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Pain intensity measurements in patients with acute

pain receiving afferent stimulation
ANDERS EKBLOM, PER HANSSON

From the Department ofPhysiology II, Karolinska Institutet, Stockholm, Sweden

SUMMARY Six different pain rating scales, including a "'pain relief scale", were compared in 80
patients suffering acute orofacial pain. Pain intensity measurements were made before and after a

30 min period of afferent stimulation (TENS/vibration and placebo). A good correlation was found
between pain scores derived from the pain relief scale, visual analogue-, numerical- and graphic
rating scales. The verbal rating scale did not perform well. The pain relief scale and the numerical
rating scale are interesting alternatives to the established visual analogue scale.

Different techniques for pain assessment have been
developed, some attempting to reflect several aspects
of the complex pain experience, such as the McGill
Pain Questionnaire (MPQ).' 2 As discussed recently3
it is important to define what dimensions of the pain
experience are supposed to be rated by the patient,
and later evaluated. The results may also be greatly
influenced by the cause of the patients' pain as seen in
studies on pain of different aetiologies using the
MPQ.4 In studies on measurement and assessment of
chronic pain such a distinction concerning pain
aetiology has not always been made. The MPQ has in
fact been claimed to be a "useful clinical adjunct" in
the diagnosis of dental pain.5
Most studies on pain measurement have concen-

trated on the sensory' discriminative aspect, that is,
the pain intensity, and several pain rating scales have
been introduced. The visual analogue scale (VAS) is
one of the most widely used and has been found to
give valid and reliable data when used to measure
experimental pain as well as acute and chronic pain in
patients.6 The advantages and disadvantages regard-
ing the VAS and other similar scales have recently
been extensively discussed.3 A pain relief scale may,
however, provide an interesting alternative to the
VAS.6 7 A relative scale provides all the patients with
the same magnitude of potential response since they
start from the same base-line. This is of special inter-
est in studies of methods aimed at reducing pain in a
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population of patients. A relative scale designed as a
continuous rating scale has not, to our knowledge,
been evaluated in acute pain.
We have in the present paper focused our interest

on the following questions concerning pain intensity
in a group of patients suffering acute pain due to a
similar aetiology, namely inflammatory lesions in the
teeth, surrounding tissues and jaws;
(1) Is there any difference in the outcome between the
VAS and other commonly used rating scales concern-
ing (a) present pain intensity or (b) pain ratings fol-
lowing a pain relieving measure? The latter is
important since in many studies a change in rating
scores are central to demonstrate treatment effects.
(2) Is a relative pain relief scale comparable to other
commonly used pain rating scales?

Material and methods

Patients: Eighty randomly assigned patients (36 males and
44 females aged 18-68 years; mean 30 7, median 28 0 years)
were from an emergency clinic for dental and oral surgery.
The patients had suffered from pain for 1-4 days. The causes
for their pain were either pulpal inflammation, apical peri-
odontitis, pericoronitis or post-operative pain following
removal of a tooth. None of the patients had taken any
analgesics within less than 4 hours before the examination.
In order to be included in the study patients had to report a
constant pain intensity for at least 2 hours before the exam-
ination.
The patients participating were told about their role in the

experiments. They were informed that they could terminate
the experiments at any time and that they would get con-
ventional dental treatment following cessation of the experi-
ments.
Rating scales: The five scales used before and after afferent
stimulation are seen in fig 1.
The visual analogue scale (VAS) consists of a 10 cm hon-
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Visual analogue scale (VAS)

No pain a

Graphic rating scale (GRS 1)

No pain

IWorst pain ever

Worst pain ever
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Graphic rating scale (GRS 2)

No pain I I I I I Worst pain ever
0 1 2 3 4 5 6 7 8 9 10

Numerical rating scale (NRS)

No pain 0 - 100 Worst pain ever

Verbal rating scale (VRS)

No Light Light Moderate Moderate Severe Pain
-moderate -severe

Graphic rating scale (C-GRS)

No pain i i-

10 0
rn Worst pain ever
10

Fig I The different pain rating scales used in the study.
Swedish text in brackets at GRSJ scale.

zontal line on a card with the words "no pain" and "worst
pain ever" placed at the left and right hand extremes of the
line, respectively. The patients were instructed to mark the
line at a point representing their pain.
The graphic rating scales (GRS1 and 2) were constructed

as a modified VAS with words or figures added to the line.
The patients were instructed to mark the line at a point rep-
resenting their pain.
A numerical rating scale (NRS) was also used. The

patients were asked to choose a figure between 0-100
corresponding to their pain intensity. 0 represented "no
pain" and 100 "worst pain ever".
The verbal rating scale (VRS) was composed of six words;

no pain, light, light-moderate, moderate, moderate-severe or
severe pain. The patients were instructed to choose the word
describing their pain intensity.

