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Objectives: Fibromyalgia Syndrome (FMS), is a chronic pain disorder with poorly understood pathophysiology. In
recent years, repetitive transcranial magnetic stimulation (rTMS) has been recommended for pain relief in various
chronic pain disorders. The objective of the present research was to study the effect of low frequency rTMS over
the right dorsolateral prefrontal cortex (DLPFC) on pain status in FMS,

Methods: Ninety diagnosed cases of FMS were randomized into Sham-rTMS and Real-rTMS groups. Real rTMS (1 Hz/
1200 pulses/8 trains/90% resting motor threshold) was delivered over the right DLPFC for 5 consecutive days/week
for 4 weeks. Pain was assessed by subjective and objective methods along with oxidative stress markers. Patients were
followed up for 6 months (post-rTMS;15 days, 3 months and 6 months).

Results: In Real-rTMS group, average pain ratings and associated symptoms showed significant improvement post
(TMS. The beneficial effects of rTMS lasted up to 6 months in the follow-up phase. In Sham-rTMS group, no significant

Conclusion: Right DLPFC rTMS can significantly reduce pain and associated symptoms of FMS probably through
targeting spinal pain circuits and top-down pain modulation .

Keywords: Neuromodulation, Chronic pain, Dorsolateral prefrontal cortex, Non-invasive therapy, Nociceptive flexion

Introduction
Fibromyalgia affects nearly 2.10% of the world’s popula-

tion [1]. The etiopathogenesis of FMS is largely un-
known, although tender points all over the body suggest
a peripheral pathology, but a considerable amount of
data also points towards the sensitization of central pain
processing pathways [2], dysfunctional pain inhibition
(3] and abnormal cortical excitability [4]. Keeping in
view the variable pathophysiology, the management
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strategies recommended for FMS include; pharmaceuti-
cals, behavioral interventions, physical therapy, exercises
along with other complementary and alternativemedic-
inal approaches [5). However, no single treatment mo-
dality has been able to alleviate the full range of FMS
symptoms. Hence, it is pertinent to search for effective
alternative methods of therapy.

Transcranial magnetic stimulation is a non-invasive
brain stimulation technique which is being used to man-
age psychiatric cases, several movement disorders and
chronic pain conditions including fibromyalgia [6-8].
Recent study has shown that rTMS of the DLPFC in-
duces changes in the activity of a network of structures
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involved in the integration and modulation of pain sig-
nals, including the thalamus, brainstem, insular and cin-
gulate cortices [9]. A previous study by our group
observed beneficial effects of low frequency rTMS and
established the role of DLPFC modulation in chronic
tension type headache [10]. However, the substrates of
the analgesia and its longevity remains to be unravelled.
We hypothesized that TMS of the right DLPFC using
low-frequency rTMS could relieve pain and associated
symptoms ol fibromyalgia. The objectives (primary and
secondary) of the study were to investigate the effect of
rTMS on FMS pain and related symptoms and explore
the mechanism of analgesia by recording the nocicep-
tive flexion reflex (NFR); an objective marker of pain.
Further, in order to understand the effect of right-
DLPFC rTMS on descending pain inhibitory pathways,
we assessed the diffuse noxious inhibitory controls
(DNIC) system. To further substantiate the literature
suggesting the role of oxidative stress markers in FMS
[11, 12], we assessed the levels of thiobarbituric acid re-
active substances (TBARS) and F2-isoprostane in our
EMS patients before and after rTMS therapy.

Materials and methods

Ethical considerations and trial design

The study was conducted at the Pain Research and TMS
Laboratory, Department of Physiology, All India Institute
of Medical Sciences (AIIMS) New Delhi, India. Human
Ethics committee of the AIIMS, New Delhi (Ref No:
IESC/T-251/15.06.2013) approved the research protocol
in 2013. The study was also registered in ICMR-CTRI;
India (Ref No: CTRI/2013/12/004228). The study was a
randomized, parallel group, placebo controlled trial.
Randomization was performed through a computer gen-
erated random number table and concealment was done
with sequentially numbered, sealed, opaque envelopes.
Block randomization design used was to ensure equal
sample size between two groups over time. The patients
were blinded to the block size as well as to the treatment
allocations. Participants were free to withdraw from the
study at any stage. All the participants were enrolled
only after obtaining the ethical approval and a duly

signed informed consent form.

Study protocol
Participants were randomly assigned to either the Sham

or Real rTMS group. Subjective, objective assessment of
pain and estimation of oxidative stress markers were
done at baseline and post-Sham/Real rTMS. Immedi-
ately post-rTMS, the patients were followed up to a
period of 6 months, at the three time points; 15 days
Post-rTMS, 3-months and 6-months after the therapy.
During follow-up, subjective evaluation using specific
questionnaires was done for a period of 6 months while
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NER and DNIC were performed at post-rTMS and 15th-
day post-rTMS (Fig. S1).

Sample size calculation

According to a preliminary study on fibromyalgia [13],
NPRS ratings were 560 (1-85) at baseline which were re-
duced to 399 (1.90) after Real rTMS, while in Sham
group, baseline and post treatment values were 5-34 (1.82)
and 507 (1.89) respectively. Using this data, we required
41 cases per group to detect a significant difference
between sham and real rTMS treatment in a 5% two sided
t-test with 90% power. Assuming a 10% loss to the follow
up, we required 45 patients of FMS per group. Accord-
ingly a sample size of 90 patients (45 on sham treatment
and 45 on real rTMS treatment) was decided.

