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Background: People often state that they are “sensitive” or “insensitive” to pain. However, the
accuracy and clinical relevance of such statements is unclear.

Objective: The aim of this study was to search for associations between self-perception of
sensitivity to pain and experimental pain measures, including known psychophysical inhibitory
or excitatory pain paradigms.

Subjects and methods: Subjective sensitivity to pain was reported by 75 healthy participants
and included three self-perceived variables: pain threshold, pain sensitivity and pain intensity in
response to a hypothetical painful event (hypothetical pain intensity [HPI]). Experimental pain
measures consisted of thermal pain threshold (°C), suprathreshold thermal pain intensity (Visual
Analog Scale, 0-100) and the psychophysical paradigms of conditioned pain modulation (CPM)
and temporal summation (TS), representing inhibitory and excitatory pain processes, respectively.
Results: No significant correlations were found between self-perceived pain threshold or pain
sensitivity and any of the experimental pain measures. In contrast, the reported HPI correlated
with thermal pain threshold (» = —0.282; p = 0.014), suprathreshold thermal pain intensity
(r=0.367; p=0.001) and CPM (r = 0.233; p = 0.044), but not with TS.

Conclusion: Self-perception of pain sensitivity articulated by intangible expressions such
as pain threshold or pain sensitivity is unrelated to actual sensitivity to experimental pain. In
contrast, when measured by intensity of a hypothetical painful event (HPI), sensitivity to pain
is associated with some, but not all, experimental pain reports. Further studies are needed for
better understanding of these associations and their potential clinical significance.
Keywords: pain threshold, pain intensity, quantitative sensory testing, QST, conditioned pain
modulation, CPM, temporal summation, TS

Introduction

Interindividual variability in the experience of pain and in the response to analgesic
therapies is well established and is of clinical importance.'* Attempts to identify patients
who are inclined to experience higher pain intensities than others or those who are
less likely to respond to analgesic interventions have been made over the years. The
abovementioned research constituted of genetic,’ imaging* and psychological studies
(eg, anxiety and catastrophization).’ In addition, considerable efforts were invested
in quantitative sensory testing (QST) with an emphasis on correlating responses to
experimental pain testing (pain threshold, intensity, etc) and clinical pain.® Indeed,
“static” QST such as pain thresholds predicted acute postoperative pain.”'* In addition,
the more advanced “dynamic” QST paradigms of conditioned pain modulation (CPM)
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and temporal summation (TS) also predicted chronic post-
operative pain and the response to analgesic medications. "2
Notably, CPM and TS reflect inhibitory and excitatory pain
processes, respectively, so in contrast to static pain measures,
they point to possible underlying mechanisms.!'>'* However,
experimental pain does not always reflect the clinical experi-
ence of pain, it is time-consuming and it requires designated
equipment and, therefore, has not become a routine part of
patient evaluation in the clinical practice.

A slightly different approach in the study of interindi-
vidual heterogeneity in the experience of pain is the search
for possible associations between reports of self-perceived
sensitivity to pain and actual sensitivity to pain. However,
two studies failed to show associations between reported
self-perceived pain threshold, tolerance or sensitivity and
experimental pain measures in healthy volunteers.'>!® This
led Edwards and Fillingim'¢ to conclude that “circumventing
psychophysical pain testing by assessing individual’s self-
reported pain sensitivity is unlikely to be a useful strategy.”
More recently, contradicting results were reported. The Pain
Sensitivity Questionnaire (PSQ), a self-rating instrument
based on pain intensity ratings of 17 daily life situations,
showed significant associations with both experimental pain
measures in healthy subjects!” and with postoperative pain
intensity in patients.'®* Despite that, the clinical applica-
bility of this 17-item questionnaire in the daily busy clinics
is challenging, thereby leaving the question of its practical
utility open.

In an attempt to introduce a simpler approach, rather than
using all 17 PSQ situations, we focused on a single hypothetical
painful event. We looked for associations between experimen-
tal pain measures and 1) reported pain intensity in response
to a single hypothetical painful event, and 2) reports of self-
perceived “pain sensitivity” and “pain threshold.” In addition,
we looked for associations between the same self-reports and
the magnitudes of dynamic QST measures. We hypothesized
that pain intensity in response to the hypothetical painful event
but not the other self-perceived variables (ie, self-perceived
pain sensitivity and pain threshold) would show associations
with at least some of the experimental pain measures.

