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1. Introduction
Interest in hypervigilance, a component of some persistent pain conditions, has grown steadily
since it was first described, and the concept itself has undergone considerable development
during that time [2]. Chapman’s original description of a hypervigilant person was of someone
who is unusually alert to “somatic distress signals” including, but not limited to, pain. Chapman
regarded hypervigilance as a cognitive tendency, reflecting worry about health concerns.
Pennebaker’s experimental research with healthy subjects showed that a hypervigilant attitude
can be created by appropriate attentional manipulations, and that it changes the subject’s
tendency to detect noxious sensations as well as to report them [18].

This emphasis on perceptual as well as cognitive factors was expanded by McDermid et al.,
who proposed the Generalized Hypervigilance Hypothesis (GHH), according to which
hypervigilance is a “perceptual habit” that involves subjective amplification of a variety of
aversive sensations, not just painful ones [15]. They reported that fibromyalgia (FM) patients
had higher levels of hypervigilance, and lower pressure-pain threshold and tolerance, than
healthy controls. The auditory noise tolerance of the patients was also reduced, suggesting that
perceptual amplification is not confined to somesthesis.

The GHH is composed of two elements. The first is that hypervigilance amplifies aversive
sensations only. The second is that it does so independent of sensory modality.

The first proposition is widely accepted. FM patients, who on average are markedly
hypervigilant, have reduced thresholds and tolerance for experimental pain [6,8,10,11,12,15,
17], and direct (i.e. scaling) measures of pain intensity demonstrate amplification in these
patients [7,10,19]. By documenting reduced pain threshold and tolerance on the forearm of
patients with temporomandibular disorders (TMD)--another set of conditions characterized by
hypervigilance [20]--Maixner et al. showed that the increased pain sensitivity of hypervigilant
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clinical populations is at least partly a manifestation of a widespread, and therefore presumably
central, disturbance [13].

The second component of the GHH, that perceptual amplification extends to other modalities,
is less well established; the case for it relies primarily on auditory tolerance data [15]. We know
of no study of hypervigilance in which the perceived intensity of sounds has been measured
directly.

In the present study, we evaluated the GHH using several sets of measurements that, in
combination, resolve some of the questions left unanswered by earlier work. Perceptual
responses of individuals with FM and TMD were examined, because the disparity (confirmed
here by questionnaire scores) between the elevated levels of hypervigilance in these clinical
groups and the lower amounts in healthy control participants enabled us to make a definitive
test of the GHH. We first obtained, in all three groups, direct estimates of sensation intensity
using somesthetic and auditory stimuli that spanned wide intensity ranges. To evaluate the idea
that hypervigilance selectively amplifies aversive sensations, unpleasantness judgments were
also obtained. We also asked on each somesthetic trial whether the stimulus was painful, thus
making it possible to compare results between the submodalities of touch and pain. Finally,
amount of perceptual amplification and level of hypervigilance were compared across
individuals.

2. Methods
2.1 Participants

Twenty-two women with temporomandibular disorders (TMD), 12 with fibromyalgia (FM),
and 20 healthy controls (HC) participated in this study. Subjects were recruited by means of
flyers posted on campus and other forms of advertisement, and by referral from the Orofacial
Pain Clinic in the University of North Carolina at Chapel Hill School of Dentistry, explaining
the greater availability of TMD than of FM patients. Potential participants were screened by a
phone interview, following which an assessment visit was scheduled to determine their
individual case status. During the assessment visit, self-report questionnaires on pain
complaints and medical history were administered, and a physical examination was performed
by calibrated and validated clinical examiners (PL and MS).

The criteria for classification as an FM subject included self-reported persistent widespread
body pain for more than 3 months, and, in most cases, pain on palpation at 11 or more of the
18 body sites (tender points) specified by the American College of Rheumatology [24]. Three
of the FM participants had fewer than 11 tender points, but other strong indicators of FM: One
had 9/18 tender points but had been diagnosed with primary FM by her physician and had
received treatment for it in the Clinic; the other two had 9/18 and 7/18 tender points,
respectively, but both reported significant pain and fatigue over the past 3 months, pain in all
4 quadrants, and axial pain lasting more than a year. The criteria for classification as a TMD
subject included self-reported orofacial pain for 1 month, and meeting the Research Diagnostic
Criteria for TMD following a standardized physical examination [3]. All of the members of
the FM group met criteria for TMD as well, a reflection of both the well-documented prevalence
of TMD among FM patients [4] and the fact that most of these subjects were recruited through
an orofacial pain clinic. As a result, differences in performance between the FM and TMD
groups in the present study could reflect either the unique character of fibromyalgia, or the
combined impact of both conditions in members of the FM group. HC subjects neither reported
any significant pain nor met the criteria for FM or TMD on physical examination.

