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Abstract

Background and aims: Pressure pain threshold (PPT) and
PPT maps are commonly used to quantify and visualize
mechanical pain sensitivity. Although PPT’s have fre-
quently been reported from patients with knee osteoar-
thritis (KOA), the absolute and relative reliability of PPT
assessments remain to be determined. Thus, the purpose
of this study was to evaluate the test-retest relative and
absolute reliability of PPT in KOA. For that purpose, intra-
and interclass correlation coefficient (ICC) as well as the
standard error of measurement (SEM) and the minimal
detectable change (MDC) values within eight anatomical
locations covering the most painful knee of KOA patients
was measured.

Methods: Twenty KOA patients participated in two ses-
sions with a period of 2 weeks + 3 days apart. PPT’s were
assessed over eight anatomical locations covering the
knee and two remote locations over tibialis anterior and
brachioradialis. The patients rated their maximum pain
intensity during the past 24 h and prior to the record-
ings on a visual analog scale (VAS), and completed The
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) and PainDetect surveys. The ICC, SEM
and MDC between the sessions were assessed. The ICC for
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the individual variability was expressed with coefficient
of variance (CV). Bland-Altman plots were used to assess
potential bias in the dataset.

Results: The ICC ranged from 0.85 to 0.96 for all the ana-
tomical locations which is considered “almost perfect”. CV
was lowest in session 1and ranged from 44.2 to 57.6%. SEM
for comparison ranged between 34 and 71 kPa and MDC
ranged between 93 and 197 kPa with a mean PPT ranged
from 273.5 to 367.7 kPa in session 1 and 268.1-331.3 kPa in
session 2. The analysis of Bland-Altman plot showed no
systematic bias. PPT maps showed that the patients had
lower thresholds in session 2, but no significant difference
was observed for the comparison between the sessions for
PPT or VAS. No correlations were seen between PainDe-
tect and PPT and PainDetect and WOMAC.

Conclusions: Almost perfect relative and absolute reli-
abilities were found for the assessment of PPT’s for KOA
patients.

Implications: The present investigation implicates that
PPT’s is reliable for assessing pain sensitivity and sensiti-
zation in KOA patients.

Keywords: pressure pain threshold (PPT); intra-class cor-
relation coefficient; minimal detectable change (MDC);
knee osteoarthritis (KOA); reliability.

1 Introduction

Knee osteoarthritis (KOA) is the most common type of
arthrosis. In year 2010, approximately 250 million people
suffered from KOA more or less caused by the breakdown
of joint tissues from mechanical loading and inflamma-
tion [1-3]. Pain and pain sensitization are key symptoms
of KOA impacting the healthcare utilization and quality
of life. Different quantitative measures, e.g. mechanical,
thermal, electrical and chemical modalities have been
developed to assess pain sensitization in patients with
KOA [4, 5].

Pressure algometry has been used as a method to
assess mechanical pain sensitivity in different anatomical

© 2018 Scandinavian Association for the Study of Pain. Published by Walter de Gruyter GmbH, Berlin/Boston. All rights reserved.

Brought to you by | Aalborg University Library
Authenticated
Download Date | 5/4/18 8:44 AM


https://doi.org/10.1515/sjpain-2018-0017
mailto:LAN@hst.aau.dk

230 —— Srimurugan Pratheep et al.: Relative and absolute test-retest reliabilities of pressure pain threshold

regions for KOA patients and to construct pressure pain
threshold (PPT) maps [6]. The handheld algometer pro-
vides quantitative values related to deep structures. By
applying it perpendicular to the skin, it co-activate group
III and group IV muscle nociceptors [7]. The PPT maps
enable the visualization and quantification of the spatial
distribution of mechanical sensitivity to pain [8-12].
Central sensitization is assumed to be one of the under-
lying factors for OA patients. Continuous and intense
nociceptive input from a damaged joint may contribute
to sensitization by enhanced pain responses, the spread
of pain to larger body areas, and outside the symptomatic
joint [8, 13, 14]. Previous studies have demonstrated PPT to
have a high relative reliability in various anatomical loca-
tions like knee [15, 16], neck [17, 18], and lower back [19,
20] both in patients and in healthy humans. However, the
reliability of PPT is influenced by factors such as gender,
age, investigator and [19, 21]. Although, studies have
concluded that PPT is a useful pain assessment tool in
patients with KOA [22, 23] the standard error of measure-
ment (SEM), intra- and interclass correlation coefficients
(ICCs), and minimum detectable change (MDC) have not
been fully evaluated in KOA. In order to e.g. monitor the
effectiveness of an intervention, it is essential to have
reliable tools assessing mechanical pressure sensitiv-
ity to pain. The aim of the present study was to establish
the test-retest reliability of PPT for patients with KOA as
well as to determine the MDC, ICCs, and SEM. The present
study complies with the guidelines for reporting reliability
and agreement studies (GRRAS) [24].