Subjects and methods

Subjects

The ethics committees at Rambam Health Care Campus
(0487-14-RMB) and at the University of Haifa (004/15)
approved the study. The study sample included 75 paid,
healthy volunteers (44 women) aged 25.9 £ 4.1 years (mean
+ SD), from whom a complete dataset was obtainable. The

participants responded to advertisements spread-out around
university campuses in Haifa, Israel. They met the follow-
ing criteria: 1) age between 18 and 45 years, 2) no reported
medical illness of any kind, 3) declined using medication or
drugs during at least 1 month prior to entering the study and
4) a negative urine pregnancy test for female participants.
Medical records of participants were not reviewed, and urine
toxic screens were not performed. All participants provided
written informed consent to participate in the study.

Self-perceived sensitivity to pain

The assessment of self-perceived sensitivity to pain con-
sisted of three questions. The first two questions assessed
self-perception of pain threshold and pain sensitivity and
were phrased as follows: “How would you define your pain
threshold in comparison to others using a 0—10 scale, where
‘0’ represents an extremely low pain threshold and 10’
stands for an extremely high pain threshold?” and “How
would you define your pain sensitivity in comparison to
others on a similar scale, where ‘0’ represents complete pain
insensitivity and ‘10’ means extreme pain sensitivity?”’ Prior
to responding to these two questions, participants received
an explanation regarding the meaning of both pain sensitiv-
ity and pain threshold, and the difference between the two:
“Pain threshold is the point at which an applied stimulus first
becomes painful. The lower the pain threshold, the earlier
the stimulus becomes painful. Pain sensitivity on the other
hand, represents the extent to which a painful stimulus is
perceived as painful by you.” The third question tested self-
perceived pain intensity in response to a hypothetical painful
event (hypothetical pain intensity [HPI]) and was phrased as
follows: “Imagine that while walking fast, you suddenly and
forcefully bump a toe into a table’s leg. How would you rank
the pain intensity that you would experience at that moment,
where ‘0’ means no pain at all and ‘10’ is the most intense
pain imaginable?” This hypothetical painful event was chosen
because apart from being painful, it is generally perceived
as a non-maiming situation, which has been experienced by
most people. For all assessments, a 100 mm Visual Analog
Scale (VAS) was used.

Static QST

The TSA 2001-II Thermal Sensory Device (Medoc, Ramat
Ishai, Israel) was used for testing heat and cold pain thresh-
olds. The 30 mm X 30 mm thermode was attached to the
thenar eminence of the dominant hand. Baseline temperature
was set at 32°C. The temperature was increased or decreased
at arate of 1°C/second. Subjects were asked to press a button
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once heat/cold stimuli first became painful. Each test was
repeated three times, and the average temperature was con-
sidered as the subject’s heat/cold pain threshold (°C).

Dynamic QST

CPM

CPM consisted of a test stimulus which was applied by attach-
ing the thermode to the thenar eminence of the dominant hand.
The conditioning stimulus (conditioning pain) was generated
by immersing the subject’s nondominant hand into a cold-
water bath (12°C) for 30 seconds. Determining the subjects’
CPM was performed as follows: once temperature of the first
heat stimulus reached 47°C, participants were asked to express
verbally their pain intensity using a 0—100 numeric pain scale.
This was defined as “test pain 1.” Immediately afterward,
subjects immersed their nondominant hand into the cold bath.
About 30 seconds later, while their hand was still immersed in
the cold water, a second identical heat stimulus was applied
and the subject reported the pain intensity in response to this
stimulus. This was defined as “test pain 2.” CPM was calcu-
lated by subtracting test pain 2 from test pain 1. A positive
value is indicative of an effective CPM. Notably, test pain 1
was also regarded as suprathreshold heat pain intensity. Sub-
jects were asked to report the pain intensity in response to the
conditioning stimulus (conditioning pain) immediately prior
to withdrawing their hand from the cold bath. This report was
regarded as suprathreshold cold pain intensity. These measures
were used for further correlation analyses.

TS

The TSA thermode was attached to the inner forearm of the
nondominant hand, and tonic painful heat stimulation was
generated using the “ramp and hold” method.?' The baseline
temperature was set at 32°C, rose at a rate of 1°C/second
to the maximal temperature of 46.5°C and sustained at that
temperature for 120 seconds. Throughout the entire process
(135 seconds), subjects continuously reported the pain inten-
sity using a Computerized VAS (Co-VAS, 0-100), which
automatically recorded readings at intervals of 0.1 seconds.
The typical response to the tonic heat stimulation is com-
posed of a peak in pain intensity just as temperature reaches
its maximal value of 46.5°C, “first peak.” This peak is fol-
lowed by a decline in pain intensity to a minimum, “nadir.”
Thereafter, pain intensity rises again to a “second peak.” The
calculated TS is the difference in pain intensity between the
second peak and the nadir. Seldom, an atypical response is
observed, where pain intensity rises gradually in a consistent
fashion with no noticeable nadir. In this case, the TS was

calculated as the difference between the maximal recorded
pain intensity and pain intensity recorded once the thermode
reached the maximal temperature of 46.5°C.?? This type of
response was noted in three participants in the current study.

