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Abstract \
Prior research supports the validity and short-term test-retest stability of 4 commonly used scales for assessing pain intensity (Visual
Analogue Scale [VAS], 6-point Verbal Rating Scale [VRS-6], Numerical Rating Scale [NRS-11], and Face Pain Scale-Revised [FPS-R]).
However, the relative stability and ability of these measures to detect changes in pain intensity over longer time periods have not yet
been examined, although knowledge regarding these psychometric issues is important for selecting from among these measures. To
address this knowledge gap, we administered these scales assessing worst and average pain intensity to 250 chronic pain outpatients
on 2 occasions, a little over 6 weeks apart on average. All 4 scales were found to be valid for detecting decreases in pain, and the VAS,
NRS-11, and FPS-R evidenced the most validity for detecting increases in pain. The NRS-11 and VAS evidenced better test—retest
stability than the VRS-6 and FPS-R. Age affected the ability of the VRS-6 for detecting improvement in worst pain, as well as the ability of
the VAS for detecting worsening in both worst and average pain. However, the psychometric properties of the scales were not
influenced by education level. Overall, the NRS-11 emerged as showing the most sensitivity and stability. The FPS-R seems to be a
good second choice to consider for samples of individuals who might have difficulty understanding or using the NRS-11.
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1. Introduction

Valid and reliable measures of pain intensity are essential for pain
research and effective pain management.'#21:22:29:82 Tyyg critical
properties of pain measures are as follows: (1) Their ability to
provide the same estimate when no change in pain has occurred
(ie, stability), and (2) their ability to detect change when a change
has occurred (ie, sensitivity).>®> The most commonly used
measures of pain intensity are the Visual Analogue Scale (VAS),
the Verbal Rating Scale (VRS), the 11-point Numerical Rating
Scale (NRS-11), and the Face Pain Scale-Revised (FPS-R).2°
Regarding stability, evidence supports the reliability of the VAS,
NRS-11, and VRS over very brief periods of time, up to 24
hours.”*'® However, to the best of our knowledge, the
test-retest stability of the FPS-R has not yet been evaluated in
samples of individuals who report that their pain has remained
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unchanged. In addition, the stability of the other 3 measures over
periods of time longer than 24 hours has not yet been evaluated.

All of the research that has evaluated scale sensitivity—a key
validity criterion—has examined this in individuals who have received
pain treatment. In such studies, measures with more than 4
response options have all been shown to similarly responsive pain
treatments.®>7191922 However, little is known regarding the ability
of these measures to detect increases in pain over time when such
increases actually occur. In addition, although the ability of people to
use different scales is sometimes shown to differ as a function of age
and education level, > 15222325 jittle research has examined the role
of age and education level on measure stability or the ability of
measures to detect changes in pain over time.

Given these considerations, the primary aim of this study was
to conduct a head-to-head comparison of the VAS, VRS-5, NRS-
11, and FPS-R with respect to their test-retest stability and
sensitivity in a sample of individuals with chronic pain over the
course of 4 weeks. Consistent with prior research, we hypoth-
esized that all 4 measures would evidence at least adequate
test-retest stability among those participants who reported that
their pain was unchanged over time. We also hypothesized that
the measures would evidence an ability to detect changes in pain
both among those who reported that their pain became worse
and those who reported that their pain improved. However,
based on prior research showing that the measures with many
response options (eg, the VAS) are more difficult for individuals to
use,'®?2 we anticipated that the VAS would perform less well
than the other measures with respect to stability and sensitivity.
Finally, we examined the extent to which the measures of stability
and sensitivity differed as a function of age and education level,
anticipating that if any differences emerged, reliability and validity
would be worse for the VAS than the other measures.
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2. Methods
2.1. Participants

