J Rehabil Med 2001; 33: 279–283

RELIABILITY AND RESPONSIVENESS OF THREE DIFFERENT PAIN
ASSESSMENTS
Thomas Lundeberg,1,2 IreÂne Lund,1 Lisbeth Dahlin,1,2 Elsebet Borg,3 Carina Gustafsson, 3
Lena Sandin,3 Annika RoseÂn,4 Jan Kowalski, 5 and Sven V. Eriksson 6
From the 1Department of Physiology and Pharmacology, Karolinska Institutet, Stockholm, 2Department of Rehabilitation
Medicine, Karolinska Hospital, Stockholm, 3Multidisciplinary Pain Unit, Lasarettet, Ystad, 4Department of Odontology, Division
of Maxillofacial Surgery, Karolinska Insitutet, Huddinge, 5Department of Medicine, Infection Disease, Karolinska Hospital,
Stockholm, 6Department of Medicine, Danderyd Hospital, Danderyd, Sweden

The visual analogue scale (VAS) and ordered categorical
scales, i.e. numeric rating scales (NRS), are commonly used
in the assessment of pain. However, these scales are
bounded by  xed endpoints and thus the range of measurement is limited. The disparity in repeated assessments of
perceived pain intensity with the VAS, NRS, and electrical
stimulation applied as a matching stimulus was studied in 69
patients (48 women and 21 men, 19–72 years) with chronic
nociceptive or neurogenic pain. Responsiveness with transcutaneous electrical nerve stimulation (TENS) using the
same measurement procedures was evaluated in the same
patients. Comparison of results from the three pain
assessments showed that the painmatcher is at least as
reliable and responsive as VAS and NRS. None of the three
measurements showed evidence for systematic disagreement
and had only signi cant random individual disagreement.
They also showed evidence for responsiveness.
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INTRODUCTION

Ó

An accurate assessment of the pain level experienced by a
suffering patient is of great importance in making a correct
diagnosis, in indicating the appropriate therapy and in studying
the response to treatment. Traditionally, the visual analogue
scale (VAS) and different ordered categorical scales have been
used for this purpose. However, these scales are bounded, that is,
they provide a limited range of measurement, con ned by  xed
endpoints (1). In most cases, this makes the VAS, categorical
and other bounded scales sensitive to stimulus range and
spacing, while subjects tend to cover the entire range of possible
answers. This effect further tends to reduce the sensitivity of a
scale to a pain-control intervention comparing values before and
after manipulation (1).
When assessing the effect of an intervention, it is dif cult to
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evaluate the patient’s rating of the intensity of his perceived
pain, as it is open to contamination from personality variables
and socio-cultural factors, and the psychological and cultural
in uences may be as strong as the ratings of pain intensity and
unpleasantness (2). It might therefore be more meaningful to
introduce a painful physical stimulus against which the patient
can match the level of his perceived pain. One such magnitude
matching procedure was developed by Sternbach and collaborators (3) using the sub-maximum effort tourniquet technique.
They concluded that the tourniquet pain ratio seems to re ect
actual pain perception, without the communicative overlay of
the pain estimate. They also reported that ischaemic pain
measures are highly reliable and sensitive to intervention.
Ordered categorical response variables are widely used in
rehabilitation (3–11). They can be recorded from a continuous
range of possible values as VAS or scales with only a few
possible ordered categories (4, 10, 11). In evaluating the
recorded values properly it is important to note that although
the record may be a numeric one, it still has no arithmetical
meaning (4–12).
We present a measurement of pain, “painmatcher”, which is
based on electrical stimulation applied to the skin as a matching
stimulus and gives a continuousordinal individual response with
no visualized predetermined lower or upper limits. The results
may therefore have greater validity than those of previous
methods used for measuring pain.
The main purpose of the present investigation was to evaluate
the intra-individual disagreement in assessments of pain made
independently with the VAS, the numeric rating scale (NRS)
and painmatcher. We also investigate the ability to catch up
responsiveness to changes of perceived intensity of pain by
comparing values before and after treatment with transcutaneous
electrical nerve stimulation (TENS).

METHODS
Study group
Sixty-nine patients (48 women and 21 men, aged 19–72 years)
participated in this study. All had chronic nociceptive or neurogenic
pain of varying aetiology and were enrolled in multidisciplinary
rehabilitation programmes. To avoid the in uence of unspeci c effects
associated with the initiation of treatment, all patients had earlier
responded to treatment with TENS and had been receiving the treatment
regularly for more than 6 months. Informed consent was given prior to
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were again assessed in order to record the immediate effects of the TENS
treatment using the same procedures as before.
Magnitude matching

Fig. 1. Handgrip of the electrode box in the painmatcher unit.
the study, which was approved by the ethics committee of the Karolinska
Hospital.