During afferent stimulation the patients continuously
rated their pain intensity using a modified graphic rating

Ekblom, Hansson
scale (C-GRS), fig 1. The C-GRS consisted of a lever
attached to a potentiometer. The latter controlled the posi-
tion of a pen on a chart recorder out of sight of the patient.
The patients were instructed to move the lever from 0 posi-
tion (indicating pain intensity before the start of stimulation)
to one side if pain was reduced (endpoint = 10, meaning "no
pain" or complete pain relief) and in the opposite direction
if pain increased (endpoint = 10, meaning "worst pain ever"
or increased pain).
Procedures: The patients willing to participate were asked
to rate their pain intensity using the five different scales. The
scales were presented separately in random order by one of
the authors. The patients were instructed to rate only their
present pain intensity. Ratings were made during super-
vision by one of the authors, that is, the patients could ask
how to use the scales. No patient had earlier seen or used any
type of pain rating scale.

Following pain ratings the patients received one of the
following types of afferent stimulation for 30 minutes; trans-
cutaneous electrical nerve stimulation (TENS) at 2 Hz or
100 Hz (n = 14), mechanical vibratory stimulation at 10, 100
or 200 Hz (n = 46). Twenty patients received placebo-TENS
or placebo-vibration. For a further technical description on
afferent stimulation see refs 8 and 9. The patients were ran-
domly selected from those being investigated for the
influence of different types of peripheral afferent stimulation
on acute oro-facial pain. This explains the unequal number
of patients in the different groups. Following the 30 min
stimulation period the patients once more received the
different rating scales, as above, to rate their pain intensity.
During stimulation the patients rated their pain intensity
continuously using the modified graphic rating scale
(C-GRS). This procedure enabled us to compare the five
scales pre- and post-stimulatory as well as post-stimulatory
with the C-GRS.

Results

The recordings obtained before and after stimulation
were evenly distributed using the different scales
except for the VRS. The latter scale had a significant
skewness when used after stimulation, table 1.
The correlation (Pearson product-moment cor-

relation coefficient) between the VAS and the other
scales (VRS excluded, see below) was very good and
significant, table 2. This relationship was not changed
by afferent stimulation (table 2). Using linear
regression, the slope of the different lines varied
between 0 91 and 1 00. The relationship between the
VAS and NRS is shown in more detail in fig 2. If the
pre- and post-stimulatory values for each patient were
recalculated and expressed as percentage change of
pain intensity after stimulation (as compared with
pre-values) the correlation was still good and
significant, table 2. A one-way analysis of variance
(ANOVA) did not indicate any significant differences.
Before afferent stimulation the correlation between
the VRS and the other scales was equal and
significant with a coefficient of 0-81-088 (p < 0X001;
n = 80). The values obtained with the VRS were not
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Pain intensity measurements in patients with acute pain receiving afferent stimulation

Table I Mean pain intensity in all patients (n = 80) recorded with 5 different rating scales before and after afferent
stimulation

Scale Means (mm) (SD) Range Skewness p

Before VAS 52.0 (2060) 8-99 0-106 NS
GRS (1) 54-0 (20 44) 10-99 0-104 NS
GRS (2) 55-0 (19 72) 13-99 -0-021 NS
NRS 56-0 (20 48) 5-99 -0-269 NS
VRS 3 2 (0 97) 1-5 -0-251 NS

After VAS 400 (2497) 0-95 0-345 NS
GRS (1) 40-0 (25 97) 0-98 0-384 NS
GRS (2) 420 (23 74) 0-94 0-343 NS
NRS 43-0 (24 15) 0-98 0-145 NS
VRS 28 (155) 0-5 2898 <0.01

A skewness-value between - I and I indicate a normal distribution of recorded values with each scale. SD = standard deviation.

