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Abstract: It is well established that the insular cortex processes noxious information. We have previ-
ously shown that noxious inputs from the arm and leg are coarsely organized somatotopically within
the dorsal posterior insula. The same has been shown for inputs from C tactile afferents, which mediate
affective touch, and it has been suggested that the insula may be responsible for the localization of
some somatosensory stimuli. Knowing the degree of spatial detail may have significant implications for
the potential role of the dorsal posterior insula in the processing of noxious stimuli. Using high-resolu-
tion functional magnetic resonance imaging (fMRI), we compared insula activation patterns in 13 sub-
jects during muscle pain induced by injection of hypertonic saline (5%) into three muscles within the
same limb: shoulder (deltoid), forearm (flexor carpi radialis), and hand (first dorsal interosseous). Map-
ping the maximally activated voxels within the contralateral dorsal posterior insula in each individual
subject during each pain stimulus revealed a clear somatotopy of activation within the contralateral dorsal
posterior insula. Shoulder pain was represented anterior to forearm pain and medial to hand pain. This
fine somatotopic organization may be crucial for pain localization or other aspects of the pain experience
that differ depending on stimulation site. Hum Brain Mapp 32:1592–1601, 2011. VC 2010 Wiley-Liss, Inc.
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INTRODUCTION

It is well established that the insula cortex is involved in
the processing of noxious stimuli. It has been proposed
that the dorsal posterior part of the insular cortex receives
noxious information via direct, somatotopically organized

projections from a pain-specific region of the thalamus; the
posterior portion of the ventromedial thalamic nucleus
(VMpo) [Blomqvist et al., 2000; Craig, 2003; Craig and
Zhang, 2006; Craig et al., 1994]. Indeed, we and others
have recently shown that the insula is, at least crudely,
somatotopically organized for noxious inputs, with nox-
ious stimulation of the forearm evoking activation that
was located immediately anterior and lateral to the region
activated by noxious stimuli applied to the leg, although
an area of overlap was also evident [Brooks et al., 2005;
Henderson et al., 2007; Hua le et al., 2005].

Interestingly, it has recently been revealed that the dor-
sal posterior insula also displays a somatotopic organiza-
tion for the processing of gentle touch, mediated by C
tactile afferents [Bjornsdotter et al., 2009]. Indeed, the orga-
nization of functional activation evoked by gentle touch
applied to the forearm and thigh was almost identical to
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that reported in our earlier investigation into noxious
processing [Henderson et al., 2007]. In addition, the
authors report that in a subject lacking large-diameter
afferents, insula somatotopy is preserved, suggesting that
insula organization may underlie the patient’s ability to
correctly localize gentle touch; a previous study from this
group had shown that C tactile afferent activation does
not evoke signal increases in the primary somatosensory
cortex [Olausson et al., 2008b]. Although it was suggested
that the dorsal posterior insula may contain only a crude
somatotopic map, it is possible that there is a preservation
of afferent fiber organization from the body, through the
VMpo, to the dorsal posterior insula.

Knowing the degree of spatial detail within the insula
may have significant implications for the potential role of
the dorsal posterior insula in the processing of noxious
stimuli. For example, it is well established that the primary
somatosensory cortex (SI) has a fine somatotopic organiza-
tion and it is thought that this detail allows for the precise
localization of somatosensory stimuli [Penfield and Bol-
drey, 1937; Penfield and Rasmussen, 1950]. Indeed, we
have recently shown that within SI the degree of perceived
referred pain following an intramuscular injection of
hypertonic saline is represented by the extent of spread of
SI activation [Macefield et al., 2007]. In contrast to SI, it
has been shown in rodents that in phylogenetically older
brain regions, such as the midbrain periaqueductal gray
matter, noxious afferent inputs are also somatotopically
organized, although this organization appears to be rather
crude compared to SI [Keay and Bandler, 2001]. Indeed,
this relatively crude body representation of sensory input
is presumably all that is required for the body to organize
and direct the relatively gross behavioral responses to
pain such as fight and flight. If a similar crude map exists
within the dorsal posterior insula then it may be the case
that this region is not involved in processing aspects of the
pain experience that require precise stimulus localization,
but instead is involved in processing more global aspects
of the pain experience, such as the direction of behavioral
responses.

