NIH Public Access
Author Manuscript
Neuroreport. Author manuscript; available in PMC 2008 January 2.

NIH-PA Author Manuscript

Published in final edited form as:
Neuroreport. 2006 August 21; 17(12): 1359–1363.

Neuroimaging of meditation’s effect on brain reactivity to pain
David W. Orme-Johnsona, Robert H. Schneidera, Young D. Sonb, Sanford Nidicha, and ZangHee Chob
a Institute for Natural Medicine and Prevention, Maharishi University of Management, Fairfield, Iowa, USA
b Departments of Radiological Sciences & Psychiatry and Human Behavior, MED SCI I, University of
California at Irvine, Irvine, California, USA

Abstract
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Some meditation techniques reduce pain, but there have been no studies on how meditation affects
the brain’s response to pain. Functional magnetic resonance imaging of the response to thermally
induced pain applied outside the meditation period found that long-term practitioners of the
Transcendental Meditation technique showed 40–50% fewer voxels responding to pain in the
thalamus and total brain than in healthy matched controls interested in learning the technique. After
the controls learned the technique and practiced it for 5 months, their response decreased by 40–50%
in the thalamus, prefrontal cortex, total brain, and marginally in the anterior cingulate cortex. The
results suggest that the Transcendental Meditation technique longitudinally reduces the affective/
motivational dimension of the brain’s response to pain.
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Introduction
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Since the 1990s, neuroimaging studies have provided basic knowledge of how the brain
responds to pain and how treatments influence this response [1,2]. These studies have verified
the hypothesis that the brain’s response to pain is complex, involving multiple brain regions
often referred to as the ‘pain matrix’ [1,2]. An NIH technology assessment conference on
behavioral approaches to treating chronic pain found strong evidence that some forms of
meditation reduce pain [3,4], yet the effects of meditation on pain have not previously been
studied using neuroimaging.
Different meditation techniques have different effects on the brain that are specific to the
cognitive requirements of the techniques [5–8] and may affect pain differently. We suggest
four mechanisms by which meditation could reduce pain: (1) distract attention away from it;
(2) resolve the underlying physiological condition responsible for chronic pain; (3) reduce
anticipatory anxiety and general stress reactivity and other factors that amplify the pain
response; and (4) reduce pain-related distress, perhaps through increasing endogenous
endorphins. Techniques that absorb the mind into imagination and/or into some interesting
sensory experience and away from action, with their corresponding changes in the brain [5],
may be expected to work by mechanism 1; distract attention from pain. A form of mindfulness
meditation illustrates mechanism 2. It requires the patient to put attention on the source of pain
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to allow it to resolve, with the result that it reduces present-moment pain and associated pain
symptoms [9].
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The Transcendental Meditation technique appears to reduce pain through mechanisms 2–4. It
is an effortless process of attending to a mantra as it becomes progressively more refined, until
the mind transcends the subtlest level of thought to experience unbounded (transcendental)
consciousness [10]. A magnetoelectroencephalography study localized the source of the
widespread α-electroencephalogram seen during the technique in the prefrontal cortex and
anterior cingulate [11]. A positron emission tomography study found that it increases blood
flow in the prefrontal cortex, the executive control center [8], apparently associated with the
voluntary (though effortless) deployment of attention on the mantra. The technique also
reduces activity in the thalamus and the medial occipital lobe [8], apparently related to
withdrawal of the mind from sensory processing, and it reduces hippocampal activity [8],
related to reduced mental processing of short-term into long-term memory. Respiratory rate
and plasma lactate decrease and basal skin resistance increases, indicating a state of
psychophysiological quiescence [12] during which the endogenous sources of pain could
resolve via the action of homeostatic mechanisms.
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The resolution of the physiological sources of pain (mechanism 2) through the Transcendental
Meditation program is indicated by reduced frequency of pain symptoms in industrial workers
[13], reduced headaches and backaches [14], decreased pain during pregnancy and childbirth,
[15] and reduced medical care utilization for pain-related conditions such as chest and
abdominal pain [16]. Evidence for mechanism 3 is that the Transcendental Meditation
technique reduces trait anxiety [17], produces lower resting baseline levels of sympathetic
arousal outside the practice as well as improving stress reactivity [12].
Mechanism 4 is suggested by the finding that it decreases distress from acute pain caused by
the cold-pressor test and increases the ability to withstand the test longer, but does not change
sensory ratings of pain intensity [18]. This implies that the practice may impact the affective/
motivational dimension of pain more than the sensory dimension. Individuals who have high
sensitivity to pain show a greater response in the prefrontal and anterior cingulate cortices than
less pain sensitive people, with no difference in the thalamus [19]. Moreover, studies have
associated the affective dimension of pain with the anterior cingulate cortex [1,2,20].
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A recent magnetic resonance imaging study demonstrated the principle of experiencedependent cortical plasticity associated with meditative practice [21]. Our specific a priori
hypothesis was that the Transcendental Meditation program would have a long-term effect of
reducing responses in the affective component of the pain matrix. As the anterior cingulate
appears to mediate how emotions direct the focus of attention via the prefrontal cortex [22],
we reasoned that reduced distress through the practice may also reduce the response of the
prefrontal cortex to pain. As the thalamus is involved in the nonspecific arousal component of
the attention system [1], which could be expected to relax with decreases in anticipatory
anxiety, we also hypothesized that the thalamic response would decrease.

