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Abstract: This study investigated the relationship of thermal pain testing from three types of
quantitative sensory testing (ie, supra-threshold stimulus response scaling, temporal summation,
and after-sensation) at three anatomical sites (ie, upper extremity, lower extremity, and trunk).
Pain ratings from these procedures were also compared with common psychological measures
previously shown to be related to experimental pain responses and consistent with fear-avoidance
models of pain. Results indicated that supra-threshold stimulus response scaling, temporal
summation, and after-sensation, were significantly related to each other. The site of stimula-
tion was also an important factor, with the trunk site showing the highest sensitivity in all three
quantitative sensory testing procedures. Supra-threshold response measures were highly related
to measures of fear of pain and anxiety sensitivity for all stimulation sites. For temporal sum-
mation and after-sensation, only the trunk site was significantly related to anxiety sensitivity,
and fear of pain, respectively. Results suggest the importance of considering site of stimulation
when designing and comparing studies. Furthermore, psychological influence on quantitative
sensory testing is also of importance when designing and comparing studies. Although there
was some variation by site of stimulation, fear of pain and anxiety sensitivity had consistent
influences on pain ratings.
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Introduction
Quantitative sensory testing (QST) to determine experimental pain sensitivity for
healthy participants and participants with pain conditions appears to be gaining in
popularity.! Recent reports have suggested standardized QST protocols for the assess-
ment of individuals with chronic pain conditions.>* Most QST clinical applications
are for the assessment of threshold (the time, or level of stimulation first perceived as
painful), supra-threshold (ratings of painful stimulation above threshold), temporal
summation, or after-sensation.* Temporal summation refers to the increase in pain
perception with repeated stimulation (inter-stimulus interval three seconds or less)
that is believed to be related to C-fiber mediated dorsal horn central sensitization.’
This phenomenon has been reported to be related to the development of chronic pain
conditions.’ After-sensation is the heightened level of pain that lingers following
the cessation of pain stimulation.’ After-sensation has been shown to predict clini-
cal pain ratings, and may be related to endogenous, pain inhibitory mechanisms of
C-fiber activity.®

Studies involving participants with pain conditions have suggested the impor-

tance of QST for supra-threshold testing and assessment of temporal summation.>”#
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Previous work has also shown that after-sensation is related
to clinical pain report suggesting not only large group
differences between patients and controls, but also a relation-
ship between QST, clinical pain ratings, and psychological
factors.>® However, few studies have investigated associations
between different stimulus parameters and the influence
of anatomical location of stimulus site for classic QST
measures.’ The above-referenced evidence of the importance
of the assessment of central sensitization-related phenomena
indicates a need to investigate these parameters for supra-
threshold response procedures, temporal summation, and
after-sensation at multiple sites along the neural axis.

In summary, studies employing QST methods have
used a variety of body sites and stimulus parameters and
rarely have multiple measures been compared to each other.
This lack of direct comparison across site and test type
makes different studies difficult to interpret. Furthermore,
the relative contribution of common psychological fac-
tors as they relate to supra-threshold response, temporal
summation, and after-sensation also needs investigation.
The purpose of the present study was to investigate the
differences in pain report from three anatomical sites on
the body, including the lower extremity, trunk, and upper
extremity for supra-threshold response, temporal summa-
tion, and after-sensation. Reporting the inter-relationships
of the various QST methods of pain induction is important
for the interpretation of data across studies, and may serve
as a preliminary assessment of the construct validity of
these measures.

The analyses of these relationships were primarily for
descriptive and exploratory purposes, although our default
hypothesis was that the QST measures would all be signifi-
cantly correlated with each other and that responses would be
similar for each of the anatomical sites. We further hypoth-
esized that the measures associated with C-fiber mediated
processes (temporal summation and after-sensation) would
be more strongly correlated in comparison to A-delta fiber
mediated processes (supra-threshold response). We also
sought to provide novel information of the relationship of
these particular tests with measures of fear of pain, anxiety,
anxiety sensitivity, and pain catastrophizing. These particu-
lar psychological factors have been related to pain in both
clinical and experimental settings'™!' and are relevant to
fear avoidance models of musculoskeletal pain, which has
an important influence on clinical pain conditions.!>!* We
hypothesized that fear of pain, anxiety, and pain catastroph-
izing would be positively associated with the different QST
measures.