2 Methods

2.1 Participants

Twenty KOA patients, ranging from 59 to 80 years par-
ticipated in this study (Table 1). The KOA patients were

Table 1: Characteristics of the subjects.

Characteristics Mean+SD
Age (years) 70.3 (5.8)
Sex (female/male) 9/11
Body mass (kg) 81.5(12.6)
Height (cm) 169.8 (8.8)
Body mass index, BMI (kg/m?) 28.1(2.6)
Kellgren Lawrence score (left/right) 2.7 (0.8)

Demographics of the patients with knee osteoarthritis included in
the study. Values are presented as mean (+SD) (n=20).
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recruited from a centralized database at the Centre for
Clinical and Basic Research (CCBR) and diagnosed accord-
ing to American College of Rheumatology classification.
Clinical data was collected from patients, including radio-
logical evaluation, medication and pain duration. The
inclusion criteria were aged 18-80 years, clinically diag-
nosed with knee OA, Kellgren-Lawrence X-ray grade >2,
pain while walking according to the patient and BMI <35.
No subjects had used any analgesics within the previous
24 h prior to the experiment. The subjects were given a
detailed written and verbal explanation and they signed
an informed consent form before participating in the
study. The study had been approved by the local Ethics
Committee (VN-20160081) and conducted according to the
Declaration of Helsinki.

2.2 Experimental protocol

The experiment consisted of two sessions was conducted
at CCBR. Session 1 was followed 2 weeks + 3 days later by
session 2. All the subjects were asked to rate the maximum
intensity of pain on a 0-10 cm horizontal visual analog
scale (VAS) ranging from O to 10 for the worst pain from the
most painful knee during the past 24 h and after 5 min rest
prior to the PPT recordings. The VAS was anchored with
0=no pain and 10 =worst pain imaginable, and the dis-
tance (cm) of the subject’s mark on the horizontal line was
the outcome measure. The most painful knee was selected
for assessment for all the patients. The subjects were lying
comfortably in a supine position. A handheld algometer
(type II, Somedic AB, Sweden) with a tip area of 1 cm?
was used to assess PPTs from ten anatomical locations in
a randomized order. All assessments were made by the
same examiner. A mechanical pressure stimulus with an
ascending pressure gradient of 30 kPa/s was applied con-
tinuously until the subjects felt pain and pressed a stop-
button. The pressure indicated on the algometer display
corresponding to the PPT where noted by the examiner.
The PPT recordings were performed three times and the
mean value was used for statistical analysis. To avoid
temporal integration [9, 25], a 1-min interval was observed
between the PPT assessments. To make sure the subject
was confident with the method, a test PPT measurement
was tested prior to recordings on the bulk of the tibi-
alis anterior on the contralateral leg. Additionally, each
subject completed a knee-directed The Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC)
survey and a PainDetect survey. WOMAC is a standardized
subject-rated instrument for measuring pain severity and
pain interference scores [26]. The WOMAC questionnaire
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consists of 24 questions focusing on pain (score range
0-20), stiffness (score range 0-8), and functional limita-
tions (score range 0-68) of the OA knee during the past
48 h [26].

PainDetect is a questionnaire to assess the neuro-
pathic components of chronic pain conditions [27]. A
total score of <12 indicate a neuropathic pain component
is unlikely, and a total score of >19 indicate that a neuro-
pathic pain component is likely. A total score of 13-18 are
uncertain [27].

