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PREFACE

The National Preventive Dentistry Demonstration Program was conducted to assess the
costs and effects of various types and combinations of school-based preventive dental pro-
cedures. The Program was supported by two grants from The Robert Wood Johnson Founda-
tion of Princeton, New Jersey. One grant went to the American Fund for Dental Health
(AFDH), a national, nonprofit organization dedicated to the support of dental education, ser-
vice, and research. The other grant went to The Rand Corporation, an independent, nonprofit
research institution that conducts policy research and analysis on problems of national security
and domestic affairs.

AFDH developed the initial concept for the Program and presented it to The Robert
Wood Johnson Foundation. Within the Program, AFDH was responsible for providing and
supervising the preventive care, collecting most of the data, and conducting annual dental
examinations. Rand was responsible for monitoring these activities, developing the-data collec-
tion forms and procedures, and conducting the data analyses. AFDH and Rand worked
together in designing the Program, selecting the ten sites around the country at which it was
conducted, preparing reports, and establishing the procedures for other areas of joint responsi-
bility.

The first major activity at a site was to secure parental consent for participation in the
Program. This was followed by clinical and radiographic dental evaluations of all participants.
Children were then assigned to six treatment groups. The children who remained in the Pro-
gram until its completion received four more annual examinations.

This report presents the results of the analyses that assessed the effectiveness of the
preventive procedures. Other Program reports describe: the first year of field activities (Klein
and Bohannan, 1979), the examination procedures that were used (Bohannan et al., 1983), the
methods employed to analyze the dental data (Klein and Bell, 1981), the reliability of the den-
tal examinations (Klein et al., 1983a), the results of the baseline examinations (Bell et al.,
1982), the nature and findings of previous attempts to assess the costs of preventive procedures
(Foch, 1981a), the methods used to assess treatment costs in the Program (Foch, 1981b), the
cost of the Program’s treatment procedures (Foch, 1984), and the results of surveys with teach-
ers and principals who were involved in the Program (Klein et al., 1983b), and with parents
who did and did not enroll their children in the Program (Leone, Klein, and Bohannan, 1981).
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SUMMARY

The National Preventive Dentistry Demonstration Program was conducted to assess the
costs and effects of various types and combinations of school-based preventive dental care pro-
cedures. The Program’s treatment procedures were ones that numerous clinical trials had sug-
gested would be effective in preventing dental decay in children. In fact, it appeared that if
these procedures were used in combination, they would all but eliminate dental decay.

The analyses presented in this report disclosed that only a few of the procedures investi-
gated were effective in reducing decay when administered under realistic field conditions, and
the most effective procedures prevented only a moderate amount of decay even when they were
used in combination. These results appear to have been partly due, however, to there not hav-
ing been much decay to prevent in the first place.

PROGRAM DESIGN

The major features of the Program’s design were:

o It operated at five fluoridated and five nonfluoridated sites across the country. The
sites were phased into the Program at a rate of about one site every two weeks begin-
ning in the fall of 1977,

¢ It was conducted for three years at one site and four years at the other nine sites.

* There were two longitudinal cohorts at each site. One cohort consisted of children
who began the Program in grade 1 or 2 (Cohort 1+2). The other cohort was composed
of children who began in grade 5 (Cohort 5).

¢ FEach of the participating schools at a site was assigned to one of six treatment regi-
mens, and each site had children from both longitudinal cohorts in each regimen.

* The six regimens at the fluoridated sites differed slightly from those used at the non-
fluoridated sites. However, at both types of sites, one of the six regimens involved the
site’s clinic staff providing sealants and fluoride prophy/gel treatments, two involved
classroom teachers supervising procedures (such as weekly fluoride mouthrinsing), and
two involved combinations of clinic and classroom procedures. Classroom activities
continued through the sixth grade for Cohort 5 children, i.e., about 1.5 years. All other
Program procedures were provided for at least 3.5 school years.

® The children in the sixth regimen received none of the preventive procedures, but they
and the children in the other five regimens did receive a dental examination prior to
the inception of the treatment procedures (called the baseline exam or Exam 1) and
annually thereafter for as long as they were enrolled in the Program (Exams 2 through
5).

COMPLIANCE WITH TREATMENT PROTOCOLS

Analyses of various indexes of compliance with the Program’s protocols suggested that
the treatments were generally implemented as planned. Usually, over 90 percent of the chil-
dren who were scheduled to receive sealants had one or more teeth sealed. Most children who
received no sealants probably had no teeth that could be sealed (because their potentially
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sealable surfaces were already carious or filled). About 3 to 7 percent of children in the non-
sealant regimens also apparently received sealants from their family dentist shortly after the
Program began. This percentage rose slightly during the Program and was especially notice-
able with Cohort 1+2 children at a few sites.

Analyses of the school Year 2 and 3 data indicated that over 90 percent of the children
assigned to the prophy/gel regimens received at least three of their four scheduled treatments
(and the vast majority received all four). The consumption of mouthrinse supplies during
these same two years was close to expected, but the consumption of tablets was substantially
less than expected.

EFFECTIVENESS OF TREATMENT PROCEDURES

The effectiveness of the treatment procedures was measured primarily in terms of their
ability to prevent decayed, missing due to decay, and filled permanent tooth surfaces during
the Program (hereafter referred to as the DMF'S increment score).

Analyses with the 9566 children who had both a baseline and an Exam 5 DMFS score
indicated that the combination of the two clinic procedures prevented from 49 to 64 percent of
the decay compared to that in the longitudinal control group. However, because of the gen-
erally low incidence of decay during the Program, this represented a four-year savings of about
1.4 carious surfaces with children who started the Program in grade 1 or 2 and about 2.2 sur-
faces with those who started in grade 5. The combination of the two clinic procedures was just
as effective at fluoridated sites as it was at nonfluoridated sites.

The effectiveness of the clinic procedures (in terms of the number of surfaces saved)
almost equaled that obtained by water fluoridation. Thus, if nonfluoridated communities were
able to fluoridate their water, they could probably achieve almost the same benefits (in terms
of surfaces saved) as those derived from the clinic.

With one exception, almost all of the clinic’s effectiveness was due to the application of
sealants. The one exception was in Cohort 5 at nonfluoridated sites where the prophy/gel and
sealant procedures were about equally effective in preventing decay. The effectiveness of one
clinic procedure was not apparently enhanced or diminished by its being teamed with the other
clinic procedure.

Analyses of data from Exams 1, 3, and 5 showed that in Cohort 142, about one-half of
the decay that the clinic prevented in four years was prevented in the first two years. How-
ever, in Cohort 5 at nonfluoridated sites, the savings due to the clinic in the last two years was
more than twice the savings in the first two years. A trend toward larger savings with clinic
care in the last two years also was observed with Cohort 5 at fluoridated sites. These trends
appeared to be partly due to the larger increase in decay in Cohort 5 between Exams 3 and 5
than between Exams 1 and 3. Thus, if the Program had been extended beyond four years,
there might have been an increase in the number, but not necessarily the percentage, of sur-
faces saved by the clinic procedures with the Cohort 5 children.

None of the Program’s classroom procedures consistently prevented a practically signifi-
cant amount of decay. Only once did the combination of fluoride mouthrinse and tablets
achieve a statistically significant effect, This occurred in Cohort 1+2 at nonfluoridated sites,
but amounted to less than one surface in four years. One reason the mouthrinse may not have
shown a larger effect is that children are now receiving more fluoride from other sources than
they did in the past.
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The combination of clinic and classroom procedures was no more effective in preventing
decay than was the clinic alone. Thus, our results suggest that from the standpoint of short-
term protection against dental decay, it is unlikely that children will derive much benefit from
the classroom procedures used in the Program. However, these procedures may have some
delayed or long-term benefits. For instance, they may have increased the children’s apprecia-
tion of the value of good oral hygiene and reinforced the habits needed to obtain it, which in
turn might lead to generally better oral health when they become adults.

RADIOGRAPHS

It was anticipated that a substantial portion of the beneficial effect of fluoride would
appear on the often difficult to examine proximal surfaces of posterior teeth. This considera-
tion led to the taking of bitewing radiographs at baseline and again at Exam 5.

The impact of radiographs on four-year DMFS increments varied considerably with
cohort and fluoridation status. Because of the small amount of proximal decay detected in
Cohort 1+2 at fluoridated sites, the radiographs could not have made a meaningful impact on
the estimated treatment effects for that group. In Cohort 5, especially at the nonfluoridated
sites, radiographs detected enough new decay so that estimated treatment effects could have
changed substantially for any procedure that was effective on proximal surfaces.

A comparison of the savings in DMFS increments derived from analyses of the clinical
examination data with those obtained from the combination of the clinical and radiograph
examinations indicated that the radiographs detected slightly larger savings due to sealants and
mouthrinse/tablets in all four cohorts. For sealants, this increase was always small, averaging
only 0.13 surfaces. Although sealants should not have directly affected proximal caries, this
result suggests they may have had a slight indirect effect. The impact of the radiographs on
estimates of the savings due to mouthrinse and tablets also was small. Their maximum com-
bined effect, which occurred in Cohort 5 at nonfluoridated sites, was less than one surface
saved in four years.

The finding that the use of radiographs did not materially change the conclusions sug-
gests that future studies of preventive dental procedures for children may be able to avoid the
considerable expense and difficulties associated with taking them.

CONSISTENCY OF RESULTS

Despite substantial diversity among the ten sites in demographic factors and decay pre-
valence, the effects of the treatment procedures (with or without the inclusion of the radio-
graphs) were consistent across sites. The only exception to this finding was at El Paso. This
site had by far the lowest prevalence of dental decay. Thus, it was not surprising to discover
that the treatment procedures saved fewer surfaces at El Paso than they did at the other sites.
However, the pattern of results at El Paso was much the same as it was at the other fluori-
dated sites.

The consistency across sites in the effectiveness of the treatment procedures suggests that
the Program’s results are generalizable to other communities. They also suggest that possible
variation across sites in compliance with the Program’s protocols had little or no effect on out-
comes,
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ANALYSES WITH CROSS-SECTIONAL SAMPLES

Analyses were conducted with 9066 children who were not enrolled in the Program, but
who attended the same schools as the enrollees. Of this group, 4320 were examined in con-
junction with the baseline examinations and 4746 were seen at Exam 5. A comparison of
DMFS scores in these cross-sectional samples with those in the longitudinal control group sug-
gested that between the beginning and end of the Program, there was a secular decline in decay
levels and/or a general shift in examination standards in the direction of calling fewer surfaces
carious.

Almost all of the discrepancy between observed and baseline-projected increments in the
control regimen was in the D component of the DMFS score. This finding suggests that a sub-
stantial portion of the discrepancy was due to a shift in standards. However, there was no
independent method for determining whether the baseline or Exam 5 standards were correct.
Operating under the assumption that the appropriate standards lay between the ones used at
baseline and those used on Exam 5, we were able to estimate what effect a shift in standards
might have had on the measurement of treatment effects.

The results of this analysis indicate that even if there was a shift in examination stan-
dards between baseline and Exam 5, it did not substantially change the estimate of the overall
effectiveness of a given regimen. For instance, the average difference between observed and
adjusted savings due to the clinic regimens would have been 0.36 surfaces in four years.

RESULTS OF OTHER ORAL HEALTH MEASURES

Besides making the diagnoses required to compute DMFS scores, the dental examiners
also evaluated the extent of gingival inflammation (DHC score); whether there were any
opaque, chalky-white spots on the teeth (opacities); and the urgency of a child’s need to see a
dentist for possible corrective or restorative care (referral code):

No major differences among regimens were found with the DHC index. However, this
finding may have been due to the unreliability of the DHC scores precluding the detection of
possible treatment effects.

It was observed at baseline that a few children had nondisfiguring, opaque, chalky-white
spots on their teeth. These spots could be due to several factors, including a child’s exposure
to more than the optimal amount of fluoride. An analysis at the end of the Program of the
percentage of children having opacities by regimen found as high a percentage of children in
the longitudinal control group as in the treatment regimens that involved the use of fluorides.
Thus, participation in a fluoride regimen had no ill effects on the appearance of a child’s teeth.

In the last portion of each child’s annual dental examination, the examiner noted the
urgency of a child’s need to see a dentist for possible corrective or restorative care. Each child
who received a complete examination was assigned one of the following three codes: 1 = no
problems, 2 = minor problems, or 3 = serious problems. This index is potentially important
because it could uncover treatment effects that are not identified by the other indexes.

Analyses of the referral codes assigned at Exam 5 indicated that the children in the clinic
regimens received a code of 2 or 3 about 70 to 80 percent as often as children in the nonclinic
regimens,



TARGETING OF CARE

The failure to find a large preventive effect with any of the Program’s procedures and the
fact that a small percentage of the children had most of the decay led us to explore the utility
of targeting care on the children who were the most susceptible to caries. The results of this
investigation were inconclusive.

Background characteristics and baseline examination results were used to identify a group
of children who had greater than average susceptibility to decay. That is, if they received no
preventive treatment they could be expected to develop 20 to 55 percent more caries during the
Program than the average child who received no treatment. Not surprisingly, this group
received greater benefit from the Program’s clinic procedures than did other children. How-
ever, the benefit of the clinic procedures to the high-risk group was at most 0.75 surfaces
greater than that to all children.

Comparison of findings across sites also produced inconclusive results. The preventive
procedures were less effective at El Paso, the site with lowest average decay level, than they
were at the other nine sites. On the other hand, the procedures were no more effective at
Monroe, the site with by far the highest decay scores, than they were at the other nonfluori-
dated sites; and although the average increment in DMFS scores at nonfluoridated sites was
substantially larger than it was at fluoridated sites, there was no difference in the overall effec-
tiveness of the procedures at these two types of sites.

Because the Program was not designed to identify high-risk children, it is not surprising
it was able to predict only a small percentage of the total variance in DMFS increment scores.
However, attempts by other researchers to accurately predict a child’s likelihood of having
decay also have not met with much success.

CONCLUSIONS

We have concluded, then, that the preventive dental care procedures we investigated
probably should be considered for a school-based program only if there is a radical reversal in
the current trend toward better oral health in children. Decisions about targeting will have to
await studies that demonstrate whether or not it appreciably enhances the utility of preventive
procedures. And any public policy consideration of targeting must address the difficult prob-
lem of developing accurate, but inexpensive, indicators of a child’s likelihood of having decay.
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I. PROGRAM DESCRIPTION

PURPOSES

The National Preventive Dentistry Demonstration Program was conducted to assess the
costs and effects of various types and combinations of school-based preventive dental pro-
cedures for children. This report describes the population studied, the empirical and statistical
methods employed, and the results obtained in analyses of the effects of the different pro-
cedures. It is anticipated these results will help in making policy decisions about the utility of
various techniques for improving oral health in children.

The following are the major issues addressed by the studies discussed in this report:

* When used in a school-based program, how effective are the various types of preven-
tive procedures in improving a child’s oral health, especially with respect to reducing
tooth decay?

* Does a procedure’s effectiveness depend on whether it is teamed with other pro-
cedures?

* Does a procedure’s effectiveness depend on whether it is used in a community whose
water supply is optimally fluoridated?

e Is a procedure’s effectiveness related to the age, racial/ethnic group, socioeconomic
status (SES), initial decay level, or other characteristics of the children who receive it?

* What are the implications of the findings for school-based programs?

OUTLINE OF THE REPORT

The remainder of this section summarizes how the Program was conducted and describes
the types of data that were collected to answer the questions above. More complete descrip-
tions of Program procedures are to be found in Bohannan et al. (1983) and Klein and Bohan-
nan (1979).

