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Abstract
Although large interindividual differences in pain exist, the underlying factors that contribute to
these variations remain poorly understood. Consequently, being able to accurately explain
variability in pain ratings in terms of its contributing factors could provide insights into
developing a better understanding of individual differences in pain experience. In the present
investigation, we show that a significant portion of the variability in experimental heat pain ratings
may be predicted using simple quantitative sensory testing and a series of psychological
questionnaires including State Trait and Anxiety Inventory (STAI), Center for Epidemiologic
Studies – Depression Scale (CES-D), and Positive and Negative Affect Schedule – Expanded form
(PANAS-X). A factor analysis was used to reduce individual predictors into sets of composite
predictive factors. A multifactorial model that was generated from these factors can reliably
predict a significant amount of the variability in heat pain sensitivity ratings (r2 = 0.537, p=0.027).
Moreover, individual variables including heat pain thresholds and self-assessment of pain
sensitivity were found to be poor predictors of heat pain sensitivity. Taken together, these results
suggest that a variety of factors underlie individual differences in pain experience, and that a
reliable model for predicting pain should be constructed from a combination of these factors.

Perspective—The present study provides a way to predict subjects’ experimental heat pain
sensitivity using a multifactorial model generated from a combination of sensory and
psychological factors. Future application of such a model in the studies of clinical pain could
potentially improve the quality of care provided for patients in pain.
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Introduction
A complete subjective experience of pain is uniquely personal and varies significantly from
one individual to the next 7, 40. Twin studies indicate that a large portion of interindividual
variations in pain experience cannot be accounted for by genetic factors alone, but may arise
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either from direct environmental influences or by interactions between genetic and
epigenetic factors. Although partially determined by both genetic makeup and environment,
psychological and cognitive factors are unique to each individual and play an important role
in shaping one’s pain experience 35, 40, 41. However, little is known about factors that
contribute to interindividual differences in pain sensitivity. For this reason, providing care
for patients in pain has proven to be to a difficult and intricate task, and many patients report
being unsatisfied with pain relief and care that they have received 31, 34.

To date, many studies have attempted to predict pain experienced by postoperative patients
using various predictors ranging from pain thresholds, anxiety scores, blood pressure, and
age 13, 25, 32, 36, 65. Most find statistically reliable, but weak correlations between these
predictors and important outcome variables. Nevertheless, across studies, suprathreshold
experimental pain ratings have been shown to be highly correlated with clinical pain
intensity ratings, analgesic use, and other important outcome variables 19, 23, 42, 63. Granot
et al. 19, for instance, reported 48°C suprathreshold noxious thermal stimulation as being
useful in predicting postoperative pain intensity rating during both rest and activity, while
pain thresholds were not.

More recently, many studies have suggested that psychological factors can also significantly
influence one’s subjective pain experience 20, 23, 32, 37, 42, 58, 59. For instance, in a
postcesarean pain study by Pan et al. 42, a significant portion of the variability in total
analgesic requirement can be explained by variability in STAI (State Trait Anxiety
Inventory) scores. Furthermore, multiple lines of evidence indicate that emotional states and
attitudes of patients can have a profound impact on pain associated with chronic diseases 4,
22, 54. Consistent with these findings, a study by Nielsen et al. 39 examining the reliability of
heat pain ratings found that a larger portion of the variance in pain ratings is accounted for
by individual differences than variation in stimulus temperature. Nevertheless, the exact
contribution of various psychological factors including anxiety, depression, and personality
to interindividual variations in pain sensitivity remains poorly understood. In addition,
variables such as one’s self-assessment of pain sensitivity may influence treatment in
clinical situations. However, the reliability of such variables as predictors of pain sensitivity
remains to be established.

Since experimental pain ratings of suprathreshold noxious stimuli may account for much of
variability of clinical pain intensity ratings, analgesic use, and other important outcome
variables 19, 23, 42, being able to identify reliable predictors of experimental pain ratings
may provide useful insights to better understand the factors that may be important in
contributing to individual differences in pain experience. Furthermore, in experimental
settings, pain thresholds are often used to determine individualized stimulus intensities to
minimize effects of individual variation. However, the relationship between pain thresholds
and suprathreshold ratings is poorly characterized. In order to investigate these questions
and generate reliable models that can be used to predict experimental pain ratings, we
performed detailed quantitative sensory testing and psychological assessments on a group of
healthy volunteers.

