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Abstract: Single-session repetitive transcranial magnetic stimulation (rTMS) of the motor cortex

(M1) is effective in the treatment of chronic pain patients, but the analgesic effect of repeated ses-

sions is still unknown. We evaluated the effects of rTMS in patients with refractory pain due to com-

plex regional pain syndrome (CRPS) type I. Twenty-three patients presenting CRPS type I of 1 upper

limb were treated with the best medical treatment (analgesics and adjuvant medications, physical

therapy) plus 10 daily sessions of either real (r-) or sham (s-) 10Hz rTMS to the motor cortex (M1).

Patients were assessed daily and after 1 week and 3 months after the last session using the Visual

Analogical Scale (VAS), the McGill Pain Questionnaire (MPQ), the Health Survey-36 (SF-36), and the

Hamilton Depression (HDRS). During treatment there was a significant reduction in the VAS scores

favoring the r-rTMS group, mean reduction of 4.65 cm (50.9%) against 2.18 cm (24.7%) in the

s-rTMS group. The highest reduction occurred at the tenth session and correlated to improvement

in the affective and emotional subscores of the MPQ and SF-36. Real rTMS to the M1 produced anal-

gesic effects and positive changes in affective aspects of pain in CRPS patients during the period of

stimulation.

Perspective: This study shows an efficacy of repetitive sessions of high-frequency rTMS as an

add-on therapy to refractory CRPS type I patients. It had a positive effect in different aspects of

pain (sensory-discriminative and emotional-affective). It opens the perspective for the clinical use

of this technique.

ª 2010 by the American Pain Society
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T
he results of chronic pain treatment may be poor in
spite of newer analgesic drugs and specialized pain
centers. Refractory patients maintain high pain

levels despite the use of modern pharmacological treat-
ment.9 Since the first use of motor cortex stimulation to
treat neuropathic pain patients in the early 90s by Tsubo-
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kawa et al,29 attention has been drawn to techniques that
can modulate cortical excitability to treat chronic pain
conditions.19 In particular, noninvasive techniques, such
as high-frequency repetitive transcranial magnetic stimu-
lation (rTMS), have been applied to different cortical
areas, especially the precentral gyrus to treat neuropathic
pain.14,26 To date, more than 20 double-blind sham con-
trolled studies have been published indicating an overall
positive effect of high-frequency rTMS in neuropathic
pain.15-17 However, the great majority of these studies
were on neuropathic pain. Only a few were dedicated
to nociceptive pain,4 fibromyalgia,22 low-back pain,12

and complex regional pain syndrome (CRPS) patients.24

A large amount of evidence has now been accumu-
lated on the specific effects of rTMS in chronic pain.
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However, its clinical use is still hampered by 2 facts. First,
the majority of the studies evaluated the effects of
a single session of rTMS in pain intensity, with some
few exceptions.11,13,22 Despite important mechanistic
information provided by such single-session studies, the
effects of a single session last for a few days at best1,17

and are unlikely to change the long-term quality of life
(QOL) of chronic pain patients. Second, all patients in-
cluded in rTMS trials for chronic pain were refractory
and were all under different pharmacological treat-
ments, which were not controlled for in these studies.
Since psychotropic medications used for chronic pain
treatment can change cortical excitability and probably
the individual response to rTMS,17,31 this may have
influenced the results of some studies, especially those
with a small number of patients.25 In order to overcome
these limitations, we performed, for the first time,
a sham-controlled study composed of successive sessions
of rTMS in patients who were previously under the same
evidence-based pharmacological treatment (ie, best
medical treatment).8,27,30
Methods
We performed a double-blind, placebo-controlled,

2-arm, randomized trial comprising 3 phases: 1) Baseline
best medical treatment (BMT) for 30 days; 2) BMT 1

rTMS sessions for 10 days; and 3) 1-week and 3-month
follow-up evaluations (BMT only). Only patients
who were able to complete phase 1 were included in
phase 2.