The aim of this investigation was to use high-resolution
functional magnetic resonance imaging to determine if a
fine somatotopic organization of noxious stimuli applied
to muscles within a single limb (the arm) exists within the
dorsal posterior insular cortex. Furthermore, we reana-
lyzed earlier data to create a whole-body map of noxious
inputs arising from skeletal muscles within the dorsal pos-
terior insula.

MATERIALS AND METHODS

Subjects

Thirteen healthy subjects (nine males) aged 19–48 years
participated in this study. All procedures were carried out
with the understanding and written informed consent of
each subject. All procedures were approved by local insti-

tutional Human Research Ethics Committees (University
of Western Sydney and the University of Sydney) and
were conducted in accordance with the conditions estab-
lished by the Declaration of Helsinki.

Stimulus and MR Imaging

With subjects in a supine position, a fine plastic cannula
(23 gauge), attached to a 1 ml syringe containing sterile
hypertonic (4.5%) saline was inserted deep into the central
belly of the left deltoid muscle, another into the belly of
the left flexor carpi radialis muscle (FCR), and a third into
the belly of the left first dorsal interosseus muscle (FDI).
Continuous series of gradient echo image sets using Blood
Oxygen Level Dependent (BOLD) contrast were then col-
lected using a 3 Tesla, Siemens Magnetom Trio scanner
(32 axial slices, TR ¼ 4 s, TE ¼ 40 ms, flip angle ¼ 90
degrees, FOV ¼ 220 � 220, raw voxel size ¼ 1.96 � 1.96 �
4 mm3 thick, 0.4 mm interslice gap). Following a 70 vol-
ume baseline period, subjects received an intramuscular
injection of hypertonic saline (1.0 ml) into one of the three
muscles. A further 218 volumes were then collected for a
total scanning period of 288 volumes (70 volume baseline,
218 volume challenge). Each subject received injections
into each of the three different muscles during subsequent
fMRI scans. Prior to scanning, the order of injections was
selected randomly by the experimenter. Furthermore, sub-
jects were not made aware of when the injection was to be
administered or in which order it was to be presented.
Each injection was separated by at least 20 min and was
only performed after the pain from the previous injection
had subsided to 0 and had remained at 0 for at least 10
min. During each scan, subjects were instructed to press a
button with their right thumb to indicate when they (i) felt
the onset of pain, (ii) the pain began to subside from its
peak, and (iii) the pain had ceased. Immediately following
each fMRI scan and while still inside the scanner, subjects
were read a linear 10 point pain intensity scale (0 ¼ no
pain, 10 ¼ maximum imaginable pain) and were asked to
indicate the maximum pain intensity. Furthermore, each
subject was presented with a standard picture of the arm
on a clipboard and with the help of the standard MRI mir-
ror, was asked to draw an outline of the area of perceived
pain. A 3-D T1 weighted anatomical scan (voxel size ¼ 0.8
� 0.8 � 0.8 mm3) was also collected. During a separate
scanning session, in two subjects, the same procedures
were repeated but the hypertonic saline injections were
made into the right arm.

MRI Analysis

Using SPM5 [Friston et al., 1995], all functional image
sets were motion corrected and only subjects with move-
ment parameters less than 1 mm in the X, Y, and Z planes
were used for analysis. Following realignment, individu-
al’s functional images were spatially normalized to the
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Montreal Neurological Institute (MNI) template, global
signals removed using the technique described by Macey
et al., [2004] and spatially smoothed with a 6 mm full-
width-at-half-maximum Gaussian filter.

