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Background: Understanding the stability of quantitative sensory tests (QSTs) over time is important to aid clinicians 
in selecting a battery of tests for assessing and monitoring patients. This study evaluated the short- and long-term 
reliability of selected QSTs.
Methods: Twenty healthy women participated in three experimental sessions: Baseline, 2 weeks, and 6 months. 
Measurements included pressure pain thresholds (PPT) in the neck, upper back, and leg; Pressure-cuff pain 
tolerance around the upper-arm; conditioned pain modulation during a pressure-cuff stimulus; and referred pain 
following a suprathreshold pressure stimulation. Intraclass correlation coefficients (ICC) and minimum detectable 
change (MDC) were calculated.
Results: Reliability for PPT was excellent for all sites at 2 weeks (ICC, 0.96–0.99; MDC, 22–55 kPa) and from good 
to excellent at 6 months (ICC, 0.88–0.95; MDC, 47–91 kPa). ICC for pressure-cuff pain tolerance indicated excellent 
reliability at both times (0.91–0.97). For conditioned pain modulation, reliability was moderate for all sites at 2 
weeks (ICC, 0.57–0.74; MDC, 24%–35%), while it was moderate at the neck (ICC, 0.54; MDC, 27%) and poor at the 
upper back and leg at 6 months. ICC for referred pain areas was excellent at 2 weeks (0.90) and good at 6 months 
(0.86).
Conclusions: PPT, pressure pain tolerance, and pressure-induced referred pain should be considered reliable 
procedures to assess the pain-sensory profile over time. In contrast, conditioned pain modulation was shown to be 
unstable. Future studies prospectively analyzing the pain-sensory profile will be able to better calculate appropriate 
sample sizes.

Keywords: Humans; Hyperalgesia; Pain Measurement; Pain Perception; Pain, Referred; Pain Threshold; 
Reproducibility of Results; Sample Size.
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INTRODUCTION

Pain is the most common reason for people with muscu-
loskeletal (MSK) conditions to consult a clinician [1]. The 
number of people with MSK conditions requiring reha-
bilitation has increased by 63% in less than 30 years [2], 
and it is estimated that approximately 20%–33% of people 
globally live with painful MSK conditions [3]. Although 
the onset of MSK pain may have been initiated by tissue 
pathology [4], symptom persistence has been suggested 
to be influenced by altered central processing of noxious 
and non-noxious stimuli (also known as central sensiti-
zation) [5] and high levels of psychosocial factors such as 
pain catastrophizing or depression [6].

Evaluating the pain-sensory profile may be benefi-
cial for some patients with persistent MSK pain (e.g., in 
patients with low back pain [7], knee osteoarthritis [8], 
or whiplash-associated disorders [9]), as it may provide 
clinicians with valuable information to decide and plan 
rehabilitation, and help to establish prognosis and clas-
sify patients into subgroups [10,11].

Assessment of the pain-sensory profile covers a range 
of psychophysical procedures, usually referred to as 
quantitative sensory testing (QST), intended to quantify 
pain responses by applying standardized stimuli to dif-
ferent somatic structures [12]. Pressure pain thresholds 
(PPT) and conditioned pain modulation (CPM) are two 
of the most commonly used procedures to assess sensi-
tivity to noxious stimuli in people with or without pain-
ful conditions [13]. PPT refers to the lowest intensity at 
which a given pressure stimulus is perceived as painful. 
PPT is contrasted by pressure pain tolerance (PPTol), 
which refers to the level of pain a subject is willing to 
endure for a given pressure stimulus [14]. CPM refers to 
the dampening effect that a competing heterotopic pain-
ful stimulus has on the sensitivity to noxious peripheral 
input and is used to assess the efficiency of endogenous 
analgesia [15]. Furthermore, assessing the distribution of 
perceived experimental pain following a supra-threshold 
pressure-stimulation can provide valuable information 
about nociceptive processing [16]. According to a previ-
ous definition [17], testing PPT, PPTol, CPM, and assess-
ing the perceived distribution of pain might be useful to 
adopt in clinical practice. However, for such purposes, it 
is important to know the stability of such tests over time.

