
assessing adequate doses to obtain benefits from

capsaicin without producing collateral damage to

dental pulps.

Conclusion

Inferior dental nerve infiltration with 1% capsaicin

reduces SP expression in rat dental pulp tissue. This

may provide a possible mechanism for controlling

pulpal neurogenic inflammation to maintain pulp

vitality when harmed by external irritants.
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COMMENTARY

The unit of analysis, and measurement of effect size
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In refereeing the preceding article, two statistical issues

arose, which are worth drawing to the attention of

journal readers. The first relates to a flaw in the study

design, which in my experience may be common in
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many areas of dental and medical research. The second

relates to the appropriate quantification of effect sizes.

The simple structure of the results presented and the

extreme differences shown render this article an ideal

vehicle to make these points.

With regard to the study design, I commented to this

effect:

‘There is one unfortunate aspect of the study design.

The unit of data should be the animal, not the tooth.

Two animals were allocated to each regime, so really

the sample size per group is not 12 but 2, and from this

viewpoint, the differences would no longer be regarded

as statistically significant. A better design (if feasible)

would be to take, say, six animals, identify six lower

molars from each, and allocate two to each regime,

preferably balancing this allocation with regard to

tooth position. This would normally lead to a two-way

analysis by animal and regime.

It would be quite justifiable to reject this article on

account of this design flaw. Nevertheless, in view of the

overwhelming differences between regimes shown, and

dual to this, the very limited degree of variation within

each column that could have arisen due to inter-

animal variation, I consider the observed findings are

more likely to be real than an artefact due to this

design flaw’.

For an illustration of the fallacy of using the site, not

the individual as the unit of data see Newcombe & Duff

(1987).

With regard to characterizing differences between

groups, the correct strategy is used viz. a one-way

anova approach first, comparing the three groups on

an equal footing in order to minimize the impact of

multiple testing, then having found highly significant

differences, pairwise comparisons are performed. Non-

parametric methods are chosen, in this instance

primarily because the gross difference in spread

between the groups invalidates the parametric anova.

But this is a clear case in which, having answered the

first question ‘Do the groups differ?’ in the affirmative,

the obvious next question is, ‘Can we say by how

much?’. The P-value produced by a significance test

does not convey this information. Sometimes, when

researchers quote a Mann–Whitney test, they also give

an estimated median difference as an expression of the

effect size; a confidence interval for this is available in

some widely used statistical software such as Minitab.

Nevertheless, these results have some unusual charac-

teristics. The estimated median difference is not iden-

tical to the differences between the group medians. On

small samples it is not possible to construct an interval

with exactly 95% nominal confidence level – in this

instance they are 95.4% intervals – and sometimes

(although not in this case) the resulting intervals can

be disconcertingly skew. Moreover, the reader may not

be able to relate directly to what is conveyed by the

statement that the median difference between groups 2

and 3 is 123.94 (95.4% confidence interval 104.92–

142.00) – the units are valid ones but are unlikely to be

sufficiently familiar to most readers to enable them to

appraise how large a difference should be regarded as

important. (Of course, in the light of the previous

remarks, any confidence interval calculations are only

valid if we are content to accept that all the values in a

column can be treated as independent.)

An alternative approach which gets around these

difficulties of interpretation is to use a relative, not an

absolute measure of effect size. A suitable measure is

obtained by dividing the Mann–Whitney U-statistic by

the product of the sizes of the two samples, giving an

index which we can call U/mn. This measure takes the

value 1 (or 0) when there is no overlap between two

samples, and 0.5 when they are identical. In this

instance, all three groups have 12 observations each.

All values in group 2 exceed all values in group 1, so here

U takes its maximum possible value of 12 · 12 ¼ 144,

and U/mn ¼ 144/144 ¼ 1.0. Similarly, comparing

groups 2 and 3 gives U/mn ¼ 1.0. When we compare

groups 1 and 3, we find there is a single overlap, viz.

0.109 > 0.102, but apart from this, all values in group 1

are higher than all values in group 3. So here,

U ¼ 144)1 ¼ 143 and U/mn ¼ 143/144 ¼ 0.993.

All these values taken at face value indicate a very

high degree of separation between groups. But they are

based on very small sample sizes. Confidence intervals

here are very informative, showing how one could

occasionally end up with such a high value of U/mn by

chance when in the underlying populations, the degree

of separation is substantially lower than this. Confid-

ence intervals for U/mn are now available using a

method that has been validated as satisfactory in such

extreme cases as well as when the degree of separation

is more moderate (Newcombe 2004a,b). A highly user-

friendly Excel spreadsheet GENERALISEDMW1.xls

which performs the calculations is available at the

author’s website: http://www.uwcm.ac.uk/study/

medicine/epidemiology_statistics/research/statistics/

newcombe.htm.

The spreadsheet requires the user to supply the sizes of

the two groups to be compared and the value ofU, which

would normally be obtained using standard statistical

software. For the contrast between groups 1 and 3, the

Capsaicin effect in SP expression Caviedes-Bucheli et al.

International Endodontic Journal, 38, 30–35, 2005 ª 2005 International Endodontic Journal34



spreadsheet calculates and displaysU/mn ¼ 0.993 with

95% confidence interval 0.819–0.9997. These indicate

that at a conservative estimate, the degree of separation

may be considerably lower than 1, in fact around 0.82,

nevertheless this also represents considerable separation

between two populations.

The spreadsheet also displays a graph (Fig. 1) which

helps visualize the degree of separation. Two solid

Gaussian distribution curves are displayed, in this

instance with peaks separated by 3.5 standard devia-

tions, which corresponds to U/mn ¼ 0.993. The curve

for which a central vertical line is displayed represents

the reference distribution. The second solid curve

represents the degree of separation from this. In this

instance, with U/mn > 0.5, it is to the right of the

reference curve. Two broken curves are also displayed,

which demarcate a confidence region around the

second solid curve. The left-hand, ascending broken

curve is half of a Gaussian curve corresponding to a

separation of U/mn ¼ 0.819 from the reference curve.

The right-hand, descending broken curve is half of a

Gaussian curve corresponding to a separation of U/

mn ¼ 0.9997 from the reference curve. Generally, only

half curves are plotted, to avoid producing a cluttered

diagram.

For the contrast between group 2 and either group 1

or group 3, U/mn ¼ 1.0, with 95% confidence interval

0.832–1.0, once again indicating that even at a

conservative estimate, the data indicates a substantial

degree of separation between groups. This extreme case

is displayed (Fig. 2) as two Gaussian distributions

separated by 6.7 standard deviations, which corres-

ponds to U/mn ¼ 0.999999; the two curves appear

completely separate. The lower limit for U/mn, 0.832, is

represented by a broken Gaussian curve corresponding

to this degree of separation from the reference distri-

bution; in this case, both ascending and descending

parts of the broken curve are displayed. The upper limit

is the same as the point estimate, U/mn ¼ 1.0, and the

curve representing this coincides with the second solid

curve.

In both instances, the inference is that on the data

actually collected, the degree of separation of the two

distributions is either perfect or nearly so. However, at a

conservative estimate, the value of U/mn in the wider

population of specimens such as these could be as low

as 0.82–0.83, which corresponds to a substantial shift,

nevertheless with considerable overlap between the two

distributions.
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Figure 2 Illustration of degree of separation between two

frequency distributions corresponding to U/mn ¼ 1.0. Broken

curve shows lower confidence bound.
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Figure 1 Illustration of degree of separation between two

frequency distributions corresponding to U/mn ¼ 0.993.

Broken curves show confidence region.
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