normally distributed following stimulation, table 1. If 100
logarithmically transformed the correlation between
the VRS and the other scales was r = 0 61 - 075
(p <0O001).NR=8409 VA
A matter of interest is the reliability. This was esti- NRS=6.84+0.94*VAS

mated in those patients (n = 30) who after stimu-
lation verbally reported that their pain intensity was NRS
unchanged. From table 3 it can be seen that the mean 50
difference in ratings on the different scales before as
compared with after stimulation only varied between
1-3 mm, or expressed in percentage, 1-6%. The
reliability estimated using a calculated 95%
confidence interval did not show any significant
differences between the scales, table 3.
The change in pain intensity following afferent

stimulation, measured with the "pain relief scale" (C- 0
GRS) was compared with the pre- and post- 100
stimulatory values (expressed as % pain reduction)
obtained with the other scales (except the VRS). A
significant correlation was found (table 4A) without
any difference in outcome concerning pain reduction, NRS 3.32+0.95*VAS
either expressed in % change (table 4B) or in number
of patients experiencing a certain degree of pain NRS
reduction using a non-parametric test (table 5).
The distribution of values obtained with the VRS 50-

as compared with the other scales was plotted, as
exemplified by the relationship between the VAS and
the VRS in fig 3.
Data from all patients are shown in table 6. From

Table 2 Correlation (r) between VAS and GRSJ, GRS2
and NRS before and after afferent stimulation

Scale VAS vs GRSI GRS2 NRS

Before 0-92 0 95 0 94
After (A) 0-98 0-98 0-98
After (B) 0-89 0-89 0 90

Before and After (A) = measurements in mm. After (B) = change
in pain intensity (before vs after afferent stimulation expressed in
% change). N = 80. All values were significant at p < 0-001.

u
0 50 100

VAS

Fig 2 Relationship between VAS and NRS befoCe (A) and
after (B) afferent stimulation. Hatched line show linear
regression with 95% confidence interval indicated by solid
lines. The equation for the linear regression is given above
the line.
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Table 3 Difference in pain intensity between measurements
before and after afferent stimulation in those 30 patients
who reported constant pain throughout the test period. (B)
= before and (A) = after stimulation

Scale Mean diff SD 95% Conf. int

L:
VAS (B)-VAS (A) 1 0 mm 10 27 -2-9-4-8 mm
GRSI (B)-GRS1 (A) 3-4 9-54 -0-2-7-0
GRS2 (B)-GRS2 (A) 1.9 7-29 -0-84-6
NRS (B)-NRS (A) 1.9 6 81 -07-4-4
H1:
VAS (B)-VAS (A) 1 1% 17 23 -54-7 5%
GRSI (B)-GRSI (A) 6-0 1499 02-11-7
GRS2 (B)-GRS2 (A) 3 0 11-38 -13-7 2
NRS (B)-NRS (A) 3 0 10-27 -1-0-69

1: recordings in mm. Il: recalculated values in % change.
SD = standard deviation.

these data it was found that the 6-graded VRS
behaved as a 4-graded scale. This finding was consis-
tent for the other scales (GRS 1 and 2, NRS and C-
GRS) when compared with the VRS.
The change in pain intensity following stimulation

as recorded with the VRS was compared with the %
change calculated from the other scales (VAS, GRS I
and 2, NRS, C-GRS) as described above. (Note that
the 16 patients who reported increased pain following
afferent stimulation are not included. This was done
to permit a comparison of % change in pain intensity
regarding the clinically most interesting interval, that
is, pain reduction). No patient reported a post-
stimulatory change exceeding 2 steps (words or cate-
gories), table 7. Interestingly the stepwise change in
pain intensity with the VRS did not correspond to
equally large changes on for example the VAS or
some of the other scales (table 7) for each step taken.

