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Visual analog scales (VAS) ranging from 0 cm (no pain)
to 10 cm (worst imaginable pain) are used widely for
pain measurement, but various investigators have not
treated these data consistently. Conventional statistical
tests of such data, although evaluating the “statistical
significance” may obscure the clinical value of a treat-
ment. On the other hand, confidence intervals (CIs) can
illuminate both statistical and clinical importance. CIs
give a range of values based on the observed data
which contain, with a specified probability, a true but
unknown variable typifying a population. We re-
viewed 112 articles published recently in anesthesia
journals for statistical reporting of VAS data. Of the 112
articles, only two used Cls to report mean pain scores
and one used ClIs to report differences in median pain

scores between the study groups. Only two articles
presented 95% CI for the mean pain scores graphically.
Analgesic techniques that produce VAS values in the
range of 0-3 have been reported to represent adequate
analgesia. A graphical method using CIs is proposed
that allows ready interpretation of VAS data. With this
approach, one evaluates whether the 95% CI for the
mean pain score in a group during a particular period
lies entirely within the zone defined as “analgesic suc-
cess” (0-3). Such an analysis allows a visual assessment
of whether a particular technique would produce clini-
cally important effects in the population at large. This
approach seems to provide more information than the
use of conventional hypothesis testing in the interpre-
tation of VAS data for pain measurement.

(Anesth Analg 1993;77:1041-7)

‘ ’ isual analog scales (VAS) ranging from 0 cm
(no pain) to 10 cm (worst imaginable pain) are
used widely for pain measurement and are
recommended by guideline committees for gauging
therapy for each patient (1). But there is no standard
approach for summary or inferential statistics for VAS
data. Recent recommendations suggest that emphasis
be placed on the use of confidence intervals (Cls)
rather than on hypothesis testing by P values in the
analysis of medical data regardless of whether the
hypotheses are tested by parametric or nonparametric
means (2-5). This policy has been endorsed by the
International Committee of Medical Journal editors
(6). Methods to analyze various types of data using
CIs have been described (7), and computer soft-
ware is also available for this application (8). We first
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examined statistical reporting of VAS data for pain
measurement in six anesthesia journals and then de-
veloped a graphical method using CIs for ready inter-
pretation of VAS data.

Analgesic techniques that produce VAS values in
the range 0-3 cm have been reported to represent ad-
equate analgesia (9-13). For this reason, the range 0-3
cm may be thought of as a “zone of analgesic success”
although individual physicians may wish to use a
slightly more or less stringent definition. CIs give a
range of values based on the observed data within
which, with a specified probability, the population
value lies. In the context of VAS, the variable of inter-
est is typically either the mean or median VAS re-
sponse that would be observed in a large population
of potential patients. The most common choice in the
medical literature is the 95% confidence interval. In
practical terms, if the CI for a particular study group
lies entirely within the “zone of analgesic success,”
one can infer the analgesic technique used in that
study group would produce clinically useful effects in
the population at large.
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Methods
Literature Review

Articles from anesthesia journals (Anesthesia & Anal-
gesia, Anesthesiology, Canadian Journal of Anaesthesia, Re-
gional Anesthesia, Anaesthesia, and British Journal of An-
aesthesia) published from January 1991 to September
1992 containing VAS data for pain measurement were
examined. We determined the statistical methods em-
ployed to analyze the data in each article: Group de-
scriptive statistics, hypothesis testing (group differ-
ences), or variable estimation (Cls for differences in
means or medians). We also counted the number of
articles with graphical representation of VAS data.

Confidence Intervals for a Single Group of
Patients or Study Condition

To illustrate the CI approach to VAS analysis, we used
examples drawn from the literature. Because most ar-
ticles in the literature do not present Cls directly, we
calculated 95% ClIs from the published summary fig-
ures, using the expression

X =t X sE(X)

where  is the reported average VAS response, ¢ is the
critical value for a 5% two-sided test drawn from tables
of the t distribution with n — 1 degrees of freedom (df),
n is the number of subjects on which % is based, and
se(%) is either the reported standard error or, when only
the standard deviation (sp) is reported, the calculated
value using the relationship

SD
SE(X) = 7—;1‘ .

When the primary outcome of interest is the change in
VAS, such as difference between pain levels before and
after administering analgesia, then the same expres-
sions can be used, except that individual changes in
VAS, rather the VAS scores themselves, are used in cal-
culating ¥ and sE (or sp).