Significant changes in signal intensity were determined
on a voxel-by-voxel basis using a box-car model (con-
volved with a haemodynamic delay) which approximated
to the period of perceived pain (30 volume baseline, 30
volumes on). One-sample t-tests were performed to deter-
mine significant signal intensity increases and decreases
during each of the three stimulation paradigms (P < 0.05
random effects, corrected for multiple comparisons, mini-
mum cluster size 10 voxels). The resulting statistical maps
were then overlaid onto a T1-anatomical image set.

In addition, individual subject analyses were performed
that were restricted to the contralateral posterior insula.
The most significantly activated voxel within the contralat-
eral posterior insula was determined in each subject for
each of the three muscle pain stimuli. The co-ordinates of
these most significantly activated voxels, in MNI space,
were determined and the mean (�SEM) values plotted
onto an individual subject’s T1-weighted anatomical
image. Significant differences in these MNI co-ordinates
during each of the three paradigms were determined (P <
0.05, two-tailed t-test). The X and Y co-ordinates in each
subject, for each of the three stimulation paradigms, were
plotted and the 3-dimensional distances between each of
the maximally activated voxels during each stimulation
paradigm determined using Euclidean geometry. In the
two subjects in which hypertonic saline injections were
made into both the left and right upper limbs, the activa-
tion maps within the dorsal posterior insular during all 6
noxious stimulation paradigms were overlaid onto their
T1-weighted anatomical images and the changes in signal
intensities plotted over time.

Finally, in previous investigations we used fMRI to
determined the patterns of brain activity evoked by hyper-
tonic saline injections into the leg (tibialis anterior muscle,
n ¼ 19) and face (masetter muscle, n ¼ 17) [Henderson
et al., 2007; Nash et al., 2009]. We performed an identical
processing and statistical analysis procedure on these pre-
viously obtained data and determined the maximally acti-
vated voxels within the contralateral dorsal posterior
insula in each subject.

RESULTS

Pain Perception and Spread

In all subjects, injection of hypertonic saline evoked pain
which began within 5–10 s of the injection began, reached
a peak within �30 s, and remained above baseline for at
least 4 min. The mean (�SE) maximum intensities of pain,
rated on a 0–10 point visual analogue scale (VAS), were:
deltoid: 5.0 � 0.5, FCR: 5.9 � 0.5 and FDI: 5.9 � 0.6. There
was no significant difference between the maximum pain
intensities during each of the three paradigms (t-test; P >

0.05). It can be seen in Figure 1 that, in the vast majority
of subjects, injections of hypertonic saline into the deltoid
and FDI muscles resulted in a relatively restricted pattern
of perceived pain spread, i.e., immediately surrounding
the injection site. In contrast, in a number of subjects,
hypertonic saline injection into FCR muscle resulted in
pain that was perceived as radiating distally, sometimes
extending into the wrist and hand.

Signal Intensity Changes

Group analysis

Group analysis revealed that muscle pain was associated
with significant increases in signal intensity in a number
of brain regions. Following hypertonic saline injection into
the deltoid, FCR, and FDI muscles, significant increases in
signal intensity occurred bilaterally in the anterior cingu-
late, anterior insular, dorsal posterior insular, cerebellar
and secondary somatosensory cortices (see Fig. 2). Overall,

Figure 1.

Individual pain referral patterns overlaid onto a standard picture

of the arm following intramuscular hypertonic saline (5%) injec-

tion into the deltoid, flexor carpi radialis (FCR) and first dorsal

interosseus (FDI) muscles.
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Figure 2.

Cortical and subcortical regions which show increases (hot color scale) in signal intensity during

pain in the deltoid (top row), flexor carpi radialis (FCR; middle row). and first dorsal interosseus

(FDI; lower row) muscles. The slice locations in Montreal Neurological Institute (MNI) space are

indicated in the bottom left of each image in the lower row. ACC, anterior cingulate cortex; SII,

secondary somatosensory cortex; dp Insula, dorsal posterior insula.