Methods
The patients were asked to rate their intensity of pain using the VAS and
the NRS. They were also asked to assess the pain using a test with
electrical stimulation of the skin producing magnitude matching
(painmatcher). The three different assessments were presented to the
patients in random order. Estimation on the VAS was recorded as a
number (0–100), and the number obtained from the NRS (0–20 with 21
numerical given) is a form of quanti ed subjective assessment. The
anchor points of both scales were at the 0-point “no pain” and at the
maximum point (i.e. 100 and 20, respectively) “worst pain possible”.
The whole assessment procedure was then repeated. The patients were
then treated with TENS for 30 min. At the end of treatment, pain levels

The electrical stimulation for “painmatcher” (the magnitude matching)
was performed in the following way: The patient was instructed to place
an electrode box between the  rst and second  nger of the right hand,
taking a  rm grip (Fig. 1). A hand-switch was placed in the left hand. The
electrical stimulation unit, delivering electrical pulses to the patient at
random velocity and with increasing intensity was started by the
assessor. When the sensation of pain in the right thumb and second  nger
corresponded in amplitude to the clinical pain, the patient could either
release the  ngers from the electrode box (creating an open circuit) or
push the hand-switch, and a value was automatically recorded.
Magnitude matching device
The constant current electrical stimulation unit (painmatcher) is a device
controlled by a microprocessor delivering rectangular pulses at a
frequency of 10 Hz and amplitude of 10 mA. Intensi cation is achieved
by successively increasing the pulse width from 0 to a possible
maximum of 450 ms in increments of 7.5 ms up to a total of 60 steps.
As soon as an open circuit is detected (by the release of  ngers from the
electrode box or pushing the hand-switch) the constantly increasing
current generation halts and the value between 0 and 60 is saved in the
memory. This value is directly related to the pulse width, and is
displayed on an LCD screen.
Statistical analysis
The following measures have been calculated in order to evaluate
reliability between  rst and second observations on individual data
(ordinal data): systematic disagreement for the group in position (RP)

Fig. 2. Joint distribution of individual pain assessment (a) and cumulative proportion of pain assessment (b) on the visual analogue scale
(VAS), numeric rating scale (NRS) and painmatcher on two occasions,  rst and second observation (1st obs, 2nd obs). The receiver
operating characteristic (ROC) curves in (b) demonstrate the systematic disagreement in repeated assessments of pain with the three different
types of measurement.
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Table I. Reliability, two repeated observations on the visual analogue scale (VAS), numeric rating scale (NRS) and painmatcher (n = 69).

Systematic disagreement for the group
in position (RP) (SE)
in concentration (RC) (SE)
Random individual changes (RV) (SE)
Augmented rank order agreement coef cient (ra)

VAS

NRS

Painmatcher

00.032 (0.042)
¡0.088 (0.056)
00.148 (0.057)
00.852

00.066 (0.040)
¡0.049 (0.064)
00.091 (0.033)
00.909

¡0.070 (0.037)
00.018 (0.069)
00.092 (0.024)
00.908

and in concentration (RC), level of random disagreement (RV), and the
augmented rank order agreement coef cient (ra). RP, RC, RV and ra
were also estimated as measurements for the responsiveness to the
treatment with TENS (9, 10).
A high level of systematic disagreement common to the group,
measured by RP and RC, indicates consistent disagreement between
repeated pain assessments. The presence of additional individual
changes, measured by RV, indicates heterogeneity in the group. The
higher the value of ra, between 0 and 1, the closer are the pair of
augmented mean rank values to each other and the lesser is the random
part of the observed disagreement (9, 10). For RV values the possible
interval is from 0 to 1, and the lower the value the less the random
disagreement.
Values of RP and RC close to zero indicate lack of systematic
disagreement. RP is equal to 1 if there is a complete positive shift in pain
assessments between two occasions. Negative RP values mean systematically lower pain recordings. Values of RC are positive if categorical
distribution on the second occasion is more concentrated towards central
parts of the scale compared with the distribution on the  rst occasion.
The receiver operating characteristic (ROC) curve was used to
demonstrate the systematic disagreement in repeated assessments of pain
with the three different types of measurement and for the responsivenessof
TENS treatment. ROC curves were illustrated for all three measurements.
Values of RP and RC close to zero indicate negligibledisagreement, and the
corresponding ROC curve will be close to the main diagonal (10). A
concave or convex ROC curve is a sign of systematic disagreement in
position of the scale and an S-shaped ROC curve is a sign of systematic
disagreement of concentration of the categories.
A positive change in position will correspond to an increase in the
sensation of pain from values before compared to after treatment with
TENS, while a negative change in position corresponds to a decrease in
the evaluation of pain. The presence of random individual changes
measured by RV indicates heterogeneity in the group.