Study design

Volunteers were instructed to avoid any strenuous physi-
cal activity during the 4 hours prior to the study session. A
B-hCG urine test (Innovacon, Inc., San Diego, CA, USA)
was used to rule out pregnancy among female participants.
After providing a verbal and a written explanation of the
study, informed consent was obtained. Participants were then
requested to respond to a fixed sequence of the self-perceived
pain sensitivity questions. Each question was displayed on a
separate page. Subsequently, an experimental pain training
session was held, aimed at familiarizing participants with
the different pain tests. The experimental pain tests were
conducted 10 minutes later, at a fixed order, with 5—10-min-
ute intervals between consecutive tests. Each session lasted
approximately 1 hour. All experiments were performed in a
quiet room and at a temperature of 25°C.

Statistical analysis

The results of the study were analyzed using SPSS for
Windows Version 20 Statistical Package (IBM Corporation,
Armonk, NY, USA). The statistical significance level was
set at 5%, and the normality of variables’ distribution was
established using the Shapiro—Wilk test (p-value > 0.01).%
Two experimental pain scores were constructed by averaging
Z-scores of single variables:!” 1) a thermal pain threshold
score which consisted of the heat and cold pain thresholds
and 2) a suprathreshold pain intensity score which consisted
of the suprathreshold heat and cold pain intensities. Pearson
product-moment correlation coefficient (two-tailed) was
used to test for associations between the different variables.
Both single variables and experimental pain scores were
correlated with the self-perceived variables. A sample size
of 75 participants was required for a correlation with a sta-
tistical significance level of 5%, a medium effect size** and
an expected power of 80%.%

Results

Self-perceived sensitivity to pain

Participants ranked (mean £ SD: range) their self-perceived
pain threshold relative to others at a level of 5.5 £ 1.6: 1-9.
Pain sensitivity relative to others was perceived as 4.9 £ 1.5:
2-9. Pain intensity in response to the hypothetical painful
event (HPI) was 6.4 = 1.6: 2—10 (Table 1).
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Table | Descriptive statistics
Variable Mean SD Median Minimum Maximum
Age (years) 259 4.1 26 19 35
Self-perceived variables

Pain sensitivity 4.9 1.5 5 2 9

Pain threshold 55 1.6 5 | 9

HPI 6.4 1.6 7 2 10
Static QST

Cold pain threshold (°C) 13 6.6 12.5 0 24.8

Heat pain threshold (°C) 46.5 3.1 47.1 39.8 50.6

Suprathreshold heat pain intensity* 41.7 26.9 37 0 100

Suprathreshold cold pain intensity 734 22.4 75 20 100
Dynamic QST

CPM 243 18.6 20 -1 85

TS 39.9 26.5 37 0 100

Notes: HPI is pain intensity in response to a hypothetical painful event. *Two participants reported a suprathreshold heat pain intensity of 0.
Abbreviations: CPM, conditioned pain modulation; HPI, hypothetical pain intensity; QST, quantitative sensory testing; TS, temporal summation.

Static QST yielded the following results (mean + SD):
cold and heat pain thresholds were 13 + 6.6°C and 46.5
+ 3.1°C, respectively. Suprathreshold heat pain intensity
was 41.7 + 26.9. Notably, two subjects reported no pain in
response to the heat stimulus, but were not excluded from
either the study or the analyses, as to allow the widest pos-
sible range of responses. Suprathreshold cold pain intensity
was 73.4 £ 22.4 (Table 1).

Dynamic QST
Mean CPM and TS scores were 24.3 = 18.6 and 39.9 £26.5,
respectively (Table 1).

Associations between variables

The Shapiro—Wilk test (p-value > 0.01) and a visual inspec-
tion of the self-perceived variables’ histograms revealed
normal distribution of variables. Thus, Pearson product—
moment correlation coefficient (two-tailed) was used to test
for correlations between the different variables. No significant
correlations were found between self-perceived pain thresh-
old or self-perceived pain sensitivity and any of the static or
dynamic QST measures.

