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The medial prefrontal cortex (mPFC),
which encompasses the anterior paracin-
gulate cortex and extends rostrally along
the medial frontal wall, has recently re-
ceived a considerable amount of scientific
inquiry as a distinct subregion of the fron-
tal lobe. This is, in part, because the mPFC
is involved in core mental functions that
form the foundation of many human so-
cial behaviors (Spreng et al., 2009). Func-
tional magnetic resonance imaging (fMRI)
studies have provided strong support for a
link between the mPFC and a wide variety
of cognitive functions critical for social
behavior, including abilities to reflect
upon past interactions and personal traits,
to comprehend and/or predict the behav-
iors of others, and to empathize with the
sufferings of others (for review, see Frith,
2007). One of the more reliable fMRI ob-
servations, however, is that blood oxygen
level-dependent (BOLD) signal increases
in the mPFC during unconstrained rest, a
characteristic that has been used to infer
functional connectivity with the default
mode network (DMN) (Fox et al., 2005),
and that also demonstrates that the mPFC
can be engaged in a stimulus-independent
manner (Buckner et al., 2008). It has been

suggested that heightened resting state
BOLD activity within the mPFC (as well as
throughout the DMN) reflects the neural
substrates of some component(s) of social
cognition (Buckner et al., 2008).

Of particular interest herein is that ac-
tivity within the mPFC and the DMN as a
whole has also been shown to disrupt ac-
tive, goal-directed processing across a
wide variety of functional tasks, resulting
in increased performance errors [referred
to as the “default mode interference hy-
pothesis” (cf. Sonuga-Barke and Castella-
nos, 2007)]. For example, using a go/
no-go task in which participants are
required to respond to any number of tar-
get cues but suppress responding when
presented with nontarget “no-go” cues, Li
et al. (2007) reported that high levels of
DMN (including mPFC) BOLD signal oc-
curring before a trial was highly predictive
of a performance error on the subsequent
trial. This disruption might indicate un-
derlying competitive interactions between
the DMN and task-positive networks such
that system-wide metabolic activities are
constantly being toggled between internally
driven and externally driven neural net-
works (Fox et al., 2005). It has recently been
hypothesized that executive control over
such spatially segregated shifts of activity is
administrated through attentional mecha-
nisms (Vincent et al., 2008).

A recent study in The Journal of Neuro-
science, however, posits a new hypothesis
regarding the function of the mPFC that is
peripheral to social cognition (Seifert et
al., 2009). This fMRI study observed that

the mPFC is specifically active during pain
perception resulting from secondary hy-
peralgesia, which arises from traumatized
tissue. Secondary hyperalgesia is generally
defined as the development of a height-
ened sensitivity to normal mechanical
stimulation in uninjured skin surround-
ing an injury. It is well established that the
mechanisms generating secondary hyper-
algesia lie within the CNS as opposed to
the peripheral mechanisms responsible
for inducing primary hyperalgesia, i.e.,
hypersensitivity at the site of trauma
(Maihöfner and Handwerker, 2005). The
authors of this study used a balanced de-
sign that used electrical stimulation to in-
duce trauma, normally benign pin pricks
to assess hyperalgesia, and subsequent
intravenous application of lidocaine, a
potent analgesic, to block perception of
secondary hyperalgesia in normal partici-
pants undergoing fMRI scanning. Under
these conditions, the mPFC (as well as the
posterior cingulate, another major hub of
the DMN) showed a robust response dur-
ing the perception of secondary hyperal-
gesia but not primary hyperalgesia (i.e.,
no mPFC responses were detected during
pin-prick stimulation at the site of the
electrical trauma). Activity was nearly
abolished during lidocaine treatment.
Moreover, a significant negative correla-
tion was found between the magnitude
of mPFC (but not posterior cingulate)
BOLD response and the size of secondary
hyperalgesia response under placebo.
That is, individuals with high levels of
mPFC during periods of evoked second-
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ary hyperalgesia pain had a smaller surface
area of uninjured responsive skin during
psychophysical testing and individuals
with low levels of mPFC activity had a
larger area of responsive skin. Based on
these combined results, the authors sug-
gested that the mPFC is part of an “endoge-
nous hyperalgesia-specific pain modulatory
network” (Seifert et al., 2009).