Methods
Subjects

Twenty-one healthy volunteers (eleven male and ten female), 21–38 years old (mean 26.7),
participated in this study. All subjects gave informed consent acknowledging that they
understood: (1) that they would experience experimental painful stimuli, (2) that all methods
and procedures were clearly explained, and (3) that they were free to withdraw from the
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experiment at any time without prejudice. All procedures were approved by the Institutional
Review Board of Wake Forest University School of Medicine.

Assessment of psychological factors
Prior to quantitative sensory testing and thermal stimulation, subjects were asked to rate
their self-assessment of pain sensitivity using a Visual Analog Scale (VAS). The scale has
‘not at all sensitive to pain’ anchored on one end and ‘extremely sensitive to pain’ on the
other. Subsequently, they were asked to complete the State Trait and Anxiety Inventory
(STAI), Center for Epidemiologic Studies – Depression Scale (CES-D), and Positive and
Negative Affect Schedule – Expanded form (PANAS-X). STAI is a questionnaire that
assesses trait (20 questions) and state (20 questions) anxiety. CES-D is a 20-item self-report
scale designed to measure presence and severity of depressive symptoms 50. Both STAI and
CES-D have been used in many pain studies to assess anxiety and depression, respectively 1,
21, 26, 28, 42, 55, 66. PANAS-X is a 60-item questionnaire designed to measure different inner
states and emotions. The PANAS-X has two higher dimensions that assess negative and
positive affect, and another dimension for specific affects that is divided into basic negative
emotions, basic positive emotions, and other affective states. Among the 60 words
presented, ten are in the negative affectivity and ten are in positive affectivity dimensions.
Each word is rated on a scale from one to five, as to whether the word fits the habitual or
current state of the individual 62. In this study, the habitual state was requested.

Psychophysical data collection
Subjects rated pain using a 0–10 range mechanical (15 cm) visual analog scale (VAS) that
has been widely used to assess pain because of ease of use while providing quantifiable
measurements of pain intensity and pain unpleasantness (Parisian Novelty Co., Chicago, IL;
48). The minimum was anchored with ‘No pain sensation’ or ‘Not at all unpleasant’, while
the maximum was anchored with ‘Most intense pain imaginable’ or ‘Most unpleasant
imaginable’. Using an audio analogy, subjects were instructed to distinguish between pain
intensity and pain unpleasantness 47. All thermal stimuli were applied to their nondominant
ventral forearem via a 16×16-mm2 peltier device (Medoc TSA II, Ramat Yishai, Israel)
secured with a Velcro strap. Baseline temperature was maintained at 35°C, and stimulus
temperatures were delivered with rise and fall rates of 6°C/s and were feedback controlled.
During a training session, subjects rated 32 noxious heat stimuli applied to their non-
dominant ventral forearm (35, 43–49°C, 5 s duration) using the VAS in order to gain
experience rating pain 6. These data are not reported further.

Heat pain stimulation
Subjects provided post-stimulus pain intensity and pain unpleasantness VAS ratings of
fifteen stimuli of five different temperatures (35, 43, 45, 47 or 49°C, 3 repetitions for each
temperature) delivered at 5 s duration in a pseudo-random fashion on the non-dominant
ventral forearm. To minimize sensitization, habituation or hyperalgesia, all trials were
separated by a minimum of 30 s and were systematically distributed over the forearm to
minimize repetitive stimulation of the same skin site 43, 44. Stimulus-response curves were
generated for each subject using the logarithmic equation:

Where t represents stimulus temperature

The coefficient and intercept generated for heat pain intensity and heat pain unpleasantness
were both used as outcome variables.
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Cold pain stimulation
During cold pain stimulation, thermal stimuli were delivered to the ventral surface of the
non-dominant forearm via a 32×32-mm2 peltier device (Medoc TSA II, Ramat Yishai,
Israel). Subjects provided post-stimulus pain intensity and pain unpleasantness VAS ratings
of eighteen stimuli of six different temperatures (35, 20, 15, 10, 5 or 0°C, 3 repetitions for
each temperature) delivered at 5 s duration in a pseudo-random fashion on the non-dominant
ventral forearm. To minimize sensitization habituation or hyperalgesia, all stimuli were
delivered as described above.