Materials and methods

Participants

A convenience sample of 120 participants was pooled from
two previously reported studies that focused on thermal
pain responses.'*!* Pooling these studies was appropriate for
addressing our purposes because the studies had the same
eligibility criteria and QST testing procedures. Furthermore,
the thermal pain sensitivity data have not been previously
used to test the hypotheses reported in this planned secondary
analysis. Each study had Institutional Review Board approval
and all participants provided informed consent before being
included in the studies.

Participants provided demographic information and
completed validated psychological questionnaires that were
consistent with fear-avoidance models of pain perception.'?
Participants also completed a visual analog scale (VAS) for
fear and anxiety ratings for the current stimuli they were about
to experience. Participants then underwent standardized QST
for thermal pain sensitivity at the lower extremity, trunk, and
upper extremity. The QST protocol as has been employed in
previous studies®'® and is further described below.

Psychological measures

The Anxiety Sensitivity Index (ASI) uses a 16-item, 4-point
rating scale to assess anxiety sensitivity, which is the percep-
tion of whether experiencing symptoms of anxiety causes
harm. The ASI has been validated in community samples'
and demonstrated factor invariance across different sex and
age groups.!”

The State-Trait Anxiety Questionnaire (STAI) uses a
40-item, 4-point rating scale to assess dispositional (trait)
and situational (state) anxiety symptoms.'® We reported the
state portion of the STAI as this construct better matched the
purposes of this study.

The Coping Strategies Questionnaire (CSQ) uses
a 27-item, 7-point rating scale to measures the frequency
of use for common pain coping strategies.!” We used the
catastrophizing subscale that measures helplessness and pes-
simistic cognitions related to pain perception. The validity
of this particular subscale has been supported'”*® and the
currently recommended scoring system was used in this
study.?

The Fear of Pain Questionnaire (FPQ-III) uses a 30-item,
S-point rating scale to measure fear about specific situations
that would normally produce pain.?! The FPQ-III is a com-
monly used and well-validated instrument that is appropriate
for use in nonclinical and clinical populations.?'*
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Quantitative sensory testing

Thermal stimuli were delivered with the Medoc Neurosen-
sory Analyzer (TSA 2001; Ramat Yishai, Israel). Participants
underwent a practice session in which threshold stimuli were
rated with a numerical rating scale (NRS) ranging from 0 (no
pain) to 100 (worst pain imaginable). After the practice ses-
sion, pain sensitivity was assessed at the lower-extremity,
trunk, and upper-extremity using a counter-balanced testing
schedule.

Supra-threshold responses are believed to be represen-
tative of A-delta fiber mediated pain sensitivity and these
responses were assessed at the volar forearm, posterior supe-
rior iliac spine, and dorsal calf via a ramp and hold protocol.
The ramp and hold protocol consisted of four heat pulses each
lasting five seconds and delivered five seconds from the end
of the preceding pulse. Baseline temperature for each heat
pulse was 35°C and increased at a rate of 10°C per second
to a randomly determined end point 0f45°C, 47°C, 49°C, or
51°C. The protocol was repeated twice and NRS ratings were
recorded in response to these four temperatures.

Temporal summation and after-sensation are considered
to be representative of C-fiber mediated pain sensitivity and
these responses were assessed on the palmar surface of the
hand, posterior superior iliac spine, and plantar surface of the
foot. For temporal summation a train of ten consecutive heat
pulses with baseline temperature of 41°C and peak tempera-
ture of 51°C was provided at an inter- stimulus frequently of
0.33 Hz. Participants rated each pulse using the NRS and the
fifth pulse was used as the measure of temporal summation.
The rationale for choosing the fifth pulse is that it has been
demonstrated that “first pain” is either absent or nearly com-
pletely diminished after four heat pulses and the remaining
pain is delayed by an extent that can only be accounted for
by conduction of impulses in C-fibers.?*?* This delayed pain
is also much greater in magnitude than that evoked by the
first pulse in a train of 4-6 pulses or by a single pulse*2¢27
and therefore is considered to represent a simple measure of
temporal summation.” For after-sensations, NRS (numeric
rating scale) ratings were collected at 15seconds following
the last stimulus pulse, similar to our previous work.?