To date, only a few studies have investigated the long-
term reliability of psychophysical test procedures, which 
is limited to a low number of body regions such as hand, 
forearm, lumbar spine, upper leg, or foot [18,19]. Addi-
tionally, it is not clear how and if such QST procedures 

are internally correlated. In case of a strong correlation 
and stability in measures over time, a full QST proto-
col might not be needed to sufficiently assess the pain-
sensory profile, making it more appealing to employ in 
clinical research and practice. Overall, the identification 
of altered sensitivity to noxious stimuli in humans is chal-
lenging, and data supporting appropriate protocols for 
assessing MSK pain disorders is needed [11]. Therefore, 
the results of this study are expected to provide impor-
tant knowledge of the reliability of the above-mentioned 
tests and thereby be of value for clinicians and clinical 
researchers who want to monitor the pain-sensory profile 
and any changes hereof over time.

MATERIALS AND METHODS

1. Study design

This reliability study is a secondary analysis of data from 
a previously published prospective case-control study 
[20]. This manuscript followed the Guidelines for Report-
ing Reliability and Agreement Studies (GRRAS) [21].

2. Participants and procedure

Healthy individuals aged 18 to 50 years old were recruited 
between March and June 2019 from the local community 
through advertisements at the university campus and 
on social media. Participants were considered healthy if 
they were free of any pain condition in the previous six 
months, and had no pain-related pathology, previous his-
tory of major surgery or trauma, or regular medication in-
take. All participants provided written informed consent 
before participation, and all study procedures were ap-
proved by the ethics committee of Aragon (n-PI16/0132).

Participants attended test sessions on three different 
occasions: at baseline, at 2 weeks and 6 months. The 
same rater ran all test sessions following a standardized 
protocol. After verifying inclusion criteria and filling out 
questionnaires, PPT, cuff-PPTol, CPM, and pressure-
induced referred pain were tested (Fig. 1).

All sessions were conducted in the same clinical set-
ting, in a quiet room with ambient light, temperature, and 
humidity-controlled between 23ºC–24ºC and 30%–35%, 
respectively. Participants were assessed at approximately 
the same time of the day to increase repeatable testing 
conditions between days [22]. Prior to running the psy-
chophysical tests, participants completed a battery of 
questionnaires on sleep disturbances with the Medical 
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Outcomes Study Sleep Scale [23], depressive symptoms 
with the Beck Depression Inventory [24], and pain-relat-
ed catastrophizing thoughts with the Pain Catastrophiz-
ing Scale [25]. The purpose of completing these question-
naires was to ensure that these three domains remained 
similar across the six months [20]. Additionally, before 
the second and third testing, participants were asked to 
confirm that they still fulfilled the inclusion criteria for 
the study. Each test session lasted approximately 20 min-
utes, and the rater was blinded to findings obtained in 
previous sessions.

3. PPT

A digital handheld pressure algometer (Somedic) con-
nected by a cable to a pushbutton was used to assess PPT. 
The algometer was mounted with a 1 cm2 probe and pres-
sure was steadily increased at a constant rate of 30 kPa/s.

At the beginning of each session, the rater followed a 
similar familiarization protocol to ensure that instruc-
tions to the participants were similar between days. First, 
the rater explained to the participants that “Pressure 
pain threshold is the pressure reached when you first feel 
that the pressure becomes painful” [20]. Here, particular 
emphasis was placed on evaluating the PPT and not the 
tolerance. Therefore, the rater asked the participants to 
push the button at the first moment the pressure became 

painful, i.e., when it reached a score of 1 on a numeric 
rating scale (NRS), ranging from 0 “no pain” to 10 “the 
worst imaginable pain”. Secondly, the assessor demon-
strated the procedure to the participant on his/her own 
forearm, followed by a demonstration on the forearm of 
the participant. After the first demonstration, the partici-
pants were asked to close their eyes during the procedure 
to have a greater focus on their sensations. Finally, partic-
ipants were asked to press the button when the stimulus 
became 3 in the NRS to better distinguish between what 
the first sensation of pain was and show that they need 
not tolerate any level of pain during the testing.