Individuals were excluded from participation if they had uncontrolled hypertension; heart,
lung, or kidney disease; diabetes; hyperthyroidism; epilepsy; drug or alcohol abuse; major
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psychiatric disorder; were pregnant or nursing; or had other conditions that would have
interfered with their carrying out the experimental procedures.

All subjects were female. Average ages of the three groups were: HC, 37.8 (SD=12.1); TMD,
37.7 (11.5); and FM, 35.4 (11.5). A one-way ANOVA showed that these values were not
significantly different.

Given the intense chronic pain experienced by many of the patients, and the need to study them
in a series of 3 sessions extending, in most cases, over at least two weeks, participants were
not asked to discontinue their pain medication. In addition, we felt that limiting recruitment of
participants with FM and TMD to those who were willing and able to be medication-free
throughout their participation would have resulted in samples biased toward patients with
relatively mild signs and symptoms.

After being screened, participants were scheduled for their visits to the laboratory, each lasting
2 hours. The present study concerns measurements made during a single session. Other sessions
consisted of unrelated experiments, the results of which will be reported separately. Subjects
gave written informed consent for all procedures and were paid for their participation. All
aspects of the study were approved by the University’s IRB.

2.2 Apparatus
The pressure stimulator was a weighted vertical rod, with a flat, round Delrin tip 5 mm in
diameter, which rested on the dorsal surface of the forearm approximately midway between
wrist and elbow. Aluminum scaffolding attached to the top of the rod allowed weights to be
added to manipulate downward force, which ranged from 0.8 to 10.8 N, in steps of 1N. A
partition blocked the subject’s view of the stimulator and of the stimulated region (and more
distal parts) of the arm.

Auditory stimuli were provided by waveforms generated by a PC, amplified by a Grace m902
amplifier, and delivered binaurally through Sennheiser HD265 headphones. Each stimulus was
a two-tone combination centered at 1275 Hz. Half the stimuli were a combination of 1200 and
1350 Hz; the other half were a combination of 1020 and 1530 Hz. In all cases the two
components were equal in amplitude. We had anticipated that the former pair would sound
more discordant than the latter, giving us a way to manipulate unpleasantness independent of
loudness. In fact, however, the two combinations yielded closely comparable unpleasantness
ratings, and data from them were pooled. Intensity was controlled by adjusting the gain of the
amplifier: Sounds ranged in 5 dB steps from 35 to 90 dB SPL (A-weighted).

2.3 Procedure
On their arrival in the laboratory, subjects completed several psychometric instruments
including the McGill Pain Questionnaire-Short Form (MPQ-SF) [16], the Pain Catastrophizing
Scale (PCS) [22], the State Anxiety Inventory (STAI Form Y-1) [21], the Positive and Negative
Affect Scale (PANAS) [23], and the Pennebaker Inventory of Limbic Languidness (PILL)
[18], a measure of hypervigilance. Another putative hypervigilance measure, the Kohn
Reactivity Scale (KRS) [9], was administered, but some subjects found a number of its items
to be remote from their experiences; we therefore rely on the PILL for our psychometric
assessment of hypervigilance.

The pressure experiment was conducted next. The subject positioned her right forearm in the
apparatus, resting on a small pillow. The experiment consisted of two series of 11 trials,
separated by a 5 min break. A series consisted of one presentation of each of the 11 force levels
employed (ranging from 0.8 to 10.8 N), in random order. Different random orders were used
for the two series, and for each subject. A trial began with the lowering of the weighted rod
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onto the skin, over the course of about 1 sec. It was left in place for 15 sec, then raised off the
skin over the course of an additional second. The subject was then asked to rate the intensity
of the sensation caused by the stimulus on a 0–100 scale, with zero representing “no sensation”
and 100 indicating “the most intense sensation imaginable.” The participant was then asked to
classify the stimulus as “painful, unpleasant but not painful, or neutral.” Finally, the subject
gave a second numerical rating, this time of the unpleasantness of the sensation, from 0 (“not
at all unpleasant”) to 100 (“the most unpleasant sensation imaginable”). The experimenters
next moved the subject’s forearm slightly, to prevent repeated stimulation of the same site, and
initiated the next trial. One HC subject did not participate in the pressure experiment because
her forearm was too large to fit in the apparatus.