The inclusion criteria were: 1) CRPS type I in upper limb
according to the International Association for the Study
of Pain (IASP) diagnostic criteria.21 Specifically, all pa-
tients underwent nerve-conduction tests to exclude signs
of nerve lesion or dysfunction, and care was taken to as-
certain that the pain did not fit in the regional distribu-
tion of a nerve root or trunk; 2) Patients with chronic
pain moderate to severe in intensity (VAS >4) despite op-
timized pharmacological (at least 2 first-line medications
used at maximal tolerated doses, for at least 3 months)
and physical therapy; and 3) pain lasting longer than 6
months. Patients presenting severe systemic or psychiat-
ric disorders, prior history of epilepsy, intracranial metal-
lic devices, pacemakers, intrathecal infusion pumps,
or epidural electrodes over the brain or spinal cord
were excluded. All participants signed a Term of In-
formed Consent to participate in the study, which had
been approved by our Institution’s Ethics Review Board.
Best Medical Treatment
All patients were washed out of their previous treat-

ment and started on a standardized pharmacological
treatment based on the best evidence available for 30
days (naproxen 250 mg bid, amitriptyline 50 mg qd,
and carbamazepine 200 mg bid) and a physical therapy
program (kinesiotherapy plus low impact, aerobic, relax-
ation and stretching exercises) which were continued
throughout the study and follow-up (3 months).8,27,30
Repetitive Transcranial Magnetic
Stimulation

Each participant received 10 consecutive rTMS sessions
to the precentral gyrus (once a day with pauses on week-
ends) of either real (r)-rTMS or sham (s)-rTMS. Each stim-
ulation session consisted of a total of 2,500 pulses
delivered during 25, 10-second trains of 10 Hz rTMS (Dan-
tec, MagPro, Minnesota, USA) with an intertrain interval
of 60 seconds at an intensity of 100% of rest motor
threshold (RMT). A figure-of-eight shaped coil (2 � 97
mm, MC-B70, MagVenture Tonika Elektronik, Farum,
Denmark) was used. RMT was determined in all partici-
pants before each session, using single-pulse stimulation
of the hand area on the precentral gyrus contralateral to
the painful upper limb. Motor-evoked potentials were
recorded from the left first dorsal interosseous muscle
(FDI) with an EMG amplifier module (9016C070, Mag-
Venture Tonika Elektronik) to the rTMS machine and sur-
face electrodes (9013S0212, Alpine Biomed, Skovlunde,
Denmark). RMT was defined as the lowest intensity re-
quired eliciting a motor-evoked potential of at least 50
mV in 5 out of 10 trials over the FDI representation on
the motor cortex. During stimulation, the coil was ori-
ented tangentially to the scalp and with the main com-
ponent of the induced electrical current in the
anterior-posterior direction. For s-rTMS sessions, an iden-
tical 8-shaped coil was used, which did not generate
a magnetic field, but did emit a similar noise as the active
coil (MC-P-B70, MagVenture Tonika Elektronik). Patients
were sat in a comfortable reclining armchair with the
head in a fixed position. The coil has held by a custom-
made arm that could be adjusted in 3 dimensions and
was attached to the chair and to the volunteers head
with the use of a tape. After the end of the stimulation,
the position of the coil was rechecked to inspect for
possible deviations from the targeted scalp area.
Design and Time Course of the
Experiment

Fig 1A shows the general outlook of the study accord-
ing to the CONSORT guidelines and Fig 1B illustrates its
design and time course.

1) Phase 1 (BMT) lasted 30 days, during which conven-
tional treatment was standardized. T0 stands for
the 30th day of this period.

2) Phase 2 (10 rTMS sessions 1 BMT) included 10 days,
each designated from T1 (first day) to T10 (last day).

3) Phase 3 (follow-up period, under BMT) included an
evaluation on the seventh day after the last TMS
session (T11) and 3 months after the rTMS treat-
ment (T12).
Pain and QOL Assessment Tools
Changes in pain level were assessed daily (from T0 to

T10 and on T11 and T12) by the Visual Analogue Scale
for Pain (VAS; 0–10 cm), where zero corresponded to
no pain at all and 10 to the most severe pain.25 The
VAS was applied after each rTMS session treatment.
The McGill Pain Questionnaire20 and the Pain Impact



Figure 1. (A) Flow chart of the study according to the CONSORTstatement. Legends: )Patients excluded after the best medical treat-
ment period due to pregnancy (n = 1), withdraw of the informed consent (n = 1), and pain decrease (n = 3). (B) Study design. rTMS is
used as an add-on treatment from T1 to T10. r, real; s,sham; rTMS, repetitive Transcranial Magnetic Stimulation.
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Questionnaire (PIQ-6) were also used to assess the possi-
ble effects of the treatment in different aspects of pain
on T0, T10, T11, and T12.3

Mood was assessed by the Hamilton Rating Scales for
Depression (HDRS, 21-items) and Anxiety (HARS) on T0,
T10, T11, and T12.10