PPT was assessed bilaterally over three muscles (sple-
nius capitis, upper trapezius, and soleus), with partici-
pants lying prone. The location of the PPT sites was iden-
tified by palpation of anatomical landmarks in addition to 
using a tape measure. PPT sites were marked with semi-
permanent ink [20].

The order of PPT sites was randomized for each partici-
pant before the first session. This order was maintained 
in the subsequent sessions [20]. Two measurements of 
PPT were recorded for each site with a 30-second interval 
before assessing the same site again [26]. The mean value 
for each site averaged across the two sides was extracted 
for reliability analysis.

Test session 1
(baseline)

Test session 2
(2-weeks)

Test session 3
(6-months)

2-weeks since baseline 6-months since baseline

Assessment protocol common to all Test sessions

1) Questionnaires for:
Sleep quality (MOS-Sleep); depressive symptoms (Beck Depression Inventory);
and pain catastrophizing thoughts (pain catastrophizing scale).

2) Pressure pain
thresholds:

3) Pressure pain
tolerance:

4) Conditioned pain
modulation:

5) Pressure-induced
referred pain:

Splenius

Upper
trapezius

Gastrocnemius

Cuff pressure
7/10 NRS

Infraspinatus

Fig. 1. Schematic overview of the 
timeline and the assessment proto-
col. MOS-Sleep: medical outcomes 
study sleep scale, NRS: numeric 
rating scale.
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4. PPTol & CPM

An inflatable pressure-cuff was mounted on the partici-
pants’ non-dominant arm (Model DS54; Welch Allyn), 
approximately at the midpoint between the acromion 
and the olecranon. The pressure-cuff was manually in-
flated at a rate of 20 mmHg/s until participants indicated 
a score of 7 on the 11-point NRS. Cuff-PPTol was con-
sidered the exact mmHg value when NRS 7 was reached 
(cuff-PPTol-7).

After 30 seconds with the cuff inflated, PPT was re-
recorded, as described above, on the contralateral side 
to the cuff [9]. Once all PPT recordings were conducted, 
the cuff was deflated. A CPM value was calculated by sub-
tracting the initial PPT value, without the conditioning 
painful stimuli, from the PPT value recorded while the 
cuff was inflated. For the reliability analysis, CPM values 
were transformed into percentages according to the ini-
tial PPT values [27].

5. Pressure-induced referred pain

Referred pain was evoked by applying a suprathresh-
old pressure stimulation (STPS) over the infraspinatus 
muscle on the dominant side [28,29]. The infraspinatus 
site was located by identifying the intermediate point 
between the inferior angle of the scapula, the spine of 
the scapula, and the mid-point of the medial border of 
the scapula. First, the PPT at the infraspinatus site was 
determined, after which an STPS value was calculated as 
1.2 times the PPT value [28,29]. The target pressure was 
achieved in 2–3 seconds, and it was maintained for one 
minute in all participants [28,29].

Before the stimulation, the rater illustrated on a hand-
held PC tablet (Airis OnePad 750; Infinity System) how 
to draw the perceived area of pain on a digital body chart 
(anterior and posterior views) in an android applica-
tion (Navigate Pain v1.0; Aalborg University) [30]. Im-
mediately following the STPS, participants drew the pain 
areas. The area of perceived pain was then automatically 
extracted and transformed into pixels for further analysis.

6. Statistical analysis

Statistical analysis was performed using SPSS v.25 (IBM 
Co.), and a significance level of P < 0.05 was accepted.

To analyze for a confounding effect of psychosocial 
factors in QST measures over time, a repeated-measures 
analysis of covariance (RM-ANCOVA) with time (baseline, 
2 weeks, 6 months) as within factors, and baseline values 

of sleep disturbances, depressive symptoms, and pain 
catastrophizing thoughts as covariables, was conducted.