RESULTS
Fig. 2a shows the joint distributionof individualpain assessments
by VAS, NRS andpainmatcheron two occasions.The ROC curves
demonstratingthe systematic disagreementin cumulativeproportion valuesfrom VAS, NRS and painmatcherare shownin Fig. 2b.
Based on results shown in Table I, the estimated 95% con dence
intervalfor systematicdisagreementin position(RP) for VAS was
¡0.05to 0.11,forNRS ¡0.01to 0.02andfor painmatcher¡0.14to

0.01. The RP values show no evidence for statistical systematic
disagreement in position, and all of them were considered small.
The results from the estimation also demonstrated a lack of
systematic disagreement in concentration (RC); 95% con dence
intervals were for VAS ¡0.20 to 0.02, for NRS ¡0.17 to 0.08 and
for the painmatcher ¡0.12 to 0.15. The RC value of ¡0.088 for
VAS indicates that pain classi cation at the  rst observation was
concentratedmostly in the 40–80 divisionson VAS. All three pain
assessments showed statistically signi cant results in the individual changes in pain (p < 0.05), which indicates heterogeneity
amongthe individuals.Note thatthe VAS demonstratedthe largest
value of RV. The greatest rank order agreement coef cient was
0.91 and was observed for both NRS and painmatcher.
Table II gives the responsiveness of all the scales before and
after treatment with TENS, and in Fig. 3a the corresponding
joint distributions are shown. There was a signi cant systematic
change in position towards lower levels of pain and this was
observed within all three measurements, whose effects are
identi ed as a convex pattern in the ROC curves (Fig. 3b). 95%
con dence intervals for RP were ¡0.49 to ¡0.26 for VAS,
¡0.38 to ¡0.16 for NRS and ¡0.39 to ¡0.14 for the painmatcher. As shown in Fig. 3a and b, no important systematic
change in concentration could be seen in the ROC curve and no
statistical evidence was found for the RC. In addition, there were
individual changes in the pain assessments that were statistically
signi cant for VAS, NRS and for the painmatcher. The 95%
con dence intervals of the RV were 0.09 to 0.03 for VAS, 0.10
to 0.30 for NRS and 0.13 to 0.44 for the painmatcher. The
random individual changes can be observed as a great variation
in the joint distribution in Fig. 3a.

DISCUSSION
The results of the present study show that magnitude matching
using constant current pulses in the painmatcher and ratings of

Table II. Responsiveness, before and after treatment, with transcutaneous electrical nerve stimulation (TENS) on the visual analogue scale
(VAS), numeric rating scale (NRS) and painmatcher (n = 69).

Systematic change for the group
in position (RP) (SE)
in concentration (RC) (SE)
Random individual changes (RV) (SE)
Augmented rank order agreement coef cient ra

VAS

NRS

Painmatcher

¡0.375 (0.061)
¡0.042 (0.110)
00.210 (0.060)
00.790

¡0.271 (0.058)
¡0.066 (0.096)
00.199 (0.051)
00.801

¡0.269 (0.064)
00.052 (0.101)
00.286 (0.079)
00.714
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Fig. 3. Joint distribution of individual pain assessment (a) and cumulative proportion of pain assessment (b) on the visual analogue scale
(VAS), numeric rating scale (NRS) and painmatcher before and after treatment with TENS. The receiver operating characteristic (ROC)
curves in (b) demonstrate the responsiveness of TENS treatment in the assessments of pain with the three different types of measurement.