TABLE 1. Mean (6SEM) X, Y, and Z co-ordinates in Montreal Neurological Institute space within the contralateral

dorsal posterior insular cortex following injection of hypertonic saline (5%) into the masetter, deltoid, flexor carpi

radialis, first dorsal interossous, and tibilais anterior muscles

X (�SEM) Y (�SEM) Z (�SEM)

Face [masetter muscle: (Nash et al., 2009)] 37.3 � 0.8 �15.4 � 0.8 12.2 � 0.8
Shoulder (deltoid muscle) 37.1 � 0.6 �15.5 � 0.8 15.5 � 1.0
Forearm (flexor carpi radialis muscle) 37.7 � 0.6 �18.6 � 0.9 15.7 � 0.9
Hand (first dorsal interosseous muscle) 38.6 � 0.5 �17.1 � 0.8 14.6 � 1.1
Leg [tibialis anterior muscle; (Henderson et al., 2007)] 36.1 � 0.6 �18.5 � 1.0 14.7 � 0.8

Images used for the analysis of masetter and tibialis anterior muscle pain were collected in previous studies.
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the pattern of brain activation was similar during all three
sources of muscle pain.

Individual subject analysis

Within the contralateral posterior insula, an analysis of
individual subject data revealed a clear somatotopy.
Hypertonic saline injection in the deltoid muscle evoked
signal intensity increases that were located medial to those

evoked by FDI injections, and anterior to those evoked by
FCR injections (Table I; Fig. 3). This somatotopic organiza-
tion was confirmed in the two subjects in whom hyper-
tonic saline was administered to both the left and right
arms (on different days). That is, in three of four compari-
sons, deltoid pain activated a region medial to that acti-
vated by FDI pain and, in all four comparisons, deltoid
pain activated a region anterior to that activated by FCR
pain (see Fig. 4).

Scatter plots of the differences in X and Y co-ordinates
of maximally activated voxels revealed that, in the vast
majority of subjects, hypertonic saline injection into the
FCR resulted in a mean maximal increase in signal inten-
sity that had either the same X and Y co-ordinates (n ¼ 5),
or was located posterior to the location of signal intensity
increases evoked by injection into the deltoid (n ¼ 7) (see
Fig. 5). Furthermore, in only three subjects did deltoid and
FCR injections evoke maximal signal increases in the same
location, with a mean distance between the two loci of 4.4
� 0.9 mm. Similarly, in the majority of subjects, hypertonic
saline injection into FCR evoked maximal increases in sig-
nal intensity that were located posterior and medial to the
location of signal intensity increases evoked by injection
into FDI (n ¼ 7). In only one subject did FDI and FCR
injections evoke maximal signal intensity increases in the
same location, with a mean distance between the two sig-
nal increases of 5.1 � 0.9 mm. Finally, in the majority of
subjects, hypertonic saline injection into the deltoid
resulted in maximal signal intensities that were located lat-
eral to the location of signal intensity increases evoked by
injection into FDI (n ¼ 9). Furthermore, in only two sub-
jects FDI and deltoid injections evoked maximal signal in-
tensity increases in the same location, with a mean
distance between the two signal increases of 5.9 � 1.1 mm.

In addition to determining the locations of maximally
activated voxels within the contralateral dorsal posterior
insula during muscle pain applied to the upper limb, we
have previously mapped activity within the dorsal insula
during muscle pain applied to the face (masseter) and leg
(tibialis anterior). Using these images we found that the
mean (�SEM) X, Y, and Z co-ordinates evoked by leg pain
(tibialis anterior muscle) were 36.1 � 0.6, �18.5 � 1.0, 14.7
� 0.8 and face pain (masseter muscle) were 37.3 � 0.8,
�15.4 � 0.8, 12.2 � 0.8. Furthermore, on average, masseter
pain evoked signal intensity increases within the dorsal
posterior insula that were 3.1 mm, 4.7 mm, 3.2 mm, and
4.2 mm away from deltoid, FCR, FDI and tibialis anterior
pain, respectively. Similarly, tibialis anterior pain evoked
signal intensity increases that were 3.2 mm, 1.9 mm, and
2.9 mm away from deltoid, FCR, and FDI pain,
respectively.