Disability was assessed by the Disabilities of the Arm,
Shoulder and Hand (DASH) Questionnaire on T0, T10,
T11, and T12.2

Quality of life was evaluated by the SF-36 Question-
naire on T0, T10, T11, and T12.5

Adverse events (AE) were monitored verbally asking
participants about headaches, nausea, and seizures dur-
ing each visit (from T0 to T12) before and after the rTMS
session. Quality of the blinding was assessed by asking
patients at T12 which type of stimulation they had, active
or sham.
Statistical Analysis
Results are expressed as (average 6 standard devia-

tion; range). The SAS Statistic Software (version 8.1;
1999 SAS Institute Inc, SAS/STAT, Cary, NC) was used.
Normal distribution was assessed by the Kolmogorov-
Smirnov test. The Fisher’s Exact Test or Qui-Square Test
was used to evaluate differences between the treatment
groups with respect to categorical variables (demo-
graphic and side-effect variables). Differences between



Table 1A. Epidemiological Characteristics

R-RTMS S-RTMS TOTAL

N % N % N % P VALUE

Age (years) 12 11 23 .5444

Mean 43.5 40.6 42.1

Standard deviation 12.1 9.9 11

Range 22–65 26–61 22–65

Disease duration (months) 12 11 23 .5444

Mean 82.33 79.27

Standard deviation 34.5 32.1 32.1

Range 10–180 54–120 10–180

Gender Female 7 58.3 7 63.3 14 60.9 1

Occupational situation Employed / active 1 8.3 0 0.0 1 4.3 .4687

Not able

to work

5 41.7 7 63.3 12 52.2

On pension 4 33.3 3 27.3 7 30.4

Never worked 2 16.7 0 0.0 2 8.7

Unemployed 0 0.0 1 9.10 1 4.3

Presence of social

benefit

Yes 8 66.7 9 81.8 17 74.0 .6404

Abbreviations: r-rTMS, real repetitive Transcranial Magnetic Stimulation; s-rTMS, sham repetitive Transcranial Magnetic Stimulation.

NOTE. P values correspond to significance in the Student’s t test (continuous normal variables) or Fisher’s Exact Test (categorical variables).
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s-rTMS and r- rTMS groups on scales (VAS, MPQ, PIQ-6,
SF-36, DASH, HDRS, and HARS) at different time-points
were carried out through the parametric multivariate
analysis of variance, having treatment group as the
between-subjects factor, and time and the interaction
time � treatment group as within-subjects factors. In or-
der to allow for missing values and estimations, SAS proc
mixed was used to perform the multivariate analyses,
with the compound symmetry covariance matrix for
VAS and unstructured covariance matrix for the other
scales. When the interaction of time and treatment
was statistically significant, a post hoc test (Fisher’s post
hoc least significant difference tests) was used. Correla-
tion analysis was performed with the Spearma’s correla-
tion rank. For all analysis, the level of significance was set
at P < .05.
Results
Twenty-eight patients were included in phase 1 (ie,

BMT). Five did not move on to phase 2 (repetitive rTMS
sessions 1 BMT) due to significant pain relief (n = 3),
pregnancy (n = 1), and refusal (n = 1). These patients
were excluded from the analysis since they did not un-
dergo rTMS treatment. Thus, 23 refractory CRPS type I
patients under best medical treatment underwent a 10-
session high-frequency protocol of rTMS to the precen-
tral gyrus. The s-rTMS (n =11) and r-rTMS groups (n =
12) were similar in gender, age, years of education, or
duration of the pain syndrome (Table 1A). Also, the pre-
sumptive etiology of the CRPS type I was posttraumatic
or related to work in similar proportions of participants
in both groups. The use of previous medications (nonste-
roidal anti-inflammatory, antiepileptic drugs, tricyclic
antidepressants and opioids) was of no significant differ-
ence between r-rTMS and s-rTMS groups (Table 1B).
Effects on Pain
Patients presented similar high baseline pain intensity

in the s-rTMS and r-rTMS groups, 8.8 6 1.0; (7–10) and 9.3
6 .9; (7–10) respectively, P = .504. When compared to
baseline values, the r-rTMS group presented greater
pain intensity reduction: 4.65-cm reduction (50.9%)
against 2.18-cm reduction (24.7%) in the s-rTMS group;
P < .05, on T11 (1 week after the last session). At T10, 7
(58%) patients achieved a greater than 40% reduction
in the VAS, while only 3 (25%) had such an improvement
after sham stimulation.