Section II describes how the Program’s eight preventive procedures (such as weekly
fluoride mouthrinse) were combined into six treatment regimens. The primary criterion used
to assess treatment effects was the increase in the number of decayed, missing due to decay,
and filled tooth surfaces (hereafter referred to as DMFS scores) between the beginning and end
of the Program. Section III presents the results of analyses of these DMFS increment scores.
Section IV contains the results with other indexes of oral health. Section V focuses on the
results of studies that explored the reasons for certain unexpected findings. Section VI sum-
marizes the major results and discusses their implications.

SITES

The Program operated at two sites in each of five regions of the country (see Table 1.1).
Within each region, one site had a low level of water fluoridation (less than 0.2 parts per mil-
lion of fluoride ion) and the other had optimally fluoridated water for its region (0.8 to 1.1
parts per million). These two types of sites are referred to as “nonfluoridated” and



Table 1.1

SITES PARTICIPATING IN THE NATIONAL PREVENTIVE
DENTISTRY DEMONSTRATION PROGRAM

Region Nonfluoridated Sites Fluoridated Sites
Northeast Billerica, Massachusetts New York, New York
Southeast Tallahassee, Florida Chattanooga, Tennessee
Central Wichita, Kansas[a] Minneapolis, Minnesota
Southwest Monroe, Louisiana El Paso, Texas[b]
Northwest Pierce County, Washington Hayward, Californiafc]

{a] Has 0.4 ppm fluoride (determined after Program began).
[b] Naturally fluoridated.
(c] Intermittent fluoridation during early 1970's.

“fluoridated,” respectively, in the remainder of this report. The criteria and procedures used to
select the sites are described in another report (Klein and Bohannan, 1979).

ENROLLMENT

Enroliment in the Program was open to all children who attended grade 1, 2, or 5 of their
site’s participating schools in the fall of 1977, These children are referred to as the Program’s
longitudinal cohorts because they were eligible to remain in the Program until its completion.
At a few sites, resource requirements and other factors (such as enrollment in another dental
project in Pierce County) limited the number of schools that could participate in the Program.

About 82 percent of all the children who were eligible to enroll in the Program received
parental consent to participate. A telephone survey of a sample of parents who did not con-
sent indicated that most of them declined because they believed that their children already
received adequate dental care (Leone, Klein, and Bohannan, 1981).

The consent forms completed by parents at the beginning of the Program permitted chil-
dren to participate for three years. However, analysis of results after two years prompted a
decision to extend the Program to a fourth year at nine of the ten sites. This decision required
obtaining parental consent for the fourth year for the children who were already enrolled. The
New York site was not extended to a fourth year, primarily because of the extremely high cost
of operation at that site and because the children in one of its treatment regimens received an
inordinate amount of restorative care at a local dental clinic during the Program’s second year
of operation.

CLINICAL EXAMINATIONS

Enrolled children were eligible to receive five annual clinical (visual-tactile) dental exami-
nations. The first, called the baseline examination (or Exam 1), was conducted shortly before
the initiation of the treatment regimens at a child’s site. Exam 2 was conducted about 13
months later. Exams 3, 4, and 5 were conducted at about 12-month intervals after Exam 2.



Thus, there was a period of about 49 months between baseline and Exam 5 for most children.
The four-year DMFS increments presented in this report have been adjusted to correspond to
a period of exactly 48 months.

Longitudinal Cohorts and Continuous ‘Residence Samples

The analyses focused primarily on four groups of children, hereafter referred to as longi-
tudinal cohorts. One cohort was composed of children at nonfluoridated sites who were
enrolled in grade 1 or 2 when the Program began at their site. Grade 1 and 2 children were
combined into one cohort because of the similarity of their baseline scores and related charac-
teristics. The other three cohorts consisted of children who began the Program in: grade 5 at
nonfluoridated sites, grades 1 and 2 at fluoridated sites, and grade 5 at fluoridated sites.

The continuous residence samples used in the analysis of treatment effects consisted of
the 9566 children in these four longitudinal cohorts who had usable DMFS scores at both base-
line and Exam 5. Appendix A contains information on the number of children in each cohort
by site and treatment group.

Cross-Sectional Samples

Three groups of children, besides those in the longitudinal cohorts, also received clinical
examinations. The children in the first group (N = 4320) received a clinical examination at
baseline. These children were drawn from grades 3, 4, 6, 7, and 8 at the same schools attended
by the children in the longitudinal cohorts. The clinical examinations of this group provided a
cross-sectional estimate of the increment in DMFS scores that would be expected if the
Program’s regimens had not been provided. For example, the mean baseline DMFS score in
grades 5 and 6 minus the mean baseline DMFS score in grades 1 and 2 gave an estimate of the
mean four-year increment for Cohort 1+2.

The difference between the mean baseline and Exam 3 DMFS scores in the control group
(Regimen 6) was much smaller than had been projected on the basis of the cross-sectional data
collected at baseline. To investigate the source of this discrepancy, cross-sectional clinical
examinations were conducted with two other groups in conjunction with Exam 5. Section V
discusses the procedures used to select the children for these groups and the results of those
examinations.

Dental Health Indexes

The first part of each yearly clinical examination consisted of assessing the number of
decayed, missing due to decay, and filled surfaces on a child’s permanent teeth (DMFS score).
The diagnostic criteria used for this purpose were essentially the same as those established by
the 1968 American Dental Association Conference on Clinical Testing (Radike, 1972) and used
by the National Institute of Dental Research.

The second part of the clinical examination involved evaluating the degree of gingival
inflammation (DHC index). The last parts were devoted to determining whether there was any
discoloration of the teeth (opacities), whether any of the teeth had sealants, and with what
urgency the child needed to see a dentist for care (referral code).



Examiners

The baseline examinations began in the fall of 1977 and continued on a schedule of
roughly one site every other week (excluding school vacation periods). This schedule allowed
one week for examinations and one week for travel to the next site. At baseline (and also
Exam 5), one examiner remained at a site for an extra week to examine children who had not
received examinations due to absences and other factors when the regular team visited their
schools. About 9 or 10 members of the Program’s cadre of 31 specially trained dentists con-
ducted the baseline examinations at a site. Most of the examiners participated at 3 or 4 sites.

The number of examiners declined after baseline because there were far fewer children in
subsequent years (Table 1.2). This decrease in sample size resulted from attrition in the longi-
tudinal cohorts, the lack of makeup examinations in Year 3 for children who were absent on
the regular examination day for their schools, the loss of the New York site after Exam 4, and
the examination of cross-sectional children only at Exams 1 and 5.

Examiner Reliability

Each year, 10 to 14 percent of the children in the longitudinal cohorts received a second
clinical examination. The second examination was almost always conducted within a few
hours of the first examination. About one-half of the reexamined children saw the same den-
tist twice, and the other half saw two different dentists. Examiners were not advised whether
a child was in a replicate sample, and the children in the replicate samples were intermixed
with all the other children who were examined.

Analyses of the replicate examination data indicated a high degree of consistency both
within and between examiners in making DMFS classifications and assigning referral codes.
There also was a relatively low rate of reversals of diagnosis across years (a surface classified
as decayed or filled on one year’s examination and as sound on a subsequent year’s examina-
tion). However, there was a very low level of interexaminer agreement in assigning gingival
scores.

Klein et al. (1983a) analyzed the reliability of the examination data. They found that,
with the exception of the gingival index, disagreements among examiners did not seriously
interfere with the detection of practically significant treatment effects.

Table 1.2

NUMBERS OF CHILDREN AND EXAMINERS PARTICIPATING
IN THE PROGRAM AT EXAMS 1, 3, AND 5

Average Average

Number of Total Number of Number of
Children Grade Number of Examiners Sites per

Exam Examined Levels Examiners per Site Examiner

1 24,811 1-8 31 9.6 3.1
3 13,727 3-4,7 15 5.0 3.3
5 15,104 1-9 16 6.8 3.9

NOTE: The numbers of cross-sectional children on
Exams 1 and 5 were 4320 and 4746, respectively.



RADIOGRAPH EXAMINATIONS

Children in the longitudinal cohorts had bitewing radiographs (X-rays) taken of their pos-
terior teeth at baseline and again at Exam 5. The radiographs were taken by trained person-
nel. A specially designed truck containing two X-ray machines was used for this purpose in
order to ensure adherence to strict safety requirements and to maintain standardization of pro-
cedures and equipment across sites. Exposed films were developed according to standard pro-
cessing protocol. '

One of six dentists evaluated each child’s films for the presence of decay and fillings on
the interproximal surfaces of the permanent, posterior teeth. The radiograph readers did not
have access to the clinical examination results, just as the clinical examiners did not have
access to radiograph results.

Some children received clinical DMFS examinations at baseline and Exam 5, but lacked
usable radiographs on one or both occasions. There were two sources of this discrepancy: (1)
It was not feasible to return the radiograph van to a school after the day of the original visit,
and (2) some radiographs came out too light to be usable for the diagnosis of caries. A radio-
graph was discarded as unusable if all the surfaces on either side of the mouth were classified
as nonreadable. This problem occurred on about 8 percent of the radiographs taken at baseline
but on less than 1 percent of the Exam 5 radiographs. From the combination of these two
sources, 17 percent of the four-year continuous residence sample were missing a usable radio-
graph at baseline, and 10 percent were missing one at Exam 5.

DEMOGRAPHIC CHARACTERISTICS

A child’s birth date was obtained from the parental consent form. School records were
consulted if the reported age differed from what would have been expected on the basis of the
child’s dental age (i.e., the number of erupted permanent teeth).

When a child checked in to be examined, a member of the clinical examination staff
observed and recorded the child’s sex and racial/ethnic group. Four categories of racial/ethnic
group were used: Anglo, black, Hispanic, and other. Most of the children in the “other”
category were Asian Americans. A child’s teacher was consulted if there was some uncertainty
regarding the group to which the child belonged. The proportion of Program children in a
racial/ethnic group was similar to its proportion in the United States population; however,
there were large differences among sites in the relative proportions of children in each group.

A mail and telephone parent survey was used to obtain information about almost all the
children who received a baseline examination (Leone et al., 1981). This survey inquired about
how long a child had lived at the site, the child’s dental health care habits, frequency of visits
to a dentist, dental health insurance coverage, family income, and each parent’s education and
occupation. The income, education, and occupation data were combined into a composite
socioeconomic status (SES) index. (See Bell et al., 1982, for a more complete description of
this index.)

SEQUENCE OF PROGRAM ACTIVITIES

The first major activity at a site was to obtain parental consents. This was followed by
the baseline examinations, the assignment of schools to the six treatment regimens described
in Sec. II, and the training of site staff and teachers. Schools, rather than individual children,



were assigned to regimens primarily because certain preventive procedures, such as weekly
mouthrinsing, were more efficiently delivered to children when they were in classroom groups.
The initiation of the regimens at a site usually began about one month after the completion of
its baseline examinations.

Sites were phased into the Program at a rate of about one every two weeks (excluding
school vacation periods), beginning in the fall of 1977. The only major exception to the forego-
ing procedures occurred in Minneapolis, where an unanticipated judicial school desegregation
order and a school board consolidation plan combined to threaten the loss of several schools
from the Program. These orders and plans were not made public until approximately three
months after the baseline examinations were completed at this site. This prompted the deci-
sion to add several more schools in Minneapolis, which in turn meant conducting a second
wave of baseline examinations there five months after its first wave.

Program children continued to receive their assigned regimen and annual dental examina-
tion for four years provided, of course, they were still enrolled in a Program school that offered
their regimen. The one major exception to this policy was the previously noted discontinua-
tion of the New York site after its third complete year of operation. Section II discusses the
preventive procedures that were provided each year to each group of children.



II. TREATMENT PROCEDURES AND REGIMENS

BACKGROUND

Well before the inception of the Program, an extensive body of research had indicated
that certain preventive procedures were moderately to highly effective in reducing tooth decay
in children. Miller’s (1979) and Newbrun’s (1975) summaries of the findings of these studies
appear in Table 2.1. Other review articles also report that these procedures are effective in
reducing decay; for instance, Horowitz, Heifetz, and Driscoll (1980) stated that “More than 30
clinical trials have shown that the increment in dental caries among children who reside in
areas with insufficient fluoride in drinking water is reduced by an average of 35 percent by
either rinsing weekly with 0.2% neutral sodium fluoride or daily with a 0.05% solution.”
Driscoll (1974) reported that, according to studies which showed a beneficial effect of fluoride
tablets, caries reductions were usually in the range of 20 to 40 percent. A review of 35 clinical
trials involving the professional application of fluorides (such as fluoride gel treatments)
revealed that this procedure generally reduced caries by about 30 percent (Ripa, 1980a).

Much of the research on preventive procedures has focused on the use of fluoride because
it has consistently been found to be effective in reducing decay, especially on the smooth sur-
faces of teeth. However, over 50 percent of all decay occurs on thé chewing (occlusal) surfaces.
This situation led to the development of epoxy resin sealants that can be applied as coatings
on the occlusal surfaces of the teeth that are the most susceptible to decay. A review of 15
independent studies that used this procedure found that it usually reduced occlusal surface
decay (as distinct from total DMFS) by more than 60 percent (Ripa, 1980b).

One important feature of many studies of the effectiveness of preventive dental pro-
cedures is that they were done as clinical trials rather than as true field programs. Operational
programs are unlikely to achieve the same degree of success and uniformity of procedures as
would closely monitored research studies (Offensend and Merkhofer, 1976). In addition, many

Table 2.1

PERCENTAGE REDUCTION IN CARIES DUE TO FLUORIDE PROCEDURES
AS REPORTED IN PREVIOUS LITERATURE REVIEWS

Percentage Reduction

in Caries
Procedure ) Miller Newbrun
Community water fluoridation 55-70 60
School water fluoridation -—- 40
Professional application of fluoride 30-40 --
Fluoride mouthrinses 20-50 35
Fluoride tablets 25-50 36
Fluoride dentifrices 15-30 --




studies have suffered from small sample sizes or inadequate control groups. For instance, some
studies estimated the effects of a procedure by comparing outcomes for the treatment group
with those for a group of children of the same age in the same community several years before
(Ripa et al., 1983; Heifetz and Horowitz, 1983). This lack of a true control group undermines
the validity of the results because all the savings attributed to a procedure could have been due
to a secular decline in decay level (Miller et al.,, 1981), a shift in examination standards over
time, or both.

Most studies of preventive dental procedures also tend to focus on the percentage rather
than the actual number of surfaces saved. Although percentage differences may have clinical
significance, the practical issue is whether a procedure saves enough surfaces at a cost that
would make it attractive to policymakers.

In summary, many studies affirm the efficacy of several preventive procedures, but the
generalizability of these studies is often limited because of small sample sizes, the absence of
true field conditions, and shortcomings in experimental design. Nevertheless, taken together,
these studies suggest that if certain preventive procedures were provided in combination, they
would all but eliminate dental decay in children. The research described in this report was
conducted to test the validity of this hypothesis.

TREATMENT PROCEDURES

The Program used an experimental design that allowed assessing the effects of certain
types and combinations of eight school-based preventive procedures (see Table 2.2). These
procedures were organized into four packages because it was not feasible to assess the effects of
all possible combinations of them. The procedures included in a package were those that were
likely to be combined in an operational program. The four packages were:

¢ Sealants: Application of sealants to the occlusal surfaces and to some maxillary
lingual surfaces; periodic checking of the sealants, and reapplication as required

¢ Prophy/gel: Fluoride paste prophylaxis and fluoride gel treatment

® Rinse/tablets: Weekly fluoride mouthrinse and, if the site was nonfluoridated, daily
systemic fluoride tablets ‘

* Education: Plaque control (brushing, flossing, and home use of a fluoride dentifrice),
diet regulation, and dental health lessons

The first two packages, sealants and prophy/gel, were provided by each site’s clinic staff of
dentists, hygienists, and dental assistants. The last two packages, rinse/tablets and education,
were supervised by classroom teachers and school personnel. Thus, the first two packages are
hereafter referred to as clinic procedures and the last two as classroom procedures.