The auditory experiment was conducted later in the session. After receiving instructions, the
subject donned headphones and was presented with a series of 24 sounds, in random order.
Both combination tones were delivered at the same 12 intensities. After each 2-s stimulus, the
participant was asked to rate its loudness on a scale from 0 (“no sound at all”) to 100 (“the
loudest sound imaginable”), and to rate its unpleasantness from 0 (“not at all unpleasant”) to
100 (“the most unpleasant sound imaginable”).

Two subjects were excluded from participation in the auditory experiment: one (in the FM
group) because she had Menière’s disease, the other (TMD group) because she wore hearing
aids. A third subject (also in the TMD group) asked not to participate because she thought the
sounds might trigger a migraine. Finally, experimenter error rendered the data of one member
of the HC group invalid.

2.4. Statistical analysis
In most cases the data were statistically analyzed using ANOVA. One-way ANOVA was used
when individual scores (as on the PILL) were being compared across groups; two-way mixed-
model ANOVA was employed when measurements were being compared across intensity
levels as well as groups. When a significant group effect was obtained, it was sometimes
followed up with post hoc comparisons between specific groups. Alpha was set at 0.05, except
in the case of planned comparisons, where it was reduced by Bonferroni correction to 0.025.

3. Results
3.1. Questionnaire measures

Group means and standard deviations for all questionnaires are given in Table 1. There were
clear differences among the subjects in terms of their spontaneous pain, as indexed by three
scales from the MPQ-SF: the sensory scale (MPQ-S), the affective scale (MPQ-A), and the
MPQ-VAS scale on which subjects indicated their current pain level. In each case the scores
of the HC participants were the lowest, and those of the FM patients the highest. As indicated
in the table, the effect of group was significant (one-way ANOVA) for all three of these
measures. For the sensory scale, post hoc comparisons revealed a significant difference
between HC and TMD subjects [F(1,53)=7.70, p=.008] as well as between TMD and FM
subjects [F(1,53)=5.64, p=.02]. TMD subjects were not statistically different from HC subjects
in terms of the affective component of their pain [F(1,53)=1.40, p=.24], while FM subjects
reported significantly greater affective pain than the other two groups combined [F(1,53)
=11.24, p=.002]. The difference in current pain, as measured by the VAS, between the two
clinical groups was not significant [F(1,53)=4.63, p=.04]; however, a highly significant
difference between HC subjects and the clinical subjects was observed [F(1,53)=28.00, p<.
0001].
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There was also a highly significant effect of clinical status on hypervigilance, as assessed with
the PILL [F(2, 53)=25.81, p<.0001]. As recommended by Pennebaker, a person’s score on this
instrument was the number of items (such as “indigestion”, “sweat even in cold weather”, or
“twitching of eyelid”) which she reported experiencing at least “every month or so” [18]. Once
again, participants with FM had the highest average scores, and healthy controls the lowest.
The use of these three groups thus appears to be a reasonable way of comparing individuals
with different levels of chronic pain and different levels of hypervigilance. Post hoc
comparisons between the individual groups revealed significant differences in PILL scores
between HC and TMD subjects [F(1,53)=21.67, p<.0001], and between TMD and FM subjects
[F(1,53)=9.50, p=.003]. In addition, scores on our secondary measure of hypervigilance, the
KRS, approached a significant difference across groups [F(2,50)=2.93, p=.063]. Also
consistent with an association between clinical status and hypervigilance is an effect of group
on scores on the PCS [F(2,53)=5.00, p=.010], which contains items “reflecting magnification
of the unpleasantness of pain situations and expectancies for negative outcomes” [22, p. 525],
such as “I become afraid that the pain may get worse.”

In contrast, measures of state anxiety and negative affect did not significantly distinguish
among the groups, although there was a marginally significant effect on positive affect [F(2,53)
=3.24, p=.047]. Overall, the questionnaire results support the conclusion that our groups
differed selectively in hypervigilance, rather than in some overall aspect of the way they
completed psychometric instruments.

