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HIGHLIGHTS

® Pressure pain threshold measurement is reliable using multiple research assistants.
® This study supports the use multiple research assistants in large cohort studies.

e [t is recommended that raters are checked for systematic bias.

® Sample size calculations are provided for evaluating effects of interventions.
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Available online 15 July 2015 investigation for systematic bias between raters has not been reported.

The aim of this study was to evaluate the intrarater and interrater reliability of PPT measurement by
handheld algometer at the wrist, leg, cervical spine and lumbar spine. Additionally the study aimed to

Keywords: ; calculate sample sizes required for parallel and cross-over studies for various effect sizes accounting for
PPT (Pressure pain threshold)
Reliability measurement error.

Multiple raters Methods: Five research assistants (RAs) each tested 20 pain free subjects at the wrist, leg, cervical
Standard error of measurement and lumbar spine. Intraclass correlation coefficient (ICC), standard error of measurement (SEM) and
systematic bias were calculated.
Results: Both intrarater reliability (ICC=0.81-0.99) and interrater reliability (ICC=0.92-0.95) were excel-
lent and intrarater SEM ranged from 79 to 100 kPa. There was systematic bias detected at three sites with
no single rater tending to consistently rate higher or lower than others across all sites.
Conclusion: The excellent ICCs observed in this study support the utility of using multiple RAs in large
cohort studies using standardised protocols, with the caveat that an absence of any confounding of study
estimates by rater is checked, due to systematic rater bias identified in this study.
Implications: Thorough training of raters using PPT results in excellent interrater reliability. Clinical trials
using PPT as an outcome measure should utilise a priori sample size calculations.
© 2015 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Pressure pain threshold (PPT) measurement has been used
extensively to investigate pain sensitivity (PS) in pain disorders
[1-5]. Additionally, it is increasingly used as an outcome measure
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contributing to PS can be examined concurrently. However the
logistics of data collection in large cohort studies or randomised
controlled trials often require multiple raters [12] raising the
potential concern of interrater reliability.

Although previous interrater reliability studies for PPT using
algometry have been conducted, these have varied with respect
to sites assessed, number of raters examined, reliability statistics
reported and degree of standardisation of algometry [1,13-15]. The
most comphrehensive PPT reliability study to date reported excel-
lent interrater reliability [1]. However, stated limitations of the
study were the unknown applicability of the reliability estimates
to raters with less training than the participating physiotherapists,
and the inability to investigate potential systematic biases by rater.

The purpose of the current study was to assess the reliabil-
ity of PPT measurement by research assistants (RAs), who were
employed to take a range of measures including PPT in a large
cohort study of healthy young adults. The study aimed to assess
the intrarater and interrater reliability, including systematic bias,
of PPT testing by the same method (handheld algometer) and at
the same body sites (wrist, leg, cervical and lumbar spine) as in
the larger cohort study. Additionally the study aimed to calculate
sample sizes required for parallel and cross-over studies for various
effect sizes accounting for measurement error.

2. Methods
2.1. Subjects

The raters were five female RAs collecting data for the West-
ern Australian Pregnancy Cohort (Raine) study. The mean (SD) age,
weight and height respectively were 37 years [10], 64.4(5.7) kg and
167 (9) cm. Four raters had obtained a Bachelor of Science degree
and one a Bachelor of Arts degree. The RAs had on average 5.4 years’
experience of data collection, performing a wide range of physical
measures and tests.

A convenience sample of 20 pain-free young adults were
recruited from students of the Faculty of Health, Curtin University
as test subjects. Subjects were included on the basis that they had
not reported wrist, lower leg, neck or low back pain in the previous
3 months. Subjects were excluded if they did not perceive pres-
sure below 1000 kPa during PPT testing. All participants signed an
informed consent form prior to testing and basic demographic data
consisting of age, weight, sex and height was obtained.

2.2. Study protocols

2.2.1. Phase 1: rater training

The raters were formally trained in subject instruction and pres-
sure algometer application for a total of 3 h over 3 occasions. The
algometer (Somedic AB, Sweden) used had a circular contact area
of 1 cm?. Raters were trained in standardising their rate of pressure
application, accurate land marking of test sites, applying pressure
perpendicular to the skin and correct handling of the algometer to
achieve effectiveness of pressure application, particularly for when
a subject had a PPT near the 1000 kPa cut off. Raters were tested in
their consistency of pressure application and over five consecu-
tive applications were required to achieve, a rate of 50 kPa/s over
a ten second period. The rate of pressure application was consid-
ered acceptable if force was applied at arate of 50 kPa/s +/—10 kPa/s,
resulting in a pressure reading of 500 kPa +/—100 kPa after 10 s. This
threshold of variation in the rate of pressure application has been
used in previous reliability studies [1,13].