The education package was included in the Program because of the belief that it would
facilitate acceptance of the other procedures by school personnel and parents. There also is
some theoretical (but not much empirical) basis for believing it would eventually contribute to
general oral health (Stamm, 1980).



Table 2.2

DESCRIPTIONS OF TREATMENT PROCEDURES

Treatment
Component

Procedure and Rationale

Frequency of
Treatment

Personnel Required

Fluoride
paste
prophy-
laxis

Acidulated
phosphate
fluoride
gel

Sealant

Systemic
fluoride
tablet

Fluoride

mouthrinse

Plaque
control

Education
program

Diet
regulation

An.acidulated phosphate fluoride (APF) paste
is used in a professional cleaning of the
child's teeth. This 30-minute procedure
provides topical fluoride protection and
prepares tooth surfaces for the acidulated
phosphate fluoride gel treatment.

Application of 1.23% fluoride ion gel in a
foam tray. This tray is kept in the mouth
for a period of &4 minutes. Both arches

are treated at the same sitting. The gel
treatment is applied immediately after the
prophylaxis and provides topical protection
to all tooth surfaces.

A sealant is a plastic-like resin that
adheres to the teeth. This transparent
coating (Delton) is applied in about 30 min-
utes to the occlusal surfaces of posterior
teeth of both arches that are not already
carious or filled. The sealant provides
topical protection to the surfaces treated.

One mg of fluoride in 2.2 mg of neutral
sodium fluoride tablet is chewed and swished
for one minute and then swallowed. This
procedure provides both systemic and topical
fluoride protection.

A 0.2% neutral sodium fluoride solution is
served to the child in a paper cup. The
child swishes the solution between the teeth
for 60 seconds and then expectorates into
the cup. The child does not swallow the
solution. This procedure provides topical
fluoride protection.

Children in all grades brush in school
without a dentifrice. Children in grades

5 and 6 also use dental floss. These
procedures are designed to remove plaque
(and thereby the bacteria) that causes tooth
decay and gingivitis. A supply of ADA-
approved fluoride dentifrice is provided for
home use (3 to 4 times per year).

This program consists of a series of 10

units (about 50 minutes each) that were
selected for the program from existing
materials designed to promote appropriate
oral hygiene and health. Different materials
were prepared for each grade level.

This component consists of efforts to reduce
the frequency of refined carbohydrates in
school food programs and to encourage the
elimination of cariogenic snacks.

Twice per year.

Twice per year in
conjunction with
the prophylaxis.

After initial
application, seal-
ants are checked
every 3 months.*
If a sealant is
lost, it is reap-
plied a maximum

of 3 times.

One tablet per day
during the school
year.

Once per week for
each week of the
school year.

Twice weekly super-
vised exercises in
the classroom.
Disclosing solution
is used at least
once per month.

Classroom teacher
decides whether
to teach as a
unit or spread
over school year.

Every school day
throughout the
year.

Auxiliary personnel
consistent with
minimum state dental
practice legislation.

Auxiliary personnel
consistent with
minimum state dental
practice legislation.

Dental or auxiliary
personnel consistent
with minimum state
dental practice
legislation.

Classroom teacher or
aide.

The classroom teacher
or aide supervises
the administration of
the mouthrinse.

Dental auxiliary
demonstrates appro-
priate procedures and
periodically visits
classrooms to ensure
that they are being
followed. Teacher or
aide provides routine
supervision of class-
rcom activities.

Classroom teacher
after orientation by
program education
coordinator.

Education coordinator
working with school
dietician, adminis-
trators, parents,

and children.

* After the second school year, the interval between sealant checks was -increased to six months.
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TREATMENT REGIMENS

Sample size requirements and reasonable funding considerations precluded assessing the
savings derived from each package and all of the 11 possible combinations of them. Thus, it
was decided to investigate the combinations that had the highest likelihood of being adopted
for a school-based program (but in a way that would still provide some information about the
unique effect of certain packages).

The five combinations chosen, hereafter referred to as treatment regimens, are depicted
in Table 2.3. As may be seen from this table, the nature of the regimens varied slightly
between nonfluoridated and fluoridated sites because of the relative need for fluoride at these
sites. In Regimen 2, prophy/gel was provided at nonfluoridated sites but sealants were pro-
vided at fluoridated sites. And as noted above, fluoride tablets were provided in Regimens 1, 2,
and 4 at nonfluoridated sites only. Children in Regimen 6 did not receive any of the school-
based preventive procedures. However, the children in this longitudinal control group as well
as those in the other five regimens did receive annual dental examinations for as long as they
were enrolled in the Program.

Table 2.4 shows how various comparisons of the results in the regimens provide informa-
tion about different packages and combinations of packages. For instance, the difference
between Regimens 3 and 6 in the number of carious lesions (cavities) occurring during the Pro-
gram indicates the savings derived from the clinic procedures, whereas the difference between

Table 2.3

ASSIGNMENT OF TREATMENT PROCEDURES TO REGIMENS
AT NONFLUORIDATED AND FLUORIDATED SITES

Nonfluoridated sites Fluoridated sites
Regimen Clinic Classroom Clinic Classroom
1. Comprehensive Sealants Rinse/tablet Sealants Rinse
Prophy/gel Education Prophy/gel Education
2. Modified Prophy/gel Rinse/tablet Sealants Rinse
Comprehensive Education Education
3. Clinic Sealants Sealants
Prophy/gel Prophy/gel
4. Classroom Rinse/tablet Rinse
Education Education
5. Modified Education Education

Classroom

6. Longitudinal
Comparison

NOTE: Children in all six regimens received annual dental
examinations.
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Regimens 4 and 6 indicates the savings derived from the classroom procedures. The difference
between Regimens 1 and 3 indicates the savings derived from adding the classroom procedures
to an existing clinic program. Comparison of these last two differences (Regimen 4 vs. 6 and
Regimen 1 vs. 3) provides a test for whether the effects of procedures when combined exceed
the sum of their effects when offered alone.

The design also allows separate estimates of the savings due to the sealants, prophy/gel,
rinse/tablets, and education procedures. For example, the effect of the sealants by themselves
would be indicated by the difference between Regimens 1 and 2 at nonfluoridated sites and by
the difference between Regimens 2 and 4 at fluoridated sites.

The estimated effects reported in the tables of this report differ slightly from the ones
available in these simple comparisons because they take into account all the information

Table 2.4
INFORMATION OBTAINED FROM VARIOUS COMPARISONS
OF TREATMENT REGIMENS

Treatment Regimens
Being Compared Information Obtained

1l vs. 6 Effect of full comprehensive program.

2 vs. 6 Effect of modified comprehensive program.

3 vs. 6 Effect of all clinic procedures as a team.

4 vs. 6 Effect of all classroom procedures as a team.

1 vs. 3 Effect of all classroom procedures in the

presence of the clinic procedures.

b vs. 6 Effect of classroom procedures when used alone
compared with versus their effect when used in conjunction

lvs. 3 with the clinic procedures. [a]

5 vs. 6 Effect of the dental health program (includes

plaque control, dental education, and nutrition).

1vs. 2 Effect of prophy/gel at fluoridated sites and
sealants at nonfluoridated sites when used in
conjunction with all other procedures.

2 vs. & Effect of sealants at fluoridated sites and
prophy/gel at nonfluoridated sites when used
in conjunction with all classroom procedures.

4 vs. 5 Effect of mouthrinse at fluoridated sites and
mouthrinse plus tablets at nonfluoridated sites
on children enrolled in a dental health program.

[a] The words "classroom" and "clinic" may be interchanged in this
comparison.
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available about a particular treatment. For instance, the reported classroom effect is the aver-
age of the effects in the presence and in the absence of the clinic procedures. The procedures
used to derive these results from regimen averages are described in Appendix C.

CHANGES IN PROGRAM DESIGN

The most significant change in the Program’s design was the extension to a fourth year
at nine of the ten sites. This extension permitted more opportunity for the treatment pro-
cedures to exhibit their effectiveness. It also required obtaining reconsents, which reduced
sample sizes more than would have occurred with normal attrition. Discontinuing the New
York site after the third year, for the reasons discussed previously, also reduced the number of
children available for analysis. Appendix A describes the analysis samples.

The original plan for the Program had several features that were modified as a result of
pilot tests of procedures or field experience during the first year of the Program. For instance,
there were not enough classrooms with sinks to permit the use of a fluoride dentifrice as part
of the plaque control procedure. The dentifrice therefore was sent home with the children who
were assigned to the regimens that included plaque control. Also, various factors often
prevented full implementation of the diet regulation component, such as schools being unwill-
ing to give up the income from candy sales, and the relative cost of purchasing cariogenic
versus noncariogenic foods for school lunch programs.

It proved impractical to continue the classroom procedures beyond the sixth grade
(although mouthrinsing was extended for a few weeks into the seventh grade at three sites to
ensure that all Cohort 5 children received roughly the same number of mouthrinses). Research
cost considerations also resulted in discontinuing the clinic portion of the Program at the end
of the fourth school year at the nine sites that had a fourth year. As a consequence of these
factors and the phased site-implementation schedule, most Cohort 5 children received about 1.5
years of classroom procedures and 3.5 years of clinic procedures (Table 2.5). Most Cohort 1+2
children received about 3.5 years of classroom procedures. However, an accelerated treatment
schedule in the fourth year enabled children in Cohort 1+2 to receive four full years’ worth of
clinic procedures (e.g., eight prophy/gel treatments) before their site’s clinic was discontinued.

Plans for operating the clinic portion of the Program during the summer had to be aban-
doned because of the high cost of keeping the schools open for only this purpose (especially
relative to the number of children who could be served). There were also too many legal and
logistical problems associated with providing fluoride tablets for home use (such as during
vacation periods) to make this approach feasible for a school-based program.

Table 2.5

NUMBER OF YEARS CLINIC AND CLASSROOM PROCEDURES
WERE PROVIDED, BY COHORT

Procedure
Cohort Clinic Classroom
1+2 4.0 3.5
5 3.5 1.5




13

PROCEDURES USED TO ACHIEVE COMPLIANCE WITH
PROGRAM PROTOCOLS

Several steps taken during the first year of the Program helped to ensure that once the
final protocols were established, they would be implemented as planned at all ten sites. The
Program’s clinical supervisor spent about one week at each site shortly after the completion of
its baseline examinations to train staff in the use of the procedures. The Program’s educa-
tional supervisor visited each site in order to facilitate the in-service training of teachers for
the classroom procedures. Site staff visited each classroom to deliver supplies, answer ques-
tions, and monitor procedures.

At the end of the first school year and annually thereafter, Program-wide meetings of key
site staff were held. These meetings focused on improving and standardizing procedures. The
first meeting led AFDH to develop a manual for the clinic and classroom procedures, and
guidelines and techniques for more systematic monitoring of procedures by site staff.

Throughout the Program, AFDH and Rand staff periodically visited the sites to review
procedures. Rand also checked summary clinic records every month and noted any discrepan-
cies between the expected and actual numbers of children treated. AFDH took corrective
action as indicated.

INDEXES OF COMPLIANCE WITH PROGRAM PROTOCOLS

The site visits suggested that the Program was generally implemented and operated as
planned, especially after the first school year. Observed discrepancies with the Program’s pro-
tocols were minor and easily rectified. For instance, during the first school year, the clinic
staff at one site gave a brief plaque control lesson to each child in Regimen 3. This practice
was discontinued after Year 1. The monthly reports on the number of children receiving clinic
procedures indicated that the sites usually were able to keep to the Program’s schedule.

More objective data on the degree of compliance with the protocols were obtained from
analyses dealing with three of the four treatment packages, namely sealants, prophy/gel, and
rinse/tablets. There were no independent, objective, and reliable data on the degree to which
the education package was implemented as planned. For example, the number of toothbrushes
used per child was not a good indicator of the frequency with which brushing occurred, because
of differences in toothbrush replacement policies and standards across sites. '

Sealants

One part of the annual dental examination process involved noting whether a child had
any occlusal sealants. At baseline, about 1 percent of the children in all grade levels had
sealants. Table 2.6 presents the percentage of children with at least one sealed tooth at the
middle and end of the Program, by site and whether the treatment regimen included sealants.
The results are aggregated across regimens of a given type because there were no systematic
differences among regimens within a given type. These data show that generally over 90 per-
cent of the children in the sealant regimens had sealants. Some of the children in a sealant
regimen probably did not receive them because all their occlusal surfaces may have been classi-
fied as filled, carious, or not sufficiently erupted to seal. Thus, the less than 100 percent sealed
rate may still be consistent with the Program’s protocol.
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Table 2.6

PERCENTAGE OF CHILDREN WITH AT LEAST ONE SEALED TOOTH
AT EXAMS 3 AND 5, BY REGIMEN TYPE, COHORT, AND SITE

Sealant regimens Non-sealant regimens
Exam 3 Exam 5 Exam 3 Exam 5
Site 1+2 5 1+2 5 1+2 5 1+2 5
Nonfluoridated
Biilerica 84 84 91 89 10 5 15 8
Monroe 84 89 74 81 3 3 4 3
Pierce County 87 91 90 95 7 6 11 6
Tallahassee 94 92 92 98 10 2 11 5
Wichita 90 97 87 81 6 3 5 4
Site average 88 91 87 89 7 4 9 5
Fluoridated
Chattanooga 88 94 96 99 2 1 5 4
El Paso 96 98 97 98 0 0 0 1
Hayward 87 85 90 96 3 5 4 7
Minneapolis 92 98 96 99 8 6 11 9
New York 90 91 -- -- 2 2 -- -
Site average 93 93 95 98 3 3 5 5

NOTE: Sealants were provided in Regimens 1 and 3 at
nonfluoridated sites and 1 through 3 at fluoridated sites.
There were no systematic differences among regimens of a
given type. Exam 5 data do not include children from the
New York site.

The higher than expected percentage of children with sealants in nonsealant regimens at
some sites was probably a function of the presence of the Program in the community and a
general increase in the use of sealants in private dental offices. The percentage of nonsealant
regimen children who had sealants was particularly high at Billerica, one of the smallest com-
munities in the Program and one where a large percentage of the children routinely visited a
dentist. The use of sealants outside of the Program was almost nonexistent at El Paso, the
community with the lowest caries prevalence in the study. The non-Program use was also low
at Monroe, where only a small percentage of the children visited a dentist prior to baseline.

Interestingly, it was more common to see sealants on children in nonsealant regimens in
Cohort 1+2 than in Cohort 5.
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Prophy/Gel

Site staff recorded the preventive procedures a child received each time he/she visited the
clinic. The data for school Years 2 and 3 were analyzed in order to compute clinic costs. They
also were used to assess whether children in the four-year continuous residence sample who
were assigned to a clinic regimen received both of their two prophy/gel treatments each year.

