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ABSTRACT

Clinicians in their clinical practices face great amounts of difficulties interpreting scores obtained from the pain outcome measures. In

spite of long-standing critiques of visual analogue scales (VAS) for pain, no alternative method of measurement has been proposed, and

researchers and clinicians have had no alternative to continue using this scale. This study proposed a method which would provide valid

measurements on a VAS, one of the most commonly used outcome measures with a particular reference to the 10-cm version of VAS

for pain. The method was the box-counting method. The integration of this new method in the interpretations of a patient’s sensation

of pain would not only enable clinicians interpret measurements, but also it would help in planning or delivering treatments. The

proposed method provided the certainty of the accuracy of a clinical interpretation of a score on the scale.
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Introduction

A patient who selects a number on a visual analogue scale
provides a clinician with a measurement of a sensation of pain,
which the clinician is expected to use in planning or delivering
treatments . This requires the clinician to interpret the
measurement [ °l. Interpretation is difficult, if not impossible,
when the scale does not provide an absolute reference standard

for the measurement of the sensation ")

Interpretation is
impossible when the scale is based on the assumption that a
sensation has a psychologically valid physical measurement 1,
This is the assumption on which the 10-cm Visual Analogue
Scale for Pain is based.

Despite long-standing critiques of visual analogue scales ' %17

9
1. no

and the visual analogue scale for pain in particular [
alternative method of measurement has been proposed, and

researchers and clinicians have had no alternative to continue
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using the 10-cm Visual Analogue Scale for Pain. Problems in
doing so arise from the uncertainty of the accuracy of a clinical
interpretation of a score on the scale. It is not difficult to show
a score on a VAS which is not a valid measurement, and it is
logically impossible to obtain an accurate clinical interpretation
of a quantitative measurement. This paper proposed a method
which would provide valid measurements on a visual analogue
scale (VAS) with the particular reference to the 10-cm VAS for
pain. The method was the box-counting method.
The use of a VAS has been based on two assumptions
1. The perceived intensity of the effect of the clinical deficit
- the response- and the severity of the clinical deficit
producing the effect - the stimulus- which have been the
same; and
2. The relationship between the physical measurements of
the intensity of a response and the severity of the stimulus
has been linear.

13, 14 and Stevens’ Law [l also assume the

Fechner’s Law
response and the stimulus as the same, but define the power laws
to describe the form of the relationship between the physical
measurements of the response and the stimulus. Fechner’s power
law was derived from the studies of just noticeable differences
between the physical measurements of a response to changes in
the physical measurements of the stimulus. Steven’s power law

was derived from the studies '*'®1 over a range of stimuli, of
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changes in the physical measurements of a response as the
physical measurements of a stimulus changed.

When the response is a sensation, the perceived intensity of the
response does not have a physical measurement and cannot have a
psychologically invalid physical measurement [, A sensation
exists in the undefined space. Space has dimensions: a space of
one dimension is a line; a space of two dimensions is a plane;
and a space of three dimensions is a volume; and so on.

Suppose a sensation is a response to a stimulus. Then the response
exists in an undefined space of a dimension between 1 and 2.
Alternatively, the relationship occupies a part of an undefined
plane. For convenience, suppose the shape of the undefined
plane is a square box of unknown size, and let number 1 denote
the length of a side of the box. Also suppose the extent to
which the relationship occupies the box is determined by the
intensity of the response. Further, suppose the square box of an
unknown size consists of n X n = n” small square boxes each of
the same unknown size. Then, the number of small boxes on a
side of the large box is n, and the length of the side of one of the
n small boxes is 1 = n. Let n = 10. Then the length of the side
of one of the n small boxesis 1 = 10 = 0.1. As there is no unit
of measure, the distance covered by this length is unknown,

making the length of 0.1 the label for a qualitative entity.

Table 1: Intensity of pain over time
Large square;

length of side = 1

10 small squares;

cach length of side = 0.1

10
9
8
7
6
5
4
3
2
1
1 2 3 4 5 6 7 8 9 10
Response

The arrangement of the boxes has been shown in Table 1 where
the shaded part of the large box denotes the portion of the plane
occupied by the intensity of the response. The number of boxes
in the shaded part varies, as the intensity of the response varies.
The dimension of the shaded part is a number between 1 and 2.
There is a power law relationship between the number of small
boxes in the shaded part (the box-count), and the number of
small boxes in the large box. The relationship is not a
relationship between the area of the shaded part and the area of
the large box. These areas cannot be known, as there is no unit
of measure. The power law relationship converts the box-
count of the shaded part into a measure of the intensity of a
response or sensation. A valid measure of the response is provided

by the Box-counting Method of Measurement (%],

The Box-counting Method of Measurement

The method uses the geometric space occupied by the response
to find the dimension of the response 1. A dimension does not
have a unit of measure, and the size of the measure is specific to
the number of boxes on the scale for the dependent variable.
The method takes no account of the nature of the relationship as
the dimension is descriptive, not explanatory.

