies were not 

excluded based on their quality or risk of bias. It 

became apparent that excluding studies solely based 

on their quality would greatly restrict the pool of 

available evidence. Therefore, this decision was 

made to ensure an inclusive assessment of the 

available literature allowing for a comprehensive 
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analysis of the evidence regarding this topic.  

The presence of deadlines posed a significant 

limitation during the systematic review process. Due 

to time constraints, there was a limited window 

available for conducting the literature search, 

screening studies, and synthesizing the findings. 

Consequently, it may have restricted the depth of the 

review process and the number of studies that could 
be included. 

 
23d Discuss implications of the results for practice, policy, and future research. 

Página 32: In essence, this paper showed that the 

impact of TMS on depression among chronic pain 

patients is a complex and vast subject that requires 

future research with more standardized protocols and 

consistency of sites stimulated. Studies including a 

significant number of patients with chronic pain and 

co-morbid depression, evaluating the effect of TMS 
on depressive symptoms as a primary outcome, will 

allow us to better understand the potential of TMS for 

this specific situation.  

Finally, TMS as a treatment for chronic pain remains 

highly experimental, and further investigations and 

growing evidence in this field would also help 

determine what are the most effective TMS protocols 
for these patients. 
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OTHER INFORMATION  
Registration 
and protocol 

24a Provide registration information for the review, including register name and registration 
number, or state that the review was not registered. 

Não aplicável. 

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared. 

Não aplicável. 
 

24c Describe and explain any amendments to information provided at registration or in the 
protocol. 

Não aplicável. 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the 
funders or sponsors in the review. 

Página 1: This research did not receive any grant 
from funding agencies in the public, commercial, or 
not-for-profit sectors. 
 

Competing 
interests 

26 Declare any competing interests of review authors. Não aplicável. 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used for all 
analyses; analytic code; any other materials used in the review. 

Não aplicável. 
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Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details: 

• E-mail address 

• Full postal address  

All necessary files have been uploaded: 
Manuscript: 

• Include keywords 

• All figures (include relevant captions) 

• All tables (including titles, description, footnotes) 

• Ensure all figure and table citations in the text match the files provided 

• Indicate clearly if color should be used for any figures in print 

Graphical Abstracts / Highlights files (where applicable) 
Supplemental files (where applicable) 

Further considerations 

• Manuscript has been 'spell checked' and 'grammar checked' 

• All references mentioned in the Reference List are cited in the text, and vice versa 

• Permission has been obtained for use of copyrighted material from other sources (including 

the Internet) 

• A competing interests statement is provided, even if the authors have no competing interests 

to declare 
• Journal policies detailed in this guide have been reviewed 

• Referee suggestions and contact details provided, based on journal requirements  

For further information, visit our Support Center. 

Before you begin 
Ethics in publishing  

 

Please see our information on Ethics in publishing. 
 

Human and animal rights  

 

If the work involves the use of animal or human subjects, the author should ensure that the work 



described has been carried out in accordance with The Code of Ethics of the World Medical 

Association (Declaration of Helsinki) for experiments involving 

humans https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-

medical-research-involving-human-subjects/; EU Directive 2010/63/EU for animal 

experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; 

Uniform Requirements for manuscripts submitted to Biomedical journals https://www.icmje.org. 
Authors should include a statement in the manuscript that informed consent was obtained for 

studies on human subjects. The privacy rights of human subjects must always be observed. 

Informed Consent  
 

Studies on patients or volunteers require ethics committee approval and informed consent, 

which should be documented in the paper. Appropriate consents, permissions and releases 

must be obtained where an author wishes to include case details or other personal information 

or images of patients and any other individuals in an Elsevier publication. Written consents must 
be retained by the author and copies of the consents or evidence that such consents have been 

obtained must be provided to Elsevier on request. For more information, please review 

the Elsevier Policy on the Use of Images or Personal Information of Patients or other 

Individuals, https://www.elsevier.com/patient-consent-policy. Unless you have written 

permission from the patient (or, where applicable, the next of kin), the personal details of any 

patient included in any part of the article and in any supplementary materials (including all 

illustrations and videos) must be removed before submission. 
Declaration of interest  
 

All authors must disclose any financial and personal relationships with other people or 

organizations that could inappropriately influence (bias) their work. Examples of potential 

competing interests include employment, consultancies, stock ownership, honoraria, paid expert 

testimony, patent applications/registrations, and grants or other funding. Authors must disclose 

any interests in two places: 1. A summary declaration of interest statement in the title page file 

(if double anonymized) or the manuscript file (if single anonymized). If there are no interests to 
declare then please state this: 'Declarations of interest: none'. 2. Detailed disclosures as part of 

a separate Declaration of Interest form, which forms part of the journal's official records. It is 

important for potential interests to be declared in both places and that the information 

matches. More information. 