Methods
The research protocol was approved by the human subjects committees of the University of
California at Irvine and Maharishi University of Management in Fairfield, Iowa. All
participants signed an informed consent form. The study used a ‘partial crossover’ design. At
pretest, long-term meditators were compared with nonpractitioners interested in learning the
technique. The healthy control nonpractitioners then learned and practiced the technique for
approximately 5 months, after which both groups were posttested on the same pain protocol.
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Subjects
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A total of 24 normal, right-handed, healthy, pain-free participants (12 men and 12 women)
were recruited from the Transcendental Meditation Centers of Orange County and Los
Angeles. The healthy controls (n = 12) were individuals who had attended an introductory
lecture and were interested in learning the Transcendental Meditation technique. They were
recruited from individuals who met the age criterion (45 + for men, 50 + for women). The longterm meditators (n = 12) were individuals of similar age known to the center directors and who
had been practicing the technique for a mean of 31.3±2.3 years. The mean age±standard
deviation for the healthy controls was 57.8±3.3, compared with 56.3±5.8 years for the longterm meditators, a nonsignificant difference. In all, there were seven men and five women longterm meditators and five men and seven women healthy controls, a nonsignificant difference.
Intervention—The Transcendental Meditation technique was taught in a standard 4-day
course, and practiced for 20 min twice daily [10]. Instruction of the healthy controls in the
technique was funded by the supporting grant.
Functional neuroimaging
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The study was conducted at the Functional Brain Imaging Laboratory of the University of
California at Irvine under the direction of Dr Z. H. Cho. The functional magnetic resonance
imaging (fMRI) methodology employed single-block stimulation and dynamic regression
analysis, which has previously been described [23]. The experimental protocol at both the
pretest and the posttest 5 months later entailed a total imaging time of 3 min (60 volumes) for
acquisition of fMRI data: 1.5 min of immersion of the left index and middle fingers in warm
water (43°C) to maintain them at a standard, uniform baseline temperature, then 30 s of the
pain condition of the same fingers immersed in hot water (approximately 51°C), followed by
immersion of the fingers in the warm (43°C) water again for 1 min. The fingers were immersed
from the distal phalanx to the proximal interphalangeal joint and were not moved. An assistant
placed the participant’s hand on a structure to support their arm, moved the hot water to immerse
the participant’s fingers into it, and timed the immersions.