Confidence Intervals for Comparing Two
Groups of Patients or Study Conditions

In comparing different treatments or findings based on
separate groups of patients, Cls for difference between
the mean responses in the two groups of patients can
be calculated using the expression

% - &t X SE(E, — %)

where t is once again obtained from tables of the ¢ dis-
tribution, and se(¥;, — %,) is calculated from a formula
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that depends on sp;, sD,, 17, and n,, the standard de-
viations and sample sizes from the two separate
groups, namely,

o sp?  sp?
SEKX, — %) =~/ — +—.
n,om

This calculation is based on not using a pooled estimate
of the standard deviation, because the variability in
VAS scores under different treatments or in different
populations is not likely to be the same. When using
this unpooled version, an approximation for the num-
ber of df may be derived from the formula (14):

B (V+ W)? _sp} _sDj
Ak 7200 B S s
n, -1 n, — 1

where df is rounded down to the nearest integer. Al-
ternatively if the population variances are assumed to
be equal in the two groups, the pooled version for es-
timating the st of the difference between the two groups
may be used (2). Users of Minitab statistical software
may note that this program uses the unpooled version
of the formula by default for estimating the 95% ClIs for
the difference in means between two groups (15).

Confidence Intervals for Multiple Comparisons

Confidence intervals for differences in means can be
computed when there are multiple comparisons, using
adjusted values g (statistic for Neuman-Keuls test or
Tukey test) and g’ (statistic for Dunnett’s test-multiple
comparisons against a single control group) in the place
of t. For computational details the reader is referred to
Zar (16).

Inference of Hypothesis Testing
from Confidence Intervals

There is a close link between the use of a CI for the
difference between two means and a two-sided hy-
pothesis test. If the CI for difference in means is cal-
culated, the result of the hypothesis test can be inferred
at an associated level of statistical significance. For ex-
ample, if the 95% CI for the difference in means in two
groups does not include zero, then a statistically sig-
nificant difference between the sample means at the 5%
level results from applying the appropriate f-test (2).
When two means based on independent samples with
more than 10 observations in each group are compared,
and the 95% ClIs for their means do not overlap, then
the means are significantly different at P < 0.05 (Figure
1A). If the CIs for the means overlap so much that the
mean of one group is contained within the interval
of the other group, one can conclude that there is no
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Figure 1. Visual assessment of the difference between two indepen-
dent groups, using confidence intervals (CIs). In A, 95% CIs do not
overlap; therefore, the means are significantly different (P < 0.05). In
B, CIs overlap and the mean of one group is contained within the
interval of the other group, showing no difference between the two
means. In C, CIs overlap, but not to the extent that the mean of one
group is contained in the interval of the other group; no inference
about the statistical significance can be made. Hypothesis testing
must be performed to determine whether the means are different.

difference between the means (Figure 1B). If the CIs for
the means overlap but not so much that either mean is
contained within the CI for the other group, the cal-
culation for the hypothesis test must be performed be-
fore one can say whether the means are different (Fig-
ure 1C; 17,18).

Parametric versus Nonparametric Techniques
and Confidence Intervals

CIs based on nonparametric tests also can be used for
single samples and for differences between groups.
These procedures give intervals for the median (or me-
dian difference) and can be calculated only from raw
data, not from summary statistics. Investigators who
prefer to use nonparametric hypothesis tests may use
CI methods that correspond to each of these tests (19).

We compared inferences that could be drawn using
Cls and those arising from standard statistical tests
based on the data found in two articles to illustrate
these points.
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Table 1. Types of Statistical Analysis Used in the
Treatment of Visual Analog Scale Data from 112
Articles in the Anesthesia Literature

n %
Group descriptive statistics
Mean (sem) 44 393
Mean (sp) 28 25
Nil 12 107
Median (Range) 1 98
Median 9 8
Median (IQR) 4 35
Mean (95% CI) 2 18
Mean 2 18
Hypothesis testing (group differences)
Nonparametric t-test 53 47.3
Parametric ANOVA 31 277
Not clear 10 89
Nonparametric ANOVA 8 71
Parametric t-test 7 625
Contingency table 3 27
Parametric estimation (group differences)
Nil 111 991
95% CI on difference in medians 1 09

CI = confidence interval, IQR = interquartile range; ANOVA, analysis of
variance.