Data analysis

Descriptive statistics were generated for the sample, for
demographic, psychological, and QST measures. Associa-
tions between supra-threshold response, temporal summation,
and after-sensation were investigated by Pearson correlation.
The effect of the stimulation site was investigated by repeated
measures ANOVA, with separate models for supra-threshold

response, temporal summation, and after-sensation. Finally,
psychological relationships to pain measures were inves-
tigated with Pearson correlation and multiple regression.
Separate regression models included the fear of pain, anxiety,
and pain catastrophizing measures as predictors and supra-
threshold response, temporal summation, and after-sensations
as the dependent variable.

Results

Descriptive data for the participants is summarized in Table 1.
To reduce the total number of analyses, ratings of the ramp
and hold stimuli were averaged across the four stimulus
temperatures to yield a mean rating for each participant and
for each site of stimulation. These mean ratings were used in
subsequent analyses. Associations among the QST measures
were assessed via Pearson correlations (Table 2). Correlations
between the pain measures were all statistically reliable and of
moderate magnitude. This sample was 70% female, and sex
differences in the relationships among pain and psychological
measures were conducted with z-tests for differences among
correlations. No sex differences were found to be reliable
(P > 0.05). The remainder of the analyses therefore used
the entire sample of participants.

Results of the repeated measures ANOVA indicated a
significant effect for site of stimulation and supra-threshold
response (F(2,238) =20.3, P = 0.001, eta®> = 0.15). Simple
contrasts indicated that pain ratings for the lower extremity
were lower compared to trunk and upper extremity ratings

Table | Descriptive statistics

Variable Pooled (n = 120)
Age (years) 23.6 (3.2)
Sex (# female) 70% (84/120)
Education (years) 16.3 (1.7)
Fear (0—100VAS) 25.7 (18.0)
Anxiety (0—100VAS) 25.7 (20.7)
Thermal threshold (C) 43.7 (3.4)
Ramp and hold leg (0—100 NRS) 243 (19.2)
Ramp and hold trunk (0—-100 NRS) 31.5(21.5)
Ramp and hold arm (0—100 NRS) 27.3 (18.7)
Wind up leg (0—-100 NRS) 39.7 (28.3)
Wind up trunk (0-100 NRS) 62.7 (23.4)
Wind up arm (0-100 NRS) 43.7 (27.5)
After-sensations leg (0—100 NRS) 12.9 (16.4)
After-sensations trunk (0—100 NRS) 18.8 (21.4)
After-sensations arm (0—100 NRS) 12.8 (15.4)

Notes: All values reported as mean (£SD) or % (#).
Abbreviations: VAS, visual analog scale; NRS, numerical rating scale; SD, standard
deviation. Ramp and hold reported at 47°C only.
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Table 2 Correlations among psychophysical measures

TS-LE TS-TR TS-UE AS-LE AS-TR AS-UE
RH-LE 0.61%%  0.70%F 0.56%F  0.53%  0.59%* 0.44%*
RH-TR  0.62*%F  0.8]** 0.63* 050  0.60%* 0.42%*
RH-UE  0.67#%  0.76*% 0.64%F  0.52%  0.58% 0.47%*
TS-LE 0.67%%  0.46** 0.45%*
TS-TR 0.54%F  0.53% 0.52%*
TS-UE 0.54%F  0.47** 0.66%*

Note: **P < 0.01.
Abbreviations: RH, ramp and hold (supra-threshold response); TS, temporal summa-
tion; AS, after-sensation; LE, lower extremity; TR, trunk; UE, upper extremity.