perceived pain using VAS and NRS all have a comparable
reliability with acceptable stability in determining the perceived
intensity of pain and assessing pain-controllinginterventions for
the group. Also, the expectations of neither the experimenter nor
the patient in uence the direct outcome.
The main reason for the change in pain assessment for the
group compared before and after treatment with TENS was a
signi cant systematic change in position towards lower levels of
pain observed within all three measurements. This provides
evidence for responsiveness in all three measurements at the
group level. However, individual randomly caused changes
were statistically signi cant, contrarily indicating a lack of
responsiveness.Responsiveness measured by RP is strongly and
clearly demonstrated, even if the presence of RV makes it
indistinct.
The disadvantage of using measures such as repeatability
coef cients and similar measures on ordinal and categorical data
is that they are designed for numerical data. The use of such
methods leads to serious mistakes and misinterpretation because
they treat the units as “real” continuous data. In this study, an
even more serious mistake would have been made if the within
method variation had been measured by repeatability coef cient. The variation in differences against the mean level cannot
be de ned easily but it is obvious that it is not constant.
There are many ways by which to experimentally induce pain
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in man. However, for ethical reasons pain-inducing methods
must not place the subject at risk or in substantial discomfort.
Ideally, the method should not produce any tissue damage,
psychological injury or any other health hazard and should have
no after-effects following termination of the experiment.
Furthermore, the subject must have control over immediate
cessation of stimulation at any point in the investigation.
Electrical stimulation is probably the most common form of
experimental pain induction in man. As a constant current it is
convenient and easily controllable. Electrical stimulation has
previously been applied to the tooth pulp (13) and the  ngers
(14) in examining pain thresholds.
This new method for measuring pain, the painmatcher, may
reasonably be tested in further studies as a potentially unbiased
way of reporting pain and can be used by visually impaired
patients. Use of the VAS possibly introduces more dif culties in
older patients than in younger ones (4). In addition, two steps are
involved; the estimate of pain by the patient and the clinician’s
measurement of the patient’s line. Users must also be careful not
to photocopy the VAS result, since this may alter the length of
the 100 mm line, making the comparison between measurements on the photocopied scale less precise (15). This will
certainly affect the outcome of a parametric approach, but
should not in uence the rank invariant method.
Pain intensity levels assessed on different scales have been
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compared in several studies (16–18). Most have been a
comparison between the VAS and NRS, (4) both of which
have the limitation of remembered pain ratings and great
random individual change (10). In some studies the VAS
produced signi cantly greater discrepancies than the verbal
scale. The reason might be that subjects tended to overestimate
their baseline pain on the VAS, while discrepancies on the
verbal scale occurred in both directions (overestimation, underestimation) when reviewed as a group. In this study, we
observed a lesser value in position (systematic change in
position) of the pain assessment measured by VAS, compared
with both NRS and painmatcher, interpreting the RP as a
measure of responsiveness. This was indeed non-signi cant.
This result is in accordance with earlier  ndings, indicating
overestimation on the VAS.
Another use of measuring pain is an index scale which includes
measurements of pain intensity, disability and physical impairment in assessing the severity of pain (1). However, this is timeconsuming.Finding a valid and reliable pain intensityscale which
can be easilyappliedin clinicaland experimentalstudieswould be
important in ordinary clinical work as well as in pain research.
Earlier studies have shown a lack in responsiveness in using
VAS, demonstrated by no systematic change in position and a
greater RV value (>0.50) than in this study (9, 10). Some
patients  nd the VAS hard to use and some have dif culty
understanding a numeric scale. This study shows that the
painmatcher scale is at least as sensitive as the other scales
and loses in precision (providing an in nite number of response
categories between two extremes of pain), while NRS provides
only 21 response categories compared with VAS (100 categories).
However, even though a scale may have the potential for
greater discrimination, such scales are not necessarily more
sensitive or valid merely by virtue of the number of categories.
The large number of possible outcome values in VAS may lead
to a false precision (9, 10) that will be indicated by a greater
value of RV. The evaluator cannot distinguish between all (e.g.
100) categories. Most earlier comparisons have been performed
between different intensity scales. Our results regarding the
relation between the NRS and the VAS are supported by another
recent study (7).
Because of the inherent subjectivity, pain, suffering and
disability are dif cult to quantify. An individual’s report of pain
re ects multiple contributing factors, such as cultural conditioning, expectations, social factors, state of mood and perception of
control (16). Whether or not measuring the pain intensity with
the painmatcher lessens the in uence of these factors is not
obvious from the present study. Application of the method of
matching pain is, for practical reasons, possibly limited, while
there are some pain conditions so severe that one would not want
to provoke any further. However, for much chronic pain this
arrangement should work well with patients in evaluating pain.
The ranking approach method used for evaluating data in this
study was preferred. It can identify two types of disagreement,
both systematic and random, compared with more traditional
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ones like kappa statistics. In conclusion, this study indicates that
the painmatcher has the potential to be a useful and reliable tool
in the measurement of pain. Values estimated on the painmatcher have proved to be at least as good as the outcome
measurement with VAS and NRS with respect to random
individual and systematic disagreement for responsiveness.
However, this could also be a sign of overestimation of the
pain relief after treatment, re ecting the intention of the patient
to ameliorate. Estimations with the VAS and NRS scale are
probably affected by their predetermined levels, while the
painmatcher is not, since its limitations are not shown to the
patient. These results indicate that pain matching is a promising
technique for pain measurement. However, further studies are
needed to evaluate this method in other patient groups.
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