3.2. Pressure experiment
Individual estimates of sensation intensity were converted to logarithmic form, as is normally
done in ratio scaling experiments as the first step in data analysis [5]. Occasional ratings of 0
were replaced with a small nonzero number (half the smallest nonzero intensity rating given
to any of the pressure stimuli by any subject) before the logarithmic conversion. This same
procedure was followed in the case of unpleasantness ratings and in the auditory experiment.

Subjects’ mean log estimates of the sensation intensity caused by the weighted rod are plotted
in Figure 1, as a function of the log force exerted by the stimulus. Different symbols show the
results for the three groups of subjects. For all subjects, sensation intensity is an increasing
function of force. In addition, there is a clear separation between groups, the estimates of the
FMs being the highest, and those of the healthy controls, the lowest. An ANOVA confirmed
these impressions: both the effect of force [F(10,500)=136.46, p<.0001] and the effect of group
[F(2,50)=14.59, p=.001] are highly significant; the interaction between these factors is also
significant [F(20,500)=1.72, p=.027], reflecting a tendency for the functions to converge
slightly at higher force levels. Post hoc comparisons revealed a difference, achieving
Bonferroni-corrected significance, in reported intensity (taking into account ratings at all force
levels) between healthy controls and TMD subjects [F(1,52)=5.36, p=.02]; the trend toward a
difference between TMD and FM subjects was not significant [F(1,47)=4.03, p=.05].

Use of these results to evaluate the Generalized Hypervigilance Hypothesis requires knowledge
of how the stimuli were qualitatively perceived. For example, if they were all perceived as
painful, their perceptual amplification would be consistent with earlier reports, but would shed
no further light on the validity of the GHH. Each subject was therefore asked into which
perceptual category (painful, unpleasant but not painful, or affectively neutral) each stimulus
fell. These results are shown in Figure 2, where separate panels represent the different groups.

In each group, the trend was for the weakest stimuli to be perceived as neutral; as force
increased, responses gradually changed from neutral to unpleasant, and from unpleasant to
painful. The figure suggests that these transitions occurred at lighter weights, and the overall
frequency of pain responses was greatest, in the FM subjects.
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To evaluate this impression, unpleasantness thresholds and pain thresholds were calculated for
each subject, by averaging the log values of the lightest weights categorized by the subject as
unpleasant and painful, respectively, in each block of trials. In the event that a subject did not
report any weight to be unpleasant or painful, the heaviest weight was taken as threshold; if a
subject’s ratings switched directly from “neutral” to “painful”, this value was taken as both
unpleasantness and pain threshold. An ANOVA revealed a significant effect of group for both
unpleasantness threshold [F(2,52)=9.15, p=.0004] and pain threshold [F(2,52)=8.94, p<.0005].
Post hoc comparisons showed that the results for the TMD subjects were similar to those of
the healthy controls in terms of both unpleasantness [F(1,52)=.25, p=.62] and pain [F(1,52)=.
24, p=.63] threshold. In contrast, FM subjects had significantly lower thresholds than the other
two groups combined, for both unpleasantness [F(1,52)=18.18, p<.0001] and pain [F(1,52)
=17.77, p=.0001].

For present purposes, it is important to note that the lowest force was almost always judged to
produce a neutral (i.e. neither painful nor unpleasant) sensation, the only exception being a
single trial for one of the FM subjects. Yet this stimulus evoked significantly different sensation
intensity estimates for the three groups of subjects [F(2,52)=5.05, p=.01]. Perceptual
amplification is clearly not confined to painful somatosensory stimuli, and these data suggest
that it may not even be restricted to unpleasant ones.

Unpleasantness estimates for the pressure stimuli, using the 0–100 scale, are shown in Figure
3. Despite some overlap of the TMD and HC functions, the data for the different groups are
largely separated, and the main effect of this factor is significant [F(2,50)=7.29, p=.002]. The
effect of force is also significant [F(10,500)=118.02, p<.0001], but the interaction of group
and force is not [F(20,500)=.87, p=.62]. Post hoc comparisons showed no statistical difference
between TMD and HC subjects [F(1,52)=2.66, p=.11], but FM subjects reported significantly
higher unpleasantness than the other two groups combined [F(1,52)=12.33, p=.001]. A
majority of the HC and TMD participants rated the weakest stimulus as 0 (“not at all
unpleasant”), while most of the FM subjects gave it small, but nonzero, unpleasantness ratings.
Comparing these data with the classification responses, it appears that a sensation may be
classified as affectively neutral, yet evoke a nonzero unpleasantness rating when subjects are
asked for a numerical estimate. Taken in combination, the data warrant the conclusion that
robust perceptual amplification extends to stimuli that are nearly, if not entirely, devoid of
unpleasantness, a result not predicted by the GHH.