The short and long-term reliability of PPT, cuff-PPTol-7, 
CPM, and pressure-induced referred pain area were 
evaluated for single measurement absolute agreement 
based on a two-way mixed model by computing intra-
class correlation coefficients (ICC3,1). An ICC above 0.90 
was interpreted as excellent reliability, 0.75–0.90 good re-
liability, 0.50–0.75 moderate reliability, and less than 0.50 
poor reliability [31]. The standard error of measurement 
(SEM) was calculated using the following formula: SEM 
= SDpooled × √(1-ICC). The SEM represented the expected 
random variation in scores when no real change had hap-
pened [32]. The minimum detectable change (MDC) at 
95% was calculated using the formula: MDC = 1.96 × SEM 
× √2. MDC is considered the minimal change needed for 
being a real change rather than a random measurement 
error [32]. SEM and MDC were calculated when ICC 
analyses were significant.

Following a Shapiro–Wilk test, Pearson’s or Spearman’s 
correlation was used to investigate the relationship be-
tween pain-sensory variables that showed moderate to 
excellent reliability. Correlations were considered as very 
strong (r ≥ 0.90), strong (0.70 > r < 0.89), moderate (0.40 
> r < 0.69), and poor (r < 0.39). Bonferroni correction for 
multiple comparisons was applied (i.e., P value of 0.05 
divided by 15 comparisons per variable). The average of 
correlation values obtained on the three occasions was 
presented for an easier interpretation.

RESULTS

Twenty healthy participants (12 women) with an average 
age of 31 ± 7 years completed the study (Table 1). The test 
session took place at baseline, at 2 weeks (range 14 to 20 
days) and 6 months (range 161 to 182 days). No changes 
were observed in sleep disturbances, depressive symp-
toms, or pain catastrophizing thoughts, as previously 
reported [20]. The RM-ANOVA, adjusted by the above-
mentioned psychosocial factors, showed no interaction 
for any confounder.

Table 2 presents ICC3,1, SEM, and MDC for each psy-
chophysical test at 2 weeks and 6 months compared to 
baseline. For PPT, reliability was excellent at the splenius 
capitis and upper trapezius sites (0.92–1.00) at 2 weeks 
and from good to excellent at 6 months (0.83–0.98). 
While, for the soleus site, PPT reliability was from good 
to excellent at 2 weeks (0.89–0.98) and from moderate to 
excellent at 6 months (0.72–0.95). For cuff-PPTol-7, reli-
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ability was from good to excellent at both times points 
(0.78–0.99). For CPM, reliability was from poor to good at 
the three sites at 2 weeks (0.18–0.89). At 6 months, how-
ever, ICC3,1 at the splenius capitis muscle indicated poor 
to good reliability (0.16–0.79), while the reliability for the 
upper trapezius and soleus muscles was negligible. Final-
ly, for the areas of referred pain evoked by STPS at the in-
fraspinatus muscle, reliability was from good to excellent 
at 2 weeks (0.77–0.96) and from moderate to excellent at 
6 months (0.69–0.42).

Table 3 presents average correlation coefficients for 
pain-sensory variables across the three test sessions. PPT 
at all sites showed a strong inter-correlation at all test 
sessions (r > 0.71). No significant correlation was found 
between the other variables following the Bonferroni cor-
rection.

DISCUSSION

This study investigated the short- and long-term reli-
ability of a battery of four simple and clinically applicable 
psychophysical tests, in a healthy cohort with test ses-
sions over a 6-month period. The results showed that PPT 
and cuff-PPTol-7, and referred pain assessed after a STPS 
(120% of PPT), had good to excellent reliability in the 

short term (2 weeks) and moderate to excellent reliability 
in the long term (6 months). In contrast, the CPM showed 
poor to good reliability in the short-term and negligible 
to good reliability in the long term.

1. Short-term reliability

Several studies have previously investigated the short-
term reliability of PPT over one to five days in healthy 
participants [33–35] and found excellent reliability (0.92–
0.97), which is in line with the current results. Both the 
current and previous studies indicate that estimation of 
PPT is reliable regardless of the evaluated body region. In 
contrast, only a few studies have evaluated the reliability 
of cuff-PPTol in the short term, showing moderate to ex-
cellent reliability (0.74 to 0.96) [36,37]. This study reports 
similar ICC confidence intervals for cuff-PPTol-7, al-
though the previous studies established a pain tolerance 
threshold with a computerized cuff at NRS 10 out of 10. 
Even though pressure-induced referred pain has been as-
sessed in several previous studies [16,28,29,38], this study 
is the first to report reliability over time, showing good 
reliability. For CPM, numerous studies have analyzed 
short-term reliability, demonstrating different results de-
pending on the conditioning stimulus [39]. While some 
conditioning stimuli, such as the cold pressor test, seem 

