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a b s t r a c t

Introduction: Experimental pain studies can provide unique insight into the dimensions of pain and into
individual differences in pain responsiveness by controlling different aspects of pain-eliciting stimuli and
pain measures. In experimental pain studies, pain responsiveness can be assessed as pain threshold, pain
tolerance or pain ratings. The test-theoretical qualities of these different measures, however, have not
yet been completely documented. In the current study, several of these qualities were investigated in a
pain experiment applying different algometric techniques. The objective of the study was to investigate
the reliability (test–retest) and the convergent validity (correspondence) of the different methods found
in the literature of measuring pressure-pain threshold, and the interrelationship between pressure-pain
threshold, pressure-pain tolerance, and pressure-pain ratings.
Methods: Sixty-six healthy female subjects were enrolled in the study. All pressure stimuli were applied
by a trained investigator, using a digital algometer with a 1 cm2 rubber tip. Pressure-pain thresholds
were assessed repeatedly on six different body points (i.e. left and right calf one third of total calf muscle
length below the popliteal space), the lower back (5 cm left and right from the L3), and left and right
forearm (thickest part of brachioradialis muscle). Next, pressure-pain tolerance was measured on the
thumbnail of the non-dominant hand, followed by rating affective and sensory components (on visual
analogue scales) of a stimulus at tolerance level. Last, affective and sensory ratings were obtained for two
pressure intensities.
Results: With intraclass correlations above .75 for pain responses per body point, test–retest reliability
was found to be good. However, values obtained from all first measurements were significantly higher
as compared with the two succeeding ones. Convergent validity of pain thresholds across different body
points was found to be high for all combinations assessed (Cronbach’s alpha values >.80), but the hig-
hest for bilateral similar body parts (>.89). Finally, principal components analysis including measures of
threshold, tolerance and pain ratings yielded a three-factor solution that explained 81.9% of the variance:
Moderate-level stimulus appraisal & pain tolerance; Pain threshold; Tolerance-level stimulus appraisal.
Conclusion and implications: Findings of the current study were used to formulate recommendations for
future algometric pain studies. Concerning pressure-pain threshold, it is recommended to exclude first
measurements for every body point from further analyses, as these measurements were found to be
consistently higher compared with the following measurements. Further, no more than two consecu-
tive measurements (after the first measurement) are needed for a reliable mean threshold value per
body point. When combining threshold values of several body points into one mean-aggregated thres-

hold value, we suggest to combine bilateral similar points, as convergent validity values were highest
for these combinations. The three-factor solution that was found with principal components analyses
indicates that pressure-pain threshold, subjective ratings of moderate intensity stimuli, and subjective
ratings of the maximum (tolerance) intensity are distinct aspects of pain responsiveness. It is therefore
recommended to include a measure of each of these three dimensions of pain when assessing pressure
pain responsiveness. Some lim
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1. Introduction
Experimental pain studies can provide unique insight into the
dimensions of pain and into individual differences in pain respon-
siveness by controlling different aspects of pain-eliciting stimuli
and pain measures. In experimental pain studies measures based
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sed down manually by the investigator by moving a lever down.
2 T.E. Lacourt et al. / Scandinav

n the stimulus intensity are frequently used, such as pain thres-
old (i.e. the stimulus intensity at which a persons first experiences
ain) and pain tolerance (i.e. the stimulus intensity at which a per-
on perceives the pain as unbearable). Pain responsiveness can also
e assessed by pain ratings, for example pain intensity rating on a
isual analogue scale. This diversity in experimental measures of
ain responsiveness raises questions about the validity and relia-
ility of these measures and their interrelationship. More insight in
hese issues is needed to raise experimental pain studies to a higher
evel.

In addition to a diversity in stimulus intensity and pain measu-
es, different modalities of pain stimuli have also been used across
tudies, such as heat and cold stimuli, electrocutaneous stimuli and
ressure stimuli. These stimuli do not elicit the same pain respon-
es [1] and outcome measures between these modalities are not
lways related [2]. Among these modalities, pressure (i.e. algome-
ry) has most frequently been used for comparing pain perception
etween pain patients and (healthy) controls [3–6]. The use of algo-
etry in the diagnosis of rheumatic diseases indicates that pressure

ain is considered a relevant experimental model for clinical pain
xperienced by these patients [7–9]. Other studies have demons-
rated that pressure-pain perception measures are also related to
linical pain in fibromyalgia patients and in women with a wide
ange of pain complaints, while other stimulus modalities are not
10–12]. Because pressure pain is a modality of which the clinical
elevance has been demonstrated, the focus of the current validity
nd reliability study will be on algometric measures.