DISCUSSION

Using high-resolution fMRI, we have shown, for the first
time, that within the dorsal posterior insular cortex muscle

Figure 3.

Plot of the mean (�SEM) locations of the most significantly acti-

vated voxels within the contralateral dorsal posterior insula, fol-

lowing injection of hypertonic saline into the deltoid, flexor carpi

radialis (FCR), and first dorsal interosseous (FDI) muscles. The

slice location in MNI space is indicated in the bottom left of the

image. Below is a plot of the mean (�SEM) X and Y co-ordinates

in MNI space of these activated voxels. Considering only the X

and Y planes, the mean location during deltoid pain is located an-

terior to the mean location during FCR pain (P < 0.05).
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pain applied to different muscles of a single limb evokes
somatotopically organized increases in signal intensity.
Signal intensity increases evoked by deltoid pain were
located medial and anterior to those evoked by muscle
pain in the forearm and hand, respectively. Combined
with our previous data, it appears that, in humans, the
dorsal posterior insular cortex contains a whole-body
somatotopic map of noxious inputs arising from skeletal
muscles. Furthermore, this somatotopic representation can-
not be considered coarse.

We have previously used fMRI to determine the pat-
terns of brain activity evoked by hypertonic saline injec-
tions into the leg and forearm [Henderson et al., 2007]. In
this previous study we demonstrated that pain originating
in muscle or skin of the leg evoked increases in signal in-

tensity in the contralateral dorsal posterior insula that
were located medial and posterior to those evoked by fore-
arm pain. Using the images collected in this and another
study [Henderson et al., 2007; Nash et al., 2009], we per-
formed an identical processing and statistical analysis pro-
cedure to that of employed in the current investigation
and determined the maximally activated voxels within the
contralateral dorsal posterior insula in each subject. De-
spite the fact that these images were collected using a dif-
ferent MRI scanner, following spatial normalization we
found excellent coregistration between functional images
collected on different scanners in the same individual (n ¼
3). Further, since we did not compare the magnitudes of
signal intensity changes but instead restricted our analysis
to the maximally activated voxels, we are confident that

Figure 4.

Locations of significant signal intensity increases in the dorsal

posterior insula cortex in two subjects in which hypertonic sa-

line injections were made into the left deltoid, flexor carpii radi-

alis (FCR), and first dorsal interosseus muscles (FDI) during one

session and then the right deltoid, FCR and FDI in a second ses-

sion. Activations on the left side occurred during injections

made into the right side of the body and vice versa. The slice

locations in MNI space are indicated in the bottom right of each

image. To the left and right are plots of the percentage signal in-

tensity changes over time, relative to the baseline period, for

each significantly activated region. The vertical dashed lines indi-

cate the scan at which each hypertonic saline injection was

delivered. Note that within the contralateral dorsal posterior

insula, deltoid pain activated a region medial to that activated by

FDI pain and anterior and medial to that activated by FCR pain.
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the whole body map shown in Figure 6 is accurate.
Indeed, this combined analysis reveals that the body
schema within the contralateral dorsal posterior insula is
not as crude as has been previously suggested, but instead

contains separate representations for muscles within a sin-
gle limb.