The data in Table 2.7 indicate that over 80 percent of the children received all their
scheduled treatments. The large percentage of children receiving only three treatments is
probably attributable to children being absent on a day they were to receive their assigned
treatment and the clinic team leaving their school before they could be rescheduled. This
problem was exacerbated at Wichita because of its unusually small average school size. The
relatively low compliance rate at Monroe (9 percent did not receive even one treatment of
either type) was most likely due to its high absentee and intraschool transfer rates. El Paso
was the only site with a potentially significant difference between prophy and gel treatment
rates. We are not aware of the reason for this discrepancy.

Table 2.7

PERCENTAGE OF CHILDREN RECEIVING VARIOUS NUMBERS OF PROPHY
AND GEL TREATMENTS DURING SCHOOL YEARS 2 AND 3, BY SITE

Number of Prophy Treatrments Number of Gel Treatments

Site <3 3 4 >4 <3 3 4 >4
Chattanooga 3 9 88 0 3 9 87 0
Billerica 2 8 83 7 3 8 82 7
New York 3 16 80 1 4 16 80 1
Minneapolis 5 15 78 2 6 15 76 3
Wichita 10 12 78 0 12 12 76 0
Pierce County 4 10 85 1 4 10 85 1
Hayward 7 16 76 1 7 19 73 1
E1l Paso 2 6 90 2 4 18 76 1
Monroe 21 10 68 1 21 10 68 1
Tallahassee 4 5 87 4 4 5 88 4

Average 6 i1 81 2 7 12 79 2

NOTE: According to the Program's protocol, each child was
scheduled to receive 4 prophy/gel treatments during Years 2 and 3.
Except for New York, data were based on four-year continuous residence
children in regimens assigned the prophy/gel package (Regimens 1, 2
and 3 at nonfluoridated sites and Regimens 1 and 3 at fluoridated
sites). The New York sample consisted of all children in Regimens 1
and 3 who visited the clinic at least once for any reason during Years
2 and 3.

b
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Fluoride Mouthrinse and Tablets

Table 2.8 shows the average amount of mouthrinse and number of tablets used per stu-
dent relative to the amount that was projected to be used if the protocols had been followed.
The data in Table 2.8 suggest that the fluoride mouthrinse was provided almost as often as
planned except in E] Paso, and the fluoride tablets apparently were provided less frequently
than planned.

The calculations used to construct Table 2.8 took into consideration the amount of sup-
plies shipped to a site, the amount it had on hand at the end of the school year, the number of

Any waste or loss of supplies would have inflated the utilization data presented in Table
2.8. For instance, if, contrary to Program procedures, unused mouthrinse was discarded at the
end of a school year, the calculations would have indicated that children received more rinse
than they actually did. This type of problem probably explains Tallahassee’s reportedly using
116 percent of its projected amount of rinse.

The use of site staff at Chattanooga and parent volunteers at Hayward to supervise the

Table 2.8

ACTUAl,ANI)PROJECTEI)PEHICAPPPAIJSE(DthOUT?{RHQSEAAND
TABLETS IN SCHOOL YEARS 2 AND 3 COMBINED, BY SITE

Mouthrinse (in ml) Tablets
Percent Percent
Site Actual Projected of Proj. Actual Projected of Proj.
Chattanooga 547 554 99
Billerica 617 699 88 289 326 89
New York 611 638 89
Minneapolis 470 607 77
Wichita 560 621 90 202 298 . 68
Pierce County 546 654 83 155 317 49
Hayward 567 609 93
El Paso 318 657 48
Monroe 484 584 83 156 271 58
Tallahassee 832 715 116 188 335 56
Average 555 639 87 198 309 64

NOTE: Percent of projected = (Actual/Projected)XIOO. One ounce
equals 29.6 milliliters.
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RESULTS FROM TEACHER QUESTIONNAIRES

Teachers who had Program children in their classrooms were mailed a questionnaire
toward the end of school Years 1, 2, and 4. Their responses indicated that almost all of them
knew the protocol for the procedures assigned to their classrooms, such as the number of times
the children should brush per week (Klein et al., 1983b). Thus, failure to use the tablets at the
projected rate was not due to misunderstanding the protocols.

The teachers’ major complaint about the Program was the amount of time it took to
deliver the classroom procedures. During the first two school years, the average time required
per week for each procedure with Cohorts 1 and 2 was about 30 minutes for plaque control, 20
minutes for tablets, and 10 minutes for mouthrinsing. These times are very consistent with
those observed during the site visits. They also were about twice what had been anticipated
when the Program was planned. Teachers in the lower elementary grade levels reported they
spent more time per procedure (and said their students were more receptive to them) than
teachers in the upper grade levels. This trend accounted for essentially all of the differences in
reported times across years.

DISCUSSION

An analysis of various indexes of Program implementation revealed that almost all the
children in sealant and prophy/gel regimens received their assigned procedures. The fact that
a few did not is not surprising. The condition of some of the children’s teeth precluded sealing
them; and in the case of prophy/gel, a child may have been absent on the day he/she was
scheduled to be seen and it may not have been possible to reschedule the child for another time
during the clinic team’s visit to the child’s school. These realistic factors are important
because they allow the Program to provide an indication of the likely effectiveness of the treat-
ment procedures under true field conditions as contrasted to those of clinical trials.

Although the questionnaire data indicated that almost all teachers understood the proto-
col for the procedures assigned to their classrooms, there were large discrepancies between pro-
jected and actual consumption of tablet supplies at a few sites. Mouthrinse supplies also were
not consumed at their expected rates, especially considering that the utilization data may have
been biased upward because of waste and similar factors.

The discrepancies at a few sites are somewhat surprising because site staff spent some of
their time monitoring classroom procedures and they delivered the supplies to the schools. In
Pierce County, for instance, only about 50 percent of the projected number of tablets were
used. A detailed (and self-initiated) analysis by the staff at this site disclosed that the
discrepancy was the fault of a few schools, not all of the schools. In other words, it appears
that the teachers at some schools decided not to comply with the Program’s tablet protocol.

The behavior observed at Pierce County is consistent with the results of surveys con-
ducted by Silversin, Coombs, and Drolette (1980). They found that even though a school dis-
trict adopted a mouthrinse program, it often was not implemented at all the targeted schools or
grade levels. Eckhaus et al. (1982) investigated the degree of compliance at one of the
mouthrinse sites in the National Caries Prevention Demonstration Program conducted by the
National Institute of Dental Research. They reported that at the elementary school level, “the
majority of the teachers (87%) offered the rinse at least 21 times out of a possible 32 treat-
ments, but 13 percent failed to offer the rinse on more than half the scheduled rinse days, and
only 35 percent of the teachers offered the rinse at least 29 times” (p. 149). Given these
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benchmarks, compliance with the P

rogram’s protocols was probably as good as or better than
what normally would be expected un

der actual field conditions,



III. ANALYSIS OF DMFS INCREMENTS

This section reports results of analyses that investigated the effectiveness of the treat-
ment procedures and regimens in preventing dental decay. The primary dependent variable for
these analyses is the difference in the number of decayed, missing due to decay, and filled
tooth surfaces between baseline and Exam 5 (four-year DMFS increment score). The major
questions addressed by this research are:

e How effective was each of the Program’s regimens in reducing DMFS increment
scores? :

e What was the relative effectiveness of procedures delivered through the clinic com-
pared with those delivered through the classroom?

e How effective was each of the clinic procedures?

e How effective were the mouthrinse/tablet and education procedures?

e Was a procedure’s effectiveness enhanced by being teamed with other procedures?

o Did the effectiveness of a procedure increase with time?

e Did the effectiveness of the procedures vary by site? If so, was this variation related
to the fluoridation status or decay prevalence at the site?

¢ Did children with certain characteristics tend to benefit more from a given procedure
(or combination of procedures) than children with other characteristics?

e Was a procedure’s effectiveness related to tooth surface type and/or a particular com-
ponent of the DMFS increment score?

e How did the addition of radiograph results to the clinical findings modify the answers
to the preceding questions?

All of the results in this section have been adjusted to compensate for differences among
regimens in the children’s background characteristics and baseline examination results. These
adjustments minimized the sensitivity of the estimated treatment effects to such factors as the
assignment of schools to regimens, the pattern of attrition from the Program, and variations in
the number of children participating in each regimen at each site. The main statistical tech-
nique used for these adjustments was analysis of covariance. Appendix B describes in detail
the statistical procedures used and the rationale for them.

EFFECTS OF REGIMENS

Table 3.1 shows that the four-year DMFS increments were significantly smaller in the
two regimens in which both sealants and prophy/gel were provided (Regimens 1 and 3) than
they were in the control group (Regimen 6).! Regimens 1 and 3 also had smaller increments
than the two regimens that had only classroom procedures (Regimens 4 and 5). In fact, in
three of the four cohorts, the combination of Regimens 4 and 5 had slightly (but not statisti-
cally significantly) larger increments than the control group.

1All significance levels given in the report are based on two-sided tests. If one-sided tests had been used, the signi-
ficance levels would be one-half as large. The 0.001 significance level required for ** was chosen because it typically
indicates a large difference.
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Table 3.1

IWEAhJFO[HLYEARINWFSINCRENHHWTSB\’REGH%EN,
COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort Cohort

Regimen 1+2 5 1+2 5
1. Comprehensive 1.23%% 2, 84% 0.90%% 1.05%%
2. Modified comp. 2.45%% 4,10 1.19%% 1.45%%
3. Clinic 1.45%% 2 9o&% 0.95%% 1.33%%
4. Classroom 2.46%% 5,30 2.15 3.68
5. Education 3.01 5.35 2.44 3.49
6. Control 3.13 4.75 2.19 3.07

Average 2.29 4.21 1.64 2.35

NOTE: Standard errors for these estimates appear in the
last column of Table 3.5.
* Differs from the control regimen at the 0.05 level.
*¥% Differs from the control regimen at the 0.001 level.

Table 3.1 further shows that most of the difference between clinic, classroom, and control
regimens was due to the use of sealants. At nonfluoridated sites, where Regimen 2 did not
include sealants, Regimen 2 differed relatively little from Regimens 4, 5, and 6. At fluoridated
sites, where Regimen 2 did involve sealants, Regimens 1, 2, and 3 all had similar and much
smaller increments than the other three regimens.

EFFECTS OF CLASSROOM PROCEDURES

Regimen 1 contained all the clinic and classroom procedures whereas Regimen 3 con-
tained only the clinic procedures. Thus, the difference in increment scores between these two
regimens indicates the effect of adding all the classroom procedures to a full clinic program.
The data in Table 3.1 show that the difference in increments between these two regimens was
small. At nonfluoridated sites, the differences in four-year mean DMFS increments between
Regimens 1 and 3 in Cohorts 1+2 and 5 were .22 and .08, respectively. The corresponding
values at fluoridated sites were .05 and .28. Thus, adding four years of all the classroom pro-
cedures in Cohort 1+2 or 1.5 years in Cohort 5 to the Program’s full clinic program usually
prevented less than one-fourth of a carious lesion.

A comparison of Regimens 4 and 5 at fluoridated sites shows the effect of adding a
fluoride mouthrinse procedure to an education program, whereas this same comparison at non-
fluoridated sites shows the effect of adding both fluoride mouthrinse and tablets to the educa-
tion package. These comparisons suggest that the additional fluoride had little preventive
effect.
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EFFECTS OF COMBINING CLINIC AND CLASSROOM PROCEDURES

The Program design allowed an estimate of the classroom effect either by itself (mean
increment in Regimen 6 minus mean increment in Regimen 4) or in conjunction with the clinic
procedures (increment in Regimen 3 minus increment in Regimen 1).2 In Cohort 1+2 at non-
fluoridated sites, the classroom effect was significantly higher alone, (3.13 — 2.46) = 0.67, than
in conjunction with the clinic procedures, (1.45 — 1.23) = 0.22. The difference was
(0.67 - 0.22) = 0.45 surfaces (t = 2.03, p = 0.043). The opposite relationship occurred in the
other three cohorts, without ever being statistically significant. Taken together, these data sug-
gest that the effect of the classroom procedures is quite small regardless of whether or not they are
combined with clinic procedures.

EFFECTS OF TREATMENT PROCEDURES

Table 3.2 combines data across all the relevant comparisons depicted in Table 2.3 in
order to estimate the savings in four-year DMFS increment scores attributable to each of the
major preventive procedures (see Appendix C for a description of how this was done). These
estimates assume there are no interactions among the procedures.

Table 3.3 contains the standard errors for the estimates in Table 3.2.> These standard
errors and the savings in Table 3.2 permitted construction of 95 percent confidence intervals

Table 3.2

SAVINGS IN FOUR-YEAR DMFS INCREMENTS, BY TREATMENT
PROCEDURE, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort Cohort

Procedure 1+2 5 1+2 5
Sealants 1.33%% 1.11% L96%E Q. QO
Prophy/gel .12 1.04% .29% .18
Clinic 1.46%% 2. 15%% 1,25%% 2, 18%%
Mouthrinse/tablets{a] Lb4 .21 .29 .03
Education .01 -.44 -.24 -.20
Classroom(b] 45 - 24 .05 -.16

NOTE: Estimated savings from a treatment procedure
assume there are no interactions among treatments.
Standard errors appear in Table 3.3.

* Differs significantly from zero at 0.05 level.

*% Differs significantly from zero at 0.001 level.

[a] Fluoride tablets were offered only at
nonfluoridated sites.

[b] Cohort 5 received 1.5 years of classroom
procedures.

2The design did not permit testing for possible interactions among classroom or among clinic procedures.

3These standard errors assume that all observations within a site or school are independent. See Appendix B for a
discussion of the consequences if that assumption does not hold.



Table 3.3

STANDARD ERRORS OF SAVINGS IN FOUR-YEAR DMFS INCREMENTS, BY
TREATMENT PROCEDURE, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort Cohort
Procedure 1+2 5 142 S
Sealants .16 .38 .14 .37
Prophy/gel .16 .42 .12 .29
Clinic .12 .30 .11 .28
Mouthrinse/tablets .18 .48 .20 .49
Education .19 47 .20 .46
Classroom 11 .29 .11 .28

for each of the major effects.* These intervals indicate the range of values for the true savings
that are consistent with the observed results.

Figure 3.1a shows 95 percent confidence intervals for the true clinic and classroom
effects, by cohort and fluoridation status. In no case does the confidence interval for the class-
room effect extend as far as three-quarters of a surface in four years. In contrast, the intervals
for the clinic effect provide consistent evidence for a savings of 1.0 to 2.5 surfaces.

Figures 3.1b and 3.1c show confidence intervals for the sealant and prophy/gel effects.
These clearly indicate that smost of the clinic effect was due to sealants. Although the
prophy/gel effect was statistically significant twice, confidence intervals cast doubt on whether
the effect has practical significance. The interval for the prophy/gel effect in Cohort 1+2 at
fluoridated sites extends upward to only 0.5 surfaces, indicating that the true effect is less than
one surface in four years. Although the interval for Cohort 5 at nonfluoridated sites extends
up to 1.9 surfaces, it also extends downward to 0.2 surfaces.

The fluoride mouthrinse (with or without tablets) was ineffective in preventing a substan-
tial amount of decay. In the one instance in which the mouthrinse effect was statistically sig-
nificant, Cohort 1+2 at nonfluoridated sites, the confidence interval extends from 0.08 to 0.80
surfaces saved. These findings suggest that the mouthrinse/tablets effect is also less than one
surface in four years.