A valid measurement over n boxes for the intensity of the effect
of a clinical deficit (the response) is given by the following

equation:
Response —n = log N = log n, where

n = the number of the boxes on the measuring scale for the
dependent variable;
m = the number of boxes in a measurement on the measuring

scale of the dependent variable scale; and
N =n X m = the box-count

The outcome is a measurement in the range of 1.0 to 2.0. For
convenience, the formula is adjusted to give an outcome in the

range of 0.0 to 100.0. The adjusted formula is
Intensity —n = [(log N =~ log n) — 1] X 100

The relative intensity of the effect of a clinical deficit has a value
in the range of 0.0% to 100.0%, inclusive.

The method has been wused to provide standardized
measurements on the 10-cm VAS for Pain P by replacing a
score consisting of a distance measured in millimetres with an
intensity consisting of a space measured as a square box without

physical size.

The Box-counting Method and the VAS for
Pain
A measurement on the 10-cm VAS for pain is a physical
manifestation of the intensity of the pain experienced by a
patient. The physical manifestation of the intensity of pain is
quantified by a measurement consisting of the linear distance
from the origin on a scale with a length of 100-mm. The scale
is anchored by no pain (pain score of 0-mm) and pain as bad as it
could be or the worst imaginable pain (pain score of 100-mm).
The quantified response is a score in a range of scores from 0-mm
to 100-mm, inclusive. A quantitative response has been
interpreted qualitatively as follows 1!);

1. 0-mm to 4-mm for no pain;

2. 5-mm to 44-mm for mild pain

3. 45-mm to 74-mm for moderate pain; and

4

75-mm to 100-mm for severe pain

Normative values have not been available.

The logic of asking a patient to measure the intensity of a
sensation on a 10-cm scale is the patient who is familiar with the
concept of distance as a measure of size. Suppose each
millimetre on the scale denotes a square box of an unknown

size. Then, the patient’s mark on the scale-line denotes one of
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these 100 square boxes of the unknown size. Further, suppose
the 100 square boxes of unknown size are the boxes on the side
of a square box with the side length of 1. Then each of the 100
square boxes has the side length of 1 = 100 = 0.01. This is not
a quantity as there is no unit of measurement; it is a label.
Suppose a patient marks the scale-line at 2.3-cm on a 10-cm
VAS for Pain, and let the smallest unit of measure on the VAS, a
millimetre, denotes a square box with the side length of 0.01.
Also let m = the distance from the origin to the patient’s mark
on the scale-line. Then m = 23-mm = 23 square boxes, and
the box count is N = 23 X 100 = 2,300. The 2,300 square
boxes denote a valid measurement of the intensity of the pain
denoted by the patient’s mark.

A valid measurement over 100 boxes for the intensity of a

client’s pain is given by the following measurement:

Intensity—100= [(log 2,300 = log 100) — 1] X 100
=[(3.3617 = 2.0000) — 1] X 100 = [1.6809 — 1] X 100
= 68.09.

The measurement 68.09 supports valid comparisons with the
other 100 box measurements, but not with measurements
based on different numbers of boxes. For example, a 100 box-
count intensity of 60 is twice the intensity of a 100 box-count
intensity of 30. However, a box-count intensity of 60 is not
twice the intensity of a 50 box-count intensity of 30, or of a 200
box-count intensity of 30. The reason is that the accuracy of a
measurement is determined by the number of boxes covering
the measuring scale, and it increases as the number of boxes

covering the measuring scale increases.