Recruitment of FMS patients

Female patients with FMS (age, 18-50years) having
regular menstrual cycle were recruited from the
Rheumatology Clinic, Department of Rheumatology,
AlIMS, New Delhi; after establishing the diagnosis by a
Rheumatologist. The diagnosis was based on the Ameri-
can College of Rheumatology criteria, 2010 for the clas-
sification of FMS [14]. Only those patients, who gave
written informed consent, were enrolled for the study.
The record of rescue analgesics was also maintained.
The details of medication used by patients (NSAIDs, an-
tidepressants and opioids, etc) before and after the treat-
ment with rTMS have been given Table 1. FMS patients
were excluded from the study, if they had following
conditions: i) unable to give written informed consent
form ii) History of seizures iii) History of seizures in
first-degree relatives iv) History of any illness involving
the brain v) Consumption of medications (like tramadol,
acetylcholinesterase inhibitors, anticholinergics, anti-
emetics, antihistamines, baclofen, 3-blockers, cephalo-
sporins, cyclosporine etc) known to lower the seizure
threshold vi) History of tinnitus vii) History of bipolar
disorder viii) having implants of defibrillators or neuro-
stimulators or cardiac pacemakers ix) pregnant or lactat-
ing x) having chronic systemic disease, inflammatory
joint diseases, secondary FM, history of trauma xi) with
a concomitant diagnosis of chronic fatigue syndrome
and/or any psychiatric disorder xii) currently undergoing
psychotherapy.

Protocol for real/sham rTMS

MagPro R100 (MagVenture, USA) transcranial magnetic
stimulator was used for repetitive magnetic stimulation
of the brain. Real rTMS was administered using a
butterfly coil (MCF-B70, MagVenture, USA). For selec-
tion of the optimal scalp area on the right motor cortex;
resting motor threshold (RMT) was determined using
single-pulse stimulation over the right primary motor
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cortex (M1) and systematically moving and adjusting
until each pulse resulted in an isolated movement of the
right thumb at rest (abductor pollicis brevis muscle).
The machine output was adjusted to the lowest intensity
that reliably induced thumb movement [15]. The RMT
was defined as the lowest stimulus intensity could elicit
at least five twitches in abductor pollicis brevis muscle
(Motor Evoked Potentials) out of ten consecutive stimuli
given over the “motor hot spot” at M1.

During real and sham stimulations, the TMS coil
was aligned in a parasagittal line (stimulation coil was
held at a 45° angle off the midline, with the handle
pointing in the posterior direction) 5cm (right
DLPFC) from the area that produced right abductor
pollicis brevis muscle movement for resting motor
threshold testing [8] (Fig. S2). Stimulation was given
at a pulse frequency of 1.0 Hz over the right DLPFC
at 90% of resting motor threshold. rTMS was given
in 8 trains of 150 pulses/train at inter train interval
of 1 min. Total of 1200 stimuli were given during
each session which lasted for 27 min. There were 5
sessions (Monday through Friday) per week and
rTMS therapy was given over 4 consecutive weeks
(20 sessions). During Sham (placebo/inactive) stimula-
tion, an inactive rTMS coil (MC-B70, MagVenture,
MagPro, Denmark) was used and placed over the
same area as the active coil. The sham coil produced

Table 1 General characteristics and medication details of FMS
Sham-rTMS and Real-rTMS group

Parameters FMS Sham- FMS Real- P
rTMS rTMS
(n=41) (n = 45)
Age (year) 3905+7.12 4154+ 0.14
858
Height (cm) 15813 % 15717+ 030
634 470
Weight (kg) 6180+754 6273 092
801
Pain duration (Yrs) 763+465 80+511 073
Medication used
Analgesics % 7 9 -
Opiates % 4 5 N
Antidepressants % 3 4 _
Nonsteroidal anti-inflammatory 24 22 -
drugs (NSAIDs) %
Anxiolytic % 8 9 -
Sedatives % 4 4 -
Gastrointestinal % 12 21 -
Thyroid % 3 0 -
Multivitamins % 34 26 -

Data is expressed as Mean = SD
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similar sound as the real coil but without active
stimulation of the brain.

Primary outcome

The primary outcome was defined as a reduction in pain
intensity. This was assessed with the help of Numerical
Pain Rating Scale (NPRS), an 11-point numerical scale
ranging from ‘0’ representing “No pain” to ‘10" repre-
senting “Pain as bad as you can imagine” or “Worst pain
imaginable” [16].

Secondary outcomes

We assessed Pain related depression, anxiety, impact of
pain and quality of life, as secondary outcomes using
McGill Pain Questionnaire (MPQ) [17]; Hamilton De-
pression Rating Scale (HDRS) [18]; Hamilton Anxiety
Rating Scale (HARS) [19] and WHOQOL-Quality of
Life-BREF (WHOQOL-BREF) questionnaire [20]. The
other secondary outcomes assessed were, the NFR, pain
modulation (effect of cold pressor test; CPT on NFR)
and estimation of oxidative stress markers.

In the present study, NFR was recorded according the
method described by Willer and colleagues [21]. Further
details of the NFR are mentioned in our research article
[22] (Fig. S3). Pain modulation was assessed by observ-
ing the effect of cold pressor test (CPT) on NFR parame-
ters according to methods shown by Sandrini et al. [23]
(Fig. S4). For biochemical estimation, blood samples
were collected in heparinzed BD21q vacutainer collec-
tion tubes. The samples were centrifuged at 1500 rpm
for 15 min at 4°C. The plasma was separated and trans-
ferred to the microcentrifuge tube and stored at — 80°C
till further analysis. Urine samples were also collected
and stored at — 80 °C until further analysis. Both, blood
and urine samples were collected at two time points i.e.
pre rTMS and immediately post rTMS. To assess the
oxidative stress, plasma levels of TBARS (Quanti-
ChromTM TBARS Assay Kit (DTBA-100), USA) and
urinary levels of F,-isoprostane (Elabscience Biotechnol-
ogy Co. Ltd. (Elabscience®, China) were estimated with
commercial kits.

