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For most clinical assessments, reporting
perception of a painful event has relied on
subjective ratings [e.g., the visual analog
scale (VAS)]. A more quantifiable and ob-
jective method is desirable, preferably one
that is directly related to the physiological
processing of nociceptive stimuli. An ideal
noninvasive method for this purpose is to
use laser stimulation, which activates purely
nociceptive A�/C-fibers in the periphery,
and record laser-evoked potentials (LEPs)
generated in the cortex. Brain mapping
studies have established a positive relation-
ship between the intensity of pain reported
to laser stimuli and LEP amplitude, as well as
disclosed a network of cortical areas that are
involved in processing laser stimuli.

Whether LEPs directly represent the ex-
perience of pain or a more generalized re-
sponse of heightened attention or arousal to
afferent stimuli has been the topic of consid-
erable debate (Truini et al., 2004, 2007; Ian-
netti et al., 2008; Mouraux and Iannetti,
2008, 2009; Baumgärtner and Treede, 2009;
Lee et al., 2009; Wang et al., 2010; Mouraux
et al., 2011). Several lines of evidence have
recently emerged that suggest LEPs are, at
least in part, attributable to multimodal cor-
tical processing of saliency to afferent stim-
uli. First, non-nociceptive sensory stimuli

(e.g., auditory and visual stimuli) evoke cor-
tical potentials that are difficult to distin-
guish from prominent LEPs (Mouraux and
Iannetti, 2009). Second, following non-
nociceptive multimodal stimuli, hemody-
namic responses have been observed within
the same areas activated by nociceptive laser
stimulation (Mouraux et al., 2011).

To uncouple the contributions of
stimulation saliency and perceived inten-
sity, Iannetti et al. (2008) used a stimula-
tion protocol in which three consecutive
laser stimuli of the same energy were de-
livered at 1 Hz. Triplets were applied at four
different intensities to produce varying per-
ception of pain. The authors proposed that
the first of the three stimuli remains salient
due to a long intertrain interval (20 s), but it
increases expectancy and reduces the nov-
elty for subsequent stimuli (Iannetti et al.,
2008). The net effect of stimulus repetition
is a reduction in LEP amplitude of the av-
eraged second and third stimuli relative to
that of the first. The modulation of LEP am-
plitude by stimulus repetition is observed
without corresponding changes in per-
ceived rating of intensity. Importantly, am-
plitudes generated by the second and third
stimuli were reduced for both the earlier
contralateral negative component (N1, con-
sidered a more direct measure of nocicep-
tive input), and for the vertex potential
(N2P2).

Iannetti et al. (2008) suggested that
stimulus saliency, not neural refractori-
ness [“first come, first serve” hypothesis,
proposed by Truini et al. (2004, 2007)],
accounted for the reduced amplitude of
LEPs generated at short interpulse inter-
vals. Indeed, neural refractoriness cannot

account for changes in LEP amplitude be-
cause subjective perception to laser
stimuli does not change over the course
of the three delivered pulses (Iannetti et
al., 2008). Furthermore, the arrival of a
second, unexpected stimulus generates an
LEP of equal amplitude, even when deliv-
ered at relatively short interpulse intervals
(Mouraux et al., 2004; Wang et al., 2010).

Ultimately, the goal of triplet para-
digm is to identify key-evoked potential
parameters that are less affected by stimu-
lus energy and repetition (i.e., salient fea-
tures) and more strongly correlated with
the subject’s perception of pain intensity.
According to a recent study (Zhang et al.,
2012), this is where gamma band oscilla-
tions (GBOs) might play a pivotal role in
pain research.

Zhang and colleagues (2012) reexam-
ined data from the original triplet laser
stimulation study (Iannetti et al., 2008)
with a focus on GBOs. The relationship
between GBOs, stimulus repetition, and
stimulus intensity is perhaps best illus-
trated in the left panel of Zhang et al.’s
(2012) Figure 3. While a relationship
emerges between rating of perceived
stimulus intensity, LEPs, and GBOs (i.e.,
change in magnitude of responses as stim-
uli are rated as being more painful), only
GBOs are unaffected by stimulus repeti-
tion. That is, GBOs do not appreciably
change from one stimulus to the next, and
thus, correspond with the rating of per-
ceived intensity to a given stimuli. In the
subsequent figures by Zhang et al. (2012),
this point is illustrated and substantiated
by statistical analysis revealing that the in-
tensity of pain (i.e., subjective pain expe-
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rience), but not stimulus repetition or
stimulus energy, resulted in significant
changes in GBO magnitude.

While Zhang and colleagues (2012)
were not the first to identify the relation-
ship between GBOs and pain intensity,
the reanalysis of the triplet laser stimula-
tion data controls for the potential con-
found of stimulus saliency. Given the
marked effect of saliency on LEPs, it was
important to test whether GBOs behave
similarly. In contrast to LEP amplitude,
laser-induced GBOs appear to represent a
more direct measure of pain perception.
Whether the emerging characteristics of
noxious GBOs differ from innocuous
GBOs (e.g., those produced by nonaver-
sive visual or acoustic stimuli) remains an
important question to address in future
studies.

One potential challenge of acquiring
laser-evoked GBOs will be to isolate oscilla-
tions strictly related to the nociceptive
stimulus from artifacts generated by micro-
saccades. To account for eye movements,
Zhang and colleagues (2012) used indepen-
dent component analysis to remove ocular
artifacts. However, to further minimize the
contribution of ocular artifacts, future ex-
periments that aim to study pain-evoked
GBOs should consider recently developed
guidelines (Schwartzman and Kranczioch,
2011). These guidelines include the use of
longer duration stimuli and measuring
GBOs at ocular recording electrodes.

If GBOs induced by laser stimulation
can be independently and prospectively
validated as a strong correlate of perceived

pain intensity, the clinical implications are
far reaching. In particular, laser-induced
GBOs could be useful to more accurately
diagnose patients with complex sensory def-
icits, such as neuropathic pain. Indeed, this
is an area where current LEP parameters
have met with limited success (Hatem et al.,
2010). In the context of clinical trials, GBOs
may be useful to objectively monitor and
track pain relief due to a therapeutic inter-
vention (i.e., measuring changes in GBOs
preintervention and postintervention,
along with patient-reported VAS score).
Monitoring continuous GBOs may also im-
prove the objective assessment of pain. Such
a technique could be equally or potentially
more meaningful than event-related GBOs
to diagnose spontaneous or idiopathic pain.

References
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