RELATIONSHIP OF FLUORIDATION STATUS TO TREATMENT EFFECTS

Table 3.2 showed that the overall savings in decay due to the clinic and classroom pro-
cedures were about the same at nonfluoridated sites as they were at fluoridated sites, despite

“One can obtain an approximate 95 percent confidence interval for any particular effect by moving two standard
errors in either direction from the estimate for that effect. For example, an approximate 95 percent interval for the
savings due to the clinic in Cohort 1+2 at the Program’s nonfluoridated sites ranges from (1.46 — 2 x 0.12) = 1.22 to
(146 + 2 x 0.12) = 1.70. Such an interval has the property that, on average, 19 out of 20 intervals constructed in this
manner would contain the true effect.
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the considerably larger DMFS increment levels at nonfluoridated sites. The only evidence of a
potentially important difference in effects between the two types of sites was that prophy/gel
and sealants each saved about one surface in four years in Cohort 5 at the nonfluoridated sites,
whereas sealants alone saved about two surfaces in this same cohort at fluoridated sites.

CONSISTENCY OF RESULTS ACROSS SITES

The sites varied considerably in the children’s background characteristics, decay pre-
valence at baseline, mean DMFS increments, and restorative care patterns. However, they had
very similar treatment effects. This finding is important because it enhances the generalizabil-
ity of results from the Program’s nine sites to other U.S. communities, KEvidence for the con-
sistency of treatment effects on DMFS increment scores is presented below.

Tables 3.4 and 3.5 show means and the corresponding standard errors of four-year DMFS
increment scores by regimen and site.? Figures 3.2 and 3.3 show corresponding 95 percent con-
fidence intervals for the clinic and classroom effects. These figures illustrate that the pattern
of clinic effects in the range of 1.0 to 3.0 surfaces and classroom effects near zero occurred at
almost all of the sites. ,

Table 3.4 illustrates that sealants were consistently the most effective treatment in the
Program. For all 18 combinations of site and cohort, increments were lower in each of the
sealant regimens than in any of the regimens without sealants. By comparison, at nonfluori-
dated sites, the modified comprehensive regimen included prophy/gel but not sealants. In four
out of ten cases, increments in that regimen exceeded those in one or two of the nonclinic regi-
mens.

Table 3.4 also illustrates that the increments in Regimen 5 generally exceeded those in
Regimen 6 (13 times out of 18). Although this finding is still consistent with the hypothesis
that education had no effect, it indicates that the negative education effects in Table 3.2 were
not due to strange results from one or two sites.

F-tests of the interactions between site and regimen provide a formal test of the null
hypothesis that regimen effects were the same at each site. This test was rejected twice out of
four times—in Cohort 1+2 at both nonfluoridated sites (F = 2.02, p = 0.005) and fluoridated
sites (F = 2.12, p = 0.007). At nonfluoridated sites, the main source of the interaction appeared
to be variation in the relative effectiveness of Regimens 1 and 3. Regimen 3 had much lower
increments than Regimen 1 in Pierce County while the reverse occurred in Wichita and Mon-
roe.

There was a much clearer source for the Interactions at the fluoridated sites, namely, the
small absolute effects of sealants at El Paso. In Cohort 142 at the other three fluoridated
sites, the difference between the mean DMFS increment in Regimens 1-3 and the mean in
Regimens 4-6 was 1.43 surfaces—exactly the size of the mean DMFS increment in Regimens
4-6 at El Paso. In other words, sealants would have needed to be 100 percent effective on all
surfaces at El Paso to have saved the same number of surfaces that they did at the other
fluoridated sites.

5{\3 with thg other resul.ts Presented in this section, the regimen averages within sites have been adjusted to control
for differences in characteristics among children assigned to the different regimens (see Appendix B). No adjustments
were made for differences among sites in variables such as race, SES, baseline DMF'S, etc.



Table 3.4
MEAN FOUR-YEAR DMFS INCREMENTS, BY REGIMEN, SITE, AND COHORT

Nonfluoridated Sites

Bille- Pierce Talla- Regimen
Cohort  Regimen rica Monroe County hassee Wichita Average
1 1.16 2.12 1.26 .81 .79 1.23
2 2.25 3.37 2.26 2.10 2.25 2.45
1+2 3 1.19 3.11 .61 1.00 1.35 1.45
4 2.61 3.42 2.48 2.15 1.61 2.46
5 2.56 4.93 2.68 2.89 1.98 3.01
6 3.19 4.69 2.60 2.63 2.56 3.13
Site Average 2.16 3.61 1.98 1.93 1.76 2.29
1 2.15 4.81 2.94 2.41 1.86 2.84
2 4.67 5.57 4.00 3.05 3.23 4.10
5 3 2.50 4.82 2.07 2.63 2.57 2.92
4 4.64 7.04 4.57 5.26 5.01 5.30
5 4.42 7.55 4.55 7.13 3.10 5.35
6 4.75 5.11 4.09 4.92 4.87 4.75
Site Average 3.86 5.81 3.70 4.23 3.44 4.21

Fluoridated Sites

Chatt- El Hay- Minne- Regimen
Cohort  Regimen anooga  Paso ward apolis Average
1 1.09 .27 1.27 .95 .90

2 .98 1.06 1.66 1.05 1.19

142 3 .73 .83 1.42 .81 .95
4 2.18 1.56 2.52 2.34 2.15

S 2.88 1.38 2.98 2.51 2.44

6 2.59 1.34 2.72 2.12 2.19

Site Average 1.74 1.07 2.09 1.63 1.64
1 1.26 .12 1.12 1.71 1.05

2 1.09 1.06 2.32 1.34 1.45

5 3 .88 .64 2.13 1.67 1.33
4 2.89 1.94 4.92 4.96 3.68

5 3.25 2.29 4.04 4.39 3.49

6 2.09 2.47 3.42 4.30 3.07

Site Average 1.91 1.42 2.99 3.06 2.35

NOTE: Standard errors for these entries appear in Table 3.5.
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Table 3.5

STANDARI)ERRORS(N?FO[HLYEARINMFSINCRENHENT&
BY REGIMEN, SITE, AND COHORT

Nonfluoridated Sites

Bille- Pierce Talla- Regimen
Cohort Regimen rica Monroe County hassee Wichita Average
1 .17 .26 .19 .14 .17 .09
2 .26 .38 .26 .29 .25 .13
1+2 3 .16 .31 .13 .18 .23 .09
4 .25 .36 .24 .22 .23 .12
5 .22 .46 .30 .35 .28 .15
6 .25 .45 .31 .21 .34 .14
Site Average .09 .15 .10 .10 .11 .05
1 .45 .64 .61 .39 .48 .24
2 .81 .83 .63 .56 .52 .31
5 3 .36 .79 .37 .50 .52 .24
4 .62 1.08 .73 .80 .73 .36
5 .53 1.16 .62 1.10 .58 .38
6 .54 .81 .78 .66 .86 .33
Site Average .23 .38 .27 .29 .26 .14
Fluoridated Sites
Chatt- El Hay- Minne- Regimen
Cohort  Regimen anooga  Paso ward  apolis Average
1 .17 .13 .20 .14 .08
2 .17 .17 .22 .16 .09
1+2 3 .19 .16 .25 .13 .09
4 .26 .21 .32 .21 .13
5 .41 .22 .39 .26 .16
6 .32 .18 .33 .25 .14
Site Average .11 .08 .12 .08 .05
1 .56 .24 47 .39 .22
2 .38 .43 .49 .39 .22
5 3 .39 .29 .57 .33 .21
4 .77 .46 1.02 .60 .37
5 .96 .50 .85 .73 .39
6 .64 .45 .65 .70 .31
Site Average .25 .18 .29 .23 .13
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This last finding suggests that treatments may generally be more effective in sites with
more decay. However, as noted earlier, the observed effects were just as large at fluoridated
sites, despite the fact that control regimen decay was 30 percent (in Cohort 1+2) to 35 percent
(in Cohort 5) lower there than in the nonfluoridated sites.

A formal test of the hypothesis that treatment effects were larger in the sites with more
decay was conducted using the one-degree-of-freedom test for nonadditivity (Tukey, 1949).
Tukey’s test was not significant (suggesting no relationship between a site’s increment levels
and effectiveness) in either cohort at nonfluoridated sites. In contrast, it was significant in
both cohorts at fluoridated sites (p < 0.05). In each case, the result rests on the effectiveness
of the treatments at the site with extremely high or low increments. After the relatively high
standard errors for Monroe have been accounted for, Monroe’s results generally agree with
those from other nonfluoridated sites. In contrast, the base level of decay was so low at El
Paso that it precluded the treatments from being very effective. If El Paso is deleted, Tukey’s
test is not statistically significant.

One important implication of the foregoing findings is that there were no differential
effects arising out of the possible variation among sites in the degree to which the Program was
implemented as planned.

COMPARISON OF EFFECTS DURING THE FIRST AND LAST TWO YEARS

There are at least two reasons that treatment effects might have differed between the
first and last two years of the Program: The protection provided by fluorides might have accu-
mulated during the treatment period, leading to greater preventive effects during the latter part
of the Program; also, the baseline data suggested that DMFS increments would be larger in the
last two years, thereby allowing the treatments more opportunity to demonstrate their effec-
tiveness.

The degree to which decay rates changed during the study was investigated by comparing
control-regimen DMFS increments between Exams 1 and 3 with those between Exams 3 and 5
(Table 3.6). The sample used for this analysis was restricted to the children with DMFS
scores on Exams 1, 3, and 5. The increments during each period have been corrected to
correspond to a period of exactly two years. In Cohort 5 at nonfluoridated sites, the DMFS
increment during the last two years of the Program exceeded that in the first two years by
about one surface (p = 0.003). However, the differences were small in the other three cohorts.

Table 3.7 compares estimated treatment effects from the first versus the last two years of
the Program to test for the possibility that the effects of some procedures may have become
more pronounced as time passed. The last column of the table shows the increase in effective-
ness from the first two years to the last two years.

The data in Table 3.7 show there was a slight tendency for the rate of treatment effects
to be larger in the last two years of the Program than in the first two, but the changes were
statistically significant only twice. In Cohort 5 at nonfluoridated sites, there was a substantial
increase in the prophy/gel effect from almost nothing in the first two years to a full surface in
the last two. This suggests that the one case of a significant prophy/gel effect might have been
missed had the Program been discontinued after three years. The same thing might be true for
the mouthrinse/tablets effect in Cohort 142 at these same sites. However, overall the effects
in the last two years generally mirrored those in the first two.
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Table 3.6

COMPARISON OF DMFS INCREMENTS IN REGIMEN 6 DURING THE FIRST AND LAST
TWO YEARS OF THE PROGRAM, BY COHORT AND FLUORIDATION STATUS

First Last 4-Year
Analysis Group 2 Years 2 Years Total Increase
NF 1+2 1.44 1.66 3.10 0.22
NF 5 1.99 3.04 5.03 1.05%
F 1+2 1.18 1.03 2.21 <0.15
F 5 1.47 1.65 3.12 0.18

NOTE: DMFS increments have been corrected to
correspond to a period of exactly two years between
examinations. Entries in the column titled "4-Year
Total" differ from those in Table 3.2 because the
latter table includes data for some children
without an Exam 3 DMFS score.

* The increase differed significantly from zero
at the 0.05 level.

RELATIONSHIP OF INDIVIDUAL CHARACTERISTICS TO
TREATMENT EFFECTS

Two of the important issues addressed by the Program were: (1) whether children with
certain characteristics (such as a high DMFS score at baseline) were apt to have higher DMFS
increment scores than children who had other characteristics, and (2) whether children who
were more prone to dental caries (or had certain other characteristics) benefited more from a
given regimen than did other children.

Addressing these questions required two steps. FKirst, we developed a prediction equation
to identify those children who would be most (and least) susceptible to decay if they were to
receive no preventive procedures through the Program. This step identified three groups of
children: those with low risk, medium risk, and high risk to caries.

As a second step, treatment effects were compared for the three groups. Because per-
forming these two steps on the same group of children would have biased the results (in favor
of finding differential effectiveness), the prediction equation was developed on data from Regi-
men 5, and the treatment effects were estimated using the balance of the data. Regimen 5 was
chosen because of the apparent ineffectiveness of the education program. Thus, assignment to
the three risk groups was made without regard to treatment regimen or actual DMFS incre-
ment.

Table 3.8 shows the final list of variables used to predict DMFS increments. The table
indicates that, other than site, no variable by itself consistently predicted more than 4 percent
of the variance of DMFS increment scores in Regimen 5. Besides site, the best predictors were
generally race, baseline DMFS, and baseline referral code. These findings are generally



Table 3.7

COMPARISON OF TREATMENT EFFECTS DURING THE FIRST AND LAST TWO
YEARS(HTTHE)PROGRAALIﬂ?COHIHYFADH)FLUORHJATHHQSTATUS

First Last 4-Year
Procedure 2 Years 2 Years - Total Increase
NF 142
Sealants 0.66%% 0.72%% 1.38%% 0.06
Prophy/gel 0.02 0.02 0.04 0.00
Clinic 0.68%* 0.73%% 1.41%% 0.06
Mouthrinse/tablets 0.17 0.32% 0.49% 0.14
Education ~0.10 0.10 0.00 0.21
Classroom 0.07 0.42%% 0.49%* 0.35%
NF 5
Sealants 0.53% 0.68%* 1.21% 0.15
Prophy/gel 0.13 1.02%* 1.15% 0.90%*
Clinic 0.65% 1.70%* 2.35%% 1.05%*
Mouthrinse/tablets 0.06 0.33 0.39 0.27
Education -0.20 -0.35 -0.55 -0.15
Classroom[a] -0.13 -0.02 -0.15 0.12
F 1+2
Sealants 0.45%* 0.56%% 1.01%% 0.11
Prophy/gel 0.19 0.11 0.30%  -0.07
Clinic 0.64%* 0.68%* 1.32%% 0.04
Mouthrinse 0.11 0.12 0.23 0.01
Education -0.10 -0.10 -0.20 -0.01
Classroom 0.02 0.02 0.04 0.00
FS5
Sealants 0.77* 1.31%% 2.08%* 0.54
Prophy/gel 0.09 0.13 0.22 0.04
Clinic 0.86%* 1.44%% 2.30% 0.58
Mouthrinse 0.07 -0.09 -0.02 -0.17
Education -0.11 -0.08 -0.19 0.02
Classroom[a) -0.03 -0.17 -0.20 -0.14

NOTE: A positive entry in the last column indicates
that the procedure was more effective in the last two
years of the Program than it was in the first two years.
Entries in the column titled "4-Year Total" differ
slightly from those in Table 3.2 because the latter table
includes data for some children without an Exam 3 DMFS
score.

Significantly different from zero at 0.05 level.
ok Significantly different from zero at 0.001 level.

{a] Provided only for the the first 1.5 years.
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Table 3.8

PERCENTAGE OF VARIANCE IN DMFS INCREMENT SCORES IN REGIMENS
5 AND 6 THAT WAS EXPLAINED BY BACKGROUND CHARACTERISTICS WHEN
USED ALONE AND TOGETHER, BY COHORT AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort Cohort

Background Characteristic 1+2 5 1+2 5

Age (within cohort) 1.0 0.0 0.0 0.7
Sex 0.1 0.2 0.7 2.7
Permanent teeth at Exam 1 1.8 4.2 0.2 10.4
Race 5.2 3.5 5.0 3.4
SES 5.6 1.7 2.3 0.6
Baseline DMFS 5.1 8.4 1.1 14.7
Baseline referral code 6.0 7.2 1.0 3.3
Site 5.8 7.6 8.4 6.8
Combination in Reg. 5 [a] 13.6 22.4 12.2 30.5
Combination in Reg. 6 [a] 9.2 10.0 6.6 6.2

[a] Results are based on the prediction equation
developed in Regimen 5.

consistent with those in Table B.1 (despite the results in that table being based on all the chil-
dren in the four-year continuous residence sample). The last two rows of Table 3.8 show the
percentages of variance that the combinations of variables were able to explain. In Regimen 5,
where the predictions were developed, the combination of all the variables explained from 12 to
30 percent of the variance in increment scores. However, the last row of Table 3.8 indicates
that such numbers are unrealistically high. When the same linear combination of variables
was used to predict increment scores in a validation sample (Regimen 6), it could predict, at
most, 10 percent of the variance. In short, none of the background or dental characteristics_
measured in the Program provided an especially accurate estimate of the size of a given child’s
DMFS increment score.®

Such variables did, however, identify groups of children that had substantially different
mean DMFS increments. Table 3.9 compares mean DMFS increment scores in the control
regimen as a function of the predicted increment. Children whose predicted DMFS increment
fell in the lowest and highest quartiles constituted the low-risk and high-risk groups, respec-
tively. The middle two quartiles were combined to form the medium-risk group because the
results in those two quartiles generally agreed closely.