 

Declaration of generative AI in scientific writing  

 
The below guidance only refers to the writing process, and not to the use of AI tools to analyse 

and draw insights from data as part of the research process. 

Where authors use generative artificial intelligence (AI) and AI-assisted technologies in the 

writing process, authors should only use these technologies to improve readability and 



language. Applying the technology should be done with human oversight and control, and 

authors should carefully review and edit the result, as AI can generate authoritative-sounding 

output that can be incorrect, incomplete or biased. AI and AI-assisted technologies should not 

be listed as an author or co-author, or be cited as an author. Authorship implies responsibilities 

and tasks that can only be attributed to and performed by humans, as outlined in Elsevier’s AI 

policy for authors. 
Authors should disclose in their manuscript the use of AI and AI-assisted technologies in the 

writing process by following the instructions below. A statement will appear in the published 

work. Please note that authors are ultimately responsible and accountable for the contents of 

the work. 

Disclosure instructions 

Authors must disclose the use of generative AI and AI-assisted technologies in the writing 

process by adding a statement at the end of their manuscript in the core manuscript file, before 

the References list. The statement should be placed in a new section entitled ‘Declaration of 
Generative AI and AI-assisted technologies in the writing process’. 

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in 

order to [REASON]. After using this tool/service, the author(s) reviewed and edited the content 

as needed and take(s) full responsibility for the content of the publication. 

This declaration does not apply to the use of basic tools for checking grammar, spelling, 

references etc. If there is nothing to disclose, there is no need to add a statement. 

Submission declaration and verification  
 

Submission of an article implies that the work described has not been published previously 

(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple, 

redundant or concurrent publication' for more information), that it is not under consideration for 

publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by 

the responsible authorities where the work was carried out, and that, if accepted, it will not be 

published elsewhere in the same form, in English or in any other language, including 

electronically without the written consent of the copyright-holder. To verify compliance, your 
article may be checked by Crossref Similarity Check and other originality or duplicate checking 

software. 

 

Use of inclusive language  

 

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to 

differences, and promotes equal opportunities. Content should make no assumptions about the 
beliefs or commitments of any reader; contain nothing which might imply that one individual is 

superior to another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, 

disability or health condition; and use inclusive language throughout. Authors should ensure that 

writing is free from bias, stereotypes, slang, reference to dominant culture and/or cultural 



assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians, 

patients/clients") as default/wherever possible to avoid using "he, she," or "he/she." We 

recommend avoiding the use of descriptors that refer to personal attributes such as age, 

gender, race, ethnicity, culture, sexual orientation, disability or health condition unless they are 

relevant and valid. When coding terminology is used, we recommend to avoid offensive or 

exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We suggest using 
alternatives that are more appropriate and (self-) explanatory such as "primary", "secondary", 

"blocklist" and "allowlist". These guidelines are meant as a point of reference to help identify 

appropriate language but are by no means exhaustive or definitive. 

Reporting sex- and gender-based analyses  

 

Reporting guidance 

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should 

integrate sex and gender-based analyses (SGBA) into their research design according to 
funder/sponsor requirements and best practices within a field. Authors should address the sex 

and/or gender dimensions of their research in their article. In cases where they cannot, they 

should discuss this as a limitation to their research's generalizability. Importantly, authors should 

explicitly state what definitions of sex and/or gender they are applying to enhance the precision, 

rigor and reproducibility of their research and to avoid ambiguity or conflation of terms and the 

constructs to which they refer (see Definitions section below). Authors can refer to the Sex and 

Gender Equity in Research (SAGER) guidelines and the SAGER guidelines checklist. These 
offer systematic approaches to the use and editorial review of sex and gender information in 

study design, data analysis, outcome reporting and research interpretation - however, please 

note there is no single, universally agreed-upon set of guidelines for defining sex and gender. 

 

Definitions 
 

Sex generally refers to a set of biological attributes that are associated with physical and 

physiological features (e.g., chromosomal genotype, hormonal levels, internal and external 
anatomy). A binary sex categorization (male/female) is usually designated at birth (""sex 

assigned at birth""), most often based solely on the visible external anatomy of a newborn. 