2.3 Pressure pain threshold

Eight PPT sites were marked over the knee in the peripa-
tellar region and two control points according to our previ-
ous study [8]. The eight test points are defined as (1) 2 cm
distal to the inferomedial edge of patella; (2) 2 cm distal
to the inferolateral edge of patella; (3) 3 cm lateral to the
center of the lateral edge of patella; (4) 2 cm proximal to
the superolateral edge of patella; (5) 2 cm proximal to the
superior edge of patella; (6) 2 cm proximal to the supero-
medial edge of patella; (7) 3 cm medial to the center of the
medial edge of patella; (8) on the center of patella. The
two extra segmental sites were (9) the belly of the tibialis
anterior muscle and (10) in the center of brachioradialis
ipsilateral to the selected knee (Fig. 1). Points 9 and 10
enabled to assess from external sites to evaluate general-
ized sensitization.

PPT maps were generated by interpolating mean PPT
values using an inverse distance-weighted interpolation
to compute PPT values of the unknown locations. This
was obtained by using mean scores from the known PPT
values and locations [8, 9].
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2.4 Data analysis

The data were analyzed using a repeated measure of
variance (ANOVA) with the factor sites (10 test sites) and
sessions (two sessions). A student t-test for pair-wise
comparisons was used as post hoc test to compare PPT’s
between the sessions, in case of significant main effect.
A paired sample t-test was performed to test for differ-
ences in VAS between the sessions and for differences
in WOMAC sub scores between the sessions. The relative
and absolute reliability across the sessions were com-
puted using intra-class correlation coefficients (ICCZ,1
for absolute agreement), SEM and MDC. ICC were inter-
preted according to Landis and Koch in which an ICC
between 0.00 and 0.20 is considered “poor”, 0.21-0.40
is “fair”, 0.41-0.60 is “moderate”, 0.61-0.80 is “sub-
stantial”, and 0.81-1.00 is “almost perfect” [28]. The
inter-class correlation coefficient was calculated with
the coefficient of variance (CV) and reflects the overall
variability of the model. CV is expressed in % and is cal-
culated as:

CV =@x100%

u

SEM represents measurement error, which means it
represent if a patient’s measurements vary if the test is
repeated without any underlying change in the patient.
SD is the standard deviation of the PPT from patients in
both sessions and the ICC are the relative reliability. SEM
has the same unit as pain sensitivity (kPa) and are calcu-
lated with the following formula [29]:

SEM =SDv/1-ICC

e 10

Fig. 1: Location of the assessed eight pressure pain threshold (PPT) points on the knee (A) and the two control points (B and C).
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MDC indicates the minimum value for which a differ-
ence can be considered as real. The formula for MDC is the
following [30]:

MDC = SEM x1.96 x~/2

Furthermore, Bland Altman plot of differences
between sessions against their mean and limits of agree-
ment (LOA) were used to assess the disagreement between
the PPT’s in the two sessions. A real change can be con-
sidered, in case a difference between sessions are seen
outside LOA [29]. The Spearmans correlation test between
PainDetect and WOMAC sub-scores and PainDetect and
PPT’s for both sessions were analyzed. All the statistical
analysis was performed using the statistical program soft-
ware IBM SPSS version 25, and p<0.05 was considered
significant.

3 Results

3.1 Intra- and inter-session reliability

The intra-session reliability indicators at each PPT loca-
tion are reported in Table 2 and inter-session reliability
are reported in Table 3. The ICCs of the 10 anatomical
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locations were “almost perfect” according to the defini-
tion [28] ranging from 0.85 to 0.96. The inter-individual
variation (CV) was smaller in session 1 (44.2-57.6%)
than session 2 (47.9-62.7%). SEM values ranged from 34
to 71 kPa and MDC ranged from 93 to 196 kPa and the
mean PPT ranged from 273.5 to 367.7 kPa in session 1 and
268.1-331.3 kPa in session 2. The analysis of the Bland-
Altman plot showed that no apparent systematic bias was
present in the data and that zero was included in the 95%
confidence interval. Upper-lower LOA were 216 and 156
kPa while the bias was 30 kPa. Differences between the
sessions can be seen outside LOA, which indicates a real
change (Fig. 2).

