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Modulation of Cold Pain Perception by
Transcranial Direct Current Stimulation in
Healthy Individuals
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Mohammad Fakhri, MD*, Mohammad Taghvaei, MD, MPH‡, Shahin Miri, MD‡,
Alireza Shahbabaie, MS†, Sadaf Esteghamati, MD*, Hamed Ekhtiari, MD†§
Objectives: The aim of the current study was to evaluate the eﬀect of transcranial direct current stimulation (tDCS) on cold pain
perception in healthy individuals.
Methods: Anodal, cathodal (2 mA), or sham tDCSs were applied on the primary motor cortex of 22 healthy subjects in a random
order. A cold pressor test was performed ten minutes after initiation of stimulation. Pain threshold and tolerance were deﬁned as
time latencies to the onset of pain perception and to the withdrawal from cold stimulus, respectively. Furthermore, pain intensity
(on a scale from 0 to 10) was rated at tolerance.
Results: Time latencies to pain threshold and tolerance were altered by the type of stimulation (p < 0.05). Pairwise post hoc
analysis revealed that anodal tDCS led to increment in pain threshold and tolerance compared with sham stimulation (13.3 ⫾ 7.4
vs. 10.9 ⫾ 6.0 sec for the comparison of pain threshold and 54.6 ⫾ 26.0 vs. 45.3 ⫾ 17.9 for the comparison of pain tolerance
following anodal and sham stimulations, respectively, p < 0.05 for both comparisons). However, cathodal stimulation did not alter
pain perception in comparison to anodal and sham stimulations (p > 0.05). Furthermore, pain intensity score at tolerance was not
signiﬁcantly aﬀected by the type of stimulation (p > 0.05).
Conclusion: Anodal stimulation of the primary motor area can be utilized to alleviate cold pain perception in healthy individuals.
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Cortical excitability can be inﬂuenced by a variety of invasive and
noninvasive techniques. In this regard, transcranial direct current
stimulation (tDCS), as a noninvasive technique, delivers a current
ﬂow through electrodes and reversibly alters the excitability of cortical neurons (1,2). It has been shown that the current intensity is
maximal in cortical areas directly under the electrodes and rapidly
decreases at sites more distant from the electrodes (3–5). It is suggested that tDCS confers most of its eﬀects through modulation of
cortical excitability in those areas directly covered by electrodes (5).
However, other areas also may be stimulated. For instance, placement of the electrode over the primary motor area also may alter
the neuronal excitability of the premotor area and postcentral gyrus
in addition to the primary motor area (6). Moreover, the eﬀects of
tDCS also depend on duration, polarity, and intensity of the stimulation (7,8). In this respect, anodal stimulation enhances and
cathodal stimulation diminishes the neuronal excitability, possibly
through modulation of membrane-resting potential (7,9,10). Furthermore, distinct groups of local cortical nerve cells are inﬂuenced
by anodal and cathodal stimulations of the same brain area (11,12).
Many prior studies have evaluated the eﬀects of tDCS on sensory
and pain perception. For instance, it has been shown that tDCS
inﬂuences visual and tactile perception, as well as cognitive func-

tion (13–15). Furthermore, Grundmann et al. have found that stimulation of the primary sensory cortex mediates somatosensory
perception (16). Anticonvulsant eﬀects also have been reported for
tDCS in a rat model of focal epilepsy (17). A review of previous
studies shows that tDCS over the motor cortex ameliorates pain in
patients with chronic pain syndromes such as traumatic spinal cord
injury, ﬁbromyalgia, and cancer pain (18–21). However, evidence to
support the impact of tDCS on acute thermal pain perception is
limited, and the role of current stimulation in somatosensory input
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remains to be fully elucidated. A recent study has shown that
although anodal stimulation decreases heat and cold sensory
thresholds, it does not aﬀect heat pain threshold and just barely
inﬂuences the threshold of cold pain perception (22). Another study
has revealed that neither anodal nor cathodal tDCS signiﬁcantly
changes variables related to somatosensory and pain perception
(23). On the contrary, Bachmann et al. have reported reduced sensitivity of nerve ﬁbers to somatosensory inputs following cathodal
stimulation of the primary motor area (24).
Conﬂicting data in the association of cortical stimulation and pain
perception necessitate the importance of performing further
studies in this area of research. The current study evaluates the
modulatory eﬀects of anodal, cathodal, and sham stimulations on
pain threshold and tolerance in healthy individuals. Furthermore,
we compared pain intensity scores at tolerance.