Gender generally refers to socially constructed roles, behaviors, and identities of women, men 

and gender-diverse people that occur in a historical and cultural context and may vary across 

societies and over time. Gender influences how people view themselves and each other, how 

they behave and interact and how power is distributed in society. Sex and gender are often 

incorrectly portrayed as binary (female/male or woman/man) and unchanging whereas these 
constructs actually exist along a spectrum and include additional sex categorizations and 

gender identities such as people who are intersex/have differences of sex development (DSD) 

or identify as non-binary. Moreover, the terms ""sex"" and ""gender"" can be ambiguous—thus it 

is important for authors to define the manner in which they are used. In addition to this definition 



guidance and the SAGER guidelines, the resources on this page offer further insight around sex 

and gender in research studies. 

 

Contributors  

 

Each author is required to declare their individual contribution to the article: all authors must 
have materially participated in the research and/or article preparation, so roles for all authors 

should be described. The statement that all authors have approved the final article should be 

true and included in the disclosure. 

 

Authorship  

 

The right to authorship should be based on substantial contribution to one or more of the 

following: conception and the design of the project, its execution, and/or the analysis and 
interpretation of data. Each author must have participated sufficiently in the work to take public 

responsibility for the content. All authors should be involved in drafting, writing or revising the 

research report and should have read and approved the final version of the manuscript. As a 

guide, being Head of Department, being in a position of authority, personal friendship or having 

provided access to patients used in the study is generally not sufficient warrant for authorship. 

Authorship requires intellectual input: the provision of technical assistance or routine assistance 

in some aspects only of the project may warrant an acknowledgement rather than inclusion as 
an author. The order in which names appear should be determined by the lead author in 

consultation with the co-authors, preferably before the research is completed. Assurance that all 

authors of the paper have fulfilled the criteria for authorship should be given in Author 

Concurrence Form which must be signed by all authors to confirm that they consent to take 

public responsibility for the content of the paper and that consent from patients has been 

obtained. 

 

Multiple Authorship  
 

Manuscripts submitted under multiple authorship are reviewed on the assumption that all listed 

authors concur with the submission and that a copy of the final manuscript has been approved 

by all authors and tacitly or explicitly by the responsible authorities in the laboratories where the 

work was carried out. The submission should include the author concurrence form (see the 

Journal website) with signatures of all authors. This form may be scanned and uploaded with 

the submission or be faxed separately to the Editorial Office (FAX: +31 20 485 3881). 
 
 
Changes to authorship  



 

 

Authors are expected to consider carefully the list and order of authors beforesubmitting their 

manuscript and provide the definitive list of authors at the time of the original submission. Any 

addition, deletion or rearrangement of author names in the authorship list should be made 

only before the manuscript has been accepted and only if approved by the journal Editor. To 
request such a change, the Editor must receive the following from the corresponding author: 
(a) the reason for the change in author list and (b) written confirmation (e-mail, letter) from all 

authors that they agree with the addition, removal or rearrangement. In the case of addition or 

removal of authors, this includes confirmation from the author being added or removed. 

Only in exceptional circumstances will the Editor consider the addition, deletion or 

rearrangement of authors after the manuscript has been accepted. While the Editor considers 

the request, publication of the manuscript will be suspended. If the manuscript has already been 

published in an online issue, any requests approved by the Editor will result in a corrigendum. 
 
Copyright  
 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 

Agreement' (see more information on this). An e-mail will be sent to the corresponding author 

confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a 

link to the online version of this agreement. 
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 

internal circulation within their institutions. Permission of the Publisher is required for resale or 

distribution outside the institution and for all other derivative works, including compilations and 

translations. If excerpts from other copyrighted works are included, the author(s) must obtain 

written permission from the copyright owners and credit the source(s) in the article. Elsevier 

has preprinted forms for use by authors in these cases. 

Author rights 

As an author you (or your employer or institution) have certain rights to reuse your work. More 
information. 

Elsevier supports responsible sharing  

Find out how you can share your research published in Elsevier journals. 

Role of the funding source  

 

You are requested to identify who provided financial support for the conduct of the research 

and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study 
design; in the collection, analysis and interpretation of data; in the writing of the report; and in 

the decision to submit the article for publication. If the funding source(s) had no such 

involvement, it is recommended to state this. 