This single center longitudinal study was conducted in Siriraj
hospital, Bangkok, Thailand. A written pamphlet was posted
in the pain clinic, and clinic patients were encouraged to
speak with the clinic staff if they were interested in
participating. In addition, research staff were on site and
approached patients to evaluate interest. Any patient who
expressed an interest was then evaluated for eligibility. To
participate in this study, a potential participant had to be 18
years old or older, report that they had chronic pain (ie, that the
duration of their pain problem was =3 months®'), and be able
to read and speak Thai. Patients with cancer pain or any
patient who was unable to communicate effectively in Thai
were excluded. All potential participants who were eligible and
who expressed an interest in participating were asked to read
and sign a written study consent form and then asked to
complete the initial set of measures (see below). All partici-
pants were then provided with hard copy versions of the
measures (see Fig. 1), to ensure that they had both verbal
instructions as well as visual information, to maximize their
ability to respond to the measures. Anyone enrolled in the
study who was unable to use or correctly respond to any 1 of
the 4 measures (ie, unable to place a single mark on the VAS,
see below), or who did not provide follow-up data 4 weeks
after their initial assessment, was excluded from the analyses.
A total of 250 consecutive outpatients with chronic pain and
who provided data at both assessment points were enrolled
into the study from August 2020 to June 2021.

2.2. Measures
2.2.1. Demographic and pain history variables

All participants were asked to complete a questionnaire assess-
ing demographic data (ie, sex, age, education, and employment
status) and pain history information (ie, diagnosis, pain duration,
and cause of pain). For data analytic purposes (ie, to evaluate the
effects of age and education level on the validity criteria evaluated
in this study), participants were classified as being younger (=60
year old) or older (>60 year old) and as having less (=12 years) or
more (>12 years) education.

2.2.2. Visual Analogue Scale

The VAS used here was a 10-cm straight line with “no pain at all”
on 1 end and “pain as bad as it could be” on the other.
Respondents are asked to make a mark on the line that
represents their pain intensity level. The distance (in cm) between
“no pain at all” end and the mark is the VAS rating of pain
intensity. ' In this study, the VAS (and all pain intensity measures)
was used to assess both average and worst pain intensity.

2.2.3. 6-point verbal rating scale

The VRS-6 provides respondents with a list of which describes
different levels of pain. The respondent is asked to mark the
adjective which best represents their pain intensity.’* The 6
descriptors in the VRS-6 used in this study translate into “no pain
atall,” “very mild,” “mild,” “moderate,” “severe,” and “pain as bad
as it could be.” Each of these descriptors is linked to a specific
number (ig, 0, 1, 2, 3, 4, and 5), and the respondents’ score is the
number linked to the descriptor chosen.
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2.2.4.11-point Numerical Rating Scale

The 11-point Numerical Rating Scale (NRS-11) asks respondents
to selectanumber 0 to 10 that best represents their pain intensity,
with O = “no pain at all” and 10 = “pain as bad as it could be.”""
The respondent’s NRS score is the number they select.

2.2.5. Face Pain Scale-Revised

The FPS-R consists of line drawings of 6 faces with different
expressions designed to represent a continuum of those
associated with different levels of pain intensity, from “no pain
at all” to “pain as bad as it could be.” A numerical value from 0 to
10 (e, 2, 4, 6, 8, and 10) is assigned to each face, and the
respondent’s pain intensity score is the number associated with
the face that is chosen.®

2.2.6. Patient global impression of change

The PGIC was used to assess the perceived amount of change in
pain over time, from the initial assessment to the 4-week follow-
up (see Procedures, below).”” With the PGIC, respondents are
asked to indicate whether (and how much) their pain improved,
stayed the same, or got worse, using a 7-point categorical scale,
with 1 = “very much improved,” 2 = “much improved,” 3 =
“minimally improved,” 4 = “no change,” 5 = “minimally worse,” 6
= “much worse,” and 7 = “very much worse.”'"?* Based on the
participant’s response to this measure at the 4-week follow-up
assessment point, we classified the participants into 1 of 3
categories: 1 = improved group (ie, those who responded with
“very much improved,” “much improved,” or “minimally im-
proved”), 2 = no change group (ie, those who responded with “no
change”), or 3 = worsened group (ie, those who responded with
“minimally worse,” “much worse,” or “very much worse”). In
addition, to facilitate sensitivity analyses (described below), we
also classified participants into 3 different groups, with an
improved group made up of those who reported that their pain
was “very much improved” or “much improved,” a stable made
up of those who reported that their pain was “minimally improved”
or “minimally worse,” or who reported “no change” in their pain,
and a worsened group made up of those who reported that their
pain was “much worse” or “very much worse.”