Quantitative testing of sensory thresholds
Thermal thresholds—Heat pain threshold, cold pain threshold, warm detection threshold,
and innocuous cool detection threshold were determined by the method of limits. For each
of the four modalities of interest, the 32×32-mm2 thermode was applied to the non-dominant
ventral forearm. For warm detection and heat pain thresholds, the temperature was increased
at 1°C/s from 35 to 50°C. Subjects were then asked to indicate either the point at which the
baseline temperature transitions into a warm sensation (warm detection) or when nonpainful
warm sensation changed into a painful heat sensation (heat pain) by pressing a button. For
innocuous cool and cold pain thresholds, temperature was decreased at 1°C/s from 35 to
0°C. Subjects were subsequently asked to indicate the point at which the baseline
temperature changed into a cool sensation (innocuous cool) or when nonpainful cool
sensation transitions into a painful cold sensation (cold pain). For each of the modalities
measured, the test was repeated successively six times and the mean threshold temperature
was calculated. To minimize sensitization habituation or hyperalgesia, all stimuli were
delivered as described above.

Cold pain tolerance—After the thermal stimulation, subjects were requested to immerse
their dominant hand in a container of ice-saturated water (approximately 1–2°C) up to the
level of the wrist and keep it submerged until the pain became intolerable 27, 38, 45, 56.
While their hands were immersed, subjects were instructed to continuously flex and extend
their fingers to minimize boundary layer warming. Time from the start of the immersion of
the hand until withdrawal were recorded. Our unpublished observations with this method of
determining cold tolerance suggest that this method is sufficiently difficult for subjects to
tolerate, therefore no upper time limit was set.

Statistical analysis—Statistical analyses were conducted using SPSS software version
13.0 (SPSS Inc., Chicago, IL). Prior to analysis, descriptive statistics were calculated for all
variables (i.e., histograms, mean, SD, and range) to confirm that the assumptions for the
conducted analyses were satisfied. For all analyses, two-tailed testing at p< 0.05 was used
for statistical significance.

To reduce the number of considered predictors in a regression model, principal component
factor analysis with varimax rotation was used for data reduction 42. Factor analysis is often
used as a data reduction technique to mathematically identify meaningful subgroups of items
based on their relationship to each other. Care was taken to create a solution of item groups
(factors) that were very similar to each other and accounted for at least as much variance as
single predictor (i.e, Eigenvalues > 1.0), but were relatively uncorrelated across factors.
Because factor analysis is typically conducted on much larger samples than that of the
current exploratory study, a minimally acceptable factor loading of 0.80 or more was used to
identify the defining predictors and to better ensure the stability of identified factors 42.
Identified predictors were then combined to form factor scores by summing (or subtracting)
the individual items in the factor (i.e., unit weighting; taking into consideration the sign of
the factor loading). Outcomes were also combined to form factor scores by summing (or
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subtracting) the individual items in the factor. In some instances, these factors involved
combinations of items that would not intuitively thought to be related, but nevertheless
exhibited substantial shared variability.

In addition, some independent variables that accounted for a large portion of the variability
in the data set, but did not exhibit covariation with other independent variables were also
used independently as factors. Next, multiple regression analyses were used to examine if a
group of generated predictors (factors) could be used in conjunction to reliably predict each
outcome factor. For each of these models, all of the identified factor scores were forced into
the model and no attempt was made to further calibrate the model after estimation. Finally,
Pearson correlations were used to determine if individual predictors of heat pain threshold
and self-assessment of pain sensitivity can predict heat pain sensitivity.