Was the perceptual amplification shown by members of the clinical pain groups a reflection
of their elevated levels of hypervigilance? To explore this possibility, the mean log sensation
intensity score of each individual was plotted as a function of PILL score (Figure 4). A Pearson
correlation showed there was a highly significant positive association between the variables
(r=.49, p<.001), and this relationship appears to be present within the largest (i.e., TMD) group
as well as across groups. The data are thus consistent with the view that there is a functional
relationship between hypervigilance and perceptual amplification.

Taken as a whole, the results of the weighted rod experiment imply that the GHH is partially
valid, but that it may need to be reframed: The present finding that unpleasant but not painful
sensations are intensified in two groups of hypervigilant pain patients supports the theory; in
contrast, the fact that stimuli that are virtually devoid of unpleasantness show equally robust
perceptual amplification is at variance with it.

3.3. Auditory experiment
Mean log loudness estimates are shown, as a function of dB level, in Figure 5. The separation
of the functions for different groups is less marked than in the weighted rod experiment, but
is nevertheless significant [F(2,47)=3.85, p=.028]. Post hoc comparisons revealed a difference
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approaching Bonferroni-corrected significance between HC and TMD subjects [F(1,47)=4.56,
p=.04], whereas no significant difference between the patient groups was observed [F(1,47)=.
51, p=.48]. The effect of group on auditory unpleasantness ratings was also significant, F(2,47)
=5.86, p=.005 (Figure 6). For this measure, post hoc comparisons revealed a significant
difference between the patient groups [F(1,47)=7.09, p=.01] but no significant difference
between controls and TMD subjects [F(1,47)=.73, p=.40]. In both cases, the effect of stimulus
intensity was highly significant (p<.0001) but the interaction between intensity and group was
not (p>.05).

Were the small but significant differences in loudness estimates across groups a reflection of
their differing levels of hypervigilance? Apparently so, for a Pearson correlation showed a
positive association between the mean log loudness scores of the participants and their PILL
scores (r=.36, p=.011).

4. Discussion
The major finding of this study is that perceptual amplification of pressure stimuli, in
hypervigilant pain patients, occurs across a wide range of physical intensities, from those that
are gentle and innocuous to higher levels that are strongly unpleasant or painful. This result
has important implications for the Generalized Hypervigilance Hypothesis, the view that
hypervigilance selectively causes amplification of aversive sensations [15]. An additional
finding was a small but significant amount of perceptual amplification of auditory sensations
in the same subjects; here again, the effect was not confined to unpleasantly intense levels of
stimulation.

We used three groups of subjects differing in hypervigilance, as measured with the PILL, a
widely recognized instrument for this purpose. They were exposed to a set of pressure stimuli,
and to a series of auditory stimuli, and asked to rate the sensory intensity as well as the
unpleasantness of each stimulus. To enable comparison of results from the two modalities, we
used conditions that were as similar as practicable. In both cases the stimuli were presented in
a randomized series of discrete trials, and after each trial the subject was asked to give ratings
on 0–100 scales.

In both modalities, unpleasantness ratings confirmed that the weakest stimuli were affectively
neutral (or only trivially unpleasant), but that unpleasantness grew steadily as stimulus intensity
increased. There was a significant effect of group on unpleasantness ratings, primarily
attributable in both modalities to differences between the FM subjects and the other two groups.

Our main interest, however, was in sensation intensity rather than unpleasantness, since the
primary aim of the study was to determine the extent to which perceptual amplification—an
increase in perceived intensity—occurs. For the pressure stimuli, the effect of group was highly
significant, with the FM participants giving the highest ratings, and the HC participants the
lowest; in other words, robust perceptual amplification occurred. It was expected that the pain
from noxious levels of stimulation would be more intense in the patients, although the role of
cognitive factors in this hyperalgesia is unclear. A more open question was whether perceptual
amplification would occur for unpleasant stimuli that were not painful; to answer this, subjects
were asked to classify every pressure stimulus as painful, unpleasant but not painful, or neutral.
For most subjects, the weakest stimuli were described as neutral, and the strongest as painful
or nearly so, while intermediate pressures were classified as unpleasant but not painful. The
transition from one category to another varied from subject to subject, generally occurring at
lower intensities for the FM subjects than for those in the other groups.