Results

Statistical Reporting of Visual Analog Scale
Data in the Current Literature

There were 112 articles with VAS data for pain mea-
surement in the journals we examined. For group de-
scriptive data, only two articles (1.8%) used 95% CI for
the mean or median. For hypothesis testing, 38 (33.9%)
used parametric tests (Student’s t-test, paired t-test,
analysis of variance), and 64 (57%) used nonparametric
tests (Mann-Whitney U test, Wilcoxon’s rank sum test,
Kruskal-Wallis test, or x> test). In the remaining 10
(8.9%), it was not clear from the methods described
which tests were used. For variable estimation (group
differences), there was only one article that gave 95%
CI for the difference in medians (Table 1). Only two
articles presented the group descriptive statistics
(mean and 95% CI) graphically, one as a line graph, the
other as a bar graph (Table 2).

Analysis of Visual Analog Scale Data with
Confidence Intervals

Example 1 A recent study (20) compared the efficacy
of continuous low dose 3-in-1 nerve block technique for
postoperative pain relief after total knee replacement to
a control group of patients who received intermittent
intramuscular papaveretum on request. Pain scores
were measured at 4 h and 24 h. The 95% Cls for the
mean VAS scores were computed using the summary
data in Table 3 and are shown graphically as a to d in
Figure 2. The 95% ClIs for the difference in pain scores
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Table 2. Number of Articles and Type of Graphical
Representation of Visual Analog Scale (VAS) Data®

Line graph Bar graph

(n) (n)
Mean (sD) 3 9
Men (sem) 20 7
Only mean 3 1
Mean (95% confidence 1 1

interval)

Median (range) 4 2
Median (IQR) 2
Only median 6

% Of 112 articles, 53 contained no graphical representation of VAS data.
IQR = Interquartile range.

at 4 h and 24 h between the two groups are shown in
Figure 3. The authors found significantly lower pain
scores at 4 h and 24 h postoperatively in the study
group than in the control group (P < 0.01, Mann-
Whitney U-test). Inspection of Graphs a and b in Figure
2 reveals that the control technique at both the periods
can be expected to produce analgesic failure in the
population at large. Inspection of Graphs cand d for the
study group reveals that pain scores are lower than
those in the control group. But these graphs occupy
both the “analgesic success” (0-3) and the “analgesic
failure” zones. The graphs indicate that it is uncertain
whether the analgesic technique in the study group
produces clinically important analgesia in the popula-
tion at large, more so at 4 h. Statistical significance may
be inferred by inspection of the graphs. The 95% CI
graphs (Figure 2) at 4 h for control and study group (a
and c) do not overlap, indicating that pain scores are
significantly different at P < 0.05. The pain scores at
24 h are also statistically significant because 95% CI
Graphs b and d do not overlap. The same inference
about the statistical significance can be made from
the inspection of 95% CI graphs for the difference in
means (Figure 3). Neither Graphs a (control group
versus study group at 4 h) nor b (control group ver-
sus study group at 24 h) enclose zero, indicating sig-
nificant difference at P < 0.05.

Example 2 Swayze et al. (21) studied the efficacy of
subarachnoid meperidine for labor pain relief. The data
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from this study (Table 3) were used to generate the 95%
CI graphs (a, b, ¢, Figure 4) for mean VAS scores before
the block, at maximum block, and 1 h later. The authors
used analysis of variance to compare the VAS pain
scores and found a significant reduction in VAS score
from before the block to maximum block (P < 0.0001)
and from before block to 1 h later (P < 0.0001). Inspec-
tion of 95% CI Graphs b and ¢ (Figure 4) reveals that
at both periods after the block, clinically important ef-
fects were produced. Pain relief seems to be better at 1
h after the maximum block because the 95% CI for the
mean pain score at this period ranges from 0.1 to 0.6
compared to 0.2 to 1 at the period of immediate block.

Discussion

The model proposed takes advantage of CIs, of VAS for
pain measurement, and of judgments about clinical
success for pain treatments. An advantage of VAS is the
ability to define analgesic failure, VAS > 3 cm (9-13).
CIs have the advantage of expressing the results in the
units in which the measurements are made and become
important when an inference is made from the study
results to the larger population (22). CIs provide ex-
tremely useful information for analyzing data such as
VAS for pain measurement where clinically important
effects can be demarcated on the scale of measurement
(analgesic success versus failure). The model proposed
here allows assessment of whether a particular tech-
nique at a given period will produce clinically impor-
tant effects when the study results are extrapolated to
the general population. Further, if a practitioner does
not agree with 0-3 cm as an “analgesic success,” an-
other zone can be chosen.