SIt should be noted, however, that the Program was not designed to identify high-risk children. If it had, data
would have been collected on other variables, such as the amount of decay on primary teeth. The decision to investi-
gate targeting care on high-risk children was stimulated by finding relatively small treatment effects and observing in
the baseline data that a small percentage of the children accounted for most of the decay at any given age level.
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Table 3.9

MEAN FOUR-YEAR DMFS INCREMENT IN THE CONTROL REGIMEN,
BY RISK GROUP, COHORT, AND FLUORIDATION STATUS

Risk group All Difference

Regimen 6 Between
Group Low Medium High Children High and All
NF 142 1.94 2.83 4.86 3.13 1.73
NF 5 2.92 4.86 6.99 4.75 2.24
F o142 1.20 2.32 2.64 2.19 0.45
F 5 1.51 3.65 3.96 3.07 0.89

Mean scores in the high-risk group consistently exceeded those in the medium-risk group,
which, in turn, exceeded those in the low-risk group. More important in terms of policy impli-
cations is the size of the difference between the mean increment in the high-risk group and the
mean increment overall. That difference was about two surfaces at nonfluoridated sites. If the
procedures were effective at reducing a substantial proportion of that difference, that would
support the potential value of targeting care at the children in the high-risk group. This possi-
bility seems less promising at fluoridated sites, where the difference between the high-risk
group and all children was less than one surface.

Table 3.10 shows the ratio of mean DMFS increments in the first four treatment regi-
mens to that in the control regimen, within each risk group. The percentage reductions due to
a regimen tended to be roughly the same for children in each risk group. Because the children
in the high-risk group tended to have larger increments, the savings due to the regimens

tended to be greater for these children than for those children in the low- and medium-risk
groups. However, the additional savings were not great, and only about 0.5 percent of the vari-
ance in DMFS increment scores could be explained by the children in one risk group benefiting
more from a given regimen than the children in the other groups.

This last point is especially well illustrated by Table 3.11. This table shows that the
high-risk group benefited only slightly more from the clinic regimens than did the other
groups. In Cohort 1+2, the clinic effect in the high-risk group was approximately 1.5 surfaces,
and it was less than 3.0 surfaces in Cohort 5. When the comparison is restricted to relevant
policy options, treating children in the high-risk group versus treating all children, the greatest
additional benefit was only 0.75 surfaces in four years.

We also investigated whether particular variables might indicate children who would
benefit especially from the Program’s procedures, without regard to their predicted increments.
Of the variables tried (baseline referral code, baseline DMFS, racial/ethnic group, and
socioeconomic status) baseline referral code was the most successful. The results for that vari-
able were comparable to those shown above.

The foregoing findings are particularly important with respect to two issues, namely: (1)
the feasibility of identifying high-risk children, and (2) providing these children with a dif-
ferent program of preventive care from what other children would receive. It was evident from
the Program’s baseline data that a small proportion of the children at an age level accounted
for most of the decayed, missing, and filled surfaces at that age level (Bell et al., 1982).
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Table 3.10

RATIO OF MEAN FOUR-YEAR DMFS IN CREMENTS IN TREATMENT REGIMEN TO THOSE IN
THE CONTROL REGIMEN, BY RISK GROUP, COHORT, AND FLUORIDATION STATUS

Risk group
Group Regimen Low Medium High
1. Comprehensive .38 42 .45
2. Modified comp. .89 .84 .70
NF 1+2 3. Clinic .34 .39 .65
4. Classroom .79 .84 .73
1. Comprehensive .75 .45 .77
2. Modified comp. . .68 .78 .87
NF 5 3. Clinic .52 .46 .88
4. Classroom 1.28 .86 1.48
1. Comprehensive .26 41 44
2. Modified comp. .68 44 .55
F 142 3. Clinic .70 .32 .48
4. Classroom 1.17 .91 1.13
1. Comprehensive .05 .27 .67
2. Modified comp. 47 .32 .72
F 5 3. Clinic .24 .38 .53
4. Classroom .96 1.06 1.58

Table 3.11

SAVINGS IN FOUR-YEAR DMFS INCREMENTS DUE TO THE CLINIC PROCEDURES,
BY RISK GROUP, COHORT, AND FLUORIDATION STATUS

Risk group Difference
All Between
Group Low Medium High Children High and All
NF 1+2 1.04 1.46 1.54 1.46 0.08
NF 5 1.46 2.31 2.90 2.15 0.75
F 1+2 0.73 1.36 1.59 1.25 0.34
F 5 1.25 2.55 2.75 2.18 0.57

Similarly, the data in Table B.3 in Appendix B indicate there were a few children with
unusually large DMFS increment scores. Nevertheless, the Program’s background variables
and baseline examination scores were unable to predict with even a moderate degree of accu-
racy which children were most likely to have large increases in DMFS scores. These variables
also were unable to identify children who were likely to benefit from the treatment procedures
substantially more than the average child.
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EFFECTS OF TREATMENTS ON INCREMENTS IN D, M, AND F
COMPONENT SCORES

Table 3.12 shows the mean four-year increments in each regimen and cohort, separately
for the D, M, and F components of DMFS. The numerous minus signs in the first section of
this table indicate that the number of decayed surfaces generally decreased from Exam 1 to
Exam 5 at fluoridated sites. The same phenomenon occurred in most of the sealant regimens
at nonfluoridated sites. At both types of sites, the pattern of DS increments was consistent
with the pattern of increments in total DMFS scores (see Table 3.1).

Site staff were instructed to use a child’s most recent examination results to determine
whether a surface was to be sealed. Because some of the surfaces classified as decayed at base-
line may have been classified as sound on a subsequent examination, the results in Table 3.12

Table 3.12

MEAN FOUR-YEAR INCREMENTS IN DECAYED, MISSING, AND FILLED
SURFACES, BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort Cohort
Procedure 1+2 5 1+2 5

Decayed Surfaces

1. Comprehensive =, 26%% = 3% =.29%% - 53%
2. Modified comp. -. 095 .06% -.18% - 44%
3. Clinic L12% -.25%% -, 17% -.61%%
4. Classroom .29 .69 -.02 - 44
5. Education .59 1.06 .15 -.35
6. Control .49 .71 .10 .15
Missing Surfaces
1. Comprehensive .15 .71 .01 .08
2. Modified comp. .22 .70 .06 .21
3. Clinic .13 .49 .02 .25
4. Classroom i I .95% .00 .16
5. Education 17 .32 .01 .02
6. Control .19 .37 .02 .22
Filled Surfaces
1. Comprehensive 1.33%% 2.52% 1.18%% 1.51%%
2. Modified comp. 2.32 3.35 1.30%% 1.69%
3. Clinic 1.19%% 2.68%* 1.10%% 1,70%
4. Classroom 2.03% 3.66 2.17 3.95%
5. Education 2.25 3.96 2.28 3.12
6. Control 2.45 3.66 2.07 2.71

* Differs from the control regimen at the 0.05 level.
*% Differs from the control regimen at the 0.001 level.
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might tend to overestimate the benefit of sealants on the number of decayed surfaces.
Surface-by-surface analysis of data from Exams 1 and 3 supported this hypothesis because
there were slightly more reversals (surfaces called carious or filled on Exam 1 and sound on
Exam 3) in sealant regimens than in nonsealant regimens (Klein et al., 1983a). However, there
were at most 0.1 excess reversals per child in the sealant regimens. Thus, although some sur-
faces classified as carious at Exam 1 may have been sealed subsequently, the size of any bias
resulting from this practice could not have been more than a small fraction of a surface.

In Cohort 5 at nonfluoridated sites, there was about one tooth lost to decay during the
Program for every 10 children (each lost tooth counted as 5 surfaces). However, there was no
systematic relationship between treatment regimen and missing surfaces. Part of the reason is
that many of the lost teeth were already decayed at baseline. Most of the overall average
resulted from the exceptionally high rate at Monroe—one missing tooth for every three
children. Except for Tallahassee, which had one missing tooth for every ten children in Cohort
5, no other site had a rate higher than one missing tooth for every 20 children. Missing teeth
were rare in the other three cohorts, and exhibited no relationship with treatment regimen.

Counts of filled surfaces provided the most consistent evidence of a clinic and especially a
sealant effect. At nonfluoridated sites, there was only about a 0.15 difference in mean FS
increment scores between the two sealant regimens (1 and 3). The range was only slightly
wider among the three sealant regimens at fluoridated sites (1, 2, and 3). And, regardless of
site, a child in a sealant regimen had about one less filling than a child in a nonsealant regi-
men. This consistent difference between sealant and nonsealant regimens in filled surfaces is
particularly important because there was almost perfect agreement among examiners as to
whether or not a surface was filled. Thus, differences in mean FS increment scores among
regimens were essentially free of any potential concurrent or longitudinal examiner error.

At all sites, staff reported that some children received fillings on surfaces that had
recently been sealed. This seemed to occur because some community dentists opposed
sealants, did not know what they were, or thought their presence indicated decay. When this
problem occurred, Program staff were usually able to identify it quickly and counsel the den-
tists involved so as to prevent serious contamination of Program data. Nonetheless, the filling
of some sound and sealed surfaces tended to reduce slightly the effect of the sealant procedure.

EFFECTS OF REGIMENS ON DMFT SCORES

Analysis of four-year increments in the number of the decayed, missing due to decay, and
filled teeth (DMFT) led to about the same conclusions as did analysis of DMFS increment
scores (see Tables 3.1 and 3.13). The relative effectiveness of the regimens was almost identi-
cal using the two measures. The only difference was that DMFS increments tended to be 1.75
to 2.00 times as large as DMFT increments in nonfluoridated sites, and 1.50 to 1.85 times as
large in fluoridated sites. Also, the ratio of mean DMFS increment to mean DMFT increment
tended to be slightly larger in sealant regimens than in regimens without sealants. The
estimated savings due to the clinic procedures was 0.8 to 0.9 teeth in Cohort 1+2 and 1.6 to 1.7
teeth in Cohort 5.

TREATMENT EFFECTS WHEN RADIOGRAPH DATA ARE CONSIDERED

Bitewing radiographs were taken of the Program’s longitudinal children at baseline and
Exam 5 with the expectation that results from those radiographs might change the estimated
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Table 3.13

MEAN FOUR-YEAR DMFT INCREMENTS, BY REGIMEN,
COHORT,ANDIHIKHHDATKHQSTATUS

Nonfluoridated Fluoridated

Cohort e Cohqrt Cohort Cohort

Regimen 1+2 5 142 5
1. Comprehensive 0.61%% 1 23%% 0.49%% (0 53%*
2. Modified comp. 1.32%% 2, 34% 0.65%% 0, 84
3. Clinic 0.73%% 1, 20%=% 0.61%% 0,55%*%
4. Classroom 1.40%% 2 95 1.37 2.22
5. Education 1.73 3.02 1.57 2.34
6. Control 1.77 2.88 1.38 2.14

Average 1.26 2.27 1.01 1.44

* Differs from the control regimen at the 0.05 level.
** Differs from the control regimen at the 0.001 level.

effects of certain treatment procedures. Radiographs are generally used because of the diffi-
culty clinical examiners have in seeing and diagnosing caries on the proximal surfaces of the
sixteen posterior teeth. Because fluoride treatments were expected to have a large effect and
sealants no effect on those surfaces, radiograph data could have significantly changed estimates
of the absolute and relative effectiveness of the treatment procedures.

Analysis Methods

graph why a missing tooth had been lost, the combined DMFS score was not altered if the
radiograph reader classified a tooth ag missing.

About 25 percent of the four-year continuous residence sample was missing a usable
radiograph at either baseline or Exam 5. In fact, because of overexposure of one batch of base-
line radiographs, one whole regimen in Cohort 5 at Chattanooga was without usable baseline
radiographs. To avoid losing such a4 large percentage of the sample, combined
clinical+radiograph baseline DMFS scores were estimated for children with a valid clinical
DMFS score but without usable radiographs at baseline.
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for children without a usable Exam 5 radiograph. As a result of these procedures, 90 percent
of the four-year continuous residence sample was included in the radiograph analyses.

The justification for estimating clinical+radiograph DMFS scores at baseline is that
radiographs usually added much less to the clinical baseline DMFS scores than to Exam 5
scores. At nonfluoridated sites, the mean contributions due to radiographs at baseline were
0.10 and 0.55 surfaces in Cohorts 1+2 and 5, respectively. At fluoridated sites, the impact of
baseline radiographs was slightly less than one-half as large as that at nonfluoridated sites.

Results

The impact of radiographs on four-year DMFS increments varied considerably with
cohort and fluoridation status (Table 3.14). Because of the small amount of proximal decay
detected in Cohort 1+2 at fluoridated sites, the radiographs could not have made a meaningful
impact on the estimated treatment effects for that group. In Cohort 5, especially at the non-
fluoridated sites, radiographs detected enough new decay so that estimated treatment effects
could have changed substantially for any procedure that was effective on proximal surfaces.

Table 3.15 compares estimated savings in DMFS increments from the clinical examina-
tions alone with those from the combination of the clinical and radiograph examinations. In
general, radiographs changed estimated savings by a quarter of a surface or less, and in no case
did they change whether an estimated savings was statistically significant (at p = 0.05). The
general impact of the radiographs was to increase the estimated savings due to sealants and
mouthrinse/tablets in all four groups. For sealants, this increase was always small, averaging
only 0.13 surfaces. Although sealants should not have affected proximal caries directly, this
result suggests they may have had a slight indirect effect.

Table 3.14

MEAN FOUR-YEAR DMFS INCREMENTS IN REGIMEN 6 DETECTED WITH.AND
WITHOUT RADIOGRAPHS, BY COHORT AND FLUORIDATION STATUS

Mean Four-Year DMFS
Increment in Regimen 6

Increase
Clinic Clinic + Due to

Group Only Radiograph Radiograph
NF 1+2 3.12 3.73 0.61
NF 5 4.50 6.02 1.52
F 1+2 2.16 2.43 0.27
F 5 2.99 3.90 0.91

NOTE: The "clinic only" results differ from
those in Table 3.1 because this table excludes the
10 percent of the continuous residence sample who
did not have usable radiographs at Exam 5.