2.3. Procedures

After study enrollment, participants were asked to complete the
demographic and pain history questionnaire. They were then
asked to read the instructions for each pain intensity scale, and
rate their worst and average pain intensity during the past week of
each of the 4 scales, using paper-and-pencil versions of all 4 pain
scales (see Fig. 1). Participants were asked to rate their worst and
average pain using 1 scale before moving on to the next. To
minimize the potential biasing effects of the scale order, the
scales were presented on separate pages and in 4 different
orders, using a Latin square design. All 4 of the intensity measures
used have been shown to be valid in individuals from Thailand
with chronic pain.?

All participants were then scheduled for a follow-up visit. This
follow-up appointment is usually scheduled for 4 weeks or later
after the initial visit, depending on the patient’s and clinician’s
schedules. However, because of the COVID situation during the
time of data collection, many participants (52%) chose not to
come to the hospital for their follow-up visit. Those participants
who returned to the hospital visit in person were asked to again
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Figure 1. The Thai versions of the VAS, VRS-6, NRS-11, and FPS-R used in this study. FPS-R, Face Pain Scale-Revised; NRS-11, 11-point Numerical Rating

Scale; VAS, Visual Analogue Scale; VRS-6, 6-point Verbal Rating Scale.

rate their worst and average pain intensity in the past week. They
were also asked to indicate the extent to which their pain changed
since the initial visit using the PGIC. Those who did not return for
an in-person follow-up visit were asked to respond to the follow-
up questionnaires via email. The average time between the initial
and follow-up assessments was 6.25 + 1.77 weeks. As noted
earlier, participants needed to have used all 4 pain intensity
measures correctly to be included in the study analyses. In order
for them to be deemed to use the measures correctly, they had to
have (1) provided only a single response to each rating scale, (2)
provide a response that was always within the possible ranges of
a (eg, rating pain intensity from 0 to 10 only on the NRS-11; a2 “12”
on the NRS-11 would be classified as an incorrect response), (3)
avoided responding with a range of responses (eg, “3-5,” in
response to the NRS-11), and (4) to rate their worst pain intensity
as equal to or larger than their average pain intensity. However,
respondents were allowed to provide a response between 2
viable response options for any scale, if they chose to. For
example, if they rated their pain intensity as “4.5” on the NRS-11
or as being something between a pair of faces or between a pair
of verbal descriptors. For the FACES and VRS-6 scales, in this
case, they were given the scores that would be the midpoint
between the 2 response options (ie, a “3” if they indicated their
pain was somewhere between the face associated with a “2” and
the face associated with the “4”).

The study was approved by the Siriraj Institutional Review
Board, Faculty of medicine Siriraj Hospital, Mahidol University,
Bangkok, Thailand (S1607/2020), and was conducted in accor-
dance with the Declaration of Helsinki.

2.4. Data analysis

Descriptive statistics for the demographic variables, pain history
variables, and pain ratings were computed to describe the
sample. Next, we examined the distributions of the study
measures to determine if parametric or nonparametric analyses
should be conducted to address the study aims. These analyses
indicated nonnormal distributions, supporting the need to use
nonparametric analyses. Primary analyses to evaluate the relative
stability of the measures consisted of 2 sets of analyses for those
participants who reported no change in pain over the 4-week
period. Specifically, we (1) computed Spearman rank correlation
coefficients (rs) between the ratings obtained at the 2 assessment
points and (2) tested for significant differences in pain intensity
from the initial to the follow-up assessment, using a series of 8
Wilcoxon signed-rank tests (1 for each measure assessing worst
and average pain). Although the specific cut-offs to determine
whether or not a test-retest reliability coefficient is adequate
depends on many factors (including the time period between
assessments), there is general agreement that a coefficient of
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0.70 or higher is an indication of adequate reliability.®® Next, for
the primary analyses to evaluate the relative sensitivity of the 4
measures for detecting change in pain over time, we conducted a
series of Wilcoxon signed-rank tests comparing pain ratings from
the initial to the follow-up assessment separately for participants
who reported that their pain intensity increased (ie, rating their
pain as being worse at the second time point) and who reported
that their pain intensity decreased (ie, rating their pain as being
improved at the second time point) over time. We also repeated all
of these analyses in a series of sensitivity analyses, using the
secondary group classifications, described above (ie, improved,
stable, and worsened groups).