Statistical analysis

All the analyses were performed using IBM SPSS Statis-
tics version 22.0 (IBM Statistics for Windows, Chicago,
IL, USA) and graphs were created using Graph Pad
Prism 5.01 for Windows, (GraphPad Software, San
Diego, California, USA). Baseline scores of the parame-
ters between FMS Sham-rTMS and FMS Real-rTMS
groups were compared using paired t test/ Wilcoxon
Signed Rank test. The difference between FMS-Sham
and FMS-rTMS was analyzed using unpaired t test/
Mann-Whitney U test. p<0.05 was considered statisti-
cally significant. Analysis of follow- up data was done by
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paired t tests/ Wilcoxon Signed Rank test examining
follow-up scores relative to post-rTMS (immediate after
completion of therapy). Repeated Measures ANOVA
was applied to assess the statistical significance within
the group between two subsequent time points after
Bonferroni correction.

Results

After Real/Sham rTMS, Follow-up (FU) was done at
three time points i.e. 15days post-rTMS (FU-1), 3
months post-rTMS (FU-2) and 6 months post-rTMS
(FU-3). At the end of follow-up, 41 subjects in Sham-
rTMS while 45 subjects in Real-rTMS group were ana-
lysed (Fig. S5). The data is presented as Mean + SD and/
or Median (25Q-75Q). Age, height, body weight and
other general body parameters were comparable be-
tween Sham and Real-rTMS group (Table 1).

Primary outcome

A decrease in NPRS ratings due to rTMS treatment was
observed in the Real-rTMS group immediately post-
rTMS (p =0-001) which was sustained through 6 months
(Fig. 1). In the Sham-rTMS group no significant change
in pain ratings was observed.

Secondary outcomes

The ratings of affective-motivational components of pain
were reduced post-rTMS (p=0001) and were main-
tained even at 6 months when compared to its baseline
value (Table 2). The results of other components of
MPQ ratings have been presented in Table 2. The HDRS
and HARS ratings of Real-rTMS group decreased, post-
rTMS and the changes were maintained through 6
months of therapy (Figs. 2 and 3). WHOQOL-BREF rat-
ings were significantly increased post-rTMS when
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compared to baseline in Real-rTMS and through 6
months of therapy (Table 2).

In Real-rTMS group, the threshold (volts, V) of NFR
post-tTMS and 15days post-rTMS was higher, com-
pared to the baseline (p=0.001) as well as from the
Sham-rTMS group (Fig. 4). No significant change was
observed in other parameters of NFR (latency, duration
and amplitude) between Sham-rTMS and Real-rTMS
group (Table 3).

A sustained improvement in NFR thresholds (V) in re-
sponse to cold noxious stimulus (4-5 °C) during DNIC
paradigm was observed in Real-rTMS group post-rTMS
which was maintained 15 days post-rTMS also compared
to the baseline (Table 3). NFR latency (ms), amplitude
(uV) and duration (ms) did not change significantly in
response to CPT (DNIC paradigm) in Real-rTMS or
Sham-rTMS group during post-rTMS and 15 days post-
rTMS. Plasma levels of TBARS were comparable in
Real-rTMS group at baseline and post-rTMS (Real) (p =
0:12). Urinary levels of F2-isoprostane levels, did not
vary significantly between groups at baseline and post-
rTMS (Table 3).

Side effects due to sham/real rTMS

During the entire study period no serious side effects of
rTMS were observed. However, two Real-rTMS allo-
cated patients complained of headache; two Sham-rTMS
allocated patients complained of neck pain while another
patient reported mild dizziness.

Discussion

Selection of low frequency right DLPFC rTMS

In the present study, low-frequency rTMS (1 Hz) of right
dorsolateral prefrontal cortex was selected as low fre-
quency is safer and, previous studies targeting DLPFC
have shown its beneficial effects in relieving chronic pain
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and depression in fibromyalgia [8, 25]). According to an
earlier research, chronic pain is known to be closely as-
sociated with depression and anxiety, in fact the disabil-
ity felt by the patient due to chronicity of pain and the
existing poor quality of life, could be a contributory cause
of depressive symptoms [26]. A reduction in both pain
and depression/anxiety has been observed by targeting
(reducing the activity) of DLPFC via transcranial direct
current stimulation [27]. Low frequency TMS causes
long-lasting inhibition of cell-cell communications
or long term depression; whereas high-frequency TMS
can produce long term potentiation [28, 29]. Neuro-
imaging studies have also affirmed that the DLPFC may
have a role in top—down mode of inhibition through de-
scending fibres from the prefrontal cortex (PFCx) which
may modulate pain perception [30, 31]. The findings of
an fMRI research suggested that interhemispheric
DLPFC connectivity can affect pain tolerance by altering
interhemispheric inhibition [26]. Low frequency rTMS
stimulation of right DLPFC possibly causes the removal
of transcallosal inhibition, allowing an enhanced de-
scending inhibition from the left hemisphere [10].

Effect of rTMS on subjective pain assessment

We observed a significant decrease in the pain ratings
(NPRS) in Real-rTMS group compared to Sham-
rTMS group which was sustained till 6 months of fol-
low up period. Our findings are consistent with previ-
ous studies which reported reduced pain ratings after
rTMS therapy and showed that rTMS performed sub-
stantially better than placebo, in management of FMS
[25). Pain related depression and anxiety ratings were
also reduced in Real-rTMS group, this is consistent
with the previous reports of right DLPFC TMS stud-
ies in chronic pain [8, 25]. We also recorded an im-
provement in pain scores in the Sham-rTMS though

not statistically significant suggesting some placebo
effect may exist for such therapies. Similar results
have been reported with placebo type sham manoeu-
vres [32]. Our findings are supported by recent study
from our group which has assessed the effect of low
frequency rTMS on the right DLPFC in chronic ten-
sion type headache and reported a beneficial effect on
pain and related symptoms [10].