Results
Predictors assessment

The complete details for predictor and outcome variables are shown in table 1. The mean
(SD) heat and cold pain thresholds were 47.2 (1.59)°C and 8.5 (8.09)°C, respectively. The
mean (SD) warm and cool detection thresholds were 36.8 (0.68)°C and 31.9 (1.28)°C,
respectively. The mean self-assessment of pain sensitivity was 3.20 (1.46). The mean state
and trait anxiety scores were 33.33 (6.98) and 37.76 (9.73), respectively. The mean negative
and positive affect dimensions of PANAS-X were 15.71 (5.85) and 34.24 (4.88),
respectively. The mean CES-D score was 7.62 (4.82). It is important to note that none of our
subjects had depression scores that would fall in the range of clinical depression (greater
than or equal to 21 on CES-D).

Outcomes assessment
The mean (SD) VAS pain intensity and unpleasantness ratings for 49°C noxious heat stimuli
were 2.32 (1.47) and 1.41 (1.02), respectively (Table 1). The mean (SD) VAS pain intensity
and unpleasantness ratings for 0°C noxious cold stimuli were 1.45 (1.56) and 0.96 (1.47),
respectively. The mean (SD) cold pain tolerance duration was 80.1 (100.7) seconds. It is
important to note that there is a large interindividual variability in the range of pain ratings
provided by the subjects. This finding is consistent with those of other experimental pain
studies that also report large interindividual variations in pain ratings and highlights the
large interindividual differences that exist in the pain experience 7, 53.

Predictive and outcome factors using factor analysis
The analysis resulted in five newly formed predictive factors (groups) that accounted for
90% of the total observed variance in the predictors (Table 2). The analysis also yielded five
newly formed outcome factors (groups) that accounted for 90% of the total observed
variances in outcomes (Table 3). The analysis allows independent variables that exhibited
substantial covariation to be combined to form a single factor (thus taking up less room in
the regression model). Each factor was then given a name consistent with the several
independent measured component variables (Table 2 and 3). For example, negative affect
score, depression score, and anxiety scores exhibited substantial covariation and were
combined to form a single predictor factor - negative mood (Table 2). Similarly, the
outcome variables heat pain intensity ratings and heat pain unpleasantness ratings also
exhibited a great deal of covariation and were combined to form the heat pain sensitivity
outcome factor (Table 3). These predictor factors were then used in conjunction to generate
multiple regression models for predicting each of the composite outcome factors.
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Final predictive model with multiple regression analysis
Final predictive models with multiple regression analysis for each composite outcome factor
are shown in Table 4. Each of the models was generated using five composite predictive
factors (negative mood, pain thresholds, pain positivity, cool detection, and warm detection).
Out of the five multiple regression models generated, only models for heat pain and cold
pain sensitivity reached statistical significance (Table 4). The five composite predictors
provided the best predictive model for heat pain sensitivity (r2 = 0.537, p=0.027)(Fig. 1 and
Table 5). Out of the five composite predictors, negative mood and cool detection
significantly carried a majority of the weight in this model (β = −0.469, p=0.033 and β =
−0.591, p=0.006, respectively)(Table 5). Thus, these factors may contribute importantly to
the individual differences in pain experience during experimental heat pain. The model
generated for cold pain sensitivity (r2 = 0.614, p=0.008), although statistically significant,
was largely driven by an outlier. After exclusion of the outlier, a model generated from the
five predictors no longer predicted cold pain sensitivity and was thus excluded from our
results. The models generated for cold tolerance, heat pain intensity stimulus-response, and
heat pain unpleasantness stimulus-response were not statistically significant, although there
appears to be a trend towards significance for heat pain intensity stimulus-response (r2 =
0.442, F=2.372, p=0.089) and heat pain unpleasantness stimulus-response (r2 =0.410,
F=2.087, p=0.124) models (Table 4).

Pearson correlations between heat pain sensitivity and pain thresholds and self-
assessment of pain sensitivity

In addition, we found that heat pain thresholds accounted for a very small variability in heat
pain sensitivity (r2=0.044; p=0.362). Self-assessment of pain sensitivity also did not account
for a significant portion of variability in heat pain sensitivity (r2=0.033; p=0.429). These
results suggest that both heat pain threshold and self-assessment of pain sensitivity are not
reliable predictors of the pain experience evoked by noxious stimuli at suprathreshold
temperatures.