 



Credits and Permission  

 

Submit with the manuscript permissions to use non-original material (quotations not exceeding 

100 words, any graph, table or figure). Permission from both author and Publisher of the original 

is required. No article can be finally accepted for publication in Clinical Neurophysiology without 

all required permissions. Credit the source in a text or table footnote, or at the end of a figure 
legend, as appropriate. Photographs of recognizable persons should be accompanied by a 

signed release from patient or legal guardian authorizing publication. Masking eyes to hide 

identity is not sufficient. 

Open access  

 

Please visit our Open Access page for more information about open access publishing in this 

journal. 

Language (usage and editing services)  
Please write your text in good English (American or British usage is accepted, but not a mixture 

of these). Authors who feel their English language manuscript may require editing to eliminate 

possible grammatical or spelling errors and to conform to correct scientific English may wish to 

use the Language Editing service available from Elsevier's Language Services. 

Submission  

 

Our online submission system guides you stepwise through the process of entering your article 
details and uploading your files. The system converts your article files to a single PDF file used 

in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article 

for final publication. All correspondence, including notification of the Editor's decision and 

requests for revision, is sent by e-mail. 

Submit your article  

Please submit your article via https://www.editorialmanager.com/CLINPH/default.aspx. 

Preparation 
Statistical Analysis, Reporting and Interpretation  
 

Appropriate statistical data analyses and presentation of these results are critically important to 

many of the papers submitted to Clinical Neurophysiology. A well designed statistical approach 

allows readers to more clearly understand the significance of group differences in 

neurophysiological measures and, hence, the clinical and scientific implications of that data. 

Authors are advised to check our Editorial on statistical guidelines and note that papers are 

peer reviewed by a professional statistician should the need arise.  
During submission, authors of Clinical Neurophysiology will therefore be asked to confirm that 

they have read the Editorial and used its recommendations (provided they have used any 

statistical data analyses and presentation of their results). 



Peer review  

 

This journal operates a single anonymized review process. All contributions will be initially 

assessed by the editor for suitability for the journal. Papers deemed suitable are then typically 

sent to a minimum of one independent expert reviewer to assess the scientific quality of the 

paper. The Editor is responsible for the final decision regarding acceptance or rejection of 
articles. The Editor's decision is final. Editors are not involved in decisions about papers which 

they have written themselves or have been written by family members or colleagues or which 

relate to products or services in which the editor has an interest. Any such submission is subject 

to all of the journal's usual procedures, with peer review handled independently of the relevant 

editor and their research groups. More information on types of peer review. 

Use of word processing software  

It is important that the file be saved in the native format of the word processor used. The text 

should be in single-column format. Keep the layout of the text as simple as possible. Most 
formatting codes will be removed and replaced on processing the article. In particular, do not 

use the word processor's options to justify text or to hyphenate words. However, do use bold 

face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid, 

use only one grid for each individual table and not a grid for each row. If no grid is used, use 

tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar 

to that of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that 

source files of figures, tables and text graphics will be required whether or not you embed your 
figures in the text. See also the section on Electronic artwork.  

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-

check' functions of your word processor. 

Article structure 

Subdivision - numbered sections  

Divide your article into clearly defined and numbered sections. Subsections should be 

numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). 

Use this numbering also for internal cross-referencing: do not just refer to 'the text'. Any 
subsection may be given a brief heading. Each heading should appear on its own separate line. 

Pagination  

Please add page numbers for your submission 

Introduction  

State the objectives of the work and provide an adequate background, avoiding a detailed 

literature survey or a summary of the results. 

Methods  
Provide sufficient detail to allow the work to be reproduced. Methods already published should 

be indicated by a reference: only relevant modifications should be described. 

Results  

Results should be clear and concise. 



Discussion  

This should explore the significance of the results of the work, not repeat them. A combined 

Results and Discussion section is often appropriate. Avoid extensive citations and discussion of 

published literature. 

Conclusions  

The main conclusions of the study may be presented in a short Conclusions section, which may 
stand alone or form a subsection of a Discussion or Results and Discussion section. 

Appendices  

If there is more than one appendix, they should be identified as A, B, etc. Formulae and 

equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, 

etc. 

Essential title page information  

 
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid 

abbreviations and formulae where possible. 

• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) 

of each author and check that all names are accurately spelled. You can add your name 

between parentheses in your own script behind the English transliteration. Present the authors' 

affiliation addresses (where the actual work was done) below the names. Indicate all affiliations 

with a lower-case superscript letter immediately after the author's name and in front of the 
appropriate address. Provide the full postal address of each affiliation, including the country 

name and, if available, the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all stages of 

refereeing and publication, also post-publication. This responsibility includes answering any 

future queries about Methodology and Materials. Ensure that the e-mail address is given and 
that contact details are kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described in the article 

was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be 
indicated as a footnote to that author's name. The address at which the author actually did the 

work must be retained as the main, affiliation address. Superscript Arabic numerals are used for 

such footnotes. 

 

Acknowledgements for personal and technical assistance should be indicated on the title page. 

This should include financial support and any conflict of interest. (See Conflict of Interest 

subsection.) 
Manuscript organisation  

 

Manuscripts should be organized as follows: Title page, Abstract, Keywords, Introduction, 

Methods, Results, Discussion, References, Legends, and Tables and Figures. 



The title page should include the manuscript's title, the initials and names of the authors, and 

the place where the work was done. Please do not use more than 135 characters, including 
spaces, in the title. The phrase 'with the technical assistance of...' is not acceptable 

 

Structured abstract  
 
A structured abstract, by means of appropriate headings, should provide the context or 

background for the research and should state its purpose, basic procedures (selection of study 

subjects or laboratory animals, observational and analytical methods), main findings (giving 

specific effect sizes and their statistical significance, if possible), and principal conclusions. It 

should emphasize new and important aspects of the study or observations. 

 

Do not exceed 200 words. N.B. for Reviews an un-structured is required. Abstracts should 

adhere to the following format: Objective, Methods, Results, Conclusions, Significance. Use 
of an abstract should eliminate the need for a summary in the main text. 

Graphical abstract  
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the 

online article. The graphical abstract should summarize the contents of the article in a concise, 

pictorial form designed to capture the attention of a wide readership. Graphical abstracts should 

be submitted as a separate file in the online submission system. Image size: Please provide an 

image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. The image should be 
readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. Preferred file types: 

TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our 

information site. 

Highlights  

Highlights are mandatory for this journal. They consist of three (3) bullet points (one sentence 

each, with a maximum of 130 characters - including spaces) that convey the core findings of the 

article and should be submitted as part of the manuscript-file in the online submission system. 

See https://www.elsevier.com/highlights or recent publications in the journal for examples. 
 

 

• The highlights will help the Editors and Reviewers focus on the important issues in the 

paper – i.e., what is really important in the study. 

• They will help the Editors identify suitable Reviewers. 

• They will help attract readers to the paper. 

 
Keywords  

 

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and 

avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be 



sparing with abbreviations: only abbreviations firmly established in the field may be eligible. 

These keywords will be used for indexing purposes. 

Abbreviations  

 

Avoid abbreviation unless they enhance readability. Define abbreviations that are not standard 

in this field in a footnote to be placed on the first page of the article. Such abbreviations that are 
unavoidable in the abstract must be defined at their first mention there, as well as in the 

footnote. Ensure consistency of abbreviations throughout the article. 

Formatting of funding sources  

List funding sources in this standard way to facilitate compliance to funder's requirements: 

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, 

yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United 

States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants and awards. 
When funding is from a block grant or other resources available to a university, college, or other 

research institution, submit the name of the institute or organization that provided the funding. 

If no funding has been provided for the research, it is recommended to include the following 

sentence: 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Units  
Follow internationally accepted rules and conventions: use the international system of units (SI). 

If other units are mentioned, please give their equivalent in SI. 

Footnotes  

 

Footnotes should be avoided. If they are necessary, number them consecutively throughout the 

article, using superscript Arabic numbers. Many wordprocessors build footnotes into the text, 

and this feature may be used. Should this not be the case, indicate the position of footnotes in 

the text and present the footnotes themselves separately at the end of the article. Do not 
include footnotes in the Reference list. 

Table footnotes 

Indicate each footnote in a table with a superscript lowercase letter. 

Artwork 

Cover Illustration  

 

Authors are encouraged to submit aesthetically interesting figures (preferably in colour) for 
possible publication on the front cover of an issue of Clinical Neurophysiology. The photograph 

should at least be related to the authors' accepted article, but need not be one of the figures 

appearing in that article. The ideal format of that figure should be 10 x 15 cm for 1:1 

reproduction (or any multiples of the above). 



Electronic artwork  

General points 

• Make sure you use uniform lettering and sizing of your original artwork.  

• Embed the used fonts if the application provides that option.  

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, 

or use fonts that look similar.  
• Number the illustrations according to their sequence in the text.  