Effect of rTMS on objective pain measures and pain
modulation
Ours is amongst the first few studies to report the effect
of rTMS on threshold of NFR. NFR is a spinally medi-
ated withdrawal response that has been used to assess
pain objectively. NFR was recorded at baseline and post
rTMS to assess the pain objectively. In our FMS patients
NFR thresholds were significantly lower indicating an
exaggerated response to painful stimuli or hyperalgesia
[22]. However, at the end of real-rTMS treatment, there
was an increase in NFR threshold which was maintained
during follow-up ie. 15days post-rTMS. Considering
the intricacy of the procedure and time involved, NFR
was not recorded at the 3 and 6 months follow-up time
points. In contrast, a previous study which administered
a single rTMS session, observed no significant effect of
rTMS on threshold or recruitment curve of NFR in
healthy subjects [33]. The contrasting results may be
due to difference in study population and the rTMS
protocol (single session of rTMS). The mechanisms that
are thought to contribute to the pain-relieving effects of
rTMS in experimentally induced and chronic pain lie
within the medial or the lateral pain pathways and the
descending pain inhibitory systems, modulating the pain
perception [34)].

In our study, descending pain inhibitory pathways
were assessed by recording the effect of CPT on NFR.
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Pre-rTMS Post-rTMS Follow-up
FU-1 (15-days) FU-2 (3-months) FU-3 (6-months)
MPQ Sensory
Sham 230 (170-265) 200 (170-245) 220 (200-230) 220(210-230) 220 (200-240)
Real 230 (210-260) 230 (183-268) 210 (180-260) 220 (180-255) 220 (180-280)
p* 040 029 089 072 074
MPQ Affective-motivational
Sham 80 (45-90) 70 (40-80) 60 (40-80) 60 (40-80) 60 (50-75)
Real 70 (50-80) 30 (3040)k# 40 (3045) 40 (30-50) 40(30-50)
p* 010 0001 0001 0001 0001
MPQ Evaluative
Sham 30(30-359) 30(20-35) 30 (20-35) 20(1.0-35) 30(20-40)
Real 30 (30-40) 20 (1.0-20)## 20 (1.0-20) 20 (1.0-20) 20 (10-20) 2 /
p* 033 0001 0001 0004 0001
MPQ Miscellaneous
Sham 90 (425-1075) 70 (50-80) 70(40-90) 70 (50-90) 70 (50-90)
Real 70 (40-90) 60 (40-90) 50(30-90) 60 (35-90) 70(40-100)
p* 034 033 051 045 095
MPQ Total score
Sham 390 (360-440) 390 (33.0-450) 380 (340-415) 390 (345-410) 380 (325-410)
Real 390 (360-445) 200 (160-295) ## 200 (17.0-300) 200(170-300) 210 (180-290)
p* 087 0001 0001 0001 0001
MPQ Present pain intensity
Sham 30(20-30) 20(10-20) 20(20-30) 20(20-30) 20(20-30)
Real 30(20-40) 10 (1.0-20)## 20(1.0-20) 20(10-20) 20(10-20)
p* 060 0001 0001 000! 0001
WHOQOL-BREF Physical
Sham 380 (380-440) 430 (380-500) 440 (380470) 440 (380-500) 440 (380-470)
Real 380 (310-500) 440 (380-560) # 470 (400-620) 440 (400-56.0) 440 (380-560)
p* 059 005 005 005 005 -
WHOQOL-BREF Psychological
Sham 560 (380-69) 590 (380-750) 440 (44.0-690) 560 (38.0-690) 560 (44 0-750)
Real 560 (44 0-560) 690 (560-750) # 690 (560-750) 580 (560-690) 690 (560-690)
p* 074 0002 0004 004 005
WHOQOL-BREF Social
Sham 440 (44 0-560) 500 (44 0-56.0) 440 (44 0-560) 440 (430-560) 500 (44 0-56 0)
Real 50.0 (310-690) 560 (44 0-690) # 56.0 (530-690) 560 (470-690) 560 (500-690)
p* 057 0004 0001 0001 002
WHOQOL-BREF Environmental
Sham 560 (44 0-69) 560 (47 0-690) 560 (44 0-720) 560 (44 0-690) 560 (44 0-690)
Real 690 (56 0-690) 56.0 (530-750) 560 (530-690) 490 (560-720) 560 (485-690)
p* 006 028 091 028 094

Sham (n = 41) and Real (n = 45); Data is presented as Median (25Q-75Q); MPQ: McGill Pain Questionnaire; WHOQOL-BREF. WHO-Quality of Life questionnaire,
Astensk (*) symbol indicates p value between Sham-rTMS and Real-rTMS group. Hash (¥) symbol indicates p value within group. *p or #p <005; **p or #2p <001,

***p or ##2p <0001,
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In our patients, pain tolerance time to noxious cold water
was lower indicating diffuse hyper-excitability and
sensitization of the nociceptive system which is also
shown by earlier reports on fibromyalgia [35]. After rTMS
therapy, we found an increase in threshold of NFR during
CPT and pain tolerance for CPT suggesting that rTMS
has alleviated the diffuse hyper-excitability and
sensitization of the nociceptive system associated with
FMS. Findings of this study are consistent with previous
research suggesting that low-frequency (1 Hz) rTMS of
the right DLPFC could increase cold pain tolerance [36).
Our results of pain modulation paradigm are also in ac-
cordance with a recent study on chronic myofascial pain
syndrome which found that rTMS enhanced the cortico-
spinal inhibitory system (41.74% reduction in quantitative
sensory testing and conditioned pain modulationand a de-
crease of 23.94% in the intracortical facilitation) [37].

rTMS and oxidative stress markers

Recently, oxidative stress has been implicated as an im-
portant factor in the pathogenesis of FMS [11]. Al-
though, we did not find any difference between levels of
oxidative stress markers (TBARS and F2-isoprostane)
before and after rTMS. To the best of our knowledge,
no published report is available on effect of rTMS on
TBARS and F2-isoprostane in FMS. The literature offers
limited information about oxidative stress in FMS. It has
been reported that malondialdehyde (MDA), which is an
indicator of lipid peroxidation, increased [11, 12} and
vitamin E, which prevents lipid peroxidation, is de-
creased in FMS patients [11].