The comparison of the VAS right before treatment (T0)
against each time point (T1 to T12) showed VAS reduc-
tion after treatment in both groups (supplemental mate-
rial, Table 2). Real differences between r-rTMS and
s-rTMS in each time point were confirmed by a significant
interaction between treatment and time (F (1,13) = 3.58,
P < .0001). Post hoc tests showed a significant VAS reduc-
tion from baseline (T0) after r-rTMS in comparison to
s-rTMS on the 2nd, 3rd, 5th, 6th, 7th and 10th days of
stimulation (P < .05) (Fig 2). Specifically, we found
a greater pain relief after r-rTMS compared to s-rTMS
on the last day of stimulation (T10) (3.8 6 3.0; 0–9 against
6.4 6 3.1; 0–10, P < .05, respectively). These differences
did not persist after 1 week (T11) or 3 months (T12).

Considering the MPQ, the total score was not different
between active and sham groups. However, when indi-
vidually assessing differences in each of its 4 subscores
from baseline values, we found significant greater reduc-
tion in the number of affective descriptors after r-rTMS
(�1.0 6 1.6) against �.4 61.1 for s-rTMS; P = .044 at
T10. Interestingly, the degree of reduction in the affec-
tive scores positively correlated with the VAS reduction
(P = .005; r = .580) at T10. The PIQ-6 showed no significant
differences between groups or improvement in pain
scores during the study.



Table 2. Daily VAS Response to rTMS

TREATMENT TIME MEAN VAS TX-TO %REDUCTION P VALUE

B 8.77 �.04 .45 .9484

T 0 8.81

T 1 6.18 �2.63 29.85 .0002

T 2 6.81 �2.00 22.70 .0047

T 3 7.54 �1.27 14.41 .0708

T 4 6.45 �2.38 26.78 .0009

T 5 6.72 �2.09 23.72 .0031

s-rTMS T 6 7.00 �1.81 20.54 .0101

T 7 6.72 �2.09 23.72 .0031

T 8 6.18 �2.63 29.85 .0002

T 9 6.36 �2.45 27.81 .0005

T 10 6.40 �2.41 27.35 .0009

T 11 7.36 �1.45 16.46 .0391

T 12 6.90 �1.91 21.68 .0069

B 9.33 .21 2.30 .7567

T 0 9.12

T 1 4.95 �4.17 45.72 <.0001

T 2 4.45 �4.67 51.21 <.0001

T 3 4.33 �4.79 52.52 <.0001

T 4 4.58 �4.54 49.78 <.0001

T 5 4.30 �4.82 52.85 <.0001

r-rTMS T 6 4.48 �4.64 50.88 <.0001

T 7 4.43 �4.69 51.42 <.0001

T 8 4.71 �4.41 48.35 <.0001

T 9 4.61 �4.51 49.45 <.0001

T 10 3.93 �5.19 56.91 <.0001

T 11 6.70 �2.42 26.53 <.0004

T 12 7.95 �1.17 13.71 .0836

Abbreviations: r-rTMS, real repetitive Transcranial Magnetic Stimulation; s-rTMS,

sham repetitive Transcranial Magnetic Stimulation; Tx, day of stimulation rang-

ing from T1 to T12.

NOTE. P values correspond to significance in the two-tailed Student’s t test com-

pared to T0.

Table 1B. Clinical Characteristics

R-RTMS S-RTMS TOTAL

N % N % N % FISHER (P)

12 100.00 11 100.0 23 100.0

Affected hand Dominant hand 9 75.0 9 81.8 18 78.3 1

Trigger factor Traumatic 6 50.0 3 27.3 9 39.1 .6802

RT 5 41.7 7 63.6 12 52.2

Others 1 8.30 1 9.10 2 8.70

Prolonged immobilization Yes 7 58.3 6 54.5 13 56.5 1

Clinical signs Tremor 10 83.30 7 63.60 17 73.9 .3707

Dystonia 6 50.00 6 54.50 12 52.2 1

Dystonia or tremor 10 83.30 8 72.70 18 78.3 .6404

Motor neglect 9 75.00 10 90.90 19 82.6 .5901

Previous treatments Previous sympathetic block 6 50.00 5 45.50 11 47.8 1

Previous physical therapy 12 100.00 11 100.00 23 100.0 1

Acupuncture 12 100.00 11 100.00 23 100.0 1

Occupational therapy 5 41.70 6 54.50 11 47.8 .6843

Mood Depression (treated) 6 50.00 4 36.40 10 43.5 .6564

Depression (nontreated) 3 25.00 5 45.50 8 34.8

Anxiety 0 0.00 2 18.20 2 8.70

Abbreviations: r-rTMS, real repetitive Transcranial Magnetic Stimulation; s-rTMS, sham repetitive Transcranial Magnetic Stimulation; RT, repetitive trauma.