Experimental pressure-pain studies aimed at demonstrating
ifferences between pain patient groups and controls often show

nconsistent results [13–15], which can possibly be attributed to the
hosen methodology of pain assessment. Although the influence of
ome variations in methodology on study outcomes have already
een addressed [4,12,16], there remain some fundamental issues
hat will be addressed in the current study. First, the pressure-pain
hreshold on a single body point is often assessed with repeated

easures. Pain threshold is then either defined as the mean-
ggregated values of (some of) these measurements [3,11], or the
ressure on the last measurement [17]. Specific decisions in this
rocedure of data analysis, however, may have large consequen-
es for the results. It is not clear whether using repeated measures
f pain threshold (or pain tolerance for that matter) on a single
oint yield reliable values, and if so, how many repetitions should
e performed to get a robust measure of pain threshold. Although
he measurement of pressure-pain tolerance could raise the same
uestions, this measure is not often measured repeatedly probably
ecause of ethical considerations. Therefore, we will restrict this

ssue to threshold measures only.
The second issue deals with the different methodologies found

n the literature in which pressure-pain thresholds are measured
n multiple body parts, often bilaterally. For example, threshold is
easured on both the left and the right arm and also on the left

nd right calf. Data are either collapsed into a mean-aggregated
hreshold over the bilaterally assessed body part (e.g. the left and
ight arms) [2] or into a mean-aggregated overall threshold inclu-
ing all body parts (e.g. both arms and legs) [4]. Although it has
een shown that there is no statistical difference in pain thres-
old between dominant and non dominant site per body part [3],

t is unknown what the correspondence is between pressure-pain
hresholds on different body parts and whether this procedure

asks area-specific effects.
The third and final issue addressed in the current study focu-

es on the difference between using pressure-pain thresholds and

olerance levels versus using pain ratings as the main outcome.
n a typical experimental pressure-pain threshold or tolerance
tudy, participants undergo several stimulus intensities. Next, the
ntensity of stimulus threshold or tolerance (in for example kilo-
rnal of Pain 3 (2012) 31–37

pascal) is used as outcome and compared between individuals. In
a typical pain-rating study, self-reported intensity or unpleasant-
ness of pain (using a VAS or Likert scale) of a predefined stimulus
intensity is compared between individuals. However, tests for diffe-
rences in pressure-pain threshold and tolerance may yield different
results than tests for differences in ratings of stimuli. It has already
been demonstrated that pressure-pain thresholds based on ratings
of stimulus intensity yielded different results than pressure-pain
thresholds based on the first indication that the stimulus became
painful [4]. There is also evidence that intensity and unpleasant-
ness ratings do relate to clinical pain measures differently than pain
threshold and tolerance levels [10]. These measures may very well
reflect distinct aspects of pain.

The objective of the current study was to investigate the relia-
bility (test–retest) and the convergent validity (correspondence)
of the different methods found in the literature of measu-
ring pressure-pain threshold, and the interrelationship between
pressure-pain threshold, pain tolerance, and pain ratings. Speci-
fically, the following questions will be answered: (a) what is the
reliability of repeated measurements of pressure-pain threshold
on a single body point, (b) what is the correspondence between
pressure-pain thresholds across different body parts, and (c) to
what extent are pressure-pain threshold, pressure-pain tolerance,
and pain ratings aspects of a common dimension or of separable
dimensions. Based on the results of the current study, methodo-
logical recommendations for future experimental algometric pain
studies will be formulated.

2. Methods

2.1. Subjects and ethical considerations

Eligible female undergraduates were selected based on their
answers on an online survey on health and health behaviour. Only
females were included in the sample to increase homogeneity. The
online survey was advertised on posters and flyers which were dis-
tributed throughout the university campus. A total of 370 female
students filled in the online survey, of which 263 gave permission to
be invited for the current study. One hundred-eleven respondents
were excluded based on having a medical condition (including
having the flu or a cold), using prescribed medication (including fre-
quent use of asthma medication, not including contraceptives), or
both. From the 152 respondents who were invited to participate, 66
showed up. All subjects participated in exchange for remuneration
or course credit. The instituional ethical review board considered
the study acceptable.