Proposed mechanism of action rTMS in fibromyalgia
The possible mechanism of relief in pain and associated
depression and anxiety after DLPFC stimulation could be

(n = 41) and Real-rTMS (n = 45) group at each tme points,pre, post and

005, **p or ##p <001, ***p or #¥¥p <0001
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Table 3 Comparison of objective pain measures and oxidative
stress markers between FMS Sham-rTMS and Real-rTMS group

Pre-rTMS Post-rTMS Follow-up
FU-1 (15-days)
NFR Latency (ms)
Sham 1050 (950-124 4) 1050 (900-1200) 1020 (876-1040)

Real 1100 (955-1378) 1065 (976-1208) 1050 (97 3-1200)
p* 041 006 005

NFR: Duration (ms)
Sham 425 (400-475) 425 (400-455) 450 (400-500)
Real 405 (383-4525) 400 (3865-450) 423 (400-450)
p* 052 006 007

NFR: Amplitude ({(uV)
Sham 2940(2730-3120) 2870 (2633-2970) 2845 (2608-298.5)
Real 2816 (2605+3143) 2760 (2345-3115) 2760 (243.8-295.2)
p* 042 028 035

DNIC Threshold (V)

Sham 210(185-245) 210(200-240) 220 (190-250)
Real 220 (180-255) 270(250-340) ## 290 (250-390)
p* 075 0001 0001

Thiobarbituric acid reactive substances; TBARS (ng/ml)
Sham 088 (011-23) 090 (0.22-211) -
Real 097 (023-21) 078 (018-16) -
p* 071 007 -

F,-1soprostanes (pg/mi)
Sham 2098 (1358-3174)
Real 1804 (7835-2438) 1819(894-3153) -

p* 014 019 -

Sham (n = 41) and Real (n = 45); Data Is presented as Median (25Q-75Q); NFR:
Nociceptive flexion reflex. Asterisk (*) symbol indicates p value between Sham-
rTMS and Real-rTMS group. Hash (#) symbol indicates p value within group.
Hyphen-minus (=) symbol indicates that the data not recorded. *p or #p <
0.05; **p or #F#p < 0.01; ***p or ###p <0.00]

1839 (1236-2514) -

through top-down modulation by rTMS. As DLPFC is as-
sociated with other brain areas such as rostral anterior cin-
gulate cortex (which has been known to play an important
role in pain processing [3] and bilateral amygdala and
contralateral anterior insula (where an increased neuronal
activity is observed in association with depressive symp-
toms) [38), it can potentially modulate this nexus. Recent
studies have also observed decrease in regional cerebral
blood flow (rCBF) in the bilateral medial prefrontal cortex,
bilateral premotor area, bilateral anterior insula, right anter-
ior and posterior insula, left anterior cingulate, right sub-
genual cingulate and right frontal cortex after right DLPFC
rTMS. These studies have also reported a correlation be-
tween therapeutic efficacy of rTMS and decreased rCBF in
bilateral frontal white matter [39—42]. Another study re-
ported a significant decrease of activation in the bilateral

Page 8 of 11

middle frontal gyrus with right DLPFC-rTMS in rTMS re-
sponders [43]. Therefore, improvement in depression and
anxiety after therapy suggests that rTMS of right DLPFC
positively influences the brain regions responsible for such
symptoms.

In our study, improvement in quality of life with rTMS
indicates that right DLPFC stimulation may also have
positive effect on the limbic system (right medial
temporal cortex, involved in modulation of the emo-
tional aspects of pain) [44] and superior temporal sulcus
(involved in the social cognition and perception under-
lying social functioning of quality of life) [45-47], as
neural connections have been reported between these
areas and the limbic system [48].

The mechanisms that are thought to contribute to the
pain relieving effects of rTMS of the motor cortex in ex-
perimentally induced pain and in chronic pain are the
modulation of pain perception within the medial or the
lateral pain pathway and the modulation of the descending
inhibitory systems [34, 49]. In the present study, increased
NFR threshold during CPT and the enhanced pain toler-
ance (during CPT) suggest that rTMS of DLPFC indirectly
modulates nociception through its association with the
cingulate cortex and medial thalamus which are known to
be involved in nociceptive modulation [50-52]. The
DLPFC is a highly integrated area with the “affective cir-
cuit” [53] i.e. ventral and anterior division of the anterior
cingulate cortex including the hypothalamus, amyg-
dala, orbitofrontal cortex, nucleus accumbens, and
other limbic structures [54]. Therefore, the positive
effects of rTMS on pain and associated symptoms are
probably due to modulation of right DLPFC which
further modulates the brain areas related with this
‘affective circuit’ (Fig. 5).

To sum up, decrease in ratings of pain and related
symptoms, increased NFR threshold and the enhanced
pain tolerance during CPT suggests that rTMS of
DLPFC modulates nociception, associated with the
cingulate cortex and medial thalamus which are
known to be involved in such type of nociceptive
modulation [50, 51].