(P < 0.05). Upper extremity ratings were also significantly
lower than those for the trunk (P < 0.05). Results of the
repeated measures ANOVA indicated significantly greater
temporal summation for the trunk than either lower or upper
extremity sites (F(2,118) = 63.2, P < 0.001, eta’> = 0.35).
Results of the repeated measures ANOVA indicated a sig-
nificant effect for site of stimulation and after-sensation
(F(2,238)=11.8, P < 0.001, eta? = 0.09). Simple contrasts
indicated that after-sensation in the trunk was significantly
higher than in the lower and upper extremities (P < 0.05).
However, after-sensation did not differ between lower and
upper extremities (P > 0.05).

Pearson correlations for the psychological measures are
presented in Table 3 and correlations between psychological
and QST measures are presented in Table 4. Results of the
regressions of fear and anxiety measures are summarized
in Table 5. Both the zero-order correlations and the multi-
collinearity diagnostics indicated there were no violations of
multicollinearity assumptions. Furthermore, all variables met
criteria for normality (skewness and kurtosis).

For supra-threshold responses, the psychological mea-
sures were significant predictors of pain ratings at all ana-
tomical sites with fear of pain scores as a unique predictor.

Table 3 Correlations among psychological measures

Fear-VAS Anx-VAS STAI FPQ CAT
Fear-VAS
Anx-VAS 0.79*
STAI 0.08 0.14
FPQ 0.20* 0.25% 0.26*
CAT 0.32% 0.31* 0.19 0.47*
ASI 0.34* 0.49%* 0.24* 0.46* 0.26*

Note: *P < 0.05.

Abbreviations: Fear-VAS, Fear Visual Analog Scale; Anx-VAS, Anxiety Visual Analog
Scale; STAI, Spielberger State-Trait Anxiety Inventory; FPQ, Fear of Pain Questionnaire;
CAT + Catastrophizing Scale; ASI + Anxiety Sensitivity Index.

Anxiety sensitivity scores also predicted pain ratings for
the lower and upper extremity. All relationships were in the
positive direction indicating greater scores on fear of pain and
anxiety sensitivity were related to greater pain sensitivity.

For temporal summation, only the regression for the
trunk site was statistically reliable (R* = 0.29, P = 0.004).
Examination of the standardized beta weights indicated
that anxiety sensitivity was the only unique contributor and
indicated that increased anxiety sensitivity was associated
with greater temporal summation. None of the psychologi-
cal measures were significant predictors of lower extremity
temporal summation. Though the overall regression for upper
extremity was not statistically reliable, the individual beta
weight for anxiety sensitivity was significant and in the same
direction as that for trunk site temporal summation.

For after-sensations, psychological measures were
statistically reliable predictors of pain sensitivity at the trunk.
Examination of standardized beta coefficients indicated that
only fear of pain was a unique predictor of after-sensations
at the trunk. Neither lower nor upper extremity regres-
sions yielded statistically reliable prediction equations for
after-sensations.

Discussion

QST of individuals with and without pain conditions is
increasingly common in the pain literature. There is a wide
variety of types of stimulation, sites of stimulation, and stimu-
lation methods employed across investigations. This study
contributes to the experimental pain literature and suggests
that some of the inconsistencies observed in the literature
may be due to the differences related to site of stimulation,
type of stimulus procedure, and psychological influence on
pain sensitivity.

The first aim of this study was to examine the inter-
correlations among the QST measures of supra-threshold
response, temporal summation, and after-sensation. These
inter-correlations suggest that temporal summation, after-
sensation and supra-threshold response, share moderate
levels of variance within and across stimulation sites. There
was no significant support that presumed C-fiber-related
parameters would more closely correlate with each other
versus presumed A-delta parameters. Rather, the similar cor-
relations among all psychophysical parameters suggest that
an overall pain sensitivity is reflected in the pain responses
used in this study. This is somewhat unexpected in a sample
of asymptomatic healthy controls. It would be more consis-
tent with a clinical sample that experienced a generalized
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Table 4 Correlations among psychophysical measures