We then evaluated the effects of age and education level on
the reliability and ability of the measures to detect changes in
pain over time by conducting a series of 48 Mann-Whitney U
tests (separate sets of analyses for the ratings of average and
worst pain for participants reporting that their pain was better,
did not change, or got worse and examining the rating of both
worst and average pain for each of the 4 measures; ie, 2 X 3 X 2
X 4 = 48 analyses). In these analyses, time (initial vs follow-up
assessments) and group (older vs younger, or more vs less
educated) were the independent variables. The effects of
interest with these analyses were the time X age and time X
age interaction effects. Significant interactions, if they emerged,
would suggest differences in change in pain over time for the
particular scale used as a function of the moderator (ie, age or
education level). In the event that a significant interaction
emerged, we planned to examine the change scores to
determine how the groups differed about the moderation
variable. Data analyses were performed using PASW Statistics
version 18 (SPSS, Inc, Chicago, IL).

3. Results

3.1. Demographic data and pain characteristics of
the participants

The demographic and pain history information for the study
participants are presented in Table 1. Sixty percent (N = 150) of
the participants were women, and a majority of the study sample
were in the younger age group. The mean age was 54 years. Most
of the participants had neuropathic pain (71%, N = 178), and the
second most common pain problem was muscle pain (43%, N =
108). Most of the participants (55%, N = 137) lived in an urban area.
More than half of the study participants (69%, N = 173) were in the
higher education group, with 41% (N = 102) having finished a
bachelor degree or above. Seventy (28%) participants reported no
change in average pain intensity over time, and 41 (16%)
participants reported an increase in average pain intensity since
their initial assessment. Regarding worst pain intensity, 76 (30%)
participants reported no change and 41 (16%) participants reported
an increase in worst pain intensity since their initial evaluation.

3.2. Relative reliability of the 4 measures of pain intensity

The results of the correlation analyses between the initial and
follow-up ratings for the participants who reported no change in
worst or average pain over 4 weeks are presented in Table 2. As
can be seen, all of the scales were fairly stable, with coefficients
being either higher than or very close to the cut-off of 0.70.
However, the NRS-11 was more stable than the other scales,
with test-retest coefficients of 0.73 and 0.78 for worst and
average pain, respectively. The replication of these analyses with
the improved, stable, and worsened sensitivity analysis groups
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are presented in Supplemental Tables S1-S4 (available at http://
links.lww.com/PAIN/B650). As can be seen, these findings are
generally consistent with the primary analyses, although the
test-retest reliability coefficients of the measures were somewhat
smaller in the sensitivity analyses (ie, 0.48-0.69) than the primary
analyses (ie, 0.63-0.78).

The results of the analyses examining change in worst (76
participants) and average pain (70 participants) over time among
the participants who reported no change in pain are presented in
Table 3. As can be seen, the VAS, VRS-6, and NRS-11
evidenced stability for both pain intensity domains, as indicated
by a lack of statistically significant differences between the ratings
obtained at the different assessment points (P’s range, 0.057-
0.801). The FPS-R of average pain, on the other hand, evidenced
a statistically significant (P = 0.024) increase over this same time
period in the no pain change sample.

Descriptive information about the study participants (N = 250).