NOTE. P values correspond to significance in the Fisher’s Exact Test for categorical variables.
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Mood, Disability, and QOL
Scores for Anxiety and Depression in HDRS and HARS

were high in both groups and they behaved similarly
throughout the study. In spite of significant reduction
in scores during treatment, none of the patients pre-
sented clinical improvement (reduction $50% in Hamil-
ton scores) or remission (final score #7 in Hamilton
scale). Also, the decease in the Hamilton scale in the ac-
tive group did not significantly correlate with the reduc-
tions in the VAS score. Functional impairment was severe
at the beginning of the study and there was no improve-
ment after active stimulation. Both groups presented sig-
nificant improvement in quality of life. At T10, the only
significant subscore of the SF-36 questionnaire was the
Figure 2. VAS reduction after sham and real rTMS. Legends:
)Statistically significant differences at each time-point (ANOVA
interaction between time and treatment). B, baseline; T0, VAS
under best medical treatment (BMT); T1-10, stimulation sessions
1 BMT; T11 and T12, evaluations 1 week and 3 months after the
last rTMS session, respectively.
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emotional aspects (item 7). This reduction was signifi-
cantly greater in the r-rTMS group, but did not persist
up to T11 or T12 (P < .05).
Adverse Events
In the r-rTMS group, there was 1 episode of general-

ized seizure, which occurred after the seventh rTMS ses-
sion. The patient had no history of seizures or epileptic
disorders. After the event, the patient continued to re-
ceive pain medications from the BMT and was followed
up by a neurologist. Monthly EEG’s were normal at all
times for 6 months and the patients did not present
any clinical seizure in an 18-month follow-up. The occur-
rence of other side effects was similar between both
groups. Minor side effects were not significantly differ-
ent between both groups (Table 3).

The numberofpatientswhoguessed correctly and incor-
rectly which type of stimulation they had during the ses-
sions was similar between the r-rTMS and s-rTMS groups.
Discussion
Different studies have shown a positive effect of a sin-

gle session of high-frequency rTMS to induce pain relief
in neuropathic pain patients.18 However, the effects of
a single session of rTMS are short-lived, lasting in average
only a few days. Some evidence that the analgesic ef-
fects after repetitive sessions of rTMS can outlast the
stimulation period has become recently available.13,22

In order to propose this technique as an option in
the armamentarium against chronic pain, one must
evaluate its effects in a condition similar to clinical
settings, that is, as an add-on therapy to pharmacological
treatment and using repetitive sessions of stimulation.
Using this approach, we found a significant analgesic ef-
fect of r-rTMS over s-rTMS in CRPS type I patients with
a positive impact in the affective aspects of pain, as
well in some subscores of QoL. This is the first study on
chronic pain patients to assess the effects of rTMS on
an homogeneous group of individuals (the same etiolog-
Table 3. Prevalence of Minor Side Effects During
the rTMS Sessions

R-RTMS S-RTMS TOTAL FET (P)

SIDE EFFECTS N (12) % N (11) % N (23) %

Headache 6 50 4 36.4 10 43.5 .68

Neck pain 2 16.6 4 36.4 6 26.1 .37

Non-painful sensation

on the scalp

4 33.3 2 18.2 6 26.1 .64

Dizziness 1 8.3 1 9.1 2 8.7 .47

Abbreviations: r, real; s, sham; rTMS, (repetitive Transcranial Magnetic Stimula-

tion); FET, Fisher’s exact test.

NOTE. Symptoms relate to self-limited symptoms presented during any of the 10,

15-minute sessions in the study. One patient in the r-rTMS group presented

a seizure (major side effect) and was described elsewhere. Significance was set

at P < .05.
ical diagnosis) and with the same baseline medical treat-
ment ie, rTMS as an add-on therapy.