Table 1. Characteristics of participants (n = 20)

Variable Mean ± Standard deviation Range

Age (yr) 31 ± 7 18 to 44
Female, n (%) 12 (60) -

Splenius PPT (kPa) 170 ± 77 75 to 394

Upper trapezius PPT (kPa) 221 ± 76 105 to 385

Soleus PPT (kPa) 304 ± 99 131 to 460

Cuff-PPTol-7 (mmHg) 234 ± 60 110 to 340

Splenius CPM (% PPT) 19 ± 16 –15 to 53

Upper trapezius CPM (% PPT) 18 ± 20 –9 to 68

Soleus CPM (% PPT) 18 ± 23 –9 to 84

PIRP area (pixels) 1,471 ± 1,748 164 to 6,429

Infraspinatus STPS (kPa) 394 ± 164 133 to 738

MOS-Sleep (0–100) 24 ± 13 7 to 56

PCS (0–44) 11 ± 6 0 to 23

BDI (0–66) 3 ± 2 0 to 10

Higher scores in MOS-Sleep, PCS, and BDI indicate worse levels.
PPT: pressure pain threshold, PPTol-7: pressure pain tolerance of 7 on a 11-point numeric rating scale, CPM: conditioned pain modulation, PIRP: pres-
sure-induced referred pain, STPS: suprathreshold pain stimulation (120% of PPT), MOS-Sleep: medical outcomes study sleep scale, PCS: pain catastro-
phizing scale, BDI: Beck Depression Inventory.



Pablo Bellosta-López, et al

https://doi.org/10.3344/kjp.23011178

Ta
bl

e 
2.

 R
el

ia
bi

lit
y 

in
di

ca
to

rs
 o

f p
re

ss
ur

e 
pa

in
 th

re
sh

ol
ds

, p
re

ss
ur

e 
pa

in
 to

le
ra

nc
e,

 c
on

di
tio

ne
d 

pa
in

 m
od

ul
at

io
n,

 a
nd

 p
re

ss
ur

e-
in

du
ce

d 
re

fe
rr

ed
 p

ai
n 

co
m

pa
re

d 
to

 b
as

el
in

e 
(n

 
= 

20
)

Va
ria

bl
e

2-
w

ee
ks

6-
m

on
th

s

IC
C 

(9
5%

 C
I)

SE
M

 (9
5%

 C
I)

M
D

C 
(9

5%
 C

I)
IC

C 
(9

5%
 C

I)
SE

M
 (9

5%
 C

I)
M

D
C 

(9
5%

 C
I)

PP
T 

(k
Pa

)
   

   
Sp

le
ni

us
0.

99
 (0

.9
5 

to
 1

.0
0)

8 
(6

 to
 1

8)
22

 (1
5 

to
 4

9)
0.

95
 (0

.8
8 

to
 0

.9
8)

17
 (1

1 
to

 2
6)

47
 (3

0 
to

 7
2)

   
   

Up
pe

r t
ra

pe
zi

us
0.

97
 (0

.9
2 

to
 0

.9
9)

14
 (8

 to
 2

3)
38

 (2
2 

to
 6

3)
0.

93
 (0

.8
3 

to
 0

.9
7)

21
 (1

4 
to

 3
3)

58
 (3

8 
to

 9
1)

   
   

So
le

us
0.

96
 (0

.8
9 

to
 0

.9
8)

20
 (1

4 
to

 3
3)

55
 (3

9 
to

 9
1)

0.
88

 (0
.7

2 
to

 0
.9

5)
33

 (2
1 

to
 5

0)
91

 (5
9 

to
 1

39
)

Cu
ff-

PP
To

l-7
 (m

m
H

g)
0.

97
 (0

.9
4 

to
 0

.9
9)

10
 (6

 to
 1

4)
27

 (1
6 

to
 3

8)
0.