Discussion
The subjective experience of pain is a uniquely individual and personal sensory experience
that involves much more than a simple relay of incoming nociceptive information. To date,
the factors that contribute to interindividual differences in the pain experience remain poorly
understood. In the present investigation, we show that self-assessment of pain sensitivity and
pain thresholds were found to be poor predictors of an individual’s pain sensitivity
(r2=0.033; p=0.429, r2=0.044; p=0.362, respectively). However, factor analysis with a
combination of meaningful predictors can produce a model that can accurately predict heat
pain sensitivity (r2 = 0.537, p=0.027)(Fig. 1 and Table 5). Out of the five composite
predictors for heat pain sensitivity, negative mood and cool detection significantly carried a
majority of the weight in this model (β = −0.469, p=0.033 and β = −0.591, p=0.006,
respectively). The finding that acute heat pain sensitivity cannot be easily predicted by any
single variable is consistent with evidence that pain is a complex subjective experience that
is constructed from a variety of factors unique to each individual.

Psychological factors and pain sensitivity
Previously, many studies have suggested that the pain experience may be greatly influenced
by many psychological factors, including anxiety and emotional state 20, 23, 32, 37, 42, 58, 59.
The prevalence of depression in the chronic pain patient population suggests that pain
experience and psychological state such as mood may be closely linked 16, 60, 61. Similarly,
catastrophizing about pain and clinical depression have been shown to negatively affect the
pain experienced by patients 1–3, 11, 13, 17, 18, 20, 22, 26, 60. However, most of these studies
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were done in clinical populations (e.g. clinically depressed patients or patients undergoing
major surgical procedures). Moreover, many studies done in non-clinical settings that
reported increased pain sensitivity from anxiety actually tested the effects of induced
anticipatory anxiety of an impending event on pain as opposed to the effects of baseline
anxiety levels on pain 8, 46, 51. In the present investigation, negative mood (sum of negative
affect, depression, and anxiety scores) was inversely correlated with heat pain sensitivity (β
= −0.469, p=0.033)(Table 5). In addition, since none of our subjects met the criteria for
clinical depression, these findings likely reflect how a combination of negative
psychological factors and emotional state can influence nociceptive processing in general
population in a non-clinical setting. Thus, even in normal healthy subjects, a combination of
psychological test scores may provide useful information for predicting one’s pain
sensitivity. It is possible that the observed inverse relationship between negative mood and
pain sensitivity may reflect the contribution of brain areas involved in processing cognitive
information in priming anti-nociceptive systems through top-down modulation. Such
cognitive and psychological factors may be importantly involved in both placebo and
nocebo effects. Moreover, studies investigating the placebo effect and the cognitive and
psychological influences on pain suggest that brain areas including the prefrontal cortex,
anterior cingulate cortex, and the insular cortex may be importantly involving in mediating
these processes 9, 10, 29, 49, 57, 64.

Predicting one’s own pain sensitivity
Self-assessment of pain sensitivity is often used as supplemental information in determining
analgesic/anesthetic requirements of patients before an acute surgical procedure. For
example, patients who believe that they are highly sensitive to pain may strongly prefer
conscious sedation over a local anesthetic block when undergoing 3rd molar tooth
extraction. However, self-assessments of pain sensitivity have previously been shown to be
poor predictors of relatively complex correlates of actual pain sensitivity such as acute pain
tolerance, temporal summation of pain, and clinical pain 14, 52. Consistent with these
findings, we found that an insignificant portion of the variability in experimental heat pain
sensitivity was accounted for by the variability in self-assessment of pain sensitivity
(r2=0.033; p=0.429). Taken together, these findings suggest that obtaining self-assessments
of pain sensitivity may not provide practically useful information for pain management.

