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BACKGROUND: Transcranial magnetic stimulation (TMS) of the
motor cortex appears to alter pain perception in healthy adults and in
patients with chronic neuropathic pain. There is, however, emerging
brain imaging evidence that the left prefrontal cortex is involved in
pain inhibition in humans.

OBJECTIVE: Because the prefrontal cortex may be involved in
descending pain inhibitory systems, the present pilot study was con-
ducted to investigate whether stimulation of the left prefrontal cortex
via TMS might affect pain perception in healthy adults.
METHODS: Twenty healthy adults with no history of depression or
chronic pain conditions volunteered to participate in a pilot labora-
tory study in which thermal pain thresholds were assessed before and
after 15 min of repetitive TMS (rTMS) over the left prefrontal cor-
tex (10 Hz, 100% resting motor threshold, 2 s on, 60 s off, 300 pulses
total). Subjects were randomly assigned to receive either real or sham
rTMS and were blind to condition.

RESULTS: Subjects who received real rTMS demonstrated a signif-
icant increase in thermal pain thresholds following TMS. Subjects
receiving sham TMS experienced no change in pain threshold.
CONCLUSIONS: rTMS over the left prefrontal cortex increases
thermal pain thresholds in healthy adults. Results from the present
study support the idea that the left prefrontal cortex may be a prom-
ising TMS cortical target for the management of pain. More research
is needed to establish the reliability of these findings, maximize the
effect, determine the length of effect and elucidate possible mecha-
nisms of action.
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Quinze minutes de stimulation magnétique
cranienne préfrontale gauche répétitive accroit
considérablement les seuils de douleur
thermique chez des adultes en santé

HISTORIQUE : La stimulation magnétique cranienne (SMC) du cortex
moteur semble modifier la perception de la douleur chez des adultes en
santé et des patients souffrant d'une douleur névropathique chronique.
Cependant, d’aprés des données probantes en imagerie cérébrale, le cor-
tex préfrontal gauche contribue a l'inhibition de la douleur chez les
humains.

OBJECTIF : Puisque le cortex préfrontal peut participer aux systémes
d’inhibition de la douleur descendante, la présente étude pilote visait a
explorer si la stimulation du cortex préfrontal gauche par SMC modifiait
la perception de la douleur chez des adultes en santé.
METHODOLOGIE : Vingt adultes en santé sans antécédents de dépres-
sion ou de troubles de douleur chronique se sont portés volontaires pour
participer 2 un projet pilote de laboratoire au cours duquel on évaluait
leurs seuils de douleur thermique avant et aprés une SMC répétitive
(SMCr) de 15 minutes sur le cortex préfrontal gauche (10 Hz, seuil
moteur au repos 100 %, 2 s en fonction, 60 s hors fonction, total de
300 pulsations). Les sujets étaient distribués au hasard entre une SMCr
réelle ou simulée et n’étaient pas au courant du conditionnement.
RESULTATS : Les sujets qui ont recu une SMCr réelle ont démontré
une importante augmentation de leur seuil de douleur thermique apres la
SMC. Les sujets qui ont regu la SMCr simulée n’ont démontré aucun
changement.

CONCLUSIONS : Une SMCr appliquée sur le cortex préfrontal gauche
accroit les seuils de douleur chez des adultes en santé. Les résultats de la
présente étude étayent I'idée selon laquelle le cortex préfrontal gauche
serait une cible corticale prometteuse de SMC pour le traitement de la
douleur. D’autres recherches s’imposent pour déterminer la fiabilité de ces
observations, en maximiser leffet, en établir la durée et élucider les
mécanismes d’action éventuels.

Transcranial magnetic stimulation (TMS) is a relatively
noninvasive brain stimulation technology that can focally
stimulate the brain of an awake individual (1,2). A localized
pulsed magnetic field transmitted through a figure-eight coil
induces electrical currents in the brain (3) and focally stimu-
lates the cortex by depolarizing supetficial neurons (4,5). TMS
at different intensities, frequencies and coil angles can excite
several elements (eg, cell bodies, axons) of various neuronal

groups (eg, interneurons, neurons projecting into other corti-
cal areas) (6-8). When TMS pulses are delivered repeatedly, it
is referred to as repetitive TMS (rTMS).