Strengths and limitations of the study

There are many strengths of our study. Based on the
published literature on the effect of rTMS in FMS symp-
toms, this is the first study which shows long term bene-
ficial effects of rTMS (6 months follow-up). Most of the
previous rTMS studies have reported 1-2weeks of
follow-up, and some have also followed their patients till
1 month or 3 months. Moreover, in earlier studies num-
ber of rTMS sessions were less as compared to our
rTMS protocol and continuity of the sessions was also
lacking in these studies [25, 45].
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This is the first study which has tediously explored the
effect of low frequency right DLPFC rTMS on subjective
and objective pain parameters, descending pain modula-
tion and oxidative stress markers in FMS patients.

Although, we have extensively studied the role of rTMS
applied over DLPFC on pain status in FMS, yet there are
some limitations that need to be addressed. We identified
hotspot for rTMS therapy by using abductor muscle
twitch. This method of getting hotspot has limitations , as
far as targeting the actual area of stimulation is concerned.
Recent research has recommended MRI based neuro-
navigational techniques to localize the DLPFC thereby de-
creasing the inter-subject variability [55). The exact mech-
anism of action of low frequency on pain modulation and
central neurotransmitters involved could not be ad-
dressed. This could be due to inter-subject variability. Our
study is a single blinded trial, although the participants’
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blinding was meticulous, yet the rTMS administrator bias
cannot be disregarded.

Future directions

Further studies should investigate the consistency of
structural and functional DLPFC abnormalities in
chronic pain conditions utilizing neuroimaging tech-
niques; compare low frequency right DLPFC rTMS with
other administration protocols or other novel paradigms
in FMS patients. Future research should also assess the
effect of rTMS on the levels of central neurotransmitters
which play predominant role in endogenous pain facili-
tatory and inhibitory pathways. For oxidative stress
markers, more studies may be designed with assessment
at multiple time points during progression and post
therapy, including follow-up period in FMS patients.
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Conclusions

Findings of our 6-months follow-up study suggest that
right DLPFC rTMS can significantly reduce pain and as-
sociated symptoms of FMS and preferentially targets
spinal pain circuits and top-down pain modulation with
no effect on oxidative stress markers.

Supplementary information

Supplementary information accompanies this paper at https//doworg/10
1186/542358-020-00135-7

( 3
Additional file 1: Figure S1. Study protocol Figure $2. Patient

receving rTMS therapy Figure 53. Nociceptive Flexion Reflex recording
set up Figure S4. Set up for DNIC study (NFR recording during cold

pressor test. CPT) Figure $5. CONSORT flow diagram

Acknowledgements

Authors acknowledge FMS patients for particpation and technical staff of
Pain Research and TMS laboratory, AIIMS, New Delhi, India

Authors’ contributions

Renu Bhatia takes responsibility for the integnty of the work as a whole, from
inception of 1dea to final manuscript Suman Tanwar, Uma Kumar and Renu
Bhatia made pnmary contributions in study design, data acquisition, analysis
and interpretation of data and preparing of the final manuscrpt Bhawna
Mattco made notable contnbutions in data acquisition, analysss,
interpretation and preparing of the final manuscript along with its critical
revision. All authors have discussed the results and gave final approval of the
version to be submutted for publication.

Funding

Research work was supported by Unversity Grant Commission (UGC), New
Delhi. SumanTanwar was awarded by UGC-Junior/Senior Research fellowship
grant for her doctoral research by UGC, New Delhy, India

Availability of data and materials

The authors confirm that the data supporting the findings of this study are
available within the article and additional information can be provided if
requested

Ethics approval and consent to participate

The study was conducted at the Pain Research and TMS Laboratory,
Department of Physiology, All India Institute of Medical Sciences (AIIMS) New
Dethy, India Human Ethics committee of the AIIMS, New Delht (Ref No 1ESC/
1-251/15062013) approved the research protocol in 2013 The study was
also registered in ICMR-CTRI, India (Ref No: CTRI/2013/12/004228) All proce-
dures performed during study involving human participants were in accord-
ance with the ethical standards of the Human Ethics committee of the
AlIMS, New Delhi All the participants provided wntten informed consent. All
the participants were enrolled only after getting ethical approval

Consent for publication
Consent to publish was also obtained from all the participants included in
the study

Competing interests
Authors declare no competing interests concerning the work reported in
this manuscrpt

Author details

'Depaniment of Physiology, AlIMS, New Delhi 110029, India. “Department of
Zoo'ogy, Govt College for Girls, Sec-14, Gurugram, Haryana 122001, India
‘Department of Rheumatology, All India Institute of Medical Sciences, AlIMS,
New Delhi 110029, India

Page 10 of 11

Received. 10 February 2020 Accepted: 28 May 2020
Published online: 29 June 2020

References

1 (Cabo A Cerda G, Trillo J Fibromyalgia Prevalence, epidemiologic profiles
and economic costs. Med Clin 2017,149(10) 441-8

2 Yunus MB Fibromyalgia and overlapping disorders: the unifying concept of
central sensitivity syndromes. Semin Arthritis Rheum 2007(Vol. 36, no 6, pp
339-356) WB Saunders

3 Jensen KB, Kosek E, Petzke F, Carwille S, Fransson P, Marcus H, Wiliams SC,
Choy E, Giesecke T, Mainguy Y, Gracely R Evidence of dysfunctional pain
inhibition in Fibromyalgia reflected in rACC during provoked pain PAIN®
2009,144(1-2)95-100.