Relationship of thermal thresholds and pain sensitivity
Pain thresholds, together with the slope of the stimulus-response curve, form the
fundamental elements of psychophysical equations that predict the magnitude of pain
evoked by a given stimulus. Accordingly, individual variations in pain thresholds would be
expected to predict a substantial portion of the variability in pain sensitivity. Studies of post-
operative pain, however, have produced mixed results on the ability of pain thresholds to
predict pain. One study suggests that both resting and evoked pain can be predicted to some
extent by pain thresholds 42 while other studies support no such relationship 19. However,
these studies necessarily use a threshold stimulus modality that is distinct from that of the
post-operative pain. Accordingly, the mismatch between the threshold and the
suprathreshold stimulus modalities may contribute to the variability of the findings. In the
present study, even when the modality of the threshold stimulus is the same as the modality
of the suprathreshold stimulus, we found that no significant amount of variability in
experimental heat pain sensitivity was accounted for by the variability in heat pain
thresholds (r2=0.044; p=0.362). Furthermore, since it seems intuitive to assume that subjects
with lower pain thresholds may exhibit higher pain ratings at suprathreshold noxious
temperatures, studies of experimental pain have frequently used subjects’ pain thresholds to
determine appropriate suprathreshold noxious temperatures 24, 30. The present findings raise
substantial questions about the validity of this strategy. These findings suggest that pain
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threshold may be more closely related to the ability of the primary nociceptive afferents to
detect a noxious stimulus, where as heat pain ratings of a suprathreshold noxious stimulus
depend not only sensitivity of each subject’s primary nociceptive afferents to a clearly
noxious stimulus but also other cognitive factors unique to each individual (a supraspinal
effect) that contribute to how a noxious stimulus is perceived. Although a definitive
conclusion regarding a lack of relationship between pain threshold and heat pain sensitivity
may not be drawn from a negative finding, our finding is in agreement with similar other
studies with significantly larger sample size 19.

In contrast to pain thresholds, cool detection threshold was also a major predictor of heat
pain sensitivity in our model. The inverse correlation between cool detection and heat pain
sensitivity seen in our model (β = −0.591, p=0.006)(Table 5) may suggest that cool-sensitive
afferents could play a role in anti-nociception during noxious stimulation. Cool stimuli have
been shown to inhibit pain 5, 15 and cool-sensitive primary afferent nerve fibers have been
reported to paradoxically respond to painful heat stimuli 12, 33. Thus, although highly
speculative, it may be possible that subjects with either larger numbers of cool fibers or
more easily activated cool afferents can recruit pain modulation more readily. However, the
exact roles that cool-sensitive afferents play in heat pain modulation require further
investigation. Nonetheless, measurement of cool detection threshold can provide useful
predictive information about experimental heat pain sensitivity.

Prediction of pain with multifactorial models
Even though the sample size in the present investigation was relatively small, and the ratio
of predictors to sample size almost certainly over-fit the available measurements (even with
the data reduction techniques), we observed statistical significance in predictive utility as
well as in the correlations in several instances. Nevertheless, due to a relatively small sample
size, the study is meant to be exploratory in nature, and the applicability of our findings
must be applied and interpreted with caution. Our model, generated from relatively simple
and brief questionnaires and sensory testing, accounted for over half of the variability
observed in suprathreshold noxious pain ratings (r2 = 0.537, p=0.027)(Fig. 1 and Table 5).
These results suggest that a multifactorial model can provide an accurate method to predict
an individual’s thermal pain sensitivity. Additionally, since suprathreshold heat pain stimuli
ratings have been reported to have good predictive value because they closely mirror the
clinical pain experience 19, 42, 63, this multifactorial model may potentially be beneficial in
screening for subjects that may suffer from severe postoperative pain and need additional
pain management. Nevertheless, a significant part of the variability in pain ratings cannot be
explained by our existing multifactorial predictive model. In addition, our study only
attempts to explain variability in experimental pain. Clinical pain is a complex experience
influenced by many factors and is impossible to be simulated in a laboratory setting. Thus,
applying these results to predict treatments for clinical pain may not be appropriate.
However, future studies examining these factors in both experimental and clinical pain may
be of great utility. The refinement and eventual application of multifactorial predictive
models of experimental pain, clinical pain, and analgesic requirements holds the potential to
significantly improve the quality of care provided to these patients.
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Figure 1.
Multifactorial model of heat pain sensitivity. The multifactorial model of heat pain
sensitivity can account for a significant portion of the variability in actual heat pain
sensitivity ratings (r2=0.537; p=0.027). The graph shows heat pain sensitivity ratings as
predicted by our multifactorial model (regression line) vs. subjects’ actual heat pain
sensitivity ratings.
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