TS-LE TS-TR TS-UE AS-LE AS-TR AS-UE RH-LE RH-TR RH-UE
Fear-VAS 0.08 —-0.08 0.07 0.06 0.06 -0.03 0.17 0.05 0.06
Anx-VAS 0.20* 0.17 0.05 0.15 0.11 0.04 0.22% 0.17 0.18*
STAI 0.02 —-0.02 —0.12 —-0.05 0.03 —0.15 0.3* 0.11 0.20
FPQ 0.32%* 0.38%* 0.23* 0.29%* 0.43%* 0.23* 0.55%* 0.51%* 0.47%*
CAT 0.24 0.28* 0.01 0.28* 0.34%* 0.04 0.31* 0.32% 0.17
ASI 0.27* 0.30%* 0.47%* 0.19 0.32% 0.16 0.53** 0.45%* 0.47%*

Notes: *P < 0.05, **P < 0.01.

Abbreviations: RH, ramp and hold (supra-threshold response); TS, temporal summation; AS, after-sensation; LE, lower extremity; TR, trunk; UE, upper extremity; Fear- VAS,
Fear Visual Analog Scale; Anx-VAS, Anxiety Visual Analog Scale; STAI, Spielberger State-Trait Anxiety Inventory; FPQ, Fear of Pain Questionnaire; CAT + Catastrophizing Scale;

ASI + Anxiety Sensitivity Index.

central sensitization to somatic and painful stimulation. It is
plausible that the findings in healthy controls simply reflect
the lower range, or normal distribution of central influences
on somatic perception.

The second aim of the study was to examine the relation-
ship of site of stimulation and pain responding within and
between types of QST. Supra-threshold, after-sensation,
and temporal summation were influenced by site of stimula-
tion with a similar pattern. Specifically, all of the sensory
parameters showed that the trunk region had higher pain
sensitivity, in comparison to the extremities. Our results
suggest that the site of stimulation is important to consider
when comparing or designing studies. Specifically, ratings
from the extremities and the trunk may not be comparable
and could result in conclusions that are not robust and indeed
may be misleading.

The site of stimulation results may also have impli-
cations for neuraxis differences in processing standard
pain stimuli for healthy individuals. First, given the high
prevalence of chronic low back pain, it seems relevant to
note that the trunk had the highest pain sensitivity across
all parameters. In a nonpain sample, we did not expect the
trunk to be more sensitive to thermal stimulation, but our
data suggest the trunk may have elevated pain sensitivity
for temporal summation and after-sensation, even in healthy
individuals. Furthermore, the measures of temporal sum-
mation, in particular, were expected to be more intense in
the extremities because of the greater conduction distance
compared to the trunk. This finding could indicate that the
specific protocol used in the study did not provide sufficient
discrimination between A-delta and C-fiber mediated pain
responding and that from the trunk; a more blended inner-
vation was experienced.

The final aim of the study was to examine the rela-
tionship of QST measures with common psychological

constructs (ie, fear, anxiety, and catastrophizing) used in
fear-avoidance models of pain. Interestingly, the validated
questionnaires measuring trait constructs had the stronger
associations with the QST measures, in comparison to state
specific VAS ratings of fear and anxiety regarding the about
to be experienced stimuli. When associations with fear and
anxiety measures were examined, it was revealed that fear
of pain and anxiety sensitivity measures were strong predic-
tors of supra-threshold response for all anatomical areas.
These data are consistent with some of our previous studies
suggesting that fear is associated with experimental pain
sensitivity during cold-pressor for healthy participants,?-3
and thermal pain for participants with low back pain.*!
Fear of pain and anxiety sensitivity measures were consis-
tently associated with trunk pain perception for all three
parameters (ie, after sensation, temporal summation, and
supra-threshold stimulation), but not with lower and upper
extremity pain perception. This finding was counter to one
of our earlier studies suggesting anxiety was associated
with temporal summation in the upper extremity.** Previous
studies have not investigated psychological influence on
after-sensation, so there are few comparative studies avail-
able. Collectively these data indicate that psychological
influence might be more consistent across sites for A-delta
fiber mediated processes (supra-threshold response), with
more site-specific (trunk) influence on purported C-fiber
processes (temporal summation and after-sensation).
Limitations of the study include restricted generalizability
to clinical populations. The use of asymptomatic control
participants with presumably normally functioning nervous
systems may mean that the results are not compatible with
individuals whose chronic pain has altered their perception
of normally, nonpainful and painful stimulation through cen-
tral sensitization processes. Furthermore, the experience of
chronic pain may also alter the expectations and associations
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Table 5 Results of psychological predictors of pain measures