• Use a logical naming convention for your artwork files.  

• Provide captions to illustrations separately.  

• Size the illustrations close to the desired dimensions of the published version.  

• Submit each illustration as a separate file. 

• Ensure that color images are accessible to all, including those with impaired color vision. 

A detailed guide on electronic artwork is available. 

You are urged to visit this site; some excerpts from the detailed information are given 
here. 
Formats 

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) 

then please supply 'as is' in the native document format.  

Regardless of the application used other than Microsoft Office, when your electronic artwork is 

finalized, please 'Save as' or convert the images to one of the following formats (note the 

resolution requirements for line drawings, halftones, and line/halftone combinations given 
below):  

EPS (or PDF): Vector drawings, embed all used fonts.  

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.  

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 

1000 dpi.  

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum 

of 500 dpi. 

Please do not:  
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically 

have a low number of pixels and limited set of colors;  

• Supply files that are too low in resolution;  

• Submit graphics that are disproportionately large for the content. 

Color artwork  

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), 

or MS Office files) and with the correct resolution. If, together with your accepted article, you 
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures 

will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not 

these illustrations are reproduced in color in the printed version. For color reproduction in 
print, you will receive information regarding the costs from Elsevier after receipt of your 



accepted article. Please indicate your preference for color: in print or online only. Further 

information on the preparation of electronic artwork. 

 

Colour figures relating to functional neuroimaging with MRI, PET and SPECT may be printed 

without cost at the discretion of the Editor who will make the judgement based on the necessity 

for the colour and the number of illustrations. 
Figure captions  

Ensure that each illustration has a caption. Supply captions separately, not attached to the 

figure. A caption should comprise a brief title (not on the figure itself) and a description of the 

illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and 

abbreviations used. 

 
Tables  

 
Please submit tables as editable text and not as images. Tables can be placed either next to the 

relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 

accordance with their appearance in the text and place any table notes below the table body. 

Be sparing in the use of tables and ensure that the data presented in them do not duplicate 

results described elsewhere in the article. Please avoid using vertical rules and shading in table 

cells. Explain in a note all symbols and abbreviations used in the table. 

References 
Citation in text  
Please ensure that every reference cited in the text is also present in the reference list (and vice 

versa). Any references cited in the abstract must be given in full. Unpublished results and 

personal communications are not recommended in the reference list, but may be mentioned in 

the text. If these references are included in the reference list they should follow the standard 

reference style of the journal and should include a substitution of the publication date with either 

'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies 

that the item has been accepted for publication and a copy of the title page of the relevant 
article must be submitted. 

Reference links  

Increased discoverability of research and high quality peer review are ensured by online links to 

the sources cited. In order to allow us to create links to abstracting and indexing services, such 

as Scopus, Crossref and PubMed, please ensure that data provided in the references are 

correct. Please note that incorrect surnames, journal/book titles, publication year and pagination 

may prevent link creation. When copying references, please be careful as they may already 
contain errors. Use of the DOI is highly encouraged. 

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic 

article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., 

Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser 



Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research, 

https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the 

same style as all other references in the paper. 

Web references  

As a minimum, the full URL should be given and the date when the reference was last 

accessed. Any further information, if known (DOI, author names, dates, reference to a source 
publication, etc.), should also be given. Web references can be listed separately (e.g., after the 

reference list) under a different heading if desired, or can be included in the reference list. 

Data references  

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing 

them in your text and including a data reference in your Reference List. Data references should 

include the following elements: author name(s), dataset title, data repository, version (where 

available), year, and global persistent identifier. Add [dataset] immediately before the reference 

so we can properly identify it as a data reference. The [dataset] identifier will not appear in your 
published article. 

Preprint references  

Where a preprint has subsequently become available as a peer-reviewed publication, the formal 

publication should be used as the reference. If there are preprints that are central to your work 

or that cover crucial developments in the topic, but are not yet formally published, these may be 

referenced. Preprints should be clearly marked as such, for example by including the word 

preprint, or the name of the preprint server, as part of the reference. The preprint DOI should 
also be provided. 

References in a special issue  

Please ensure that the words 'this issue' are added to any references in the list (and any 

citations in the text) to other articles in the same Special Issue. 