In contrast, significant correlations between HPI and
multiple static QST measures were found, including positive
correlations with cold pain threshold (» = 0.268; p = 0.02),
suprathreshold heat pain intensity (»=0.284; p=0.013) and
suprathreshold cold pain intensity (» = 0.358; p = 0.002).
In addition, HPI correlated with the thermal pain threshold
score (r=—0.282; p=0.014; Figure 1A), suprathreshold pain
intensity score (#=0.367; p=0.001; Figure 1B) and dynamic
QST measure of CPM (r = 0.233; p = 0.044; Figure 1C).
In conclusion, higher HPI was associated with lower pain

threshold scores, higher suprathreshold pain intensity scores
and higher CPM. HPI did not correlate with either heat pain
threshold or TS.

Discussion

The main findings of the current study are that the self-
perceived pain threshold and pain sensitivity showed no
associations with any of the QST measures whatsoever. In
contrast, a significant correlation was found between the self-
perceived pain intensity in response to a hypothetical painful
event (HPI) and most static QST measures, as well as CPM.
No association could be demonstrated between HPI and TS.

Similar to our findings, Edwards and Fillingim'® could
not demonstrate an association between self-reported pain
sensitivity and experimentally measured heat pain threshold
and tolerance. In the current study, we expanded Edwards
and Fillingim’s results. Rather than using a single item of
heat pain, we implied a variety of static and dynamic psy-
chophysical measures. Still, in our study, the self-perceived
variables of pain threshold and pain sensitivity failed to
show significant associations with any of the QST measures,
regardless of the modality used.

The absence of an association between self-perceived pain
threshold or pain sensitivity and the QST measures could
stem from the intangible nature of pain threshold and pain
sensitivity. It is possible that, at least under these experimental
circumstances, participants have trouble placing themselves
correctly on an abstract scale of pain sensitivity, relative to the
general population.'¢ It would certainly be of interest to deter-
mine whether associations between similar self-perception
of pain threshold or pain sensitivity and clinical pain exist.
We are unaware of such studies, but an extrapolation of our
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Figure | Scatter plots with trend lines of significant correlations.

r=-0.282; p = 0.014
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r=0.233; p = 0.044

Note: HPI versus (A) thermal pain threshold score, (B) suprathreshold pain intensity score and (C) CPM.
Abbreviations: CPM, conditioned pain modulation; HPI, hypothetical pain intensity.
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and previous results on experimental pain,'>'* makes it quite
unlikely that such associations will be found.

Conversely, the finding of significant correlations between
subjective pain intensity in response to a hypothetical painful
event (HPI) and multiple QST measures could be explained
by the tangible nature of the HPI. This hypothetical event
can be linked or anchored to previous pain experiences
and therefore make this self-report more relevant to the
results of the experimental pain tests. Furthermore, unlike
the other two questions which focus on placing one’s pain
thresholds or pain sensitivity relative to others, the HPI is
entirely a product of one’s self-observation and perception.
Interestingly, a growing body of evidence points to the fact
that pain intensity ratings of daily life situations, measured
by the PSQ, may be of clinical value.!*? In contrast to the
PSQ, which consists of 17 items, the multiple correlations
found in the current study show that even a single concrete
question could potentially be used to evaluate sensitivity to
pain, at least in an experimental context. The relevance of
this finding to clinical pain is yet to be determined.

Both CPM and TS have demonstrated association with
various clinical pain states, such as postoperative and
neuropathic pain, and with the response to analgesic inter-
ventions,?® but thus far have not been associated with self-
perception of sensitivity to pain. The positive association
found in our study between HPI and CPM is of interest and
congruent with several previous studies showing high CPM
magnitude in subjects who display high levels of experimen-
tal and clinical pain. It may indicate that “effective” CPM is
required for those who are “sensitive to pain.”'>?* In contrast,
TS is used to evaluate central facilitating aspects underlying
pain experiences. It is believed to represent the “wind-up”
phenomenon in response to repeated or prolonged nocicep-
tive stimuli?” and therefore seems less relevant to the abrupt
pain experience described in our hypothetical painful event.

Two limitations of the study should be noted. First, our
sample included only healthy subjects in the age range of
19-35 years. Given the established association between age
and response to experimental pain,?®% these results may not
apply to people at different age groups. Second, participants
were recruited by responding to advertisements in universi-
ties, a fact that could have led to a selection bias.

Conclusion

Self-perceived pain intensity in response to a hypothetical
painful event (HPI), but not intangible self-perceived pain
threshold and pain sensitivity, shows associations with mul-
tiple QST measures including experimental thermal pain

threshold and intensity, and the dynamic measure of CPM.
Other self-perceived parameters are not associated with any
of the experimental measures tested. These results suggest
that a single concrete question, rather than commonly used
intangible terms such as pain threshold or sensitivity to pain,
could potentially be used to evaluate individual’s sensitivity
to pain, at least in an experimental context. Further studies
are needed to validate these findings.
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