2.2.2. Phase 2: reliability testing
Four sites were tested in the following sequence; the dorsal
wrist, upper leg, cervical spine and lumbar spine. The wrist was

tested at the middle of the dorsal aspect of the wrist joint line.
The leg was tested on the muscle belly of tibialis anterior, approx-
imately 2.5cm lateral and 5cm distal to the tibial tubercle. The
neck was tested on the trapezius muscle, at the mid-point between
the C7 spinous process and the lateral acromion. The lumbar spine
was tested at the erector spinae, 2 cm lateral to the L4/L5 inter-
spinous space. The right side was used for all subjects. The test
sites were identified by each rater prior to testing and partici-
pants were positioned in a standardised manner. The algometer
was applied perpendicularly to the skin at each of the four sites
tested.

PPT was defined as the moment pressure increased to a point
where it first felt uncomfortable or painful. Prior to testing stan-
dardised instructions read to participants included, “Pressure will
be applied at a gradual rate. Allow the pressure to increase until
it reaches a point where it first feels uncomfortable or painful and
then press the button. This means the very first onset of discomfort
or pain and not the most pressure that you can bear.” The pres-
sure started at O kPa and increased at a constant rate of 50 kPa/s
until pain threshold was reached and the participant terminated
the test by pressing a hand held switch. A maximum of 1000 kPa
was set for safety purposes.

Testing was performed on one day in a large, temperature-
controlled room, with five raters positioned at stations separated
by curtains. Subjects rotated between the five raters according to
a pre-specified randomised order, with a 10-min rest between sta-
tions. Subjects were blinded to their PPT test values, and raters were
blinded to other raters test values. The rater who tested a subject
first performed three tests at each site (the first allowed familiarisa-
tion with the testing procedure and was not used for analysis) and
two tests on subsequent subjects. A 10-s rest was given between
tests at the same site.

2.3. Statistical analysis

A-priori power calculation indicated a sample size of 20 partic-
ipants and two tests per tester would provide over 90% power to
detect a standard error of measurement exceeding an acceptable
limit of 100 kPa [16]. Data was analysed using IBM SPSS Statistics
21.0 (Chicago, USA). Relative estimates of interrater and intrarater
reliability (ICCs) were calculated using an ICC for absolute agree-
ment estimated under a two-way random effects model, using both
measures taken by each rater for intrarater ICCs and the average of
the two measures taken by each rater for interrater ICCs. Intrarater
ICCs were calculated for each rater. Standard error of measurement
(SEM) was used as an absolute estimate of interrater reliability and
was calculated for each site as the square root of the mean square
error term of the repeated measures analysis of variance test [17],
which also assessed systematic differences between raters. Lastly,
sample sizes required for parallel and cross-over studies to detect
changes or differences from baseline for each testing site adjusted
for measurement error were calculated. A range of change or dif-
ference from 10 to 30% using the mean of the sample as baseline
was adjusted for measurement error using Guyatt’s responsive-
ness index [18] (change divided by the square root of two times
the mean squared error term from the repeated measures anal-
ysis of variance test). G*Power 3.1 [19] was used for sample size
calculations.

3. Results
3.1. Subjects

20 pain free subjects (50% female) between the ages of 20 and
33 years old were tested. The mean (SD) age, weight and height
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Table 1
Interrater reliability.
Site ICC absolute (95% CI) SEM (kPa)
Wrist 0.93(0.87-0.97) 84
Leg 0.92 (0.84-0.97) 93
Neck 0.92 (0.85-0.97) 79
Back 0.95 (0.90-0.98) 100

Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval; SEM,
standard error of measurement.

respectively were 23.3 (3.8) years, 73 (13.3)kg and 175 (11)cm.
The mean (SD) values for PPT at the wrist, leg, neck and back
were respectively 472 kPa (146), 501 kPa (183), 413 kPa (133) and
606 kPa (224).

3.2. Intrarater reliability

Excellent values for intrarater reliability were obtained at all
sites. ICC (absolute) values for the five raters ranged from 0.81 to
0.97 at the wrist, 0.96 to 0.98 at the leg, 0.92 to 0.98 at the neck and
0.94 to 0.99 at the back.

3.3. Interrater reliability

Excellent ICC and SEM values for interrater reliability were
also obtained at all sites (Table 1). Systematic differences were
detected between raters at the back (p=.003), neck (p=.013) and
leg (p<.001) testing sites but not at the wrist (p=.252). The maxi-
mum interrater difference observed was 190 kPa at the leg, 79 kPa
at the neck and 129kPa at the back 181, with no single rater
tending to consistently rate higher or lower than others across all
sites.

3.4. Sample size calculation

Table 2 presents sample size requirements for a 10-30% change
in PPT at each test site accounting for measurement error using
means of the sample as initial mean values for percentage change
calculations.