METHODS
Subjects
A total number of 22 healthy subjects (mean age ⫾ standard deviation of 27.9 ⫾ 4.8 years; 12 men, 10 women) were enrolled. All
subjects were right-handed according to the Edinburgh handedness inventory, and none of them were under any regular medical
treatment (25). Furthermore, the subjects with chronic pain and
neurologic or psychiatric disorders, as well as those who received
analgesic medications within the past 24 hours, were not included.
Furthermore, the subjects with a history of substance abuse, dependence, brain surgery, tumor, or intracranial metal implantation were
excluded. All subjects were able to understand and follow the protocol of the current study and gave written informed consent before
study commencement. Furthermore, the study was performed in
agreement with the Helsinki Declaration and was conducted in
accordance with considerations, recommended by the local ethics
review committee of Tehran University of Medical Sciences.

tDCS
Direct current stimulation was applied using a saline-soaked pair of
surface sponge electrodes with a surface area of 35 cm2. Electrical
current was developed by a constant current stimulator having a
maximum output intensity of 10 mA. Anodal, cathodal, or sham
stimulations were delivered in a random order separated by oneweek intervals. For stimulation of the left primary motor cortex, the
active electrode was placed over the C3 electrode position on the
scalp due to the 10–20 electroencephalogram system, and the reference electrode was placed over the contralateral supraorbital
area. In anodal and cathodal stimulations, an electrical stimulus with
a current intensity of 2 mA was applied for a maximum of 15 min.
For sham stimulation, the current ﬂow increased up to 1 mA and
terminated after 20 sec in order to mimic the initial tingling sensation of the electrical current.

Cold Pressor Test
A cold pressor test was performed in line with guidelines recommended in prior studies (26–28). The experiment was conducted in
a quiet and convenient room (with a temperature of 22 ⫾ 2°C)
without any auditory or visual distractions. We used two tanks containing 20 L of water continuously stirred by a pump to prevent
inhomogeneity in the water temperature. Both tanks were
equipped with a digital timer and an internal thermostat to maintain the water temperature at the reference level. Ten minutes after
the onset of tDCS, the subjects were instructed to place their right
hand up to the elbow for one minute in the ﬁrst water tank, which
was at 35 (⫾0.5)°C. Then, the subjects were asked to immediately
immerse their right hand up to the elbow in the second tank, which
was maintained at a temperature of 3 (⫾0.5)°C and, simultaneously,
a stopwatch was activated. The time latency to the initiation of pain
sensation was recorded as the pain threshold. In addition, the time
point, in which the subjects withdrew their hands from the cold
pressor apparatus, was determined as a measure of pain tolerance
(in seconds). Pain intensity was rated at tolerance, using an 11-point
scale ranging from 0 (no pain) to 10 (extremely severe pain).
Statistical Analyses
All analyses were conducted using SPSS, version 17.0 (SPSS Inc.,
Chicago, IL, USA). Considering that some variables were not normally distributed, we used the Friedman test for studying the eﬀects
of anodal, cathodal, and sham stimulations on latencies to threshold
and tolerance and pain intensity score. Signiﬁcant results were
further analyzed with the Wilcoxon post hoc test. After correcting by
the Bonferroni method, a p-value <0.05 was considered statistically
signiﬁcant.

RESULTS
All 22 enrolled subjects tolerated the procedures well, and no
adverse eﬀects were reported. A tingling sensation was perceived
by 18 subjects at the beginning of the experiment.
Table 1 summarizes the eﬀects of diﬀerent kinds of stimulations
on latencies to cold pain threshold and tolerance, as well as pain
intensity score. In contrast to pain intensity score, which was not
modulated by the type of stimulation (p > 0.05), time latencies to
threshold and tolerance were inﬂuenced by diﬀerent kinds of stimulations (p < 0.05). The Wilcoxon post hoc test revealed that anodal
tDCS increased the threshold for pain perception compared with
sham stimulation (13.3 ⫾ 7.4 vs. 10.9 ⫾ 6.0 sec, p < 0.05). However, the
threshold after cathodal stimulation was not signiﬁcantly diﬀerent
from anodal and sham stimulations (p > 0.05). Similarly, pairwise
comparison revealed that anodal stimulation increased the tolerance of the subjects for pain perception in comparison to sham tDCS
(54.6 ⫾ 26.0 and 45.3 ⫾ 17.9 sec, p < 0.05). Finally, cathodal tDCS did
not signiﬁcantly alter the time latency to pain tolerance (p > 0.05).

Table 1. Time Latencies of Cold Pain Threshold and Tolerance After Sham, Cathodal, or Anodal Stimulations.