Reference management software  

Most Elsevier journals have their reference template available in many of the most popular 

reference management software products. These include all products that support Citation Style 

Language styles, such as Mendeley. An EndNote style for this journal is available 
at: https://endnote.com/style_download/clinical-neurophysiology-2/. Using citation plug-ins from 

these products, authors only need to select the appropriate journal template when preparing 

their article, after which citations and bibliographies will be automatically formatted in the 

journal's style. If no template is yet available for this journal, please follow the format of the 

sample references and citations as shown in this Guide. If you use reference management 

software, please ensure that you remove all field codes before submitting the electronic 

manuscript. More information on how to remove field codes from different reference 
management software. 

Reference formatting  

There are no strict requirements on reference formatting at submission. References can be in 

any style or format as long as the style is consistent. Where applicable, author(s) name(s), 



journal title/book title, chapter title/article title, year of publication, volume number/book chapter 

and the article number or pagination must be present. Use of DOI is highly encouraged. The 

reference style used by the journal will be applied to the accepted article by Elsevier at the proof 

stage. Note that missing data will be highlighted at proof stage for the author to correct. If you 

do wish to format the references yourself they should be arranged according to the following 

examples: 
Reference style  

Text: All citations in the text should refer to:  

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of 

publication;  

2. Two authors: both authors' names and the year of publication;  

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.  

Citations may be made directly (or parenthetically). Groups of references can be listed either 

first alphabetically, then chronologically, or vice versa.  
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)…. Or, as 

demonstrated (Jones, 1999; Allan, 2000)… Kramer et al. (2010) have recently shown …' 

List: References should be arranged first alphabetically and then further sorted chronologically if 

necessary. More than one reference from the same author(s) in the same year must be 

identified by the letters 'a', 'b', 'c', etc., placed after the year of publication.  

Examples:  

Reference to a journal publication:  
Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun 

2010;163:51–9. https://doi.org/10.1016/j.Sc.2010.00372.  

Reference to a journal publication with an article number:  

Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon. 

2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205. 

Reference to a book:  

Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.  

Reference to a chapter in an edited book:  
Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, 

Smith RZ, editors. Introduction to the electronic age. New York: E-Publishing Inc; 2009. p. 281–

304. 

Reference to a website: 

Cancer Research UK, Cancer statistics reports for the UK. 

http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 

March 2003). 
Reference to a dataset: 

[dataset] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt 

disease and surrounding forest compositions, Mendeley Data, v1; 2015. 

https://doi.org/10.17632/xwj98nb39r.1. 



Reference to software: 

Coon E, Berndt M, Jan A, Svyatsky D, Atchley A, Kikinzon E, et al. Advanced Terrestrial 

Simulator (ATS) v0.88 (Version 0.88). Zenodo; 2020 (March 25). 

https://doi.org/10.5281/zenodo.3727209. 

Note shortened form for last page number. e.g., 51–9, and that for more than 6 authors the first 

6 should be listed followed by "et al." For further details you are referred to "Uniform 
Requirements for Manuscripts submitted to Biomedical Journals" (J Am Med Assoc 

1997;277:927–34) (see also Samples of Formatted References). 

Journal abbreviations source  

Journal names should be abbreviated according to the List of Title Word Abbreviations. 

Video  

 

Elsevier accepts video material and animation sequences to support and enhance your 

scientific research. Authors who have video or animation files that they wish to submit with their 
article are strongly encouraged to include links to these within the body of the article. This can 

be done in the same way as a figure or table by referring to the video or animation content and 

noting in the body text where it should be placed. All submitted files should be properly labeled 

so that they directly relate to the video file's content. In order to ensure that your video or 

animation material is directly usable, please provide the file in one of our recommended file 

formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation 

files supplied will be published online in the electronic version of your article in Elsevier Web 
products, including ScienceDirect. Please supply 'stills' with your files: you can choose any 

frame from the video or animation or make a separate image. These will be used instead of 

standard icons and will personalize the link to your video data. For more detailed instructions 

please visit our video instruction pages. Note: since video and animation cannot be embedded 

in the print version of the journal, please provide text for both the electronic and the print version 

for the portions of the article that refer to this content. 

Supplementary material  
 
Supplementary material such as applications, images and sound clips, can be published with 

your article to enhance it. Submitted supplementary items are published exactly as they are 

received (Excel or PowerPoint files will appear as such online). Please submit your material 

together with the article and supply a concise, descriptive caption for each supplementary file. If 

you wish to make changes to supplementary material during any stage of the process, please 

make sure to provide an updated file. Do not annotate any corrections on a previous version. 

Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in the 
published version. 