Table 2
Sample size calculations.

4. Discussion

The results of this study demonstrate high intrarater reliability
of RAs when measuring PPTs over the four sites. This study adds
to existing data and the results compare favourably to previous
investigations in pain free subjects. Walton et al. [1] and Persson
et al. [20] found intrarater ICCs of 0.97 and 0.70-0.90 respectively
for PPT measurement at the upper trapezius, comparable to the
range of ICCs for the five raters of 0.92-0.98 in the current study.
Walton et al. [1] also tested PPT reliability at the tibialis anterior
and found an intrarater ICC of 0.94, again comparable to the result
of 0.96-0.98 for the raters in this study.

The results of this study also demonstrate high interrater reli-
ability as measured by relative measures (ICCs). The interrater ICCs
0f 0.95 (95% CI: 0.90-0.98) at the leg and 0.92 (95% CI: 0.85-0.97) at
the neck compare favourably to previous reports of Walton etal.[1]
at these sites for pain free individuals of 0.84 (95% CI: 0.75-0.90)
at the leg and 0.79 (95% Cl: 0.66-0.87) at the neck. Reliability of
PPT measurement at the lumbar spine and dorsal wrist have not
been reported previously, and this study confirms high interrater
reliability can be achieved at these sites. Other previous reliabil-
ity studies for PPT have shown high levels of interrater reliability
using only two raters [1,14,21-23] at sites in the upper quarter
in pain-free individuals. The current study evaluated raters who
were RAs rather than physiotherapists used by Walton etal. [1] and
Nussbaum et al. [14], and provides evidence that with systematic
training excellent measures of relative reliability can be achieved
by raters of differing backgrounds.

Although interrater ICCs, which are based on rankings, were
excellent, these do not highlight the magnitude of between rater
variation in measures or any systematic bias. Inter-rater SEM
results of 79 kPa at the neck and 93 kPa at the leg were somewhat
higher than Walton et al. [ 1] who reported 53 kPa and 59 kPa at the
neck and leg respectively. We also detected systematic bias, and
this might be partly the reason for the higher SEMs in this study.
This finding is important with regard to studies seeking to evaluate
associations between PPT and other factors, or differences in PPT
between pain/disorder groups, using more than one rater. System-
atic bias of raters, means that there is the potential that measures of
association or difference will be confounded by rater. Therefore, for

Site (initial mean value) % change SEM (kPa) ES Sample Size required for Sample size required for
crossover design parallel design
80% power 90% power 80% power 90% power
Wrist (472 kPa) 30 84 1.19 8 9 10 11
25 84 0.99 11 12 13 14
20 84 0.79 15 16 17 18
15 84 0.60 24 25 26 27
10 84 0.40 52 53 54 55
Leg (501 kPa) 30 93 1.14 9 10 11 12
25 93 0.95 11 12 13 14
20 93 0.76 16 17 18 19
15 93 0.57 27 28 29 30
10 93 0.38 57 58 59 60
Neck (413 kPa) 30 79 1.11 9 10 11 12
25 79 0.92 12 13 14 15
20 79 0.74 17 18 19 20
15 79 0.55 28 29 30 31
10 79 0.37 60 61 62 63
Back (606 kPa) 30 100 1.29 7 8 9 10
25 100 1.07 9 10 11 12
20 100 0.86 13 14 15 16
15 100 0.64 22 23 24 25
10 100 0.43 45 46 47 48

Abbreviations: SEM, standard error of measurement; ES, effect size (Guyatt’s responsiveness index = percentage change divided by the square root of two times the mean

square error term from the repeated measures analysis of variance test).
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studies of associations or differences between PPT and other factors
using multiple raters, it is recommended that a sensitivity analysis
be performed by adjusting estimates for rater, to avoid confounding
of group differences or associations by rater bias.

PPT is increasingly being used as an outcome measure in clin-
ical trials for musculoskeleta pain [6-9]. However, only a few
studies report a priori sample size calculation [6,10,11]. For sam-
ple size calculations it is advantageous to account for spurious
change (i.e. measurement error) to achive sufficient power to
detect minimal clinically important changes or differences that
exceeds measurement error. Table 2 presents a guide for sample
size calculations according to percentage change, accounting for
measurement error.

5. Conclusion

In conclusion, this study established the reliability of PPT mea-
surement using handheld algometry by multiple RAs at multiple
body sites. Large studies with sufficient power to identify the many
likely multivariable correlates of pain sensitivity are needed, and
this often necessitates the use of multiple raters. The sample size
calculations presented will assist researchers to determine sample
sizes which account for measurement error for interventions using
PPT as an outcome measure. The results of this study support the
utility of using multiple RAs in large cohort studies using standard-
ised protocols, with the caveat that an absence of any confounding
of study estimates due to potential systematic rater bias be checked.
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