Latency to threshold (sec)
Latency to tolerance (sec)
Pain intensity score (unites)

Sham stimulation

Cathodal stimulation

Anodal stimulation

10.9 ⫾ 6.0
45.3 ⫾ 17.9
6.57 ⫾ 1.7

11.3 ⫾ 6.4
46.9 ⫾ 19.8
7.09 ⫾ 1.6

13.3 ⫾ 7.4*
54.6 ⫾ 26.0*
7.32 ⫾ 1.8

2

Data are presented as mean ⫾ standard deviation.
*p < 0.05 for the comparisons made by the Friedman test.
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Results of the current study demonstrate that anodal tDCS of the
primary motor area increases cold pain threshold and tolerance in
healthy individuals. In contrast, no signiﬁcant eﬀect was observed
for cathodal tDCS. Our ﬁndings extend the evidence regarding the
role of anodal stimulation in pain perception to the normal baseline
neuronal activity.
Pain perception in the human brain results from a complicated
and distributed mechanism. In contrast to other sensory systems,
various arrays of functionally distinct regions are involved in pain
processing (29). This phenomenon may explain the preservation of
pain perception in the subjects with extensive cerebral cortical
lesions (29). In this regard, we found that anodal stimulation of the
primary motor area leads to increment in time latencies to pain
threshold and tolerance. In line with our ﬁndings, a review of previous studies shows that among diﬀerent regions of the brain, transcranial stimulation of the motor cortex is the most common
approach for alleviation of chronic pain (30–32).
Although electrode placement over the primary motor area is
most eﬀective on the motor cortex, some other areas also may be
stimulated (e.g., postcentral gyrus) (6). Using neuroimaging techniques, Zheng et al. have reported that placing the electrode over
the primary motor cortex would result in an altered activation of
neurons in the ipsilateral premotor region and less strongly in the
contralateral motor and premotor regions in addition to the
directly targeted area (i.e., primary motor cortex) (33). It is suggested that besides functional interactions between various areas
of the brain, inhomogeneities in electrical conveyance of the skull,
cerebrospinal ﬂuid, and brain tissue also may play roles in the
pattern of the spatial distribution of current ﬂow and neuronal activation (9). Thus, it may be conceivable to say that some of the
eﬀects observed following motor cortical area stimulation may be
related to the alterations in the neuronal excitability of other
regions. In line with many prior studies, we found that anodal and
cathodal stimulations diﬀer with respect to their eﬀects on sensory
perception. In this regard, Antal et al. reported diminished pain
perception following cathodal (but not anodal) stimulation of
somatosensory cortex (34). Thus, the antinociceptive eﬀects, which
we observed in the current study following anodal stimulation of
the primary motor area, are unlikely modulated by somatosensory
cortex. However, because various brain regions are involved in pain
perception and tDCS alters neuronal excitability in a complex
spatial pattern, it is diﬃcult to reveal the underlying pathophysiologic pathways that relate cortical stimulation of the primary
motor area to pain perception.
In the current study, the subjects also were asked to rate the
intensity of pain at tolerance. We found that although anodal stimulation compared with either sham or cathodal stimulation prolongs
tolerance, there is no signiﬁcant diﬀerence in the subjective scores
of pain. However, one earlier study has shown reduction in subjective pain scores in healthy individuals following tDCS (35). Similarly,
another study reported that subjective measures of pain perception
decreased in patients with a traumatic spinal cord injury after
receiving stimulations (18). One possible reason for this discrepancy
is that we measured pain intensity at tolerance. It may be reasonable to suggest that because the length of time for the tolerance to
pain was prolonged with tDCS, therefore, such subjective scores for
pain intensity showed no signiﬁcant diﬀerence.
As we stated earlier, one possible negative aspect of tDCS is that
it modulates cortical excitability in a relatively complex spatial
pattern. It has been shown that reducing the size of the stimulating

electrode may help to focus the distribution of current ﬂow and
excitability changes (5). However, in the current study, similar to
most prior studies, we used electrodes with a surface area of 35 cm2
in order to increase the comparability of our ﬁndings (36–38).
Diﬀerent invasive (e.g., epidural motor cortex stimulation) and
noninvasive procedures (e.g., transcranial magnetic stimulation and
tDCS) have been introduced for pain alleviation (39). Although a
meta-analysis has showed the higher eﬃciency of invasive procedures for pain control (40), the current study has the advantage of
using a widely used noninvasive procedure, which costs less and
also is easy to administer. Furthermore, for procedures other than
tDCS, there are a greater number of parameters that vary across
diﬀerent studies (39). This phenomenon precludes a formal direct
comparison of those studies. Moreover, it should be noted that tDCS
is a safe technique with few discomforts. Another advantage of this
study is that we employed a cold pressor test, which is widely used
for cold sensory and pain perception (26–28,41). We used a thermostat to keep the water temperature constant during the experiment.
Furthermore, the room temperature was maintained at a constant
level in order to reduce its inﬂuence on the measures of pain
perception.
In conclusion, the current study suggests that, in contrast to
cathodal stimulation, anodal tDCS increases time latencies for cold
pain threshold and tolerance. We found that abnormal neuronal
activity is not needed for tDCS to exert its eﬀects on pain perception. Furthermore, tDCS does not alter subjective scores of pain at
tolerance. Our ﬁndings may have therapeutic relevance for some
speciﬁc diseases such as trauma-induced cold intolerance
(24,42,43). Because of vast ambiguities regarding pain perception
and tDCS inﬂuence on the nervous system, further studies in this
line are required to understand the underlying mechanisms that
lead to pain reduction following anodal stimulation.
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