2.2. Instruments

All pressure stimuli were applied by a trained investigator. A
digital algometer (FDX 50; Wagner Instruments) was used with
a 1 cm2 rubber tip that was placed on the skin or finger nail. Pres-
sure was recorded in kilopascal (kPa), with the algometer recording
graduations of 1.96 kPa.

For pressure-pain tolerance, an additional holding device was
designed with which the pressure on the thumb nail could be
applied in a more controlled manner. The algometer was placed
in a wooden casket, which could be moved up and down inside a
wooden column. Participants inserted their thumb into the column
underneath the algometer, after which the algometer could be pres-
Safety blocks inside the column made sure the casket could not be
moved down entirely, thus ensuring enough space for the thumb.
This device was also used in applying discrete stimuli for assess-
ment of pressure-pain ratings.
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Table 1
Overview of pressure-pain measures and methods.

Pressure-pain measures Procedure

Pressure-pain threshold (PPth) Three measurements on left and right calf,
lower back, and forearm

Pressure-pain tolerance (PPtol) Maximal tolerance of thumb pressure
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examining the eigenvalues of the factors, where factors with eigen-
Pressure-pain ratings Unpleasantness and painfulness of thumb
pressure maximal (tolerance), 294, and
490 kPa

.3. Pressure-pain measures

An overview of the pressure-pain measures assessed in the
urrent study is given in Table 1.

.3.1. Pressure-pain threshold
In the current study, pressure-pain threshold was defined as

he pressure at which the participant first indicated the pressure
o become unpleasant. The expression “unpleasant” was chosen to
void possible anxiety effects of the expression “painful”. During
ressure-pain threshold (PPth) measurement, the participant was

n a prone position on a massage table with the head facing down in
face rest. Pressure was applied using the algometer and gradua-

ly increased with 98 kPa per second until the participant indicated
hat the pressure became unpleasant by saying “stop”, after which
he algometer was immediately removed from the skin and maxi-

um pressure was copied from the algometer screen. To enable
he investigator to increase the pressure at a constant rate, a digital

etronome was used to indicate 1 s time interval (with soft ticking
ounds). The use of the metronome was explained to the partici-
ants as a tool to help the investigator with the measurements, but

t was not explained how this was used.
PPth was measured three times on six body points in a fixed

rder without breaks: left and right calf (one third of total calf
uscle length below the popliteal space), the lower back (5 cm left

nd right from the L3), and left and right forearm (thickest part
f brachioradialis muscle) respectively. On each body point, the
hree measurements were taken successively before moving to the
ext point. Time intervals between measurements were 30–40 s.
ressure did not exceed 1471 kPa at the legs or the lower back or
80.5 kPa at the arms. When PPth was not indicated before rea-
hing these pressures, 1471 or 980.5 kPa was noted down as the
aximum pressure.

.3.2. Pressure-pain tolerance
Pressure-pain tolerance was defined as the maximum pressure

t which the participant indicated the pressure to become too pain-
ul. Pressure-pain tolerance (PPtol) was assessed on the thumb of
he non-dominant hand with the subject sitting in a chair using the
olding device described above. Pressure was increased with 98 kPa
er second until the subject indicated the pressure to become too
ainful. After each trial, the subject was asked whether or not that
oint was actually reached. If not, the subject was asked to try again.

nter-stimulus times were 30–40 s. Maximum pressure was recor-
ed for every trial. Pressure did not exceed 1471 kPa. In case PPtol
as not indicated at 1471 kPa, this pressure was noted down as

Ptol.

.3.3. Pressure-pain ratings
For several stimulus intensities, two pressure-pain sensations

ere rated. Unpleasantness (affective aspect) of the pressure sti-
ulus was rated on a 100 mm visual analogue scale ranging from
not unpleasant at all” to “the most unpleasant feeling ever”, while
ainfulness (sensory aspect) was rated on a 100 mm scale ran-
ing from “not painful at all” to “the most painful feeling ever”.
irst, the participant was asked to rate the sensation of the pres-
Fig. 1. Time line of assessment of pressure-pain measures.

sure pain tolerance stimulus on the thumb of the non-dominant
hand for the last trial of the tolerance measurement (i.e. the trial
on which the participant indicated that the pressure-pain tolerance
level was reached). Second, discrete stimuli of 294 kPa and 490 kPa
were applied to the thumb of the dominant hand and the partici-
pant was instructed to rate the sensation of these stimuli directly
after the pressure stimulus was applied. Pressure was again increa-
sed with 98 kPa per second until the desired level was reached. On
reaching either 294 or 490 kPa, pressure was maintained for two
seconds after which the algometer was removed from the nail.