Variable Mean = SD N (%)
Sex: female 150 (60)
Age (y) 54.27 + 15.78

Marital status
Married 144 (58)
Unmarried 65 (26)
Separated or divorced or widowed 41 (16)
Employed (full or part time) 189 (76)
Place of residence
Urban area 137 (55)
Provincial area 46 (18)
Rural area 67 (27)
Highest level of education
No formal education 2 (1)
Primary school 43 (17)
Junior high school 32 (13)
Senior high school 32 (13)
Vocational certificate 39 (15)
Bachelor degree or above 102 (41)
Cause of pain or pain type*
Neuropathic pain 178 (71)
Muscle pain 108 (43)
Bone and joint pain 115 (46)
Visceral pain 15 (6)
Other diagnosis of pain type 21 (8)
Unknown 44 (18)
PGIC of worst pain intensity
1 very much improved 35 (14)
2 much improved 53 (21)
3 minimally improved 45 (18)
4 no change 76 (30)
5 minimally worse 15 (6)
6 much worse 16 (6)
7 very much worse 10 (4)
PGIC of average pain intensity
1 very much improved 40 (16)
2 much improved 50 (20)
3 minimally improved 49 (20)
4 no change 70 (28)
5 minimally worse 17 (7)
6 much worse 16 (6)
7 very much worse 8 (3)

* Percents sum to more than 100% because participants could have more than 1 cause of pain or pain type.
PGIC, patient global impression of change.
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Correlation coefficients between the initial and follow-up
assessments of the 4 scales assessing worst and average
pain for the sample reporting no change in pain.

Spearman rank correlation coefficients (r;)
Worst pain (n = 76) Average pain (n = 70)

Scale change

VAS (0-10) 0.71* 0.72"
VRS-6 (0-5) 0.63* 0.76"
NRS-11 (0-10) 0.73* 0.78*
FPS-R(0-10,by2s) 067 0.66"

* P<.001.
FPS-R, Face Pain Scale-Revised; NRS-11, 11-point Numerical Rating Scale; VAS, Visual Analogue Scale;
VRS-6, 6-point Verbal Rating Scale.

3.3. Relative sensitivity of the 4 measures for detecting
change in pain intensity over time

The Wilcoxon signed-ranks’ results for the participants reporting
improved pain (ie, less pain) and worse pain (ie, more pain) over
time are presented in Tables 4 and 5. In the improved pain group
(Table 4), all of the pain measures were valid for detecting
decreases in pain intensity for both worst and average pain
intensity (P’s < 0.001). In the worse pain group (Table 5), 3 of the
measures (VAS, NRS-11, and FPS-R) were valid for detecting an
increase in pain over time for both worst and average pain
intensity (P’'s < 0.05); the VRS-6, on the other hand, did not
evidence a statistically significant difference over time for
detecting an increase in either worst or average pain intensity.

3.4. Effects of age and education in the reliability and ability
of the ratings scales to detect changes in pain over time

Among the participants who reported that their pain got worse,
3 significant moderating effects for age emerged. One was for
the VAS assessing average pain (U = 67.5,z = —8.05, P =
0.002), and a second was for the VAS assessing worst pain (U =
98.5, z = —2.34, P = 0.018). In both of these cases, the
interaction effects were explained by the ability of the VAS to
detect change in pain was better for the older group than the
younger group (median and interquartile range for average pain
for the younger group were —0.60 [—1.65, 0.55], and these
statistics for the older group were —3.40 [—4.58, —1.73]; these

Median, IQR, and P-values associated with change in pain
intensity over time for the 4 scales assessing worst and
average pain for the sample reporting no change in pain.

Median, IQR, and P-values associated with change in pain
intensity over time for the 4 scales assessing worst and
average pain for the sample reporting decreases in pain

intensity.
Variable Median (IQR) P
Baseline At 4 wk

Worst pain intensity (n = 133)
VAS (0-10) 5.70 (4.20, 7.50)  4.30 (2.25,5.85)  <0.001
VRS-6 (0-5) 3.00 (3.00,4.000  3.00 (2.00, 3.00)  <0.001
NRS-11 (0-10) 6.00 (5.00, 8,000  5.00 (3.00, 6.00)  <0.001
FPS-R (0-10, by 2s)  6.00 (4.00, 8.00)  4.00 (2.00, 6.00)  <0.001
Average pain intensity (n = 139)
VAS (0-10) 4.80(3.00,6.300  3.60(1.80,5.20)  <0.001
VRS-6 (0-5) 3.00 (2.00,3.000  3.00 (1.50, 3.00)  <0.001
NRS-11 (0-10) 5.00 3.00, 7.00)  4.00 (2.00, 5.00)  <0.001
FPS-R (0-10, by 2s)  4.00 (2.00, 6.00)  4.00 (2.00, 6.00)  <0.001