Despite these affective and, indeed, qualitative differences in the percepts elicited by the
pressure stimuli, perceptual amplification was manifestly present across the full range of
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physical intensities employed (Figure 1). The fact that sensations of unpleasant but not painful
pressure were augmented in the patients is consistent with the Generalized Hypervigilance
Hypothesis.

But does this amplification actually reflect hypervigilance, or is it instead merely a result of
some other characteristic that differs among participants? For example, individual differences
in body-mass index (BMI) might complicate interpretation of the weighted-rod data. To
evaluate this possibility, we calculated BMI for the 19 participants (3 FMs, 9 TMDs, and 7
HCs) for whom height and weight data were available. Mean BMIs for the three groups were
31.0, 26.4, and 23.5, respectively. The correlation between BMI and mean log sensation
intensity ratings was non-significant [r=.27, p=.28], making it unlikely that BMI had a
substantial influence on measured levels of perceptual amplification.

To determine the relevance of hypervigilance per se to the perceptual amplification shown in
Figure 1, each individual’s mean log sensation intensity was compared with her PILL
(hypervigilance) score. The correlation between these two factors across individuals (and
regardless of clinical group) was substantial (r=.49) and highly significant (p<.001). It is thus
plausible that perceptual amplification and hypervigilance are aspects of the same process.

It would be interesting to determine whether hypervigilant individuals would show comparable
perceptual amplification for other types of cutaneous stimulation, such as warmth and
electricity, at non-painful levels. Their use in future studies might give insight into the relative
contributions of peripheral and central factors to perceptual amplification [12].

Weaker evidence of perceptual amplification emerged from the auditory experiment. Here
there was only a small effect of group on subjective intensity (i.e., loudness), although the most
intense sounds were comparable to the highest pressures in unpleasantness (compare Figures
3 and 6). Moreover, the separation among groups in loudness ratings does not grow with dB
level (and hence with unpleasantness). These findings pose challenges for the GHH, which
predicts that the unpleasantness of sensations (explicitly including auditory ones) is what
determines their amplification in hypervigilant individuals [15].

We next examined the overall correlation, across subjects, between mean log loudness estimate
and hypervigilance (i.e. PILL) score. The relationship between these measures, although
significant (p=.011), was modest (r=.36), perhaps because there was little perceptual
amplification for hypervigilance to account for.

It should be noted that McDermid et al.’s case for perceptual amplification in audition was
based on auditory tolerance data [15]. These are suggestive of, but do not directly establish,
the presence of amplification, since a variety of non-sensory factors may contribute to tolerance
measurements. The present study used ratio scaling of sensory intensity, and was therefore
able to directly confirm that auditory sensations are somewhat amplified in the presence of
hypervigilance.

The disparity between the robust perceptual amplification obtained with pressure stimuli
(intensity ratings for FMs were, on average, 292% larger than those of HCs), and the smaller
amount (76%) reflected in the auditory data, shows that the phenomenon is not merely a
tendency of hypervigilant subjects to give high intensity ratings to all sensory stimuli. The
same point was made by Maixner et al., who asked TMD and HC subjects to make continuous
VAS recordings of the painfulness of thermal stimuli delivered to the face and forearm, and
the brightness of lights [14]. The thermal stimuli were perceived as more painful by the TMD
participants than by the controls, but there was no difference between the groups in their ratings
of visual stimuli.
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In summary, then, we have shown that people with chronic myofascial pain, especially those
with high levels of hypervigilance, show robust perceptual amplification for some types of
stimuli. However, the present study establishes that the GHH, in its original form, is inadequate
to account fully for this process, because it fails to predict the fact that perceptual amplification
occurs for low, affectively neutral intensities of pressure and sound. In other words, the
unpleasantness of stimuli does not appear to be the factor that determines whether they will be
amplified.