Discussion

We have in the present study concentrated on mea-
suring present pain intensity in acute pain. The
patients participating in the study were randomly

Table 4 A. Correlation (r) regarding change in pain
intensity following stimulation using the C-GRS vs the VAS,
GRSJ, GRS2 and NRS. All values were significant at
p < 0 001. B. Mean difference in pain reduction (%
change) after stimulation as recorded with the different
scales. N = 64; 16 patients who recorded increased pain
after stimulation are excluded

A.
Scale C-GRS vs VAS GRSI GRS2 NRS
Correlation (r) 0-83 0 80 0 86 0 85
B.
Scale Mean diff. SD t value P
C-GRS-VAS 0-8% 16-54 0-39 NS

-GRSI -2.2 18 91 -0-94 NS
-GRS2 2 6 15-30 1-41 NS
-NRS -0.5 15-20 -0-29 NS

Ekblom, Hansson

Table 5 Number ofpatients experiencing < 50% or
>50% reduction in pain intensity following stimulation

Scale Change in pain intensity (%)
< 50% >50%

VAS 66 14
GRS1 62 18
GRS2 67 13
NRS 65 15
C-GRS 61 19

N = 80. No significant difference among groups; chi-square test,
significance level p < 0-05.

selected during a series of investigations on the pain
reducing effect of afferent stimulation. This is the rea-
son for the unequal size of the different groups
receiving various forms of stimulation (methods) and
explains the overall low pain reduction using TENS
or vibration in the present study as compared with
earlier findings.8 9 However, the aims of the present
study were not to analyse the efficacy of various stim-
ulation techniques and therefore this will not be fur-
ther commented on.
A good and significant correlation among the

different scales used was seen both before and after
(except the VRS, see below) afferent stimulation. The
NRS in the present study and in recent papers,10- 12
has proved to be an alternative to the established
VAS. This is of special interest since the numerical
scale (NRS) is well suited to be combined with the
new technique of portable and computerized pain
recording devices.13 14 The corresponding results
between the NRS and the VAS/GRS suggest simi-
larities in the patients' strategy to use the different
scales to record their present pain intensity. The good
correlation between the VAS and the GRS might of
course also be due to the similarities in design, facili-
tating a carry-over effect (halo phenomena).10 It
should be stressed, however, that no patient had been
presented to any pain rating scale before participating
in the experiments.
A second scale of interest is the "pain relief scale"

(C-GRS). It turned out that the results obtained with
this scale were in agreement with those recorded with

Severe

lloderatL

No pain; i Worst pain ever

Fig 3 Mean VAS-recordings (with 95% confidence
interval) for those who reported light (n = 4),
light-moderate (n = 15), moderate (n = 30),
moderate-severe (n = 26) and severe (n = 5) pain before
afferent stimulation. Total n = 80.
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Pain intensity measurements in patients with acute pain receiving afferent stimulation

Table 6 Mean and SD values (mm) obtained with the different rating scales compared with category words chosen on
VRS. Range of values given in brackets

Scale

VRS vs VAS GRSI GRS2 NRS

Light 14 5 (5-9) 20-8 (7 2) 218 (71) 15-0 (81)
(8-20) (10-26) (14-30) (5-25)

Light-Moderate 34-2 (13 5) 33-1 (12 2) 35-0 (12-0) 37 1 (13-1)
(14-72) (13-56) (13-70) (10-70)

Moderate 46-1 (11 2) 478 (7-1) 492 (106) 509 (10.6)
(27-72) (34-61) (30-70) (30-70)

Moderate-Severe 68-4 (13 3) 71 3 (11 1) 71 9 (9-8) 73.3 (10.3)
(48-99) (51-99) (55-99) (60-99)

Severe 80 6 (8-7) 86-8 (8-5) 82-8 (6-7) 82-0 (5-7)
(68-91) (78-98) (75-92) (75-90)

the VAS/GRS/NRS. In a study on chronic pain
patients'5 a modified "comparative" VAS was tested
against an ordinary "absolute" VAS. The results were
however less convincing than our present data. The
"comparative" VAS in that study lacked absolute
anchor words at the two extremes of the line,
respectively, in contrast to the "absolute" VAS. The
C-GRS in the present study was designed with abso-
lute anchor words at the extremes. This might be one
reason for the higher correlation presently found
(r = 080-086) between the C-GRS and the other
scales, as compared with the study by Carlsson"
(r = 0 60). Another reason might be the fact that we
studied acute pain. It has thus been found that the
memory for acute pain may be reliable over a period
of days16 in contrast to the marked influence of time
on measurement in chronic pain patients. 15 7 A good
pain memory is a prerequisite when using a scale
based on comparisons with an initial pain intensity at
the start of stimulation. Furthermore we studied a
larger and more homogenous population (regarding
pain aetiology) than did Carlsson'5 which also may
have influenced the results in a positive way.