FPS-R, Face Pain Scale-Revised; IQR, interquartile range; NRS-11, 11-point Numerical Rating Scale; VAS,
Visual Analogue Scale; VRS-6, 6-point Verbal Rating Scale.
P values that are in bold face are all statistically significant at P < 0.05 or less.

statistics for worst pain were —0.25 [—1.15, 0.45] for the
younger group and —1.20 [—-3.60, —0.55] for the older group).
The third interaction effect was associated with the NRS-11
assessing worst pain group (U = 103.5,z = —2.06, P = 0.042).
The NRS-11 was better able to detect an increase in pain
among the older participants (change in pain on the NRS-11 =
—2.00; interquartile range: —4.00, 0.00) than the younger
participants (—1.00; 12.00, 0.00). Age did not moderate the
effects of time on change in pain in the no pain change group or
in improvement in pain group, and education level did not
moderate ability to detect change in pain for any of the groups.

4. Discussion

To the best of our knowledge, this is the first study that has
examined the relative validity of the 4 most commonly used pain
intensity measures for detecting both increases and decreases in
pain over time, and for showing stability in pain over time, using the
same sample of participants. Information regarding these aspects
of the scales’ validity and reliability are essential for determining
which measure to use and with which populations. We found that

Median, IQR, and P-values associated with change in pain
intensity over time for the 4 scales assessing worst and
average pain for the sample reporting increases in pain
intensity.

Variable Median (IQR) P Variable Median (IQR) P
Baseline At 4 wk Baseline At 4 wk

Worst pain intensity (n = 76) Worst pain intensity (n = 41)
VAS (0-10) 6.80 (4.60, 8.05) 5.80 (4.33, 7.60) 0.066 VAS (0-10) 6.70 (5.20, 8.25)  7.50 (6.60, 8.20)  0.022
VRS-6 (0-5) 3.00 (3.00, 4.00) 3.00 (3.00, 4.00) 0.057 VRS-6 (0-5) 4.00 (3.00, 4.000  4.00(3.00,4.000 0.734
NRS-11 (0-10) 7.00 (5.00, 8,00) 6.50 (5.00, 8.00) 0.552 NRS-11 (0-10) 7.00 (5.50, 8,25)  8.00 (7.00, 8.50)  0.021
FPS-R (0-10, by 2 s) 6.00 (4.00, 8.00) 6.00 (4.00, 8.00) 0.677 FPS-R (0-10, by 2s)  6.00 (5.00, 8.00)  8.00 (6.00, 8.00)  0.035
Average pain intensity (n = 70) Average pain intensity (n = 41)
VAS (0-10) 5.10 (3.75, 6.50) 5.00 (3.30, 6.43) 0.755 VAS (0-10) 5.40(3.30, 7.05  6.60 (5.50, 7.80)  0.001
VRS-6 (0-5) 3.00 (2.00, 3.00) 3.00 (2.00, 3.00) 0.801 VRS-6 (0-5) 3.00 3.00,4.000  3.00(3.00,4.00) 0.573
NRS-11 (0-10) 5.00 (3.75, 6.25) 5.00 (4.00, 7.00) 0.501 NRS-11 (0-10) 6.00 (4.00, 7.00)  7.00 (6.00, 8.00)  <0.001
FPS-R (0-10, by 2 s) 4.00 (4.00, 6.00) 6.00 (4.00, 6.00) 0.024 FPS-R (0-10, by 2s)  6.00 (4.00, 6.00)  6.00 (5.00, 8.00)  0.007

FPS-R, Face Pain Scale-Revised; IQR, interquartile range; NRS-11, 11-point Numerical Rating Scale; VAS,
Visual Analogue Scale; VRS-6, 6-point Verbal Rating Scale.
P values that are in bold face are all statistically significant at P < 0.05 or less.