Research data  

 

This journal encourages and enables you to share data that supports your research publication 



where appropriate, and enables you to interlink the data with your published articles. Research 

data refers to the results of observations or experimentation that validate research findings, 

which may also include software, code, models, algorithms, protocols, methods and other useful 

materials related to the project.  

Below are a number of ways in which you can associate data with your article or make a 

statement about the availability of your data when submitting your manuscript. If you are sharing 
data in one of these ways, you are encouraged to cite the data in your manuscript and 

reference list. Please refer to the "References" section for more information about data citation. 

For more information on depositing, sharing and using research data and other relevant 

research materials, visit the research data page. 

Data linking  

If you have made your research data available in a data repository, you can link your article 

directly to the dataset. Elsevier collaborates with a number of repositories to link articles on 

ScienceDirect with relevant repositories, giving readers access to underlying data that gives 
them a better understanding of the research described. 

There are different ways to link your datasets to your article. When available, you can directly 

link your dataset to your article by providing the relevant information in the submission system. 

For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to your 

published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the text of your 
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 

734053; PDB: 1XFN). 

Data statement  
To foster transparency, we encourage you to state the availability of your data in your 

submission. This may be a requirement of your funding body or institution. If your data is 

unavailable to access or unsuitable to post, you will have the opportunity to indicate why during 

the submission process, for example by stating that the research data is confidential. The 

statement will appear with your published article on ScienceDirect. For more information, visit 
the Data Statement page. 

S5 Manuscripts  

 

As a service to the community, this journal makes available online the accepted manuscripts as 

soon as possible after acceptance. At this stage, the author's accepted manuscript (in both full-

text and PDF) is given a Digital Object Identifier (DOI) and is fully citable, and searchable by 

title, author(s) name and the full-text. The article also carries a disclaimer noting that it is an 
unedited manuscript which has not yet been copyedited, typeset or proofread. When the fully 

copyedited version is ready for publication, it simply replaces the author accepted manuscript 

version. 

After acceptance 



Online proof correction  

 

To ensure a fast publication process of the article, we kindly ask authors to provide us with their 

proof corrections within two days. Corresponding authors will receive an e-mail with a link to our 

online proofing system, allowing annotation and correction of proofs online. The environment is 

similar to MS Word: in addition to editing text, you can also comment on figures/tables and 
answer questions from the Copy Editor. Web-based proofing provides a faster and less error-

prone process by allowing you to directly type your corrections, eliminating the potential 

introduction of errors. 

If preferred, you can still choose to annotate and upload your edits on the PDF version. All 

instructions for proofing will be given in the e-mail we send to authors, including alternative 

methods to the online version and PDF. 

We will do everything possible to get your article published quickly and accurately. Please use 

this proof only for checking the typesetting, editing, completeness and correctness of the text, 
tables and figures. Significant changes to the article as accepted for publication will only be 

considered at this stage with permission from the Editor. It is important to ensure that all 

corrections are sent back to us in one communication. Please check carefully before replying, 

as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your 

responsibility. 

Society Proceedings  

 
Abstracts from proceedings of Member Societies of the Federation will be published without 

charge. Members are urged to send abstracts to the editorial office within 3 months of the 

meeting. The abstracts will be published in the next available issue of Clinical Neurophysiology. 

Abstracts will be published on the IFCN web site within one month of receipt of the abstracts by 

Elsevier. 

Abstracts must be in correct English form, no longer than 200 words. It is the responsibility of 

the responsible contact person of Member Societies to ensure that these instructions are 

complied with. A separate page should give the title of the member Society, the place and date 
of the meeting and the name and address of the responsible contact person who will receive 

proofs. Each abstract should be preceded by number, title, author(s) name(s), name of the 

institution where the work was done (not more than 5 words), city and country. 

No editing of the abstracts will be done by the Editors or the publisher. 

Offprints  

 

The corresponding author will, at no cost, receive a customized Share Link providing 50 days 
free access to the final published version of the article on ScienceDirect. The Share Link can be 

used for sharing the article via any communication channel, including email and social media. 

For an extra charge, paper offprints can be ordered via the offprint order form which is sent 

once the article is accepted for publication. Corresponding authors who have published their 



article gold open access do not receive a Share Link as their final published version of the 

article is available open access on ScienceDirect and can be shared through the article DOI 

link. 
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Visit the Elsevier Support Center to find the answers you need. Here you will find everything 

from Frequently Asked Questions to ways to get in touch. 

You can also check the status of your submitted article or find out when your accepted article 

will be published. 
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