2.4. Procedure

Pressure-pain measures were taken between 9 am and 5 pm in
a laboratory setting. Subjects were scheduled according to their
own preference and were asked to refrain from caffeine intake in
the 2 h before participating. See Fig. 1 for a time line of the proce-
dure. After obtaining informed consent, pressure pain perception
was assessed in the following order: PPth, PPtol, subjective ratings
of a stimulus at tolerance intensity and of discrete pressure stimuli,
with short breaks (i.e. 1–3 min) between measures (see Fig. 1). Ver-
bal instructions were given before every measurement, followed by
practice trials. The protocol was in accordance with the principles
of the Declaration of Helsinki (October, 2008) and approved by the
ethical committee of the Faculty of Social Sciences.

At the end of the session, subjects were asked to fill out a
questionnaire booklet, containing questions regarding current pain
complaints, current medical condition (which started after the
internet survey) and current medication use, as well as control
questions regarding caffeine intake in the 2 h preceding the study,
sleep during the last two nights and amount of intensive physical
exercise on the day preceding the study or on the day of the study
itself.

2.5. Statistical analysis

All measures were tested for normality and presence of outliers
and, when needed, appropriate transformations (i.e. logarithmic)
were applied. For analyzing test–retest reliability of the repeated
measures of PPth per body point, intraclass correlation coefficients
(ICC) in a two way mixed model with type ‘absolute agreement’
were calculated. The correspondence between PPth measures
across different body parts was assessed with reliability analysis
using Cronbach’s alpha. To investigate to what extent pain tole-
rance, pain thresholds, and pain ratings entail different aspects of
pain responsiveness, the factor structure of the pressure-pain mea-
sures (i.e. PPth, PPtol and subjective ratings of tolerance intensity
and of 294 and 490 kPa stimuli) was investigated with principal
components analysis. The number of factors was determined by
values ≥ 1 were retained. Since factors were expected to correlate
with each other, oblique (oblimin) rotation was performed before
interpreting the factor solution. All analyses were performed with
SPSS 16.0 for Windows [18].
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Table 2
Mean pressure (kPa) for each pressure pain threshold measurement (1st, 2nd and 3rd) per body point and for pressure pain tolerance.

Body point Measurement N Mean (SD, SE) Range

Pressure pain threshold
Left calf 1st 65 463.54 (156.29, 19.39) 219.67–970.86

2nd 66 414.84 (151.40, 18.64) 176.52–819.84
3rd 66 392.65 (158.16, 19.47) 141.22–908.10

Right calf 1st 66 476.34 (179.63, 22.11) 217.71–1149.34
2nd 66 417.26 (151.63, 18.67) 180.44–1017.93
3rd 66 413.24 (169.44, 20.86) 176.52–1176.80

Lower back left 1st 66 474.94 (195.93, 24.12) 125.53–1100.31
2nd 66 449.56 (193.82, 23.86) 123.56–1166.99
3rd 66 453.75 (202.84, 24.97) 117.68–1212.10

Lower back right 1st 66 471.88 (185.40, 22.82) 143.17–906.14
2nd 66 454.31 (190.86, 23.49) 166.71–963.01
3rd 66 457.23 (193.96, 23.88) 141.22–925.75

Left arm 1st 65 313.64 (117.66, 14.59) 98.07–660.97
2nd 66 285.34 (118.88, 14.63) 103.95–662.93
3rd 66 291.43 (133.74, 16.46) 109.84–747.27

Right arm 1st 66 307.14 (127.99, 15.75) 121.60–862.01
2nd 66 281.92 (129.06, 15.89) 129.45–947.32

286.53 (137.30, 16.90) 94.14–819.84

967.77 (259.05, 31.89) 355.00–1465.11
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Table 4
Intraclass correlation coefficients (ICC) for repeated pressure-pain threshold mea-
sures (log transformed) per body point.