Since the C-GRS used in this study was constructed
as a relative scale it has to be complemented, at least
initially, with an "absolute" scale such as the VAS or
NRS. It is important to know the patients' pain
intensity from the start, since the effect of a pain

Table 7 Reduction in pain intensity (in %) after
stimulation calculatedfrom the different scales in those who
reported 0, 1 or 2 steps reduction in pain intensity using the
VRS. N = 64; those 16 patients who reported increased pain
are excluded

Scale Change in pain intensity mean (%) SD

0 1 2

VAS 9-7 (20 50) 34-9 (19 48) 55 4 (17 88)
GRS1 12-1 (22;77) 36-1 (20 71) 56 5 (26 90)
GRS2 8-4 (11 53) 34 5 (15 15) 52-5 (18 47)
NRS 116 (19-17) 37.6 (20 22) 514 (17 57)
C-GRS 10-1 (1747) 38.8 (23 18) 61 4 (20 34)

(n= 31) (n= 26) (n= 7)

relieving treatment, including placebo,'8 might be
dependent on the initial pain severity. The need to use
two scales might be a limitation for some.

The C-GRS in the present study was also construc-
ted to permit continuous recording throughout the
period of afferent stimulation. This enabled us to
record and measure for example induction time for
pain reduction during afferent stimulation in an easy
and precise way as compared to the use of a set of
VAS on separate paper sheets. The technique has
been used in earlier studies on healthy subjects and
patients receiving afferent stimulation both in experi-
mental and clinical situations.'9 20 An ordinary
VAS/GRS or a scale such as the NRS can of course
easily be adopted to this technique using a simple pen-
recorder or a computer.'3

Since 30 patients verbally reported an unchanged
pain intensity following afferent stimulation it was
possible to estimate the reliability/reproducibility for
the different scales. No scale was superior and the
results indicate a fairly good reliability (cf table 3).
Our results indicate that an interval of + 5 mm or

+ 10% change in pain intensity could be regarded
non-significant. This ability to define an interval of a
non-significant change in pain intensity for a certain
scale is of great value and may increase the relevance
of obtained data in studies on pain relieving treat-
ments.
A problem with rating scales, using category judge-

ments (for example the VRS in the present study), is
that the relative rank or strength between the different
words is often unknown. Furthermore, the limit(s)
between different categories is also often unknown
with a presumption of equal intervals between the
various used words. This is reflected in a simple
assignment of numbers to rank the categories in
ascending or descending strength, as seen in the statis-
tical analyses in various reports. This may be haz-
ardous especially when using parametric methods.
Interestingly, the boundaries of the various categories
were not equally spaced and the 6-graded VRS turned
out to behave like a 4-graded scale when comparing it
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with the VAS/GRS/NRS. This might be a reason for
the low correlation between the VRS and the other
scales as found presently and by others (range
0-400-64).1 1 21 22 We also analysed the data from the
different scales measuring the reduction of pain fol-
lowing afferent stimulation. We found that the
change in pain intensity using the VRS was not pro-
portional for a change between 0, 1 or 2 category
words when comparing it with the other scales. This is
interesting since category scales most often have been
.used based on the assumption that the change
between category words represent an equal change in
pain intensity. This assumption might not be valid as
shown by others10 23 and supported by our findings.
The VRS might be a less sensitive scale24 25 but the
sensitivity of the VRS might of course be improved if
the relative strength of each category word is
known.23 It therefore seems important to use a VRS
in parallel with a validated scale of well known behav-
iour to unravel the relative and absolute ranks of the
different categories used. A technique for the valida-
tion of different rating scales in general, using cross-
modality matching, has been presented26 and later
specifically tested with the VAS.27
A reason for the discrepancy between the VRS and

the other scales might be due to a difference in patient
preference for a certain scale. This seems less proba-
ble, however, since it was found in a previous study"1
that an adjectival scale was in fact preferred (com-
pared with a VAS and a NRS) but this did not
influence measurements.
The results of the present study show that pain rat-

ing scales, such as the VAS, GRS and NRS, yield
similar results measuring present pain intensity in
patients suffering acute oro-facial pain, either before
or after a period of afferent stimulation using
TENS/vibration or placebo. The NRS and C-GRS, in
contrast to the VRS, are interesting and comparable
alternatives to the generally used VAS.

We thank Maud Hoffstedt and Monica Thunberg-
Eriksson for the preparation of the line drawings.
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