It has been previously shown by us and others that the
dorsal posterior region of the insular cortex is activated by
noxious cutaneous and noxious muscle stimuli [Brooks
et al., 2005; Henderson et al., 2007; Vogel et al., 2003].
Although not universally accepted, it has been proposed
that the dorsal posterior insula receives noxious informa-
tion via direct, somatotopically organized, inputs from the
ventromedial thalamic nucleus (VMpo) [Craig, 2003, 2004;
Craig and Blomqvist, 2002]. In addition to noxious stimuli,
a recent human brain imaging investigation by Bjornsdot-
ter et al. [2009] revealed that crude light touch, mediated
by low-threshold C fibres (C tactile afferents), also acti-
vates the dorsal posterior insula in a somatotopic fashion.
Indeed, the authors report a seemingly identical organiza-
tion of arm and leg activation patterns to that which we
previously reported during noxious forearm and leg cuta-
neous and muscle pain, i.e., leg medial and posterior to
arm [Henderson et al., 2007]. Further, this somatotopically
organized activation also occurred in an individual lacking
large-diameter myelinated afferents, suggesting that, in
healthy individuals, dorsal posterior insula activation dur-
ing crude light touch results from activation of C tactile
(CT) afferents [Bjornsdotter et al., 2009].

It has been reported that in two individuals who lack A-
beta fibres that light crude touch can be localized [Olaus-
son et al., 2008a]. Since light crude touch in A-beta defi-
cient subjects does not evoke signal intensity increases
within the primary or secondary somatosensory cortices,
rather causing decreases [Olausson et al., 2008b], it was
proposed that the dorsal posterior insula provides the neu-
ral substrate via which light crude touch is localized.
Although it is possible that the dorsal posterior insula
may contain only a very crude body map for light touch,
our data reveals that it contains a rather fine within-limb
representation for skeletal muscle pain. Furthermore, in a
recent rodent investigation, it was reported that low-

Figure 5.

Left column: Two-dimensional scatter plots of differences in the

X and Y direction (millimeters) of the most significantly activated

voxel during flexor carpii radialis (FCR) relative to deltoid pain

(upper panel), FCR relative to first dorsal interosseous (FDI)

pain (middle panel), and deltoid relative to FDI pain (lower

panel). The dashed squares indicate the region in which most

individual subjects are located. Note that in most subjects FCR

pain activated a region posterior to that activated by deltoid

pain and posterior and medial to that activated by FDI pain. Fur-

ther, in the vast majority of subjects, deltoid pain activated a

region medial to that activated during FDI pain. Right column:

Open triangles represent the 3-dimensional distances between

the most significantly activated voxel during FCR relative to del-

toid pain (upper panel), FCR relative to FDI pain (middle panel),

and deltoid relative to FDI pain (lower panel). Filled squares rep-

resent the mean (�SEM) 3-D distances for all subjects.
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threshold mechanoreceptor and nociceptive afferents con-
verge within the dorsal horn [Andrew, 2010]. If a similar
convergence within the dorsal horn also occurs in humans,
it is possible that the within-limb somatotopic map
reported here results from the activation of wide-dynamic
range neurons and would be revealed by either light
touch or muscle nociceptor activation. That is, the
same fine somatotopic map would result from both muscle
nociceptor activation and light touch. The presence of a
fine somatotopic map suggests that the dorsal posterior
insula is involved in the accurate localization of muscle
pain and possibly other somatosensory stimuli such as
light touch.

The idea that the dorsal posterior insula is involved in
the accurate localization of painful stimuli is also sup-
ported by the results of investigations by Mazzola et al.
[2006, 2009], in which they report that stimulation of a sin-
gle posterior insula site can evoke painful sensations re-
stricted to face, upper limb or lower limb. Similar to our
results, they found that the face representation was ante-
rior to that of the upper and lower limbs and that the
upper limb was represented dorsal to the lower limb.