Clsare an alternative to point estimates coupled with
standard errors. They indicate both the best estimate of
an effect and the degree of uncertainty about an effect,
based on the variability in the sample. Because the ef-
fects of sampling variability decrease as sample in-
creases, Cls become narrower as more subjects are
studied. Thus a CI may not lie completely inside the
zone of “analgesic success” either because the average
effect in the population lies outside the interval, or

Table 3. Visual Analog Scale (VAS) and 95% Confidence Intervals (CI) for the Mean. Data from Examples 1 and 2

Mean 95% (I for Graphs in
Example Group VAS SD n the mean Figure figure
14 Control 4 h 6.43 2.20 18 53t075 2 a
Control 24 h 5.56 1.82 471065 b
Study 4 h 3.29 2.52 19 2.1t045 c
Study 24 2.51 1.87 1.6 to 3.4 d
2°b Preblock 8.57 1.43 14 79 t0 9.3 4 a
Postblock 0.62 0.89 02t10 b
1 h later 0.33 0.57 0.1 to 0.6 c

4 Data from reference 20.
¥ Data from reference 21.
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Figure 2. Assessment of the clinical significance of an analgesic
technique using confidence intervals (Cls) for the mean. The 95% Cl1
Graphs a and b for the mean visual analog scale (VAS) pain score in
the control group for a particular technique at 4 h and 24 h, respec-
tively, occupy the “analgesic failure zone.” The control group tech-
nique at both these periods is expected to produce analgesic failure
in the population at large. The 95% CI Graphs c and d for the study
group at 4 h and 24 h, respectively, occupy both the “analgesic
success” (0-3 cm) as well as the “analgesic failure” zones. This
indicates that it is uncertain whether the analgesic technique in the
study group produces clinically important analgesia in the popula-
tion at large, more so at 4 h. Pain scores of the control group and the
study group at 4 h are significantly different (P < 0.05) because 95%
CI Graphs a and ¢ do not overlap. Similarly the difference at 24 h is
significant (P < 0.05) because the Graphs b and d do not overlap.

Control vs Study 4 hr a ———

Control vs Study 24 hr b

|7 T 1 T T T 1 T L T

1
5 4 3 2 -1 0 1 2 3 4 5

Figure 3. Inference of statistical significance from confidence inter-
vals (CIs) for the difference in the two means. If the 95% CI for the
difference in means in two groups does not include zero, then a
statistically significant difference between the samples at 5% level
results from applying the appropriate t-test. Both a (95% CI for the
difference in pain scores between study group and control group at
4 h) and b (95% CI for the difference in pain scores at 24 h) do not
enclose zero; therefore, a statistically significant difference (P < 0.05)
in pain scores exists between the two groups at both the periods.

because the uncertainty associated with a given
sample size is too great to permit more precise infer-
ence, as in Example 1. Often the quantity of greatest
clinical significance is the average change in pain lev-
els from a baseline measured by VAS. Unfortunately,
most authors do not report the mean and standard
deviation of the change in scores so that more appro-
priate Cls can be constructed and more appropriate
inferences drawn. In the study of subarachnoid me-
peridine (21) referred to in Example 2, the duration
and magnitude of levels after maximum block would
be of interest to clinicians. A CI for the change would
have answered this question. Thus, the method pro-
posed can also suggest measurements important to
clinical care for study design.

The choice of parametric versus nonparametric tests
and CIs in the context of VAS is controversial (23-25).
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Figure 4. Comparison of visual analog scale (VAS) pain scores in a
single group at different periods. The 95% confidence interval (CI)
Graph a for the mean pain score before the block, occupies the
“analgesic failure zone.” The 95% CI Graphs b (postblock) and ¢ (1 h
postblock) occupy the “analgesic success zone,” indicating that the
technique produces clinically important analgesia in the population
at large at both these periods.

The advantages of procedures based on the normal dis-
tribution (parametric procedures) are that they are
widely understood, they are robust against modest de-
partures from normality due to the central limit theo-
rem, and they produce CIs that are generally narrower
than nonparametric intervals. Parametric CIs can be
calculated readily from summary statistics, all too often
the only results reported in the literature. The main
advantages of procedures based on the rank order of
data (nonparametric procedures) are that they are less
sensitive to departures from the normality assumption
and they produce Cls for the median that always lie
within the range of the observed data.

For comparing groups, we used parametric methods
that permit the degree of variability (sp) to vary from
one group to the next because that reflects clinical re-
ality. Unfortunately, nonparametric methods for com-
paring groups require that the variability be the same
for each group, and the tests can be rather sensitive to
this assumption (26). Although it is not within the
scope of this paper to settle the parametric-
nonparametric controversy, we generally prefer the
parametric methods for VAS scores for the reasons
noted above. In any case, we strongly believe that Cls
rather than point estimates alone are more useful and
informative.

