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Introduction.

There are three theoretical reasons for interest in analysis of
covariance in clinical trials of a caries-inhibiting agent: (1)
increasing the efficiency of the trial, (2) adjustment for
group differences in variables correlated to increment, and
(3) provision of insight into the treatment mechanism. The
latter is not pursued in this paper. In spite of these poten-
tial advantages, analysis of covariance has not been ex-
ploited in caries clinical trials. This is a report of explora-
tion of covariance in clinical trials over a period of nearly
ten years, during which many covariables have been tested.
Important contributions on this topic have been published
by Adkins!, Downer?, Kingman3, Lu?, and Slakter5. Most
of the findings are excellently summarized by Worthington.6

Success in the past has been modest, except when co-
variance was applied to groups of quite similar age (Ad-
kins!, 12-year-olds, and Downer2, 14- and 15-year-olds).
This is not practical when the inferences of efficacy of a
control agent must apply at least to all the younger and
most caries-active population ages. It has been necessary to
search for universally available factors by developing knowl-
edge of the occurrence of caries increments within wider
age spans over relatively short intervals of time (from one
to three years). Analysis of covariance is somewhat re-
stricted in caries clinical trials because of problems arising
out of the nature of dental caries data. The body of this
report describes the degree to which we have been able to
cope with the problems.

Source of data and selection of covariables.

The data sets used represent placebo and fluoride groups
from four dentifrice trials. The age ranges were approxi-
mately 6-12 years. Sample sizes were large, all exceeding
190 subjects. The.caries increments studied were two- to
three-year, based on visual-tactile examinations supple-
mented by adequate radiographic findings.

All the traditional covariables — age, sex, initial dental
age, final dental age, and initial DMFS — were included in
the battery. In addition to these, we searched for covaria-
bles which would be useful in studies involving the wide age
ranges used in North America. (Supplementary information
on some of the indices described below is given in the
Appendix.)

Symmetry index. — It is common knowledge that tooth
decay is bilaterally symmetrical in the mouth. Also, because
of a similar local environment, it has been shown that tooth
surfaces facing into the same approximal space tend to
decay jointly. Thus, it was considered likely that if one
surface of either a bilateral pair, or of a pair of surfaces
making up an approximal space, is decayed initially, the
other was likely to decay soon — probably within the term
of the clinical trial. Therefore, a score of unmatched pairs
(i.e., bilateral or approximal surfaces where one but not the
other is decayed) was generated as a covariable. Substantia-
tion of this item as a useful covariable is given in Table 1
for the item termed “symmetry index”.
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Hierarchy index. — This index is based on the carieg
hierarchy concept (Grainger’), whereby a subject is rateq
according to the group of tooth surfaces affected. Zero score
represents no previous caries, and 1, 2, 3, etc., indicate that
caries is present on fissure surfaces, posterior proximal sur.
faces, anterior proximal surfaces, etc., respectively. Table 7
shows the relation of hierarchy scores to caries increments,
Hierarchy levels 3, 4, and 5 occur less frequently in moderm
caries data than they did when the concept was originated,
Although all scores were maintained in the present analysis,
some thought has been given to merging scores 3, 4,and §
as 3 for future use.

Kingman® has done further work on this index using
scores weighted according to the number of surfaces af-
fected at each level. While Kingman’s approach was not
utilized in the present work, we consider it well worth
future research.

First molar fissure caries index. — The literature contains
much evidence that fissure surface caries differs markedly
from smooth surface caries, if not entirely in etiology, at
least in frequency of occurrence. Therefore, the initial
number of decayed fissures on the first permanent molars
was selected as a trial covariable. The second molar surfaces
were not included because they would not be present in all
subjects. Table 3 shows caries increments according to this
factor.

Attack risk product indices. — Lu? suggested a product
function index,

S/N (1-8/N)
TABLE 1
TWO-YEAR CARIES INCREMENTS ACCORDING TO
SYMMETRY INDEX
Symmetry Set 1 flacebo Set 2 ljiacebo
Index Score N X SE N X SE
0 14 2.71 0.80 52 244 036
1-2 50 3.06 0.53 65 2.86 039
3-4 52 3.75 0.75 44 320 065
5-6 41 448 0.84 46 326 072
7 & over 45 9.82 1.34 21 10.33 1.85
TABLE 2
TWO-YEAR CARIES INCREMENTS ACCORDING TO
HIERARCHY INDEX SCORES

Set 1 Placebo Set 2 Placebo

Hierarchy Level Score N X SE N X SE

No caries 0 15 220 0.69 49 2.82 037
Fissure caries 1 76 3.38 043 87 297 041
Posterior proximal 2 90 5.03 065 75 3.55 055
Maxillary anterior

proximal 3 7 1271 174 5 1820 449
Mandibular anterior

proximal 4 1 13.00 - 0 - -
Buccal or lingual 5 16 1125 325 12 567 203
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TABLE 3
TWO-YEAR CARIES INCREMENTS ACCORDING TO INITIAL
FISSURE CARIES IN FIRST PERMANENT MOLARS
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TABLE4 :
TWO-YEAR INCREMENTS BY PRODUCT FUNCTION —
(IDMFS/CHRONOLOGICAL AGE) =P;

Fissure

Surfaces Setl lilacebo Set 2 Placebo

Decayed N X SE N X SE
0-1 19 2.32 0.71 65 3.62 0.50
2-4 79 361 0.45 83 341 047
5-7 101 5.94 0.71 75 395 0.71

8 & over 6 16.00 5.76 5 140 1.36

where S is the number of surfaces decayed, and N the total
number of erupted surfaces. This form of index would
appear to be very useful in a trial that involved individuals
having similar numbers of teeth present. It is less useful
where N differs from subject to subject not only in value
but also in the specific teeth present.