Repeated measurement combinations

1st, 2nd and 3rd 2nd and 3rd

Left calf .794 .848
Right calf .758 .808
Lower back left .896 .926
Lower back right .940 .952

T
M

3rd 66
Pressure pain tolerance

Thumb nail Last 66

. Results

.1. Subjects

A sample of 66 female undergraduates participated in the study,
ith a mean age of 21.53 (sd: 3.47) and mean body mass index of

1.99 (sd: 2.52). Twelve subjects (18.2% of the sample) indicated to
ave a cold or to have mild flu-like symptoms on the day of study
articipation, although none of them felt too unwell to participate.
wenty-one subjects (31.8%) reported pain complaints in one or
everal body parts, of which 11 indicated pain in neck, shoulders,
r upper back, and 4 reported pain in the middle or lower back.
inally, some participants (n = 9; 13.6%) used medication on the
ay before participating or on the day of participation: over-the-
ounter pain inhibitors (n = 4); anti-histamine (n = 2); antibiotics
n = 1); cholesterol synthesis inhibitors (n = 1); and thyroid gland
ormones (n = 1). No differences between these subgroups and the
emaining sample were found on the pain measures, thus none of
he subgroups were excluded.

.2. Pressure-pain measures

Mean pressures for the threshold and tolerance measurements
re shown in Table 2. Skewness and kurtosis data were indicative of
on-normality for most threshold measures, which was confirmed
y tests of normality (Kolmogorov–Smirnov was non-significant
or only 4 out of 18 measurements). Log transformation resulted in
ormality for all measures and less outliers. The log-transformed
ariables of threshold measures were used for all further analyses.
On average, 2 trials were needed before participants indica-
ed their actual PPtol level was reached (M = 1.8, range 1–5 trials).

hen more than one trial was recorded, maximum pressure on
he last trial was used as PPtol for that individual. Tests of norma-

able 3
ean ratings of painfulness (sensory) and unpleasantness (affective) of pressure stimuli

Stimulus intensity Sensory rating

N Mean (SD) R

Tolerance-level 66 63.0 (17.1) 18
294 kPa 66 22.4 (23.2) 0.
490 kPa 64a 34.4 (24.3) 0.

a For two participants pain tolerance level was below 490 kPa; these participants were
Left arm .862 .933
Right arm .904 .934

lity did not yield any deviance from normal distributions and the
untransformed variables were used for all further analyses.

Mean sensory and affective ratings are given in Table 3. Skew-
ness and kurtosis data showed a normal distribution of the sensory
and affective ratings of the 490 kPa stimulus and the stimulus
at tolerance level. This was confirmed by Kolmogorov–Smirnov
tests (all p-values > 05). Although both affective and sensory ratings
of the 294 kPa stimulus showed non-normality, transformations
did not result in better distributions, therefore the untransformed
variables were used for all further analyses.

3.3. Test–retest reliability of repeated measures of pressure-pain
threshold

Intraclass correlation coefficients (ICC) for repeated measures
per body point are shown in Table 4 (first row). These values
were all above .75, indicating good test–retest reliability. Howe-

ver, Fig. 2 shows that first measurements on every body point
yield higher thresholds compared with second or third measure-
ments, which was confirmed in a repeated measures multivariate
analysis of variance where a significant main effect for the three

on 0–100 mm scales.

Affective rating

ange N Mean (SD) Range

.0–98.0 66 66.4 (20.3) 12.5–100
0–92.0 66 24.6 (89.0) 0.0–89.0
0–100 64 37.9 (27.5) 0.0–100

excluded from rating the 490 kPa pressure stimulus.
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Fig. 2. Log mean pressure pain thresholds per measurement and body point. * Sig-
nificant difference between measurements as analyzed with paired samples t-tests
(p < .017).

Table 5
Cronbach’s alpha statistics for mean pressure pain threshold (mean is calculated
over log transformed data) measures across combinations of body points (bilateral,
unilateral, or all).

Cronbach’s alpha

Bilateral
Leg .890
Lower back .944
Arm .948

Unilateral
Left .814

m
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Table 7
Pattern matrix of the principal component analysis with oblimin rotation. Only
loadings >.72 are depicted.