NIH-PA Author Manuscript

Water temperature calibration was confirmed before every fMRI scan and immediately after
the fingers were removed from the hot water. At pretest, the mean temperature of the hot water
was 50.75±1.1°C for both groups for the initial comparison of the two groups. At posttest 5
months later, after the healthy controls had learned and regularly practiced the Transcendental
Meditation technique, the temperature was 51.5±0.9°C for the healthy controls and 51.4±0.9°
C for the long-term meditators. For data processing, the first 30 s (10 volumes) were discarded.
The rest of the data, 30 s (10 volumes) during stimulation and 1 min (20 volumes) after recent
stimulation, were compared with the 1 min (20 volumes) before stimulation.
The fMRI imaging yielded blood oxygen level-dependent (BOLD) signal intensity, indirectly
reflecting changes in neural activity during the finger immersion in hot water. Functional
measurements were conducted on a 1.5 T Philips MRI system (Philips Electronics North
America Corporation, New York, New York USA) equipped with a head volume coil, using
a T2*-weighted echo-planar imaging sequence. Whole volume data were acquired in
contiguous 25 axial slices with 5 mm slice thickness. The voxel size of the image was 4 mm
× 4 mm × 5 mm within a 256 mm × 256 mm field of view. The 60 volumes of image were
acquired during each experimental session, with repetition time/echo time = 3000/35 ms.
To prevent excessive head movements, the participant’s head was fixed by placing foam pads
on each side of the head within the head cage, and participants were instructed to constrain
head movement as much as possible. Possible motion during the experiment was corrected
using a realignment algorithm in the SPM99 routine [23,24]. A response was defined as an
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increase in the BOLD response equal to one voxel above a threshold T = 3.8 (i.e. P < 0.0001)
during the hot water compared with the warm water. This high threshold was used to filter out
artifacts in the BOLD response. The same threshold was used uniformly across participants at
both the pretest and the posttest to provide valid interparticipant and intraparticipant
comparisons of the significance of the signals evoked by the same intensity of the heat stimulus.
The images were transformed to the Montreal Neurological Institute space to spatially
normalize them to the same coordinates. The areas studied were the left and right thalami, left
and right anterior cingulate cortex, and prefrontal cortex (equivalent to Brodmann’s areas 9,
10, 11, 12), which were defined according to the Montreal Neurological Institute brain, using
algorithms from routine SPM99 [24]. The central coordinates (mediolateral, anterior–posterior,
and dorsoventral, in mm) for the different regions were the thalamus (±14, −18, 8), prefrontal
cortex (0, 54, 16), anterior cingulate cortex (±4, 34, 26). The number of voxels subtended by
each area were thalamus = 5900; prefrontal cortex = 39 951; anterior cingulate cortex = 1320;
and total brain = 510 340. The data were the number and percent of voxels within each brain
area studied that responded to pain. Regression was used to replace artifact or missing data in
one session for three of the participants, two healthy controls and one long-term meditator. The
data were analyzed by a two-way ANOVA, providing results for groups, trials, and the groups
× trials interaction.
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Psychophysical assessment
Immediately following each fMRI acquisition at both the pretest and the posttest, participants
were given the Pain Visual Analog Scale [25]. The scale instructs the participant to ‘Please
make a mark on the (10 cm) line below to indicate your experience somewhere in the range
from ‘no pain’ to the ‘worst possible pain’. The score is the length of the line in centimeters
from the left (low end) to the mark.

Results
The long-term practitioners of Transcendental Meditation did not significantly differ from the
healthy controls on the Pain Visual Analog Scale rating of the degree of pain induced by the
hot water, either at pretest, at posttest, or collapsed across trials. Both groups, however,
decreased on pain ratings by 25% from pretesting to posttesting 5 months later (P’s<0.02). The
groups × trials interaction for the Pain Visual Analog Scale was not significant, indicating that
the groups changed in a similar way over the trial.
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Despite the similarity in their participative ratings of the painfulness of the thermal stimulus,
the two groups were quite different in their fMRI responses to it. At pretest, the long-term
meditators showed a 40–50% lower response than the healthy controls in the brain regions
studied. Moreover, after learning and practicing the Transcendental Meditation technique for
5 months, the brain response in the healthy controls then decreased by 40–50%, with no
significant further change in the long-term meditators. The brain responses of the two groups
at posttest did not statistically differ (see Fig. 1).
No significant main effects exist for groups or trials. The group × trials interactions indicated
that the healthy controls decreased more from pretest to posttest than the long-term meditators
for the thalamus (P < 0.02) and total brain (P < 0.02), but with no significant difference for the
prefrontal cortex (P < 0.2) or anterior cingulate cortex (P < 0.28).