A Standardised VAS for Pain
1. Box-counting measurements of the intensity for every
millimetre of the 10-cm VAS for Pain have been given in
Table The measurements are rounded to the nearest
whole number for convenience. The table shows that the

standardized 10-cm VAS for Pain is
®  sensitive to change in lower levels of the perception of

the intensity of pain; and

® insensitive to change in higher levels of the perception

of the intensity of pain

This means that:

® a relative small change in lower levels of the
perception of the intensity of pain is accompanied by a

relatively large change in the intensity of pain; and

® a relative large change in higher levels of perception
of the intensity of pain is accompanied by a relatively

small change in the intensity of pain

For example, a change on the VAS scale from 10-mm to 5-mm
(5-mm change) denotes a change in the intensity from 50 to 35
(30% improvement), whereas a change on the VAS from 10-cm
to 8-cm (20-mm change) denotes a change in intensity from
100 to 95 (5% improvement).
The Standardized 10-cm VAS for Pain is simple to use:

1) Let the patient mark the scale-line, as usual

2)  Read the mark, for example, 1.5-cm

3) Go to Part (a) of Table 1, and read the intensity

measurement, for example, 59.
4)  Go to Part (b) of Table 1, and interpret the intensity

measurement, for example, ‘mild pain’

As with the reading on the VAS scale, the clinical significance of
the intensity measurement is unknown. The latter is a
standardized measurement that will facilitate defining the

clinical significance of the intensity of pain measurements.

Discussion

The purpose of this study was to establish a method that enables
the interpretations of VAS of pain scores into meaningful
clinical changes, which in turn helps clinicians in day to day
clinical practices taking clinical decisions with a greater level of
confidence. Many studies pointed out that scores obtained from

VAS were not easily interpreted by clinicians and patients [' >

10, 22]
The box-counting method used in this study enabled the
interchangeability of the VAS scores into meaningful clinical
changes in patients’ perceptions of their pain. The method also
facilitated the interpretation of an intensity of pain
measurement on a 10-cm VAS for pain. This problem was
mentioned in many previous studies. For example, Lund et al.
1 indicated the it is not possible to interchange the assessments
between VAS and Verbal Rating Scale (VRS). Figure 1 shows
that this problem is due to the overlap of pain records between
the two measures of pain. This problem can be solved using the
box-counting method used in this research.

VAS and on the VRS relative the VAS, for Chronic, idiopathic,

nociceptive and neuropathic pain 131,
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Chronic/idiopathic

0 mm 100 mm
No pain | | Worst possible pain
Mild
| —————— |
Moderate pain
Severe pain
_—
Worst possible pain
Nociceptive
0mm 100 mm
No pain | | Worst possible pain
Mild
| 1 — |
Moderate pain
1
Severa pain
K |
Neuropathic
0 mm 100 mm
No pain |} | H worst ible pain
Mild pain
Moderate pain
Severe pain

‘Worst possible pain

Figure 1: Overlap of pain records between VAS and VRS

The findings of the study conducted by Lund et al. ! implied
that the records of self-assessed pain intensity on the VAS and
the VRS, self-reported by the same participants, were not
interchangeable, perhaps lacking an appropriate method of
interpretation, and that the pain intensity assessments on the
VAS did not have linear properties. This agreed with the
findings of the study done by Svensson in assessing the
utilization of pain rating scales that were designed to evaluate

the subjective variables.

Conclusion

The current study provided the theoretical bases upon which
healthcare providers can easily interpret scores obtained from
VAS with a greater level of certainty. More research is needed
to explore the usability of this new method in day-to-day

clinical practice.
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Appendix 1:
(a) Intensity of pain by position of mark on 10-cm Visual Analogue Scale for Pain
PartI: 1to25mm PartII: 26 to 50 mm PartIIl: 51 to 75 mm Part IV: 76 to 100 mm
Position of Position of Position of Position of
Intensity of pain Intensity of pain Intensity of pain Intensity of pain
mark (mm) mark (mm) mark (mm) mark (mm)
1 0 26 71 51 85 76 94
2 15 27 72 52 86 77 94
3 24 28 72 53 86 78 95
4 30 29 73 54 87 79 95
5 35 30 74 55 87 80 95
6 39 31 75 56 87 81 95
7 42 32 75 57 88 82 96
8 45 33 76 58 88 83 96
9 48 34 77 59 89 84 96
10 50 35 77 60 89 85 96
11 52 36 78 61 89 86 97
12 54 37 78 62 90 87 97
13 56 38 79 63 90 88 97
14 57 39 80 64 90 89 98
15 59 40 80 65 91 90 98
16 60 41 81 66 91 91 98
17 62 42 81 67 91 92 98
18 63 43 82 68 92 93 98
19 64 44 82 69 92 94 99
20 65 45 83 70 92 95 99
21 66 46 83 71 93 96 99
22 67 47 84 72 93 97 99
23 68 48 84 73 93 98 100
24 69 49 85 74 93 99 100
25 70 50 85 75 94 100 100
(b) Interpretation of an intensity of pain measurement on a 10-cm VAS for Pain
No pain Mild pain Moderate pain Severe pain
30 or less 31 to 82 83 t0 93 94 or more
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