91
 (0

.7
8 

to
 0

.9
6)

17
 (1

1 
to

 2
7)

47
 (3

1 
to

 7
4)

CP
M

 (%
 P

PT
)

   
   

Sp
le

ni
us

0.
74

 (0
.4

6 
to

 0
.8

9)
9 

(6
 to

 1
2)

24
 (1

6 
to

 3
5)

0.
54

 (0
.1

6 
to

 0
.7

9)
10

 (7
 to

 1
3)

27
 (1

8 
to

 3
6)

   
   

Up
pe

r t
ra

pe
zi

us
0.

70
 (0

.3
7 

to
 0

.8
7)

10
 (7

 to
 1

4)
28

 (1
8 

to
 4

0)
0.

28
 (–

0.
19

 to
 0

.6
4)

a
-

-
   

   
So

le
us

0.
57

 (0
.1

8 
to

 0
.8

1)
13

 (8
 to

 1
5)

35
 (2

3 
to

 4
8)

0.
16

 (–
0.

30
 to

 0
.5

6)
a

-
-

Pr
es

su
re

-in
du

ce
d 

re
fe

rr
ed

 
pa

in
 a

re
a 

(p
ixe

ls
)

0.
90

 (0
.7

7 
to

 0
.9

6)
50

2 
(3

17
 to

 7
61

)
1,

39
0 

(8
79

 to
 2

,1
09

)
0.

86
 (0

.6
9 

to
 0

.9
4)

55
2 

(3
61

 to
 8

21
)

1,
52

9 
(1

,0
01

 to
 2

,2
75

)

In
fra

sp
in

at
us

 S
TP

S 
(k

Pa
)

0.
92

 (0
.8

3 
to

 0
.9

7)
49

 (3
0 

to
 7

1)
13

 (8
2 

to
 1

96
)

0.
91

 (0
.7

9 
to

 0
.9

6)
46

 (3
1 

to
 7

0)
12

7 
(8

5 
to

 1
95

)
CI

: c
on

fid
en

ce
 in

te
rv

al
, I

CC
: in

tra
cla

ss
 c

or
re

la
tio

n 
co

ef
fic

ie
nt

, S
EM

: s
ta

nd
ar

d 
er

ro
r o

f m
ea

n,
 M

DC
: m

in
im

um
 d

et
ec

ta
bl

e 
ch

an
ge

, P
PT

: p
re

ss
ur

e 
pa

in
 th

re
sh

ol
d,

 P
PT

ol
-7

: p
re

ss
ur

e 
pa

in
 to

le
ra

nc
e 

of
 7

 o
n 

a 
11

-p
oi

nt
 n

um
er

ic 
ra

tin
g 

sc
al

e,
 C

PM
: c

on
di

tio
ne

d 
pa

in
 m

od
ul

at
io

n,
 S

TP
S:

 s
up

ra
th

re
sh

ol
d 

pa
in

 s
tim

ul
at

io
n 

(1
20

%
 o

f P
PT

). 
a P 

> 
0.

05
 a

fte
r I

CC
3,

1 (
tw

o-
wa

y m
ixe

d 
m

od
el

, s
in

gl
e 

as
se

ss
m

en
t, 

wi
th

 a
bs

ol
ut

e 
ag

re
em

en
t),

 in
di

ca
tin

g 
la

ck
 o

f r
el

ia
bi

lit
y.



Reliability of clinical sensory testing

179www.epain.org

to offer good to moderate intra- and inter-session reliabil-
ity [40,41], studies assessing the reliability of cuff pressure 
as a conditioning stimulus show good intra-session reli-
ability but poor inter-session reliability [40]. However, de-
spite superior inter-session reliability for CPM based on 
cold pressor test, this may not be easy to implement into 
clinical practice due to the considerable setup required.