FPS-R, Face Pain Scale-Revised; IQR, interquartile range; NRS-11, 11-point Numerical Rating Scale; VAS,
Visual Analogue Scale; VRS-6, 6-point Verbal Rating Scale.
P values that are in bold face are all statistically significant at P << 0.05 or less.
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all 4 scales were similarly valid for detecting improvements in pain.
However, only 3 (VAS, NRS-11, and FPS-R) seemed to be valid for
detecting increases in pain over time. A different set of 3 (VAS,
NRS-11, and FPS-R) evidenced adequate stability, in the sub-
sample reporting no changes in pain intensity. In addition, we found
that participant age moderated the ability of the VAS and NRS-11
to detect worsening in pain over time. These findings have
important implications for decisions regarding which measure(s) to
use for different purposes.

4.1. Selecting pain intensity measures when the goal is to be
able to detect meaningful improvement

The findings indicate that all 4 of the scales examined are valid
for being able to detect improvements in pain over time, at least
for those individuals who are able to use each measure. That
said, prior research in developed countries has shown that the
VAS tends to evidence higher incorrect response rates than
other scales in many populations, and the NRS-11 tends to have
the lowest incorrect response rates across different sam-
ples.?"5"® However, in a developing country such as Nepal,
Pathak et al.?® found the NRS-11 had the highest incorrect
response rate (64%), followed by VAS (33%). As a whole, it
would seem reasonable to recommend that researchers and
clinicians use the NRS-11 if the patient or study sample is able to
use this scale and the goal is to be able to detect improvements
in pain over time.?® For those samples that include individuals
who may not be able to use the NRS-11,2 the findings indicate
that the FPS-R would be an appropriate second choice, again,
when the aim is to determine the efficacy of a pain treatment for
reducing pain. The FPS-R should be considered as a first choice
measure if a goal is to be able to compare the results of pain
clinical trials across samples from different countries.?

4.2. Selecting pain intensity measures when the goal is to
track both increases and decreases in pain

When the clinical or research goal is to track both increases and
decreases in pain, the study findings suggest that the VRS-6 is
less valid than the other scales for this purpose, given its inability
to detect significant increases in pain in the subsample that
reported increased pain over time. Although it is possible that
the lower levels of responsiveness for the VRS-6 may have been
due to the fewer number of response options for this measure,
relative to the NRS-11 and VAS, this explanation seems unlikely,
because the FPS-R has the same number of response options
(ie, 6) as the VRS-6 and yet was also able to detect an increase in
pain intensity in the group reporting worse pain.

In addition, the findings indicate that age moderates the effects
of the VAS and NRS-11 for detecting pain getting worse over time;
although interestingly, the direction of this moderating effect was
inconsistent with the study hypothesis. Specifically, we found that
the VAS and NRS-11 were better able to detect pain getting worse
in the older subsample than the younger subsample. Either way,
the findings point to the FPS-R as being better able than the NRS-
11, VAS, or VRS-6 to detect both or either increases or decreases
in pain over time, at least in the current sample.

4.3. Test-retest stability

In addition to being able to detect improvements or worsening in
pain when these occur, a valid measure of pain intensity should
be able to demonstrate stability over time when pain intensity
stays the same. Here, we used 2 criteria to evaluate stability in the
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4 measures among the group that reported no change in pain: (1)
a lack of a significant time effect and (2) relative high test-retest
stability coefficients. As far as we know, this is the first study to
evaluate and compare the stability of the 4 pain intensity
measures evaluated in a direct head-to-head comparison in the
same sample of individuals with chronic pain. We found that the
FPS-R failed the first criterion for average pain, as it detected a
significant increase in average pain over time in the no change
group. Regarding the second criterion, only 2 measures—the
NRS-11 and VAS—met the a priori cut-off of showing a >0.70
test-retest stability coefficient in the subsample of individuals who
reported no change in pain. Thus, the findings again point to the
NRS-11 (rs’s = 0.73 and 0.78) as the best measure overall, as
long, of course, that the sample is able to understand and use the
NRS-11. Regarding this criterion alone, the VAS (rs’s = 0.71 and
0.72) would seem to be a reasonable second choice, again as
long as the sample is able to use the measure (ie, are relatively
young and educated®29).