Moderate level
stimulus appraisal
& pain tolerance

Pain
threshold

Tolerance-level
stimulus appraisal

PPth leg .913
PPth back .847
PPth arm .890
PPtol −.818
Sensory rating 294 kPa .903
Affective rating 294 kPa .871
Sensory rating 490 kPa .917
Affective rating 490 kPa .887

T
P

Right .872

All .931

easurements was found (F(2,62) = 44.27, p < .0001). Post hoc pai-
ed samples t-tests with Bonferoni corrected p-values (p > .017
ndicated significance) indeed showed significant differences in
ressure-pain thresholds between 1st and 2nd and between 1st and
rd measurements on most body points, and no difference between
nd and 3rd measurements on all body points. Thus, ICCs were
lso computed for second and third measurements only, resulting
n higher ICCs for all body points (Table 2, second row). For furt-
er analyses, a mean pressure-pain threshold was calculated per
ody point, using the log transformed values from the 2nd and 3rd
easurements only.

.4. Internal consistency of pressure-pain threshold measures
cross body points
Internal consistency of the mean pressure-pain thresholds
cross body points was assessed with Cronbach’s alpha. Alpha
alues were computed across: (a) bilateral body points (e.g. body

able 6
earson correlations between pressure-pain measures.

Mean PPth
leg

Mean PPth
back

Mean PPth
arm

PPt

Mean PPth lower back .654
Mean PPth arm .712 .731
PPtol .396 .359 .442
Sensory rating PPtol .088 .069 .036 −.0
Affective rating PPtol −.111 −.146 −.207 −.1
Sensory rating 294 kPa −.239 −.375 −.382 −.6
Affective rating 294 kPa −.227 −.399 −.439 −.6
Sensory rating 490 kPa −.139 −.285 −.241 −.5
Affective rating 490 kPa −.220 −.345 −.356 −.5
Sensory rating PPtol .894
Affective rating PPtol .819

points on the left and right arm), (b) unilateral body points (i.e. all
left body points or all right body points), and (c) all body points.
See Table 5 for all alpha values. These values were high (above .80)
for all comparisons, but somewhat lower for unilateral combina-
tions than for bilateral combinations or when combining all body
points. Thus, results indicate that consistency is higher across bila-
teral same body parts as compared with unilateral combination.
For further analyses, mean PPth’s over bilateral body points were
calculated.

3.5. Interrelationship of pressure-pain measures

To investigate to what extent PPth, PPtol, and subjective ratings
of tolerance level, 294, and 490 kPa are distinct aspects of pain res-
ponsiveness, principal components analysis (PCA) was performed
including all pain measures. First, suitability of the data for PCA
was assessed. All pain measures were checked for univariate out-
liers by inspecting standardized scores (z scores). Z scores above 3.0
were considered outliers. No outliers were detected in the varia-
bles. Table 6 shows correlations between all pain variables. Several
correlations were .30 or above, indicating that inter-correlations
were sufficiently high to be suitable for PCA. This was confirmed by
Bartlett’s test of sphericity, which was significant (p < .05) and the
Kaiser–Meyer–Olkin measure, which was .74 (.60 is considered as
the minimum value for a good factor analysis [19]).

PCA revealed the presence of three factors with eigenvalues
exceeding 1, explaining 50.2, 20.6, and 11.1% of the variance res-
pectively. The scree plot also pointed to a three-factor solution.
All three factors showed a number of strong loadings and all
variables loading substantially on only one component. Table 7
shows the pattern and structure matrix for the solution. The first
factor contains PPtol and the sensory and affective ratings of

the discrete stimuli, named “Moderate-level stimulus appraisal &
pain tolerance” for future reference. The second factor holds all
three PPth measures and will be referred to as “Pain threshold”,
and as the third factor comprises the ratings of the stimulus at

ol Sensory
rating
PPtol

Affective
rating
PPtol

Sensory
rating
294 kPa

Affective
rating
294 kPa

Sensory
rating
490 kPa

84
18 .616
54 .456 .438
16 .361 .453 .935
96 .504 .395 .847 .785
52 .337 .467 .853 .902 .865
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olerance level this factor will be referred to as “Tolerance-level
timulus appraisal”. Moderate correlations were found between
everal factors, indicating that the oblique rotation was suitable
19]: RModerate-level stimulus appraisal & pain tolerance, Pain threshold = −.360,
Moderate-level stimulus appraisal & pain tolerance, Tolerance-level stimulus

ppraisal = .332 and RPain threshold, Tolerance-level stimulus appraisal = .036.