3.2 Pressure pain threshold

PPT maps showed that the patients were most sensitive
at the location of superolateral edge of patella (PPT 4),
superomedial edge of patella (PPT 6) and medial to the
center of the medial edge of patella (PPT 7) (Fig. 3). The
PPT’s from the 10 anatomical locations were not signifi-
cantly different from session 1 to session 2 (p=0.074)
though lower PPT was seen in session 2 (Table 2). Like-
wise, the VAS scores for the past 24 h and after resting
in 5 min were not significantly different between the
sessions (Fig. 4).

Table 2: Mean, standard deviation (SD), intra-class correlation coefficient (ICC), standard error of measurement (SEM) and minimum detect-
able change (MDC) for pressure pain threshold (PPT) assessed over 10 locations (PPT 1-PPT 8) over the most painful knee as well as the two
extra segmental sites (PPT 9—PPT 10) between the mean of the session 1 and session 2.

Point Session 1 (mean+SD, kPa) Session 2 (mean+SD, kPa) 1CC[95% CI] SEM (kPa) MDC (kPa)
PPT 1 353.7+167.3 324+180.6 0.89[0.73, 0.96] 57.2 158.6
PPT 2 349.7+201.4 322.8+171.2 0.85[0.62, 0.94] 70.8 196.3
PPT 3 331.2+168.3 315.8+198.0 0.91[0.78, 0.97] 52.2 144.8
PPT 4 305.9+163.0 274.1+143.8 0.89[0.72, 0.96] 49.6 137.4
PPT 5 348.1+162.6 306.4+161.9 0.92[0.77,0.97] 45.4 125.9
PPT 6 320.7+170.0 288.9+156.2 0.96 [0.87, 0.98] 33.5 92.9
PPT 7 324.5+178.9 288.4+171.1 0.94[0.83, 0.98] 42.2 117.0
PPT 8 336.1+148.4 312.1+154.1 0.90[0.76, 0.96] 45.5 126.2
PPT 9 367.7+178.9 331.3+158.6 0.85[0.64, 0.94] 63.0 174.6
PPT 10 273.5+136.2 268.1+132.5 0.88[0.70, 0.95] 44.6 123.7
Test-retest reliability at each PPT location. Values in parentheses are 95% confidence interval.
Table 3: Coefficient of variance (CV) expressed in % for session 1 and session 2.

PPT 1 PPT 2 PPT 3 PPT 4 PPT5 PPT 6 PPT7 PPT8 PPT9 PPT 10
Session 1 CV (%) 47.3 57.6 50.8 53.3 46.7 53.0 55.1 44.2 48.64 49.8
Session 2 CV (%) 55.8 53.0 62.7 52.5 52.8 54.1 59.4 49.4 47.9 49.4

Inter-individual correlation coefficient. CV reflects the overall variability of the model.
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Table 4: The three subscales are pain, stiffness and physical
function.

Session1 Session2 % Change Difference, p
Pain total 172 163 5.2 0.407
Stiffness total 77 63 18.2 0.0022
Function total 474 482 1.7 0.764
Total score 723 708 2.1 0.630

Mean WOMAC subscale and total scores. The percentage changes
between the sessions are given. p Indicates differences between
groups and ®indicates significant difference.

No significant correlations were found between Pain-
Detect and WOMAC for pain, stiffness, function or total
score and between PainDetect and PPTs when evaluating
data from session 1.

3.3 Pain questionnaire surveys

The PainDetect questionnaire was calculated with a
maximum possible score of 38 and a minimum score of 1.
At screening, 11 subjects had a score <12, and only two had
a score >19 in session 1 and in session 2, 13 subjects had
a score <12, and two subjects had a score >19 indicating
that most of the subjects had pain, but unlikely to have
neuropathic component. For the WOMAC sub scores, a
significant difference was seen for stiffness between the
two sessions (p=0.002), but no difference in total score
for pain or physical function were seen between the two
sessions (Table 4).