Several studies have found that rTMS delivered over the
motor cortex can affect the perception of laboratory-induced
pain in healthy adults as well as chronic neuropathic pain in
clinical samples (9-17). While the effects observed in most of
these studies appears to be short-lived, a recent study (18)
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demonstrated that the antinociceptive effects are sustained for
at least 15 days following three consecutive days of motor cor-
tex rTMS (18).

The motor cortex has been a popular target for pain man-
agement. However, findings from numerous rTMS depression
treatment trials and from studies integrating TMS and func-
tional magnetic resonance imaging suggest that TMS over
the prefrontal cortex can cause secondary changes in pain
and mood regulating regions. These regions include the cin-
gulate gyrus, orbitofrontal cortex, insula, and hippocampus
(19). There is evidence to support the idea that left pre-
frontal activation is negatively correlated with pain experi-
ence (20), suggesting the prefrontal cortex governs pain
perception. Additionally, diffusion tensor imaging technology
has been used to uncover anatomical circuitry connecting
the prefrontal cortex with both the nucleus cuneiformis and
periaquaductal grey. This supports the potential role of the
prefrontal cortex in the functionally characterized top-down
pain inhibitory system (21). To date, a few studies have
demonstrated analgesic effects with prefrontal cortex TMS
(22-25).

No published studies to date have investigated the effects of
fast rTMS over the left prefrontal cortex on pain perception
using a controlled laboratory paradigm. Given emerging evi-
dence of the role of the left prefrontal cortex in pain inhibition,
stimulation of the prefrontal cortex using fast rTMS may pro-
duce analgesic effects. The present preliminary pilot trial sought
to test whether 15 min of fast left prefrontal rTMS could change
pain thresholds in a small cohort of healthy adults.

METHODS

The present study was approved by the Institutional Review
Board in the Office of Research Integrity at the Medical
University of South Carolina, USA. Twenty subjects (11 men)
without history of depression or chronic pain disorders
(assessed during clinical interview) volunteered to participate
in this study (mean age 31.65 years). After written informed
consent was obtained from the study participants, a TSA-II
NeuroSensory Analyzer (Medoc Ltd, Israel) with a 30 mm x
30 mm thermode stimulating area was used to determine ther-
mal pain thresholds using the method of limits. The thermode
was attached to each subject’s left volar forearm 5 cm from the
wrist. The thermode was programmed to start heating from the
adaptation temperature of 32°C at a rate of 1°C/s. Subjects
were instructed to press a button when the sensation reached
the level they considered painful. The temperature of the ther-
mode at the time of the button press was recorded and the
thermode rapidly cooled to 32°C. Subjects rested for 30 s
between each trial. The first of the five trials was discarded, and
the mean of the subsequent four trials was used to represent
baseline thermal pain threshold.

Next, subjects underwent a standard resting motor thresh-
old assessment using a Neuronetics Neopulse TMS machine
(Neuronetics, USA) with a figure-eight coil. The TMS
machine was initially set to 40% of its maximal output at 0.5 Hz.
The TMS administrator located the area of the scalp that pro-
duced visible thumb movement upon TMS stimulation by sys-
tematically moving the coil around the scalp while adjusting
the intensity. Next, adaptive parameter estimation by sequen-
tial testing (PEST) procedures were conducted with the aid of
custom-developed software to determine the amount of
machine output necessary to produce visible thumb movement
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50% of the time. This value was termed the resting motor
threshold (rMT) (26-28).

Subjects were then randomly assigned to receive 15 min of
active (n=10) or sham (n=10) left prefrontal rTMS (10 Hz,
100% rMT, 2 s on, 60 s off, total of 300 pulses). The left pre-
frontal location was determined according to convention by
measuring 5 cm anterior in a parasagittal line from the opti-
mum scalp location for producing right thumb movement (29-
31). Sham rTMS was conducted with a specially designed
sham coil that looked and sounded similar to the active coil
but had a hidden aluminum plate blocking actual stimulation.

Immediately following the 15 min of prefrontal rTMS, ther-
mal pain thresholds were assessed again in the manner
described above.