. Discussion

The current study was designed to examine reliability, validity
nd interrelationships of several measures that can be obtained in
xperimental pressure-pain studies. Pressure-pain threshold was
easured three times on six body points. Results of the current

tudy demonstrated good test–retest reliability for the three repea-
ed measurements, as indicated by inter-measurement correlations
f .70 or higher. However, it was also found that every first trial
n a body point yielded significantly higher thresholds as com-
ared with the second and third trials, while no difference was
ound between thresholds for the second and third, indicating the
ecessity of a practice trial on every point that is measured. Thus,
racticing threshold measurements on only one body point, as was
one in the current study, is not enough. Based on these findings,

t is recommended to exclude first measurements for every body
oint from further analyses. Also, since no differences were found
etween second and third measurements, only two consecutive
easurements (in addition to the practice trial) are needed.
As threshold measures on different body parts are often

ombined into one mean-aggregated individual PPth, internal con-
istency of three regularly used combinations of separate PPths (i.e.
ilateral, unilateral, all) was also investigated in the current study.
lthough all three combinations showed good internal consistency

i.e. Cronbach’s alpha values >.80), consistency was highest for bila-
eral combinations (combining PPth’s of one body part bilaterally
ssessed, e.g. left and right arm). Thus, the correspondence between
hreshold-values of identical left versus right body parts is larger
han the correspondence between different body parts. Although
t can be concluded that mean-aggregations of all combinations
f threshold are adequate, aggregation across different body parts
ill lead to less reliable measures as compared with bilateral same

ody parts. Thus, we advocate to aggregate bilateral combinations
f pain threshold values.

The factor solution as assessed in the current study with
rincipal components analysis shows a three-factor structure:
oderate-level stimulus appraisal & pain tolerance, Pain threshold,

nd Tolerance-level stimulus appraisal, with moderate correlations
etween factors. Based on this factor solution it is concluded that
ressure-pain responsiveness indeed consists of different dimen-
ions. Each dimension (i.e. factor) adds to the underlying construct.
tudies that do not include all of these three distinct dimensions of
ain may yield an incomplete picture of pain responsiveness.

In the three-factor solution, subjective ratings of moderate pain
timuli (i.e. 294 and 490 kPa) describe a different aspect of pain
xperience than threshold measures, and surprisingly the subjec-
ive ratings tap the same dimension as (maximum) pain tolerance
in kPa), whereas the subjective judgments of this maximal load
orms a separate factor. These results may indicate that PPtol is a

ore subjective measure of pain responsiveness (sharing the same
ubjective judgment aspect with the judgment of lower intensity
timuli), while PPth measures may be considered as more objective
easures of pain responsiveness. The subjective nature of PPtol is

lso demonstrated by the finding that the affective and sensory

atings are highly correlated at lower intensities (around .90) and
t the tolerance intensity only a .60, implying that while at lower
ntensities sensory and affective aspects are not distinguished from
ach other, they are well distinguished at tolerance intensity. The
rnal of Pain 3 (2012) 31–37

high correspondence found between pain tolerance and subjective
pain reports to moderate pain stimuli also implies that the tole-
rance for a hardly bearable painful stimulus may also be assessed
by subjective reports of pain to much lighter pressure intensities,
thereby avoiding discomfort in the subjects.

The strength of the relation found between affective and sensory
ratings might be interpreted as that people can hardly discriminate
subjectively between these two aspects of pain. There is, howe-
ver, a solid physiological basis to consider affective and sensory
ratings as different aspects of pain. The correspondence found in
the current study may, on the other hand, also be due to the fact
that a common instrument was used, i.e. the visual analogue scale
on which the subjects could rate the intensity and unpleasantness
of the stimuli. This explanation is supported by the findings of other
studies using numerical descriptor scales to assess unpleasantness
and intensity of stimuli. These studies did find differences between
unpleasantness and intensity ratings [1,5], indicating a role for scale
properties.