2. Long-term reliability

The long-term reliability of psychophysical tests in 
healthy participants has previously been investigated. 
One study found good reliability of PPT at the lower back 
and hand sites 4 months after baseline [18], while an-
other study found moderate reliability at the same sites 
10 weeks after baseline [19]. The reasons behind the good 
to excellent reliability seen here after 6 months could re-
late to the simplicity of the assessment protocol. In con-
trast to previous studies assessing long-term reliability 
of QST parameters [18,19], the present study included a 
standardized procedure to introduce the algometer and 
PPT measures to the participants, as has been suggested 
previously [34]. Rigorous methodology is key to generat-
ing reliable outcomes in psychophysical testing, as many 
testing procedures are operator-dependent [42]. For this 
reason, the simplicity of procedures, such as that used for 
PPT here, may be highly relevant if sensory testing is to 
be implemented into clinical practice.

Psychophysical tests are influenced by affective and 
cognitive factors, which may change over time [42]. Mar-
cuzzi and colleagues assessed psychosocial factors at 
baseline, but none of the previous long-term reliability 
studies investigated whether changes in psychosocial 

variables occurred during their assessment period [18,19]. 
As psychosocial factors have been demonstrated to influ-
ence both the experience of pain and QST [43], the lack of 
changes in the psychosocial assessments used here could 
explain the temporal stability of the current results com-
pared to those reported previously [20].

Finally, the long-term reliability values of CPM are sim-
ilar to those reported by Marcuzzi et al. [18], indicating 
that this test paradigm may be less useful for monitoring 
changes over time. This may be due to the fact that CPM 
requires a more complex procedure than PPT, PPTol, or 
pressure-induced referred pain, and may introduce po-
tential confounders like sensory modality or the intensity 
of the conditioning and test stimuli [18,39]. Interestingly, 
despite the methodological recommendations suggested 
to standardize the CPM assessment [27], a simple method 
adapted to a clinical setting is still lacking. In this study, 
the conditioning stimulus (i.e., cuff-PPTol-7) was con-
trolled and revealed excellent intra-individual reliability 
over time and could easily be used in clinical practice, but 
the CPM effect was not reliable enough to recommend 
adoption in the clinic.

3. Correlation between psychophysical tests

The current study showed a strong positive inter-correla-
tion between PPT at all assessment sites, which indicates 
that healthy participants presenting higher PPT values 
over the neck region also present higher PPT over the 
upper back or lower leg, and vice versa. However, no 
correlation was found between PPT and cuff-PPTol-7 or 
pressure-induced referred pain. This lack of correlation 
may be explained by the different stimulation intensities 
of cuff-PPTol-7 (high intensity) and sustained pressure 
(intensity slightly above the pain threshold) stimuli com-
pared to PPT. In contrast to handheld pressure algometry 
assessing a single point, cuff algometry evaluates a larger 
area by applying a tourniquet around the extremity [37]. 
This has been suggested to remove the variability of skin 
sensitivity and instead assess diffuse pain sensitivity in 
deeper tissues [44]. The lack of correlation between the 
size of the area of pain and PPT has been previously ob-
served [28], and may be due to the high variability in pain 
referral patterns compared to PPT.

4. Clinical implications and future research

Going from bench to bedside is a natural step of basic 
pain research [45]. Within pain science, assessing the 
pain-sensory profile in a research context has allowed 

Table 3. Correlation values between pain-sensory variables 
averaged for the three test sessions (n = 20)

Pain 
sensory 

variables
PPT UTa PPT SOLa STPSa PIRPb Cuff-

PPTol-7a

PPT SP 0.81* 0.78* 0.84* –0.22 0.33
PPT UT 0.75* 0.85* –0.31 0.09
PPT SOL 0.80* –0.48 0.16
STPS –0.23 0.11
PIRP –0.12
PPT: pressure pain threshold, PPTol-7: pressure pain tolerance of 7 on a 
11-point numeric rating scale, STPS: suprathreshold pressure stimula-
tion (120% of PPT), PIRP: pressure-induced referred pain, SOL: soleus 
muscle, SP: splenius capitis muscle, UT: upper trapezius muscle.
aPearsons’s r. bSpearman’s ρ. 
*Significant correlation after Bonferroni correction (P < 0.003).
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researchers to classify patients, establish prognosis, and 
predict response to specific treatments [11]. However, 
translating basic research to clinical practice is a delicate 
process that requires valid and reliable procedures [45]. 
This study showed that PPT, PPTol, and pressure-induced 
referred pain are procedures with high levels of correla-
tion and agreement between intra-individual measure-
ments, indicating that they can be replicated over time 
with a small degree of error [31]. In other words, these 
procedures are stable, and their changes should not be 
attributed to measurement error but ideally would largely 
reflect a change in the MSK condition. Therefore, these 
procedures may be suitable for monitoring the pain-
sensory profile of patients over a long-term period, e.g., 
to assess the recovery process over time or evaluate the 
impact of a treatment. Nevertheless, it is still essential to 
investigate the relationship between the pain-sensory 
profile and clinical pain, as to date, it is unclear to what 
extent psychophysical measures are related to the overall 
pain experience [46,47]. In any case, assessing the pain-
sensory profile could be considered part of a holistic pa-
tient evaluation, supporting clinical decision-making.