Similarly to previous studies, patients treated with r-
rTMS did not behave homogeneously and its analgesic
effect ranged from total relief (3 patients with VAS = 0)
to no effect (2 patients). Also, we found a greater pla-
cebo effect reaching up to 25% VAS score decrease com-
pared to baseline values. Our study was neither designed
nor powered to specifically evaluate predictors of
response to sham stimulation. However, this may be
related to the fact that these patients received pharma-
cological treatment (started 1 month earlier) and could
still present analgesic effects building up after this pe-
riod. Also, it must be pointed out that almost half of
the studies on rTMS for chronic pain did not clearly ex-
press the percentage of placebo responders,14 even stud-
ies evaluating repetitive sessions of rTMS,20 which makes
it difficult to compare our results to the whole available
literature. It is noteworthy that the first study on repeti-
tive sessions of rTMS for neuropathic pain found
a greater than 40% pain relief in 25% of the patients
in the sham group after the last stimulation, the exact
proportion that we found in our study.12 Some data
also helped us to further distinguish the effects of real
from sham rTMS: none of the patients in the s-rTMS
group presented total pain relief at any time point. In
the r-rTMS group, 1 patient remained painfree up to
the third month of follow-up. Although anecdotal, it
merits mention since these are medication refractory pa-
tients with intense pain. CRPS type I is a heterogeneous
disorder,6 and so is the individual response to r-rTMS.18

In the only study on CRPS type I study to date, Pleger et
al23 evaluated the effect of a single session of M1 10Hz
r-rTMS reporting pain reduction of about 21% outlasting
the rTMS session by 90 minutes. In this study, sham stim-
ulation increased pain. Indeed, one limitation of our
study is that due to a small sample size, we could not
identify predictive characteristics of pain relief seen in
responders, and this is a limitation of many rTMS studies
to date.18

The analgesic effects of repetitive sessions of r-rTMS
persisted during the stimulation period only, since we
could not detect any significant analgesic effect 1 week
after the last stimulation. Other groups have found lon-
ger lasting effects after repetitive sessions of r-rTMS,13,22

but negative results have also been reported.7,11 These
differences may be due to the different population
evaluated (neuropathic-pain patients, spinal-cord-
injury patients, and fibromyalgia) and stimulation pa-
rameters (total number of pulses, cortical target). Also,
differences among studies may have occurred secondary
to concomitant medication intake. Medications can in-
terfere with the cortical effects of rTMS. For example, it
can change the RMT, which is the main determinant of
stimulation intensity in given individuals.31 Since our pa-
tients were on a fixed baseline pharmacological treat-
ment, only the more robust analgesic effects brought
about by r-rTMS may have been detected. The long-
lasting effect of rTMS has a tendency to decay in time
after the last stimulation session.1,13 In our study, this
vanishing effect may have been missed since it
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probably soon equaled the effect provided by the
baseline medication protocol, being then no longer
detectable. Also, epidural motor cortex stimulation
(EMCS) has been evaluated to treat chronic refractory
pain, and a positive response to rTMS has been
suggested to predict a long-lasting analgesic effect of
EMCS. If rTMS proves not to have long-lasting effects be-
yond the stimulation period in CRPS patients, it could be
used to assess the prediction of chronic analgesic re-
sponse to EMCS instead of being used as a therapeutic
tool of its own. However, this approach remains to be
tested.14

Most studies on r-rTMS and chronic pain used the VAS
score as the main outcome measure. Recent reports have
assessed the effects of rTMS in other pain aspects, such as
its emotional-affective and cognitive-evaluative compo-
nents. They found interesting results, suggesting that r-
rTMS has different effects on different aspects of pain,
such as the emotional-affective.22 Similarly, besides the
effect on pain intensity (VAS score), we found a specific
effect of rrTMS on the affective subscore of the McGill
pain questionnaire and the affective subscores of the
SF-36 QOL assessment when compared to sham stimula-
tion. Apart from one generalized seizure in the active
group, the overall side-effect profile was similar in
both groups. Many positive studies have used subthresh-
old stimulation to M1.16-18 In the present study,
stimulation was performed at RMT. We based our
protocol in the only study on r-rTMS in CRPS type I to
date that actually employed suprathreshold (110%
RMT) stimulation reporting no serious adverse event.23

In fact, this is the first seizure in pain patients reported
in the medical literature to date after rTMS. The occur-
rence of a seizure may have been facilitated by the
high total pulse number (2,500) and the concomitant
use of tricyclics, which can lower seizure threshold.28

High-frequency rTMS of the hand area is effective as
an add-on to pharmacological treatment. It is able to de-
crease the intensity and emotional aspects of pain during
the stimulation sessions. Long-lasting effects after the
last stimulation session seem to be absent and may
have been overshadowed by concomitant medical treat-
ment. The response rate was quite heterogeneous. Fur-
ther studies on its mechanisms of action are necessary
in order to increase the duration of the analgesic effect
and to avoid adverse events such as seizures.
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