4  Mhalla A de Andrade DC, Baudic S, Perrot S, Bouhassira D Alteration of
cortical exatability in patients with fibromyalgia Pain 2010,149%(3) 495-500

5. Camvlle SF, Arendt-Nielsen S, Bliddal H, Blotman F, Branco JC, Buskila D, Da
Silva JA, Danneskiold-Samsee B, Dincer F, Hennksson C, Henriksson KG.
EULAR evidence-based recommendations for the management of
fibromyalgia syndrome Ann Rheum Dis 2008:67(4) 53641

6. Thomas AW, Graham K Prato FS, et al A randomized, doubleblind placebo-
controlled chinical tnal using a low-frequencymagnetic field in the treatment
of musculoskeletal chronic pain Pain Res Manag 2007,12249-58

7. Brakemeier EL, Wilberz G, Rodax S, Danker-Hopfe H, Zinka B, Zwanzger P,
et al Patterns of response to repetitive transcranialmagnetic stimulation
(rTMS) 1n major depression: Replicationstudy in drug-free patients. J Affect
Disord 2008,108 59-70

8 Sampson SM, Rome JO, Rummans TA Slow~frequency rTMS reduces
fibromyalgia pain Pain Med 2006,7(2) 115-8

9  Manin L, Borckardt JJ, Reeves ST, Frohman H, Beam W, Nahas Z, et al A
pilot functional MRI study of the effects of prefrontal rTMS on pain
perception. Pain Med 2013,14(7)999-1009

10. Mattoo B, Tanwar S, Bhatia R, Tripathi M, Bhatia R Repetitive transcranial
magnetic stimulation in chronic tension-type headache a pilot study Indian
J Med Res. 2019,150(1) 73

11 Akkus S, Naziroglu M, Enis S, Yalman K Yilmaz N, et al Levels of lipid
petoxidation, nitric oxide, and antioxidant vitamins in plasma of patients
with fibromyalgia Cell BiochemFunct 200927 181-5

12, CorderoMD Oxidative stress in fibromyalgia pathophysiology and clinical
implications. ReumatologiaClinica (English Edition), 7(5) (2011) 281-283

13 Short EB, Borckardt 1), Anderson BS, Frohman H, Beam W, Reeves ST,
George MS. Ten sessions of adjunctive left prefrontal rTMS significantly
reduces fibromyalgia pain: a randomized, controlled pilot study Pain 2011,
152(11) 2477-84

14, Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, Russell
AS, Russell U, Winfield JB, Yunus MB The Amencan College of
Rheumatology preliminary diagnostic critenia for fibromyalgia and
measurement of symptom severity Arthritis Care Res 2010:62(5)600-10

15 Borckardt JJ, Nahas Z, Koola J, George MS. Estimating resting motor
thresholds in transcranial magnetic stimulation research and practice a
computer simulation evaluation of best methods J ECT. 2006,22(3) 169-75

16. Jensen MP, McFarland CA Increasing the reliability and validity of pain
Intensity measurement in chronic pain patients Pain 1993,55 195-203.

17 Melzack R The McGill Pain Questionnaire’ major properties and $COring
methods Pain. 1975,1(3) 277-99

18. Hamilton M. A rating scale for depression ) Neurol Neurosurg Psychiatry
1960,23(1)56.

19 Hamilton MA The assessment of anxiety states by rating Br J Med Psychol
1959,32(1) 50-5

20 Skevington SM, Lotfy M, O'Connell KA. WHOQOL group The World Health
Organization’s WHOQOL-BREF quality of Iife assessment: psychometric
properties and results of the international field tral A report from the
WHOQOL group Qual Life Res 2004,13299-310

21. Willer JC, Bathien N Pharmacological modulations on the nociceptive
flexion reflex in man Pain 1977,3(2) 111-9

22 Tanwar S, Mattoo B, Kumar U, Bhatia R Can abemrant spinal nociception be
a marker of chronicity of pain in fibromyalgia syndrome? J Clin Neurosc
20196517-22

23 Sandrni G, Rosst P, Milanov |, Serrao M, Cecchini AP, Nappi G Abnormal
modulatory influence of diffuse noxious inhibitory controls in migraine and
chronic tension-type headache patients Cephalalgia 2006,26(7) 782-9



Tanwar et al. Advances in Rheumatology

24

27
28

31

32

35

37

41

42

43

45

(2020) 60:34

Duana M, Ray T, Melhs M. Nummenmaa A, Leggio L, Bonci A Rehabilitating
the addicted brain with transcranial magnetic simulation. Nat Rev Neurosci
2017,18(11)685

Lee SJ, Km DY, Chun MH, Kim YG. The effect of repetitive transcranial
magnetic stmulation on fibromyalgia a randomized sham-controlled trial
with 1-mo follow-up. Am J Phys Med Rehabil 201291(12)1077-85

Sevel LS, Letzen JE Staud R Robinson ME Interhemispheric dorsolateral
prefrontal cortex connectmty 15 associated with indwidual differences in
pain sensitvity 1n healthy controls Brain Connect 20166 35764

Woo AK Depression and anxiety in pain Rev Pain. 201048-12

Bear MF Homosynaptic long-term depression a mechanism for memory?
Proc Natl Acad Sai U S A 1999:969457-8

Malenka RC. Nicoll RA Long-term potentiation-a decade of progress?
Science 1999285 18704

Lorenz J, Minoshima S, Casey KL Keeping pain out of mind the role of the
dorsolateral prefrontal cortex in pain modulation Brain. 2003,126(5) 1079-91
Lorenz J, Cross D), Minoshima S, Morrow TJ, Paulson PE, Casey KL A unique
representanion of heat allodynia in the human brain Neuron 2002,35(2)
383-93

Hiobartsson A, Gotzsche PC Placebo intervennions for all chinicalconditions.
Cochrane Database Syst Rev 2010.11-3

Nahmuas F, Debes C, de Andrade DC, Mhalla A Bouhassira D Diffuse
anaigesic effects of unilateral repetitrve transcranial magnetic stimulation
(tTMS) in healthy volunteers PAIN® 2009,147(1-3)224-32

Tamura Y, Okabe S, Ohnishi T, Sato DN, Arar N, Mochio S, Inoue K Ugawa
Y Effects of 1-Hz repetive transcranial magnetic sumulation on acute pain
induced by capsaicn Pain 2004,107(1-2) 107-15