Although these results conflict with pre-
vious functional neuroimaging reports of
secondary hyperalgesia, this study is the
first to hypothesize that the mPFC may be
involved in the modulation of secondary
hyperalgesia. The authors used a double-
blind, placebo-controlled cross-over de-
sign, which provides much experimental
control and in effect suggests that these
results are not likely spurious. Previous ef-
forts to identify the neural substrates of
secondary hyperalgesia pain have gener-
ally reported evoked responses within a
“pain matrix” that typically includes so-
matosensory cortex, the anterior cingu-
late, the insula, the thalamus and brainstem
nuclei, but not the mPFC (Maihöfner and
Handwerker, 2005). While such studies
do not necessarily rule out the possibil-
ity that the mPFC provides a modula-
tory role in secondary hyperalgesia,
Iannetti et al. (2005), using a similar
placebo-controlled, double-blind design,
reported that evoked secondary hyperal-
gesia resulted in brain responses only
within the pain matrix. In fact, these au-
thors reported elevated BOLD signal
within the DMN (including the mPFC
and the posterior cingulate) that was con-
sistent with established fMRI convention
of default network deactivation (Buckner
et al., 2008) where responding occurred
during the baseline rest periods sand-
wiched between the active secondary
hyperalgesic activation blocks. Further-
more, application of gabapentin, a cal-
cium channel analgesic, resulted in the
complete elimination of DMN activity.

What conditions might then account
for the mPFC responses that Seifert et al.
(2009) observed? We propose several al-
ternative hypotheses. Because secondary
hyperalgesia pain thresholds were not
matched across participants, the pin-
prick stimulation used to evoke secondary
hyperalgesic pain is not as likely to engage
the brain network supporting secondary
hyperalgesia in individuals with high sec-
ondary hyperalgesic pain thresholds rela-
tive to individuals with low thresholds.
Decreased afferent activation within this
“task-positive” network in high-threshold
individuals would result in decreased sup-

pression of the DMN, allowing the mPFC
to respond more robustly during fMRI
scanning. If a decrease in the area of the
skin responding with secondary hyperal-
gesia was a marker for individuals with
high pain thresholds, then this alternative
hypothesis would account for the signifi-
cant negative correlation the authors found
between mPFC activation and the surface
area of responsive secondary hyperalgesia
skin. This speculation could be specifi-
cally tested by simply determining central
sensitization pain thresholds for each
subject and then after adjusting the mag-
nitude of pin-prick stimulation accord-
ingly for each individual, reexamining
mPFC activity during secondary hyperal-
gesia pain stimulation.

Alternatively, given the degree to which
the mPFC disrupts on-going task process-
ing and behavioral functions (Sonuga-
Barke and Castellanos, 2007), we suggest
that this activity may be best accounted
for by the mental activities that engage the
DMN. Based on findings from numerous
resting-state fMRI scans (Li et al., 2007),
one consequence of purposeful engage-
ment of default mode network is a greater
disruption of task-positive networks,
which in the results presented by Seifert et
al. (2009), relates to the secondary hy-
peralgesia pain network. This hypothesis
suggests an intriguing link between de-
fault mode activity and the influence it has
on the perception of pain. A greater mag-
nitude of BOLD signal within the mPFC
during evoked secondary hyperalgesic
pain stimulation likely reflects a greater
shift of resources away from activity
within the secondary hyperalgesia pain
matrix to more of a focus on the mental
activities that engage the mPFC. A shift of
attention away from the pain network
may have manifested in a decrease in size
of the responsive area of hyperalgesic skin.
This speculation could easily be tested by
correlating levels of BOLD signal from
various pain regions such as the insula
with the levels of activity within the mPFC
during evoked secondary hyperalgesia.

These suggestions support the idea
that mPFC activity may indeed modulate
the perception of secondary hyperalgesia.
However, we suggest that such activity
does not reflect a modulatory function
intrinsic to secondary hyperalgesia but
rather represents activity being shifted
away from pain networks, thereby effec-
tively attenuating the perception of pain
during secondary hyperalgesia. The mPFC
has extensive functional connectivity with
pain networks (Zaki et al., 2007), placing

it in a position to influence afferent activ-
ity evoked during secondary hyperalgesia.
The absence of correlation between activ-
ity within the posterior cingulate and psy-
chophysical pain perception suggests that
there may be something critical about the
mental functions that engage the mPFC
(relative to the posterior cingulate) that
makes them more effective in disrupting
secondary hyperalgesic pain. Nonetheless,
such responses from the mPFC noted by
Seifert et al. (2009), suggest that it may be
possible to alter the perception of pain in-
duced during secondary hyperalgesia sim-
ply by purposefully shifting metabolic
resources away from the evoked responses
to the mental activities that engage the
mPFC.
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