Table 3.15

SAVINGS IN FOUR-YEAR DMFS INCREMENTS DETECTED WITH AND WITHOUT
RAIHOGRAPHS,BY’COHOR?‘AN[)FLUORH)ATKHQSTATUS

Estimated Savings

Increase

Clinic Clinic + Due to
Procedure Only Radiograph Radiograph
NF 1+2
Sealants 1.34%% 1.40% .06
Prophy/gel .11 .20 .09
Clinic 1.46% 1.60%%* .14
Mouthrinse/tablets .38% .61 .23
Education .03 .08 .05
Classroom L 2% .69 .27
NF 5
Sealants 1.01% 1.18* .17
Prophy/gel .80 .79 -.01
Clinic 1.81%% 1.97%% .16
Mouthrinse/tablets .06 .81 .75
Education -.36 -.86 -.50
Classroom -.30 -.05 .25
F 1+2
Sealants 1.00%* 1.06% .06
Prophy/gel .24 .24 .00
Clinic 1.24%% 1.30%* .06
Mouthrinse .27 .37 .10
Education -.28 -.32 -.04
Classroom .00 .05 .05
F5
Sealants 1.82%% 2.05%% .23
Prophy/gel .28 .26 ~-.02
Clinic 2.10%* 2.31%% .21
Mouthrinse .20 .31 .11
Education -.40 -.62 -.22
Classroom -.20 -.30 -.10

NOTE: The "clinic only" results differ from those in
Table 3.1 because this table excludes the 10 percent of the
continuous residence sample who did not have usable
radiographs at Exam 5. In the first two columns, * or #%*
indicates that an estimate differs significantly from zero
at the 0.05 or 0.001 level, respectively.
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The impact of the radiographs on the savings due to mouthrinse and tablets was also
small in three of the four analysis groups. The exception was Cohort 5 at nonfluoridated sites,
where the estimated savings increased from 0.06 surfaces to 0.81 with the use of radiographs.
However, it should be noted that the estimate using radiographs was still not significantly dif-
ferent from zero (t = 1.30, p = 0.20). Also, the estimated savings from mouthrinse rests mainly
on Regimen 4 doing much better than Regimen 5, which in turn did poorly in comparison with
Regimen 6 (see the negative savings due to education). Thus, if one were to assume that the
true education effect was zero (i.e., that Regimen 5 acted like another control group), the
estimated savings due to mouthrinse would drop substantially, to 0.20 surfaces.

EFFECTS OF REGIMENS BY SURFACE TYPE

In each analysis group, the occlusal surfaces accounted for 55 to 66 percent of the clinical
DMFS increments in Regimen 6 (Table 3.16). These surfaces also accounted for most of the
savings from the regimens. As expected, sealants had a strong and consistent effect in reduc-

Table 3.16

MEAN FOUR-YEAR CLINICAL DMFS INCREMENTS ON EACH SURFACE
TYPE, BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort thort
Procedure 1+2 5 1+2 5

Occlusal Surfaces

1. Comprehensive L48% 1,01 . 39%* .38%%*
2. Modified comp. 1.31%% 2,15% A .70%*®
3. Clinic B4 1.06%F GTEE L5 1%
4. Classroom 1.32%% 2.77 1.31 2.21
5. Education 1.62 2.84 1.49 2.23
6. Control 1.73 2.61 1.32 2.04
Buccal-Lingual Surfaces
1. Comprehensive L55%%* .95 G2 .38%
2. Modified comp. .83%* .91 .54% 43
3. Clinic L 54%% .87 L4l AL
4. Classroom .83* 1.25 .73 .86
5. Education .99 1.26 .79 .70
6. Control 1.01 1.05 .72 .77
Proximal Surfaces

1. Comprehensive .20%* .87 .08 .29
2. Modified comp. .31 1.05 .19 .32
3. Clinic L27% .99 .06 .38
4., Classroom .31 1.28 .12 .61
5. Education .40 1.24 .15 .56
6. Control L0 1.09 .15 .26

* Differs from the control regimen at the 0.05 level.
**% Differs from the control regimen at the 0.001 level.
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ing DMFS increments on occlusal surfaces. However, despite the expectation that fluoride
treatments would work mainly on smooth surfaces, at least one-half of the savings due to
mouthrinse/tablets in Cohort 1+2 at nonfluoridated sites and due to prophy/gel in Cohort 5 at
these same sites occurred on occlusal surfaces. One explanation for these trends is that by
preventing decay on smooth surfaces, the fluoride procedures reduced the need for multiple
surface restorations.

Sealants had statistically significant effects on buccal-lingual surfaces in three of the four
analysis groups.’ However, the savings were smaller both in absolute and percentage terms
than the savings on occlusal surfaces. The savings to buccal-lingual surfaces from prophy/gel
were marginally significant twice (NF 5 and F 14+2). None of the classroom procedures had
significant effects on these surfaces in any of the analysis groups.

In only two of four cases were there statistically significant differences among the regi-
mens on proximal DFMS increments obtained from the clinical examinations. Each case of a
significant difference was in Cohort 1+2, where increments on proximal surfaces were quite
small. Thus, no substantial savings occurred on those surfaces. The largest estimated savings
on proximal surfaces from a single procedure was 0.18 surfaces. This was attributable to
sealants in Cohort 5 at fluoridated sites. The effect was not statistically significant.

A fairer test for effects on proximal surfaces involves the use of radiograph data. Table
3.17 shows data analogous to those in the last section of Table 3.16 for combined
clinical+radiograph DMFS increments. The data are not completely comparable because Table
3.16 represents everyone in the four-year continuous residence sample, while the sample used
for Table 3.17 excludes children without usable radiographs at Exam 5.

Table 3.17

MEAN FOUR-YEAR CLINICAL+RADIOGRAPH DMFS INCREMENTS ON PROXIMAL
SURFACES, BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort Cohort

Regimen 1+2 5 1+2 5
1. Comprehensive LA1%E 203 .23% 1.11
2. Modified comp. .60%%  2.16 .35 1.13
3. Clinic L79% 2.10 .31 1.02
4. Classroom L71% 2.27 .36 1.60
5. Education .97 3.04 45 1.63
6. Control 1.01 2.48 .43 1.12

* Differs from the control regimen at the 0.05 level.
** Differs from the control regimen at the 0.001 level.

"Lingual surfaces were sealed on maxillary molars.
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Even with radiographs, the evidence of treatment effects was weaker on proximal surfaces
than on the other surface types. The greatest savings were in Cohort 1+2 at nonfluoridated
sites. In that analysis group, the estimated savings due to the clinic (0.26 surfaces) and the
classroom (0.34 surfaces) were both statistically significant at the 0.001 level. In general, how-
ever, the differences among regimens were only slightly more significant when radiographs
were used than when the results were based on clinical examinations alone.  For example, in
Cohort 5 at nonfluoridated sites, there was an estimated savings due to mouthrinse of 0.73 sur-
faces, but that estimate was not quite significant at the 0.05 level.

CONCLUSIONS

Clinical and radiograph DMFS examinations were used to study the effects of the
Program’s treatments on reducing dental caries. The major findings from the analyses of
DMFS increment scores were:

* Sealants had the largest observed effects, ranging from 1.0 to 2.0 surfaces in the four
analysis groups. Although their greatest effects were on occlusal surfaces, sealants also
were effective in reducing decay on buccal-lingual surfaces.

* Although the effect of prophy/gel was statistically significant twice, this effect was
small. Except in Cohort 5 at nonfluoridated sites, the effect of prophy/gel was far less
than one surface in four years.

* Fluoride mouthrinse and tablets may have had an effect in the nonfluoridated sites,
but it was certainly quite small. The education program had no observable positive
effect.

* There was little evidence that the effect of a particular treatment procedure varied
with whether other procedures were provided with it.

* In general, the savings due to a procedure during the first two years of the Program
were about the same as those in the last two years. The one exception was in Cohort
5 at the nonfluoridated sites, where the children who received the prophy/gel treat-
ment benefited more from this procedure in the last two years than in the first two.

* Results were consistent across sites, both between and within fluoridation types.
Although fluoride treatments appeared to be slightly more effective in nonfluoridated
sites, these differences were small and inconsistent. With the exception of El Paso, a
site with especially low decay, the size of treatment effects was very stable across sites
within a fluoridation type. These findings suggest that the Program’s results are pro-
bably generalizable to other communities.

* The estimated clinic effect was about 50 percent larger in Cohort 5 than in Cohort
1+2.

* Children identified as highly susceptible to decay—as predicted by a combination of
baseline examination results and background characteristics—tended to derive more
benefit from the clinic procedures than did other children. However, the additional
benefit enjoyed by that group was less than one surface in four years.

¢ The addition of radiograph data to that from the clinical examinations had little
impact on estimated treatment effects. The one exception was a substantial increase
in the mouthrinse/tablets effect in Cohort 5 at nonfluoridated sites. However, that
effect was still not statistically significant, even with the use of radiograph data.



IV. RESULTS WITH OTHER INDEXES OF ORAL HEALTH

This section reports results for three non-DMF indexes of oral health: the DHC gin-
givitis index, the Program’s referral code, and an indicator of the presence of opacities.

GINGIVITIS

The examiners assessed the degree of gingivitis that was present, using the San Francisco
Public Health Service Dental Health Center (DHC) index (Suomi et al., 1969). This index
involved evaluating the degree of inflammation of the gingival tissue along both the lingual and
buccal surfaces of six permanent teeth. Each surface of a nonbanded permanent tooth that
was at least 50 percent erupted received a score of 0, 1, or 2 depending on whether there was
no inflammation, some inflammation, or inflammation encompassing all the marginal tissue
adjacent to the tooth surface. A child’s DHC score was the average score assigned to all the
surfaces that were examined. If none of a child’s teeth could be examined or all were decidu-
ous, that child did not receive a DHC score. ~

Analysis of the Program’s reliability data from the first three years indicated that the
examiners had difficulty agreeing with each other in applying the DHC criteria (Klein et al.,
1983a). The reliability coefficient for interexaminer data (Pearson correlation between con-
current examinations by different examiners) was only 0.38. Further analysis indicated that
most of the unreliability stemmed from some examiners tending to call higher scores than oth-
ers. Consequently, intraexaminer reliability was much higher, 0.82. It should be noted that
the time spent in calibration on the DHC index was limited by the desire to maximize exam-
iner agreement on the more important DMF classifications. Also, the mixed racial makeup of
the Program population made calibration difficult because the DHC calls depend on the color
of the gingival tissue.

Table 4.1 shows mean DHC scores by site and year. Because there was very little varia-
tion in baseline DHC scores associated with age, the results are pooled across cohorts. The
table indicates that observed DHC scores were lower during Exam 5 than in earlier years.
However, that result is suspect because of the within-year calibration problems. Comparison of
Exam 1 DHC scores from early and late sites indicates an apparent shift in application of the
DHC criteria after the fifth site visited. Thus, the drop in scores at Exam 5 may be attribut-
able to a shift in application of the criteria.

Table 4.2 compares mean DHC scores at Exam 5, by regimen. In addition to the. vari-
ables used to adjust mean DMFS increments, the mean DHC scores at Exam 5 were adjusted
for the baseline DHC score and the examiner during Exam 5. The adjustment for examiners,
which explained about 30 percent of the variance in DHC scores, eliminated the possibility
that systematic differences among examiners could have biased the regimen means relative to
one another. Thus, although the level of Exam 5 DHC scores may be suspect, the relative
scores across regimens are unbiased. '

DHC scores in clinic regimens were consistently 0.03 to 0.05 lower than those in nonclinic
regimens. These differences were statistically significant in all analysis groups except Cohort 5
at fluoridated sites, However, the size of these differences was quite small compared with the
standard deviation of DHC scores, approximately 0.45 in all groups.
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Table 4.1
MEAN DHC SCORES, BY SITE AND EXAMINATION YEAR

Order

visited Site Exam 1 Exam 3 Exam 5
1st Chattanooga 1.15 1.19 C.84
2nd Billerica 1.00 1.02 0.91
3rd New York 0.97 1.08 [a]
4th Minneapolis A 1.02 1.39 0.94
5th Wichita 1.18 1.29 0.77
6th Pierce County 1.36 1.36 1.07
7th Hayward 1.46 1.42 1.09
8th El Paso 1.40 1.30 0.81
9th Monroe 1.22 1.29 0.99
10th Tallahassee 1.41 0.96 0.76
11th Minneapolis B 1.42 1.43 [b]

|a] Data were not collected for New York City

at Exam 5.

[b] At Exam 5, all Minneapolis data were
collected during the first wave.

Table 4.2
MEAN EXAM 5 DHC SCORES, BY REGIMEN, COHORT,

AND FLUORIDATION STATUS

Nonfluoridated

Fluoridated

Cohort Cohort

Cohort Cohort

Regimen 1+2 5 142 5
1. Comprehensive .91 .80 .91 .85
2. Modified comp. .88 .83 .94 .87
3. Clinic .92 .83 .88 .85
4. Classroom .96 .85 .96 .87
5. Education .93 .88 .93 .90
6. Control .94 .89 .96 .91
Average .92 .85 .93 .87
Standard error of
regimen means .012 .020 .015 .026
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Table 4.2 also indicates that, at Exam 5, DHC scores in Cohort 5 were about 0.06 lower
than those in Cohort 1+2. This may have been due to the older children having better brush-
ing and flossing habits. There was no relationship between DHC scores and fluoridation
status,

REFERRAL CODE

At the conclusion of each clinical examination, the examiner assigned one of four codes to
indicate the urgency of a child’s need to see a dentist. This code determined which one of four
form letters was sent to notify a child’s parents of the general results of the examination. The
four codes are:

1 = No problems, only routine dental care indicated.

2 = One or more problems (or potential problems) that indicated the child should see the
family dentist in the near future.

3 = One or more serious problems requiring immediate attention. The parent should be
contacted by telephone as well as notified in writing.

4 = A complete examination was not performed (e.g., more than 50 percent of the child’s
permanent teeth were banded). Children with this code were excluded from the
analyses that follow.

In most instances, a code of 2 or 3 was assigned because a child had untreated carious
lesions, but these codes also could be assigned if there were other problems requiring a dentist’s
attention. The referral code was found to have good interexaminer reliability. Analysis of this
index is potentially important because the referral code may uncover treatment effects that are
not immediately evident from the analyses of any of the other oral health indexes.

Table 4.3 shows the percentage of children with a referral code of 2 or 3 at Exam 5, by
regimen, cohort, and fluoridation type. The table adjusts for differences in sample sizes across
sites, but not for differences in any other variables. The results in Table 4.3 are generally
similar to those for DMFS increments, Except in Cohort 5 at fluoridated sites, fewer children
in each of the clinic regimens had dental health problems than did children in any of the non-
clinic regimens. Unlike the case for the DMFS increment scores, there was a statistically sig-
nificant classroom effect in Cohort 5 at fluoridated sites. However, there was still no indica-
tion of a positive education effect.

Too few children received a referral code of 3 (at most 6 percent of any analysis group) to
draw any conclusions from the percentages of children with serious problems. However, it is
important for the purposes of public health planning that such a small percentage of children
had serious problems.