Using laser-evoked potentials, Baumgartner et al., [2006]
also reported a similar somatotopic organization to nox-
ious laser stimuli within the posterior insula of the mon-
key. That is, the leg, arm and face are represented in a
posterior to anterior pattern. Although we and others sug-
gest that the somatotopic organization of the posterior
insula is involved in noxious stimulus localization, this
remains to be established. Interestingly, in reports which
investigate the effects of insula lesions on pain processing
in humans, although increases in pain thresholds are con-
sistently reported, the effect of the lesion on the ability of
the patient to localize the noxious stimulus is not [Berthier
et al., 1988; Greenspan et al., 1999]. One would assume
that their ability to localize the noxious stimulus has
remained intact. It is possible that the dorsal posterior
insula acts in concert with the primary and secondary
somatosensory cortices to provide an individual with an
ability to accurately localize noxious stimuli that arise
from deep body structures such as muscle (and perhaps
viscera).

Alternatively, the somatotopic organization within the
dorsal posterior insula may provide a means by which an

Figure 6.

Plots of the mean (�SEM) X, Y, and Z co-ordinates of the most

significantly activated voxels within the contralateral dorsal pos-

terior insula, during shoulder (deltoid), forearm (flexor carpii

radialis; FCR), and hand (first dorsal interosseous; FDI) pain

assessed in this investigation. Also included are the X, Y, and Z

co-ordinates of the most significantly activated voxels during leg

(tibialis anterior; TA) and face (masetter) muscle pain deter-

mined using data from two previous investigations (Henderson

et al. 2007; Nash et al. 2009).
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individual directs appropriate behaviors to noxious and
non-noxious (pleasant touch) stimuli. For example, differ-
ent motor and autonomic patterns are evoked by noxious
stimuli originating in different body parts and different
tissues in the same body region [Bandler et al., 2000;
Lewis, 1942]. Cutaneous pain evokes active coping
responses such as flight and fight, whereas muscle and
visceral pain evokes a passive coping response character-
ized by quiescence and hyporeactivity [Bandler et al.,
2000]. In primates, the dorsal insula sends somatotopically
organized inputs to regions of the striatum which contain
nociceptive responsive neurons, receive primary sensory
and motor inputs and are involved in stimulus-response
associations and novelty [Chikama et al., 1997; Chudler
and Dong, 1995]. Furthermore, it has been reported that
the putamen is activated in a somatotopic fashion during
noxious cutaneous stimuli; it was suggested that this orga-
nization reflects pain-related motor responses [Bingel
et al., 2004]. An earlier report by Berthier et al. [1988] sup-
ports the idea that the insula may play a critical role in
directing appropriate motor behaviors. They found in six
patients with lesions encompassing the posterior insula,
that neither superficial nor deep painful stimuli elicited a
withdrawal response. In fact, one patient exhibited a reac-
tion of ‘‘approach to the painful stimuli, i.e., he directed
his limb towards the noxious stimuli.’’ This observation
suggests that the dorsal posterior insula is critical in driv-
ing the behavioral responses to noxious stimuli in
humans.

In addition to mediating motor responses, the results of
investigations into the insular representation of light touch
suggest that, in addition to stimulus localization, the dor-
sal posterior insula is involved in processing the emotional
component of somatosensory stimuli. The activation of CT
afferents by light touch evokes a pleasant emotional
response and activates the dorsal posterior insula [Bjorns-
dotter et al., 2009]. Similarly, it is thought that the emo-
tional component of noxious stimuli is processed within
the insular cortex since lesions encompassing the insula
can result in pain asymbolia, a condition in which the in-
tensity and quality of noxious stimuli are preserved, but
patients appear ‘‘unable to recognize the disagreeable na-
ture of painful or threatening stimuli’’ [Berthier et al.,
1988]. Indeed, it has been hypothetized that the dorsal
posterior insula is ’‘interoceptive’’ cortex; that is, a region
that monitors the internal state of the body [Craig, 2002].
These previous reports, in combination with the data pre-
sented here, suggest that the dorsal posterior insular cor-
tex may process the emotional component of both non-
noxious and noxious stimuli.

CONCLUSIONS

We have shown for the first time that the contralateral
dorsal posterior insula receives noxious inputs from
muscles in the upper limb in a fine somatotopic fashion,

arguing for a role of the dorsal posterior insula in stimulus
localization.
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