But what is the critical factor? Perhaps the answer can be discerned by combining the views
of hypervigilance put forward by Chapman [2] and McDermid et al. [15], respectively, into a
unified model. Specifically, we propose that hypervigilance begins as a cognitive process, in
which an individual is concerned about, and therefore closely monitors, particular types of
sensations— especially those that, while not necessarily unpleasant in themselves, accompany
or warn of impending pain. We further suggest that sustained direction of this affect-charged
attention to a particular form of stimulation produces, over time, an increase in the perceptual
gain for all stimuli of that type. For example, in TMD and FM, firm pressure on the skin
routinely leads to pain; hence all pressure sensations, even gentle ones that pose no risk of pain,
come to be amplified.

This hypothesis is consistent with evidence that transient attention to a visual stimulus increases
its vividness [1]; we extend this idea by proposing that if (and to the extent that) attention is
habitually focused on sensations of a particular type, their amplification increases and becomes
autonomous.

The small amount of perceptual amplification found in the present study for auditory stimuli
may be a result of the fact that in some individuals, loud sounds can trigger a headache—a
relationship that induced one member of the TMD group to decline participation in the auditory
experiment. This explanation of the data is speculative, but consistent with the fact that there
is considerable comorbidity between headache and FM and TMD: Among participants in the
auditory experiment, for example, headaches occurring at least once a month were reported
(question 40 on the PILL) by 91% of FMs and 95% of TMDs, but by only 32% of HCs.

Further tests of the attentional gain control model of hypervigilance proposed here could make
use of the fact that some types of pain are associated with sensations in still other modalities
—e.g. the fortification illusions of migraine. It would be interesting to determine whether such
migraine patients show perceptual amplification for flickering bars of light in the periphery of
their visual field. Research on this question would resolve the issue of whether the strong link
between somesthesis and hypervigilance is a unique and intrinsic one, or simply the result of
experience.
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Fig. 1.
Mean log sensation intensity is plotted as a function of the force exerted on the forearm by the
weighted rod. Results for the three groups of subjects are plotted with different symbols, and
error bars represent one standard error (S.E.M.) above and below each mean value.
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Fig. 2.
Results of the classification task in which each pressure stimulus was classified by the subject
as painful, unpleasant but not painful, or neutral. All stimuli were presented twice, in separate
random orders, to each participant.
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Fig. 3.
Mean log unpleasantness as a function of the force exerted on the forearm by the weighted rod.
Error bars represent one standard error (S.E.M.) above and below each mean value.
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Fig. 4.
Scatterplot of the relationship between individual subjects’ PILL scores and mean log intensity
ratings for the weighted rod. Different symbols are used for subjects in different groups.
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Fig. 5.
Mean log loudness of auditory stimuli (two-tone combinations) as a function of sound level
(dB SPL, A-weighted). Error bars show ±1 S.E.M. about each mean log rating.
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Fig. 6.
Mean log unpleasantness of the auditory stimuli as a function of sound level (dB SPL, A-
weighted). Error bars show ±1 S.E.M. about each mean log rating.
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Table 1
Mean (SD) pain and psychosocial subject characteristics for each group

Group

Questionnaire Measure HC TMD FM

MPQ-S** 0.3 (0.6) 4.1 (4.2) 8.0 (7.8)

MPQ-A* 0.1 (0.2) 0.8 (1.6) 2.6 (3.6)

MPQ-VAS** 1.4 (3.1) 18.3 (14.4) 29.9 (25.1)

PILL** 9.5 (7.5) 20.5 (8.6) 28.9 (5.7)

KRS 77.1 (8.6) 73.2 (15.5) 83.8 (9.6)

PCS* 8.4 (7.2) 12.6 (9.2) 17.8 (7.9)

STAI 29.1 (8.6) 31.5 (11.3) 34.8 (11.5)

PA* 34.0 (8.8) 33.6 (9.5) 26.3 (8.0)

NA 11.5 (1.7) 12.5 (4.4) 12.5 (4.5)

HC, Healthy Control; TMD, Temporomandibular Disorder; FM, Fibromyalgia; MPQ-S, McGill Pain Questionnaire-Sensory; MPQ-A, McGill Pain
Questionnaire-Affective; MPQ-VAS, McGill Pain Questionnaire-Visual Analogue Scale; PILL, Pennebaker Inventory of Limbic Languidness; KRS,
Kohn Reactivity Scale; PCS, Pain Catastrophizing Scale; STAI, State Trait Anxiety Inventory Form Y-1; PA, Positive Affect; NA, Negative Affect

*
p < 0.05

**
p < 0.001

Pain. Author manuscript; available in PMC 2010 February 1.