This study showed that the MDC of PPT varies between 
the different body sites, and was lower in the neck than in 
the upper back and leg. This is in line with previous find-
ings, which reported that PPT assessment, due to its high 
specificity but moderate sensitivity, is a more valuable 
procedure to confirm changes than discard changes [35]. 
In general, this study showed an increase in the MDCs of 
psychophysical tests over time, indicating that the longer 
the time between assessments, the greater the difference 
is needed for it to be considered a true change. However, 
more studies are needed to confirm these results.

Lastly, the strong positive correlation between all PPT 
sites (i.e., the splenius capitis, upper trapezius, soleus, 
and infraspinatus muscles) indicates that in healthy 
individuals, a higher PPT at one site is related to higher 
recordings at other sites over time, which is in line with 
previous studies in acute pain populations [20]. These 
findings suggest that a less time-consuming assessment 
protocol, including one local and one distal site to the 
painful region, may be sufficient to evaluate the evolution 
of the pain-sensory profile over time.

5. Strengths and limitations

The main strength of this study is the performance of a 
systematic assessment protocol to reduce the impact of 
confounders such as the misunderstanding of what a 
“pain threshold” means, controlling room conditions, 

and being consistent with the time of day of assessments, 
to avoid the influence of circadian rhythms [22]. Another 
strength of this study is that psychosocial factors were 
analyzed as covariates and controlled throughout the 
6-month assessment period.

Also, simultaneously presenting short-term and long-
term reliability values within the same cohort, makes it 
easier to observe temporal changes in MDCs. Conse-
quently, future studies should consider this factor when 
calculating sample sizes, especially when including a 
follow-up measurement [33].

This study was limited by the relatively small sample 
size in the original study [20], which did not adequately 
account for the power needed in the current reliability 
study. However, this fact mainly affected establishing the 
reliability of the CPM response, as this has previously 
been shown prone to be highly affected by variability be-
tween individuals [18,20]. Nevertheless, for the rest of the 
psychophysical tests (i.e., PPT, cuff-PPTol, referred pain), 
considering previous ICC values of long-term reliability 
being between 0.65 and 0.90 [18], 18 participants would 
have been sufficient to reach a power of 80% with an alfa 
error of 0.05 for a single measurement two-way mixed 
model [48]. It is highly recommended that clinicians and 
researchers consider the confidence intervals of reliabil-
ity values when interpreting results rather than reducing 
the interpretation to the final value of the ICCs [49]. This 
applies particularly to the CPM response which had large 
confidence intervals and relatively poor test-retest reli-
ability, particularly at 6 months (Table 2). Another limita-
tion that hampers the generalizability to clinical practice 
is that the current study was based on data from a healthy 
population which may not be comparable to the clients 
commonly seen in clinical practice although it can still 
serve to provide reference values to compare clinical data 
against. In summary, employing the methods described 
in this study in clinical research or practice should ac-
count for the limitations outlined above.

In conclusion, assessing the pain-sensory profile of 
healthy participants over a 6-month period found reliable 
results when using PPT and PPTol, although the MDCs 
increased slightly over time. In contrast, the CPM para-
digm was shown to be unstable over time, indicating that 
it may not be suitable for assessing changes over time. 
This study showed a high correlation between PPT sites, 
suggesting that a brief assessment battery comprising 
two PPT points, together with other psychophysical tests, 
could be sufficient to obtain useful information on the 
pain-sensory profile.
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