Julien N, Goffaux P, Arsenault P, Marchand S Widespread pain in
fibromyalgaa 15 related to a defiat of endogenous pain inhibition. Pain.
2005,114(1-2) 295-302

Graft-Guerrero A Gonzalez-Olvera ), Fresdn A, Gomez-Martin D, Méndez-
Nurez JC Pelicer F Repetitive transcranal magnetic stimulation of
dorsolateral prefrontal cortex increases tolerance 1o human experimental
pain. Cogn Brain Res. 2005.25(1)153-60

DallAgnol L Medewros LF, Torres IL, Dertos A, Bretzke A, Laste G, Caumo W
Repetitive transcranial magnetc stmulation increases the corticospinal
inhubtion and the brain-derved neurotrophic factor in chronic myofascial
pain syndrome an explanatory double-blinded, randomized, sham-
controlled tnal ) Pain. 2014,15(8) 845-55

Giesecke T, Gracety RH, Willams DA, Geisser ME, Petzke FW, Clauw DJ The
relationship between depression, clinical pain, and expenmental pain in a
chronic pain cohort Arthrtis Rheum. 2005,52(5) 1577-84

Kito S, Fujta K Koga Y Regional cerebral blood flow changes after low-
frequency transcranial magnetk stimulation of the nght dorsolateral
prefrontal cortex in treatment-resistant depression. Neuropsychobiology
2008.58(1)29-36

Ko S Hasegawa T, Koga Y Neuroanatomical correlates of therapeutic efficacy
of low-frequency nght prefrontal transcranial magnetic stmalation in
treatment-esistant depression Psychiatry Clin Neurosa 201165(2) 175-82
Kito S, Hasegawa T, Okayasu M, Fupta K Koga Y A 6-month follow-up case
report of regional cerebral blood flow changes in treatment-resistant
depression after successful treatment with bilateral transcianial magnetic
stmulation J ECT 201127(1)el2-4

Kto S, Hasegawa T, Koga Y Cerebral blood flow ratio of the dorsolateral
prefrontal cortex 1o the ventromedul prefrontal cortex as a potential
predictor of treatment response 1o transcranial magnetc stmulation in
depression Brain Stimul 2012,5(4)547-53

Fizqera'd PB, Stitharan A Daskalakis ZJ, De Castella AR, Kulkarni J, Egan G A
functional magnetic resonance imaging study of the effects of low
frequency nght prefrontal transcranial magnetic stmulation in depression. J
Clin Psychopharmacol 2007,27(5) 488-92

Peyron R, Garcdarrea L, Grégore MC, Costes N, Convers P, Lavenne F,
Maugueere F, Michel D, Laurent B Haemodynamx: brain responses to acute
pain in humans sensory and attentonal networks. Brain 1999,122(9) 1765-80.
Boyer L. Richient R, Faget C, Padovani R, Vaillant F, Mundler O, Langon C,
Auquier P. Gued) E Functional involvement of supenior temporal sulcus in
quality of Ife of patients wath schizophrenia Psychiatry Res Neuroimaging
2012.202(2) 155-60

Giovagnol AR, Franceschetti S, Reati F, Parente A, Maccagnano C, Villani F,
Spreafico R Theory of mind in frontal and temporal lobe epilepsy cognitive
and neural aspects Epilepsia 2011,52(11)1995-2002

47

49

51

52

53

55

Page 11 of 11

Moulier V, Gaudeau-Bosma C, Isaac C, Allard AC, Bouaziz N, Sidhoumi D,
Braha-Zeitoun S, Benadhira R, Thomas F, Januel D Effect of repetitive
transcranial magnetic stimulation on mood In healthy subjects Socioaffect
Neurosc! Psychol 20166(1) 29672

Klenhans NM, Richards T, Sterling L, Stegbauer KC Mahunn R Johnson LC.
Greenson J, Dawson G, Aytward E Abnormal functional connectivity in autism
spectium disorders during face processing. Brain 2008,131(4) 1000-12
Heinricher MM, Tavares |, Leith JL, Lumb BM Descend ng control of
noaception specificity, recruitment and plasticity Brain Res Rev 2009.60(1)
214-2S

Chai SC, Kung JC, Shyu BC Roles of the antenor cingulate cortex and
medial thalamus In short-term and long-term aversive information
processing Mol Pain 2010,6(1)42

Russo JF, Sheth SA Deep brain stimulation of the dorsal anterior cingulate
cortex for the treatment of chronic neuropathic pain Neurosurg Focus
2015 Jun 138(6)E11

Fields HL, Basbaum Al, Heinnicher MM Central nervous system mechanisms
of pain modulation In. McMahon S, Koltzenburg M, editors. Textbook of
pain. 5th ed Burlington, Massachusetts, USA. Elsevier Health Sciences, 2005
p. 125-42

Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia LM
Neurobiology of depression Neuron 2002,34(1) 13-25

Drevets WC, Price JL, Furey ML Brain structural and functional abnormalities
in mood disorders. implications for neurocircuitry models of depression
Brain Struct Funct 2008, 213(1-2)93-118

Mir-Moghtadaei A, Caballero R, Fried P, Fox MD, Lee K Giacobbe P,
Daskalakis 2J, Blumberger DM, Downar J Concordance between BeamF3
and MRI-neuronavigated target sites for repetitive transcranial magnetic
sumulation of the left dorsolateral prefrontal cortex. Brain Stimul 2015,8(S)
965-73

Publisher’s Note

Spninger Nature remains neutral with regard to junisdictional clams in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

» thorough peer review by experienced researchers in your field

¢ rapid publication on acceptance

» support for research data, Including large and complex data types

¢ gold Open Access which fosters wider collaboration and increased citations
» maximum visibllity for your research  over 100M website views per year

A BMC

At BMC, research Is always in progress.

Learn more biomedcentral com/submissions