Along the same line, Adkins! suggested using six co-
variables representing subgroups of teeth which erupt at
similar ages. The subgroups he suggested and used in an
older age group (12 years) were : (1) lower first bicuspids,
(2) upper first and upper and lower second bicuspids, (3)
first permanent molars, (4) second permanent molars,
(5) incisors, and (6) canines. These covariables could not be
used where studies include younger individuals not having
all the teeth erupted, because incomplete data would be
encountered.

In 1976, at the October meeting of the Task Force,
Grainger and Lehnhoff8 described another product func-
tion more useful at all ages:

(IDMFS/Age) E’l‘ i

where p; is the relative caries attack rate for each tooth
surface still at risk (Reid and Grainger®). This function
provides IDMFS/Age as an estimate of a subject’s demon-
strated caries susceptibility which (by extrapolation) would
be expected to produce caries according to the degree of
risk present. The prediction would be for low increments
when either the previous caries experience was low, or the

risk probability was low. Most new caries would be ex- -

pected when previous caries experience was high and there
still remained sufficient susceptible surfaces at risk.

We would like to suggest that the modifying factor
IDMFS/Age, derived from past experience, is the resultant
of all the individual subject’s characteristics (tooth quality,
oral hygiene, bacterial flora, diet, etc.) that determine the
subject’s inherent tendency to have tooth decay. At pre-
sent, we can only extrapolate from the past, but future
research might result in ways to estimate a subject’s current
caries activity mechanism level during the time interval of
the clinical trial. This approach — modifying the surface
specific risk by the subject’s inherent susceptibility — seems
to be the most promising road to follow.

Two product functions, one using chronological age and
the other dental age in the denominator, are shown in
telation to caries increments in Tables 4 and 5.

The set of covariables selected for this paper were as
follows (some more detailed description is given in the
Appendix):

(1) initial chronological age,

(2) initial dental age (number of erupted teeth),

(3) re-ordered dental age group (switch groups 1 and 2),

(4) initial mesial and distal carious surface, -

(5) initial fissure caries on first molars,

(6) initial decayed, missing, and filled surface total,

Set 1 Placebo Set 2 Placebo

Range N X SE N X SE
0-0.9 41 2.15 0.48 86 2.64 0.28
1-1.9 59 2.27 0.35 61 2.70 0.53
2-2.9 32 4.47 0.84 33 4.06 0.88
3-3.9 29 6.76 1.33 23 444 1.22
449 20 8.95 2.00 15 8.53 2.54

5 &over 24 11.88 1.80 10 6.50 1.69

TABLES
TWO-YEAR INCREMENTS BY PRODUCT FUNCTION —
(IDMFS/NO. OF TEETH) ZP;

Set 1 Placebo Set 2 Placebo
Range N X SE N X SE
0-0.9 67 2.49 0.39 119 3.06 0.31
1-1.9 81 4.89 0.71 77 449 0.74
229 36 7.61 1.28 19 2.26 0.96
339 12 8.25 2.72 10 3.60 1.06

4 & over 9 9.89 271 3 10.67 405

(7) Symmetry index,
(8) base time sum of probabilities for surfaces at risk,
(9) hierarchy score,
(10) product function (IDMFS/chronological age) Zp;,
(11) product function (IDMFS/No. of teeth) Zp;, and
(12) final dental age.
The dependent variable was the final DMFS score minus the
initial DMFS score.

Findings. i

The product moment correlation matrices of the se-
lected variables are given in Tables 6 and 7-for two clinical
trials. The placebo and treatment groups are merged in the
Tables to permit comparison of coefficients. Perusal of col-
umn 13 shows how primary relationships differ between
placebo and treatment groups. If a treatment was perfectly
successful (all increments zero), all correlations with incre-
ment would be zero, and hence, the degree to which treat-
ment relationships are degenerated may provide evidence of
treatment success. It is also apparent in the matrices that
there are strong correlations among the selected variables.

The results of stepwise multiple regression, forced mul-
tiple regression of 12 variables, and stepwise regression of
all powers to the 4th for the 12 variables are given in Table
8 for four placebo groups. In most cases tried, the multiple
correlation coefficients for treatment groups were lower
than those for control groups. The introduction of powers,
intended to provide for non-linearity, did increase the
magnitude of the R squares even above those when forcing
12 observed variables, but the similarity of selections
among the groups was lost. Furthermore, a tendency for
selection of only 3rd or 4th powers was not easily inter-
pretable, so we have reported only the more conservative
approach. In the stepwise analysis, p = 0.05 was used as the
cut-off for inclusion. When a clinical trial involves hundreds
of subjects, the forcing of 12 variables does not seem to be
serious overfitting.

Table 9 displays the complete analysis of covariance
results for two clinical trials. It can be seen that the adjust-