Discussion
We hypothesized that the Transcendental Meditation program would reduce the brain’s
response to pain because neuroimaging and autonomic studies indicate that it produces a state
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of psychophysiological quiescence [12], which over time resolves the physiological conditions
underlying various kinds pain [13–16]. In time, it reduces trait anxiety [17], improves stress
reactivity [12], and decreases distress from acute pain [18]. On the basis of the literature [1,
2], these factors could be expected to reduce the response of the affective component of the
pain matrix to acute pain, seen as reductions in the anterior cingulate cortex, prefrontal cortex,
and thalamus.
All tests in this study were conducted outside the meditation period, not during it, and therefore
distraction from pain by meditation (mechanism 1) is not relevant here. As the study was on
acute laboratory pain rather than on chronic endogenous pain, resolution of the physiological
sources of the pain (mechanism 2) is also not relevant. The study results are relevant to
mechanism 3, reduced general arousal and anticipatory anxiety that may attenuate the pain
response; and mechanism 4, decreased distress caused by pain.
We found that long-term meditators showed 40–50% less cerebral blood flow response to the
painful thermal stimulus in the brain area studied than did healthy controls, but did not differ
on their participative ratings of pain. Moreover, after learning the technique and practicing it
for 5 months, the response of healthy controls then decreased by 40–50% compared with no
significant change in the long-term participants, and the two groups did not differ significantly
at posttest.
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The above discrepancy between subjective reports of pain intensity and neural correlates of
the pain response seems unusual, given that they usually covary [19]. It, however, accords with
previous research on the Transcendental Meditation technique showing that practitioners’
sensory experience of pain is just as intense as controls, but that they are less distressed by it
[18].
As the anterior cingulate cortex is involved in the affective/motivational dimension of the pain
response [1,2,20], we were somewhat surprised that this area showed the least significant
effects of meditation. It should be noted, however, that after the controls learned to meditate,
their largest pretest to posttest change was for the anterior cingulate cortex (−59.5%). The large
mean percent decrease, together with low statistical significance, indicates high variability
among participants arising from considerable individual differences in how they responded.
As individuals with different sensitivities to pain respond differently in the anterior cingulate
cortex [19], future studies that use pain sensitivity as a grouping variable might help clarify
the effect of meditation on this area.
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Although self-selection of participants is a possible limitation of the study, replication with the
longitudinal, partial crossover design, along with matching for age, sex, and interest in
meditation, provides strong internal validity. In addition, it seems unlikely that the results can
be explained by expectation because there is no suggestion in the Transcendental Meditation
course that it would reduce pain. It also seems unlikely that the reduction in the total cerebral
blood flow response could be attributed to a reduction in general cardiovascular response to
pain [6], because previous research has shown that meditators do not show less of the heart
rate response to noxious stimuli than controls [18]. We suggest that the reduced total brain
response to pain can also be attributed to a general reduction in expectation anxiety and distress.

Conclusion
The Transcendental Meditation program appears to longitudinally reduce the brain’s response
to acute pain along major sectors of the affective dimension of the pain matrix, apparently
related to reduced distress, but with no reduction in the sensory experience of pain intensity
[18]. This may help explain the reduction in stress reactivity and improvements in
cardiovascular disease found to result from practice of this program. Future research could
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focus on its concomitant effects on endogenous endorphins, on other areas of the pain matrix,
as well as cardiovascular and autonomic responses.
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Fig. 1.

Group means with standard error bars of the percent functional magnetic resonance imaging
voxels responding to the painful thermal stimulus in each brain region for the healthy controls
and long-term meditators at pretest and 5 months later at posttest. At pretest, before the healthy
controls had learned the Transcendental Meditation technique, the groups differed significantly
in the thalamus and total brain, with a trend for the prefrontal cortex, but not for the anterior
cingulate cortex. At posttest there was no significant difference between the groups on any
variable. After the healthy controls learned to meditate and practiced it for 5 months, they
decreased in the thalamus, prefrontal cortex, total brain, and anterior cingulate cortex (trend),
whereas the long-term meditators did not change significantly on any variable.
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