4 Discussion

This study demonstrated an almost perfect intra-session
reliability of the PPT’s measured over eight locations
around the knee in KOA patients. The inter-individual reli-
ability (CV%) showed a high variation in both sessions
whereas the individual variance was acceptable. The indi-
vidual difference of sensitivity to painful stimuli could be
considered as factors that might affect the inter-individual
variance besides gender and age differences. There were
no significant differences between sessions among the
eight PPTs at the various knee locations. However, the PPT
maps illustrated the tendency towards lower PPT values in
session 2 compared with session 1. This tendency was actu-
ally associated with higher VAS after resting for 5 min. These
tendencies underlined temporal changes (approx. 2 weeks
separated the two sessions) in pain intensity and mechani-
cal sensitivity in patients with KOA supporting previous
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findings that the PPT as a measure for muscle hyperalgesia
also reflect changes in clinical pain intensity [31].

The findings are supporting the study by Wylde et al.
[32] who showed no significant difference over a period of
1-week for the PPT at the medial side of right and left knee
for KOA patients. The reliability between the sessions was
in agreement with the WOMAC scores where a change of
total score was within 2.1% in the present study.

Wessel [22] assessed PPT’s on six locations above the
knee in KOA patients, taken 5-10 days apart and found
ICC’s ranged between 0.58 and 0.91 and Moss et al. [33]
reported ICC’s of 0.98 of the most tender point on the
medial aspect of the affected knee. In the current study
particular care was taken to explain the procedures to
make sure patients had a comprehensive understanding
of the purposes. This might have contributed to the high
ICC values.

In the present study, the means of three PPT recordings
were used resulting in “almost perfect” ICC. However, it
has been suggested that the first PPT assessment should be
considered as training and be excluded [34]. Other studies
have suggested that the highest ICC values are obtained
when the mean score of three PPT recordings is used [20, 35,
36]. The findings from the current study indicates that there
is a high similarity between PPT values from the patients,
even when testing is performed 2 weeks apart and using
mean value of three PPT recordings. In our study a training
PPT session was performed to ensure optimal compliance.
Only few studies have reported the absolute reliability.
Mutlu and Ozdincler [37] assessed reliability of PPT meas-
urements in KOA patients at two anatomical sites (medial
femoral tubercle and medial malleolus). They reported a
SEM ranged from 4.55 to 4.83 kPa and MDC 10.55-11.17 kPa
(mean PPT=377-51.71 kPa before treatment and mean
PPT =52.3-56.5 kPa after treatment) meanwhile, the SEM in
the present study ranged from 34 to 71 kPa and MDC ranged
from 93 to 196 kPa (mean PPT =273.5-367.7 kPa in session
1 and mean PPT=268.1-331.3 kPa in session 2). However,
Mutlu and Ozdincler [37] only assessed at two anatomi-
cal locations and their participants were asked to verbally
state when the pain threshold was reached. The reported
SEM and MDC in the present study are similar to what has
been reported in other studies. Balaguier et al. [19] tested
PPT’s in the low back region of vine-workers and reported
a SEM ranged from 53.5 to 775 kPa and MDC ranged from
148.4 to 214.7 kPa (mean PPT=459.5-516.0 kPa in trial 1
and mean PPT=468.7-540.8 kPa in trial 2) between the
first and second trials. Walton and colleagues [38] tested at
the trapezius muscle and at tibialis anterior and obtained
SEM ranged from 18.2 to 73.8 kPa and MDC ranged from
42.7 to 171.3 kPa (mean PPT=251.8 kPa and 334.1 kPa).
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The current findings suggest that PPT assessments are reli-
able and may be used to determine the effects of interven-
tions [16, 39-41].

No significant difference was seen for clinical VAS
ratings between the sessions. A study by Breivik [42]
explain the difficulties for chronic pain patients in remem-
bering their pain during the last 24 h and to express the
degree of pain on a single pain intensity scale. However,
VAS is the most commonly used tool for assessing the
experienced pain [42, 43] and found to be reliable in the
present study for KOA patients.

5 Conclusions

In conclusion, this study tested the test-retest reliability
of PPT’s at 10 anatomical locations for KOA patients. The
study shows that PPT is a reliable way to assess mechani-
cal pain sensitivity in KOA patients. This suggests that PPT
can be a used to monitor KOA patients over time and relate
to e.g. disease progression or interventions.
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