The current study can contribute to understanding some incon-
sistencies among the results of previous pain studies. For example,
the clear distinction we have found between first and subsequent
measurements of pressure-pain thresholds could explain the dif-
ferences between previous studies that focused on the relations
between pain thresholds and clinical pain in fibromyalgia samples.
Pressure-pain threshold was found to be related to pain experien-
ced in the present past but not to present pain in some studies
[10,20], while the opposite pattern was found in another study
(i.e. a relation was found with present pain, but not with pain in
the present past [11]). In the first two studies mentioned, however,
threshold was measured with one trial, while in the last study thres-
hold was averaged over three trials. The results of the current study
suggest that threshold measures averaged over multiple trials are
more accurate reflections of true pain responsiveness (i.e. sensory
processes), and therefore they should more reliably correspond
with present pain. It may be speculated that the results obtai-
ned from a single trial threshold are confounded by psychological
mechanisms. This is supported by the finding that a one-trial thres-
hold was related to retrospectively reported pain in the past. It is
known that retrospective report of complaints (such as in report
of pain in present past) yields higher complaint scores compared
with momentary report [21]. This discrepancy between retrospec-
tive and momentary report is probably (just as the first threshold)
also related to psychological factors [22]. Thus, the relation bet-
ween single-trial thresholds and pain in present past (as has been
found by Geisser et al. and Giesecke et al. [10,20]) could possibly
reflect some psychological factors, while the relation found bet-
ween three-trial thresholds and present pain (as has been found
by Lautenbacher et al. [11]) reflects true pain responsiveness (i.e.
sensory processes).

Several limitations of our study have to be mentioned. First, only
females within a specific range of age participated in this study.
This limits the generalizability of the results with males and older
subjects. A recent review shows that females have lower pressure-
pain threshold and tolerance levels compared with males [23].
Also, there is some evidence that emotional and cognitive proces-
ses affect pain measures more in males than in females [24–26].
Thus, it is possible that somewhat different results will be found
when the current study is replicated with a male sample. Specifica-
lly, we would expect that in males more practice trials are needed
to get an accurate PPth measure by lowering anxiety levels. Concer-
ning our recommendation to aggregate measures across bilateral
body parts, we would expect this to be valid for males as well, as

gender differences in pain measures are found on several different
body parts [23]. Another limitation is that experimental pressure
pain is often used in the assessment of (chronic) pain cohorts and
it is not clear whether the results from the current study can be
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xtended to these groups. However, the sample in our study did
ntail several participants with pain complaints and preliminary
esults showed no difference in pain measures between these par-
icipants and pain free participants, indicating that the results can
ossibly also be extended to pain groups. Third, several findings in
ur study may also be ascribed to methodological issues. The fin-
ing that ratings of unpleasantness were not distinguishable from
atings of painfulness can be explained by the similarity of the sca-
es used. As mentioned above, several studies using different scales
id find differences in outcome measures. Further, it is possible that
he factor solution found in our study represents underlying met-
odological differences and similarities between measurements:
oth the PPtol and the discrete stimuli were applied on the thumb
ail with the algometer placed in a casket, in sight of the subject and
he subject sitting on a chair, while for measurement of PPth, the
ubject was lying face down on a massage table and could not see
he hand-held algometer. Future studies in which the factor analy-
is will be expanded with subjective ratings of stimuli delivered in
he same manner as PPth was assessed, would give further insight
n this issue. Finally, a relatively fast incremental rate of the pres-
ure was used in the current study (i.e. 98 kPa/s), possibly affecting
he accuracy of the tests because of short response times for the
ubjects in cases of low pain thresholds. However, the test–retest
eliability was high for all body points tested while the pressure
ain thresholds differed, indicating that this was not the case.

Summarizing, the current study aimed to investigate reliability
nd validity of several pressure-pain methods. Despite some limi-
ations, some recommendations for use of pressure-pain methods
re formulated: first, PPth, subjective ratings of moderate intensity
timuli, and subjective ratings of the maximum intensity are dis-
inct aspects of pain responsiveness. It is therefore recommended
o include a measure of each of these three dimensions of pain when
ssessing pressure pain responsiveness. Second, in the assessment
f PPth, we recommend one practice trial per body point and two
onsecutive trials for computing a mean PPth per body point. Furt-
er, when it is desirable to collapse PPth on several body points into
ne mean PPth, we suggest to average over bilateral body points
nly.
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