The findings regarding the reliability and validity of the
measures were generally replicated in sensitivity analyses that
included participants who rated their pain as “minimally
improved” and “minimally worse” in the no change group,
instead of the improved and worsened groups, respectively.
The primary difference in results was a slight reduction in the
reliability coefficients and validity results, consistent with what
would be expected due to (1) including participants in the
stable group whose reported their pain changed, even only a
minimal amount, and (2) reducing the power to be able to
detect change over time in the worsened and improvement
groups.

4.4. Study limitations

The study has a number of limitations that should be
considered when interpreting the results. First, all of the
participants came from a single clinic in Bangkok, Thailand.
We were unable to determine the extent to which the study
participants’ pain intensity levels are representative of other
individuals with pain in Thailand because of the lack of Thai
norms for the 4 measures. Relatedly, based on data from
Thailand’s Department of Interior, 21% of the Thai population
lived in urban areas in 2019, and based on data from
Thailand’s Office of Education, 46% of the population would
be classified as being in the higher education level group using
the cut-offs we used here; our sample had more education
and was more likely to live in an urban area than the Thai
population in general. Thus, the generalizability of the study
findings to other individuals with pain or living in other parts of
Thailand (or even other parts of the world) is not known. It
would be important to replicate the study using individuals
with chronic pain sampled from other populations to de-
termine the reliability of the results. Second, we did notinclude
a measure of cognitive function in the study. Thus, we were
unable to determine if cognitive function had a moderating
impact on the study findings; for example, if the moderating
effects of age found in the study were due to the effects of age
on cognitive function. Future research in this area should
include a measure of cognitive function if possible. Third, we
did not assess analgesic medication use at either time point,
so were unable to determine the effects of analgesic use on
the psychometric properties of the measures. Forth, we used
“average pain” as the label for the global pain domain
assessed. Although this is the most commonly used de-
scriptor for this pain intensity domain in pain research, one
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might reasonably question the ability of individuals to compute
actual “average” pain over the previous 7 days. Future
research should examine the possibility that alternative
descriptors for this domain—such as “usual pain” or “overall
pain”2”-2%—might improve the reliability and validity of the
measures. Finally, we did not evaluate the participants’
previous experience with, and knowledge about, the scales
evaluated in this study. Li et al.?2 found that the reliability of
pain rating scales improves with exposure to, and practice
with, pain rating scales. Thus, it is possible that one of the
reasons the NRS-11 performed so well in this study is that this
is the pain intensity measure most often used in the Siriraj
Hospital, where this study was conducted. It is possible that
the other measures may have performed better if the
participants had more experience with them or even if they
were given more detailed instructions and practice with the
measures than were provided in this study. Future research to
evaluate the impact of instructions and practice on the
psychometric qualities of pain measures is warranted.
Moreover, we did not recruit every patient in the pain clinic
but only patients who were interested to participate in this
study, potentially resulting in selection bias.

4.5. Summary and conclusions

Despite the study’s limitations, the findings provide new
information regarding the relative validity and reliability of the
4 most commonly used measures of pain intensity across
clinical and research settings. Overall, among those individuals
who are able to use all 4 measures, the NRS-11 seems to be
the most sensitive and stable measure. The FPS-R seems to
have the second best psychometric qualities overall, except
that it evidenced a lack of reliability for assessing average pain
in the sample of participants reporting no change in pain.
Additional research in other populations, including those from
other countries and from other (ie, more rural) parts of
Thailand, is needed, to determine the generalizability of the
findings.
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