Table 5 (Continued)

Psychophysical Site R? F p B
measure

RH LE 045 702

0.002
FPQ = 0.32%
ASI = 0.29*%
FearVAS = 0.20
AnxVAS =-0.03
STAI=0.13
CAT < 0.0l

TR 032 402  0.002
FPQ = 0.33*
ASI =0.27
FearVAS =-0.13
AnxVAS =0.13
STAI =-0.06
CAT =0.10

UE 0.31 309 0.003
FPQ=0.31*
AS| =0.28*
FearVAS = -0.08
AnxVAS =0.15
STAI = 0.07
CAT =-0.09

TS LE 0.12 047 >0.05
FPQ =0.05
ASI=0.18
FearVAS = —0.11
AnxVAS = 0.15
STAI=-0.08
CAT=0.18

TR 029 307 0.004
FPQ =0.12
ASI = 0.36*
FearVAS = -0.14
AnxVAS =0.22
STAI=-0.18
CAT =0.14

UE 0.15 106 0.160
FPQ =0.09
AS| =0.33*
FearVAS = -0.23
AnxVAS =0.13
STAI=-0.24
CAT =-0.05

AS LE 0.I5 106 >0.05

FPQ = 0.24

(Continued)

ASI =0.07
FearVAS = 0.01
AnxVAS =0.01
STAI=-0.16
CAT =0.17
TR 026 302 0.0I0
FPQ = 0.36*
ASI=0.16
FearVAS = 0.07
AnxVAS = —-0.09
STAI=-0.12
CAT=0.16
UE 0.07 068 >0.05
FPQ =0.10
ASI=0.16
FearVAS =-0.10
AnxVAS = 0.09
STAI=-0.20

CAT < 00.01

Note: *P < 0.05.

Abbreviations: RH, ramp and hold (supra-threshold response); TS, tempo-
ral summation; AS, after-sensation; LE, lower extremity; TR, trunk; UE, upper
extremity.

between psychological measures and the experience of pain
in both quantitative and qualitative processes. The level of
psychological measures is likely to be much lower in this
asymptomatic sample than in a chronic pain sample. The
generalizability of these findings to different psychophysical
protocols, and different methods of inducing supra-threshold,
temporal summation, and after-sensation pain may also be
limited. Finally, our psychological measures were not stimu-
lation-site specific. We can only speculate about differences
in anxiety sensitivity and fear related to trunk versus extrem-
ity associations to pain stimulation. Perhaps stimulation to
the trunk is more novel, and elicits greater anxiety and fear
than extremity stimulation, resulting in greater associations
between pain and psychological measures at the trunk.
Future studies might be improved by including site-specific
measures of anxiety and fear.

In summary, this was one of the first studies to directly
compare different QST induction methods within the same
individual and across body sites. Results suggest that pre-
vious assumptions of A-delta and C-fiber mediated pain
processes may not be adequately reflected in the described
QST protocol. Furthermore, site of stimulation may be an
important consideration when designing and comparing
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studies using these methods. For both supra-threshold
response and after-sensation pain ratings differed by site;
with trunk stimulation generally experienced as more intense.
Supra-threshold response was highly associated with fear and
anxiety measures across all anatomical sites, while temporal
summation and after-sensations were only correlated with
anxiety sensitivity and fear at the trunk respectively. Temporal
summation ratings were higher for trunk stimulation and
consistently associated with anxiety sensitivity at the same
site. Therefore, studies designed to examine pain-related fear
and anxiety sensitivity are more likely to find associations if
they employ supra-threshold response methods at most sites
of stimulation, although temporal summation associations
appeared stronger with trunk stimulation.
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