Rarely does one encounter Cls for the mean (com-
puted by parametric procedures) that extend beyond
the defined VAS range (0-10 cm). For example, in a
recent study, the mean pain scores (sem) for intraarticu-
lar morphine (n = 11) and intraarticular morphine plus
bupivacaine (n = 11) at 4 h postoperatively after ar-
throscopic knee surgery were 1.39 (0.7) and 0.86 (0.4),
respectively (27). These data produce 95% Cls for their
means —0.2 to 2.9 and -0.03 to 1.8. Such Cls result either
from asymmetry in the VAS distribution, small sample
size, or both. Asymmetry can be remedied in several
ways: by truncating the CI at 0 or 10 as the case may
be, by calculating CIs based on a transformation of the
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VAS scale, or by using rank-based nonparametric ClIs.
Each approach has advantages, and none is uniformly
superior to the others.

There are several advantages of analyzing VAS data
by the approach proposed here. It is graphical and al-
lows easy interpretation of the data. Different tech-
niques at different periods can be compared to discover
clinically useful effects in the population at large, as
shown in Example 1. Repeated measures in a single
group also can be compared easily as shown in Ex-
ample 2. Conventional statistical tests, which evaluate
statistical significance, may obscure the clinical value of
a treatment. Although the authors of the study quoted
in Example 1 found a highly significant difference (P <
0.01) in the pain scores between the study group and
the control group at 4 h, CI analysis shows that the
study technique is not expected to produce clinically
adequate analgesia in much of the population at large
at 4 h, because most of the 95% CI graph including the
point estimate (Graph c in Figure 2) lies in the “anal-
gesic failure zone.” Thus, the technique proposed
makes it possible to differentiate statistical significance
from clinical significance. A clear benefit can be seen
when two treatments have nonoverlapping CIs and are
statistically different but both lie entirely in the “anal-
gesic failure zone.” The proposed method would help
to clarify that although pain scores in the two tech-
niques were statistically different, neither was clini-
cally acceptable. Cls may be especially useful for small
samples to help to avoid misinterpretation of nonsig-
nificant (P > 0.05) results by showing which data are
compatible with clinically useful effects (28). For ex-
ample, two treatments may produce nonsignificant dif-
ference in pain scores, but the CI for the mean of one
treatment may lie completely in the “analgesic success
zone” whereas the CI for the other may include both
“analgesic success and failures zones.” Finally, meta-
analysis may be easier to perform if the results of VAS
data are presented as 95% Cls for the means and their
differences.

A few precautions must be exercised in following
this approach. Obviously, side effects of any clinically
important technique should be considered. For ex-
ample, a technique may produce a 95% CI for the mean
VAS score within the zone defined as analgesic success
(0-3 cm), but may be associated with a high incidence
of respiratory depression. Although the commonly
used 95% Cls are presented in this model, Gardner and
Altman (29) cautioned that any standardization of 95%
would not be desirable. At the same time they recog-
nized the potential problems if different CIs were used
for comparisons (29). Therefore, it would seem ideal if
authors provide 95% Cls for the mean VAS scores
graphically as proposed and also give mean, sp, and
sample size in a table or text to enable readers to make
their own choice of Cls.
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An alternative to CIs for graphical representation are
figures based on the 10th, 25th, 50th, 75th, and 90th
percentiles of the observed distribution. These figures,
called box plots in the statistical literature (30), are bet-
ter at describing the range of results that will occur in
the population, inasmuch as they directly exhibit the
degree of variability in response across individuals
studied. These plots are not affected by skewed or oth-
erwise nonnormal distributions, but rather, they show
the extent of skewness. For primary data presentation,
the box plot (for describing the population) could be
presented in addition to the CI (which indicates the
precision of statistical inference).

In summary, a new graphical approach using Cls to
analyze VAS data for pain measurement is proposed. If
the 95% CI for mean VAS score (calculated by para-
metric approach) for a particular technique lies within
the “zone of analgesic success” (0-3 cm, or another se-
lected by the practitioner), one can infer that the tech-
nique is likely to produce clinically important effects in
the population at large. This approach seems to be more
informative than that provided by the conventional
tests and allows ready interpretation of VAS data by the
reader. In addition, the 95% CI for the difference in pain
scores may also be useful to define precision of the
point estimate of the difference.

The authors acknowledge the editorial assistance of Sally Kozlik.
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