Mean thermal pain thresholds were evaluated between
groups (sham versus real rTMS) using a mixed ANOVA model
with time (pre- to post-TMS) as a within-subject factor.
Subjects’ individual intercepts were entered into the model as
subject-level random effects to control for individual differ-
ences in baseline thermal pain thresholds.

RESULTS
The mean (+ SEM) pre-TMS thermal threshold of subjects in
the real TMS group was 45.81+0.58°C. The mean threshold
post-TMS increased to 46.50+0.43°C. The mean pre-TMS
thermal threshold of subjects in the sham TMS group was
47.17+0.40°C. The post-TMS mean threshold was
46.93+0.41°C.

There was no overall difference between groups with
respect to mean thermal pain threshold (F[1,18]=2.23, P not
significant) but there was a significant difference in pain
thresholds before and after TMS (F[1,18]=6.25, P=0.02). Post
hoc analyses (least square difference with Tukey-Kramer
adjustment) indicate that mean thermal pain thresholds were
significantly higher after rTMS (t[18]=2.50, P=0.02). A signif-
icant group (real versus sham TMS) by time (pre- to post-
TMS) interaction (F[1,18]=23.67, P<0.0001) indicated
subjects who received active rTMS demonstrated a significant
increase in thermal pain threshold (t[18]=5.20, P=0.0003)
whereas subjects in the sham group did not (t[18]=1.68, P not
significant).

No serious negative consequences of left prefrontal rTMS
were observed. One subject from each group (active and sham)
reported a mild headache following rTMS. Neither of the
reported headaches were severe nor did subjects report using
any pain medications to manage the headaches. Headache is a
common risk of rTMS and is presented to subjects during the
informed consent process.

DISCUSSION
The present study used a simple laboratory thermal pain para-
digm to show that stimulation of the left prefrontal cortex for
15 min is associated with an increase in thermal pain threshold
in healthy adults. A significant increase in pain threshold was
detected pre- to post-TMS in subjects who received real TMS,
but not among participants who received sham TMS.

Most of the published TMS and pain studies targeted the
motor cortex. While this cortical target appears to be a reason-
able one given the observed analgesic effects of motor cortex
stimulation (via TMS and via implanted electrodes), little is
known about the effects of stimulating other cortical areas.
Given that pain is a complex experience with sensory, affective
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and cognitive components, it seems reasonable to continue to
investigate different cortical targets that may be involved in
different aspects of pain experience. There is emerging evi-
dence from brain imaging studies suggesting that TMS over
the left prefrontal cortex results in modulation of deeper limbic
structures likely involved in the affective dimension of pain
experience such as the cingulate gyrus, orbitofrontal cortex,
insula and hippocampus (19). Additionally, Lorenz et al (20)
found that left prefrontal cortical activation is negatively cor-
related with pain experience suggesting a governing role of the
prefrontal cortex on pain perception. Activation of the left
prefrontal cortex (via TMS or other methods such as cognitive
therapy) may activate descending pain inhibitory networks
through the nucleus cuneiformis and periaquaductal grey (21).

While the present study raises interesting questions about
rTMS effects on pain perception, it does not provide definitive
answers. One limitation has to do with the nature of the sham
condition. There is some emerging evidence that rTMS can be
painful for some patients, whereas sham rTMS is usually not
painful. It is possible that, for some subjects, pain associated
with active rTMS may have resulted in activation of antinoci-
ceptive processes, including endogenous opioid release.
Unfortunately, this potential limitation plagues the majority of
rTMS and pain research to date. Future studies of rTMS effects
on pain perception should employ more sophisticated sham
conditions that are matched to real rTMS with respect to
painfulness, or at the very least, painfulness ratings of the
rTMS should be collected to permit statistical control for the
painfulness of rTMS.

Another limitation of the present study is that this prelimi-
nary trial is small (n=20), and only thermal pain thresholds
were examined. The purpose of this investigation was to deter-
mine if any detectable analgesic effects of prefrontal stimula-
tion were present in healthy adults to allow for planning of
more systematic and comprehensive TMS studies in the future.
Thermal threshold assessment with a Peltier thermode via the
method of limits is a simple, widely accepted, sensitive and
accurate laboratory measure of pain perception in healthy
adult samples. Given the very preliminary scope of this pilot
study, the focus was limited to determine if any effects were
present that warranted future investigation.
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