OPACITIES

Year 1 examinations at the first four sites visited revealed that a few children had nondis-
figuring, opaque, chalky-white spots on their teeth. Such opacities could be caused by the chil-
dren receiving more than an optimal amount of systemic fluoride. Other sources of discolora-
tions include: systemic disturbances (such as febrile conditions), tetracycline staining, dehy-
dration of the enamel due to respiratory habits, and trauma. Because several of the Program’s
treatment regimens involved applying fluoride and because there was some concern that any
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Table 4.3

PERCENTAGE OF CHILDREN WITH REFERRAL CODE OF 2 OR 3 AT EXAM 5,
BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated
Cohort Cohort Cohort Cohort
Regimen 1+2 5 1+2 5
-_ T
1. Comprehensive 29.9 38.3 20.8 24,2
2. Modified comp. 29.7 48.2 25.5 30.5
3. Clinic 34.0 43.8 19.4 34.2
4. Classroom 36.5 49.9 29.2 29.5
5. Education 42.4 53.8 36.5 37.8
6. Control 38.9 52.7 36.0 41.7
Average 35.2 47.8 27.9 33.0
Percentage at Exam 1 39.4 50.6 34.3 41.4
Standard error of
regimen percentages 1.9 3.0 2.1 3.4

NOTE: Referral codes 2 and 3 indicated that a child had
dental problems that required other than routine care by a
dentist.

preexisting opacities might be attributed to the Program, a decision was made to monitor
whether opacities were present on each child’s teeth. This monitoring began in Exam 1 at the
fifth site (Wichita) and was conducted at all sites in each of the following years. The data col-
lected indicated only the presence of an opacity on any tooth; it was not a measure of the
number of teeth involved or the severity of the condition.

Table 4.4 shows the percentage of children classified as having opacities during Exam 5,
by regimen and analysis group. Although there were statistically significant differences among
the regimens, these differences were not systematically related to fluoride exposure through the
Program. While the education regimen tended to have slightly fewer opacities than the aver-
age regimen, the one regimen with no fluoride exposure (Regimen 6) had as many opacities as
average. Thus, the provision of fluoride in the Program did not increase the number of enamel
opacities in the participating children.



Table 4.4

PERCENTAGE OF CHILDREN CLASSIFIED AS HAVING OPACITIES AT
EXAhdS,BY’REGHWEN,COHORT,ANI)FLUORHDATKHJSTATUS

Nonfluoridated Fluoridated
Cohort Cohort Cohort Cohort
Regimen 1+2 5 142 5
1. Comprehensive 29.5 19.1 42.8 38.1
2. Modified comp. 26.4 24.2 37.2 32.1
3. Clinic 30.7 26.4 45.9 37.0
4. Classroom 27.5 19.4 40.9 34.3
5. Education .2 20.0 25.1 32.0
6. Control 26.8 23.9 35.4 39.1
Average 27.9 22.2 37.9 35.4
Standard error of
regimen percentages 1.8 2.5 2.3 3.5

NOTE: Children in Regimens 1-4 received various amounts
of fluoride directly through the program. The children in

Regimens 1, 2, 4, and 5 received fluoride dentifrice for
use at home.



V. ANALYSIS OF CROSS-SECTIONAL DATA

Mean DMFS scores on Exam 3 in the control groups (Regimen 6) consistently fell far
short of what would have been expected on the basis of the cross-sectional data collected at
baseline. This finding’s potential importance to the interpretation of Program results impelled
us to seek explanations for the discrepancy between actual and baseline-projected increments.
This section describes the procedures used and the results obtained in this investigation.

REASONS FOR COLLECTING CROSS-SECTIONAL DATA AT EXAM 5

The cross-sectional data collected at baseline provided a basis for predicting what the
mean increments would have been after two and four years in the Program’s control groups
(Regimen 6). For example, the mean baseline DMFS scores in nonfluoridated sites were 4.29
and 7.77 surfaces for 10- and 12-year-olds, respectively (Bell et al., 1982). On that basis, a
mean two-year DMFS increment of (7.77 - 4.29) = 3.48 surfaces was projected for Cohort 5
(10-year-olds) in the control regimen at the nonfluoridated sites. However, an increase of only
1.98 surfaces was detected (see Table 5.1).

Some of the most likely explanations for the differences observed in Table 5.1 are:

¢ The differences between observed and baseline-projected DMFS increment scores were
due to chance (and therefore probably would disappear by Exam 5).

Table 5.1

COMPARISON OF OBSERVED TWO-YEAR DMFS, DS, MS, AND FS INCREMENTS
IN THE CONTROL GROUPS WITH THOSE PROJECTED FROM BASELINE
RESULTS, BY COHORT AND FLUORIDATION STATUS

Group Data Type DMF'S Decayed Missing Filled
Observed 1.46 0.15 0.07 1.24
NF 1+2 Projected 1.91 0.71 0.04 1.17
Difference -0.45% -0.56% 0.03 0.07
Observed 1.98 -0.03 0.27 1.74
NF 5 Projected 3.48 1.64 0.35 1.49
Difference -1.50% -1.67% -0.08 0.25
Observed 1.08 -0.03 0.01 1.10
F 142  Projected 1.43 0.49 0.00 0.94
Difference -0.35% -0.52%* 0.01 0.16
Observed 1.58 -0.14 0.14 1.58
F 5 Projected 1.98 0.70 0.21 1.07
Difference -0.40 ~0.84* -0.07 0.51%

* Difference is significant at the 0.05 level.
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¢ The process of examining children (and using referral letters to alert parents to the
results of those examinations) indirectly led to improved dental health, such as chil-
dren receiving increased professional care and preventive services outside of the Pro-
gram. Closely related is the possibility that Program participation changed dental
health attitudes and practices.

¢ There was a secular (national) decline in caries prevalence due to factors that were
unrelated to the Program.

® After baseline, there was a subtle and unintended shift in the standards used to clas-
sify a surface as carious; e.g., a borderline lesion classified as carious at baseline would
have been classified as sound on a subsequent exam.

EXAM 5 CROSS-SECTIONAL SAMPLES

The hypothesis that the differences in Table 5.1 were due to chance can be investigated
by a straightforward statistical comparison between the four-year increments projected from
baseline and the actual four-year increments in Regimen 6’s continuous residence sample.

A test of the last three hypotheses (referral letters, secular change, and examination stan-
dards) would ideally involve comparing DMFS scores of children in the longitudinal control
group with those of children who differed only in that they had not had any previous exposure
to the Program. Collection of data from such an ideal comparison group, which would have
come from grades 5, 6, and 9, was limited by several factors, including: About 82 percent of
the children who were eligible to enroll in the Program were already in it, those who did not
receive consent to participate were known to have generally higher SES levels than those who
were enrolled (Leone, Klein, and Bohannan, 1981), and those who migrated into the schools at
which the Program was conducted may have had very different fluoride histories from those in
the continuous residence sample. In addition, many of the nonparticipants and immigrants
may have had exposure to the Program through classroom activities and/or contact with class-
mates receiving clinical procedures.

Because of these problems, we decided to investigate the validity of the last three
hypotheses through the use of two additional cross-sectional groups. The children in these
groups, hereafter referred to as the Program Grade Sample (PGS) and the Non-Program Grade
Sample (NPGS), received clinical examinations at the same time as the children in the Exam 5
continuous residence sample. The criteria used to select children for the PGS and NPGS are
summarized below:

The children in the Program Grade Sample (PGS) resided at the site for at least two years,
were in the same grade levels as the continuous residence samples (ie., 5, 6, and 9), and
attended schools assigned to regimens that did not include classroom components (i.e., Regi-
mens 3 and 6). When adequate sample sizes were available, preference was given to children
from control group schools. For children in grade 9, the regimen was determined by the
ehedx;lentary school the child had last attended or would have attended for his/her residence
address.

The children in the Non-Program Grade Sample (NPGS) were in grades (1-4 and 7-8) at
each of the original Program schools. No length-of-residence restrictions were placed on eligi-
bility for this sample because none was placed on participation at baseline. When a school
had closed during the course of the Program and its replacement school was identifiable, chil-
dren at the replacement school were examined. Within a site-grade combination, the number
of examinations per school was roughly proportional to the number conducted at baseline.



49

The hypothesis that the difference between observed and expected DMFS scores in Regi-
men 6 was due to referrals and preventive services stimulated by the Program would be sup-
ported if: (1) the mean DMFS score in the PGS exceeded the mean in Regimen 6, and (2) the
means at each grade level in the NPGS were comparable to those in the corresponding grade
levels in the baseline cross-sectional sample. Conversely, the hypothesis that the difference
between observed and expected DMFS scores was due to a shift in examination standards
and/or a secular change would be supported if: (1) the mean DMFS score in the PGS was
comparable to the mean in Regimen 6, and (2) the means at each grade level in the NPGS
were lower than those in the corresponding grade levels in the baseline cross-sectional sample.

PROCEDURES

Schools rather than children formed the basic sampling unit for the analyses involving
the PGS and NPGS. Although an attempt was made to sample children from schools and
grades in the proportions in which they were examined at baseline, various problems, such as
school closings and variation in the numbers of consent forms returned made achievement of
that goal impossible. Because DMFS scores varied considerably by school, simple mean DMFS
scores at each site would depend too heavily on the distribution of children among the schools.
Thus, the mean DMFS score in the NPGS at a school was compared directly with the mean
score for that school at Exam 1.

In the PGS, some schools could not be matched to themselves. In grades 5-6, we paired a
PGS Regimen 3 school to the control school at the same site that had the most similar
socioeconomic level (at baseline). In grade 9, we used the site as the basic sampling unit.

Because children from grade 4 could be expected to have much higher DMFS scores, on
average, than ones from grade 1, we divided the grade 1-4 sample into two parts. However,
rather than using grade or chronological age, we divided that sample on the basis of dental age
(the number of erupted permanent teeth) because that variable had been found to correlate
most highly with baseline DMFS scores. All the grade 1-4 children from a school who had 1 to
11 permanent teeth formed one analysis group while children with 12 or more teeth formed
another. Children with no erupted permanent teeth were deleted from the analysis. Thus,
there were three analysis groups within the NPGS: children in grades 1-4 with 1 to 11 teeth,
children in grades 1-4 with 12 or more teeth, and all children in grades 7-8.

Table 5.2 shows the number of children who received Exam 5 cross-sectional examina-
tions by site and analysis group. In the PGS, the numbers vary by site because of variation in
the size of the eligible pool. In the NPGS, the variation across sites is due to variation in the
number of consent forms sent out, the consent rate, and the examiner time available to com-
plete scheduled cross-sectional examinations. The row labeled “comparison group” shows the
number of children in the groups with which the NPGS and PGS data are compared. In the
case of NPGS, the comparison group is all children from the corresponding grade who had at
least one erupted permanent tooth and a usable DMFS score at baseline; for the PGS, the
comparison group is the children in Regimen 6 at Exam 5. The last row of the table shows the
number of schools from which the samples were drawn, except for grade 9, where site was the
unit of analysis.

All the cross-sectional analyses involved computing the mean DMFS score for all the
children in a school (site for grade 9) and comparing that score to the mean for children in the
corresponding school in the comparison sample. However, rather than comparing means
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Table 5.2

NUMBERS OF USABLE CROSS-SECTIONAL EXAMINATIONS IN YEAR 5,
BY SITE AND ANALYSIS GROUP

Non-Program Grades Program Grades
Grades 1-4
1 to 11 12+ Grades Grades Grade
Site teeth teeth 7-8 5-6 9 Total
Chattanooga 196 186 163 90 33 668
Billerica 64 73 135 45 2 337
Minneapolis 142 147 118 85 62 554
Wichita 93 84 123 112 57 469
Pierce County 74 113 130 103 42 462
Hayward 245 291 131 107 22 796
El Paso 70 113 99 80 60 422
Monroe 32 55 52 25 31 195
Tallahassee 110 150 170 101 22 553
Total 1026 1212 1121 748 349 4456
Comparison group[a] 9800 3030 1101 1201 513 15645
Number of schools 101 101 41 17 9(b] ---

NOTE: Of 4746 children who received cross-sectional examinations
in Year 5, the table excludes 290 children with no erupted permanent
teeth or without a valid DMFS score.

[a] For non-Program grades, the comparison group consisted of the
13,931 children examined in the same grades at baseline. For Program
grades, it was the 1714 children in Regimen 6 at Exam 5.

(b] Site, rather than school, was the analysis unit in grade 9.

directly, we have compared logarithms of the school means.! The main reason was that taking
logarithms virtually eliminated the interaction between the level of DMFS scores and the rela-
tive sizes of the scores in the two groups. The absolute difference between mean scores tended
to be higher at schools with generally high scores than at schools with generally low scores.
However, the distribution of differences in logarithms was fairly constant across the range of
scores. This finding contrasts with that for DMFS increments of individual children, for which
there was relatively mild evidence of nonlinearity.

The test for whether the scores In one comparison group differed significantly from those
in the other group was a paired two-sample t-test of the logarithms of the mean scores.2 To
ease interpretation of logarithms, the results with the year 5 cross-sectional groups are reported
as percentage differences.

To avoid ta!(ing logarithms of zero, we added 0.1 to each mean DMFS, DS, or FS score and 0.05 to each mean MS
score before taking the logarithm. Addition of such a small constant had little effect on the interpretation of the loga-

rithm. Also, if ne.ither comparison group at a school had any missing surfaces, that school was simply deleted from the
sample for analysis of MS scores. That did not occur for decayed or filled surfaces.
To account for the fact that means at some schools were based on larger sample sizes than were others, observa-

tiong were weighted in inverse proportion to their approximate variances. The approximate variances were derived
empirically as a function of sample sizes for the two groups.
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RESULTS

Table 5.3 compares observed four-year increments of DMFS and component scores in
Regimen 6 with those predicted on the basis of the baseline data. It was necessary to use
extrapolation in this table for Cohort 5 (age 10) because no ninth grade children were exam-
ined at baseline. The values for Cohort 5 are 4/3 times the mean increments occurring
between ages 10 and 13. Because DMFS and component scores tend to grow at an increasing
rate in this range, the method used should tend to underpredict. Thus, the table probably
understates slightly the size of the differences in Cohort 5.

'The results after four years confirm the two-year findings reported earlier in Table 5.1.
The size and consistency of the results in Table 5.3 rule out the possibility that these two sets
of results were due to chance. The trends after four years included:

e The observed DMFS increments in the control regimens were significantly lower than
the projected increments. In fact, with two exceptions, this was true for each combina-
tion of cohort and site. For Cohort 5, the observed DMFS increment matched the pro-
jected increment at Wichita and exceeded it at Minneapolis.

Table 5.3

COMPARISON OF OBSERVED FOUR-YEAR DMFS, DS, MS, AND FS INCREMENTS
IN THE CONTROL GROUPS WITH THOSE PROJECTED FROM BASELINE
RESULTS, BY COHORT AND FLUORIDATION STATUS

Group Data Type DMFS Decayed Missing Filled
Observed 3.13 0.49 0.19 2.45
NF 1+2 Projected 4.14 1.48 0.28 2.39
Difference -1.01% -0.99% -0.09 0.06
Observed 4 8 0.7 0.4 3.7
NF 5 Projected(a] 8.1 3.3 1.0 3.8
Difference ~3.3 % -2.6 * -0.6 * -0.1
Observed 2.19 0.10 0.02 2.07
Fo1+2 Projected 2.96 0.71 0.10 2.15
Difference -0.77% -0.61% -0.08% -0.08
Observed 3.1 0.2 0.2 2.7
F 5 Projecteda]) 4.6 1.4 0.7 2.9
Difference -1.5 = -1.2 * -0.5 0.2

NOTE: Because of the nonlinear estimation method used at
baseline, the projected components did not sum to the projected
DMFS scores. Projected component averages in this table were
therefore adjusted upward proportionally (by at most 0.3
surfaces ).

fa] For Cohort 5, the values are 4/3 times the mean
increments occurring between ages 10 and 13.

* Difference is significant at the 0.05 level.
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* Over 80 percent of the total difference between observed and projected DMFS incre-
ments occurred in the D component. In contrast, increments in filled surfaces essen-
tially matched those that were projected. There was a substantial reduction in the
missing surface increment, but this phenomenon accounted for only a small part of the
disparity in DMFS increment scores.

Children in the PGS at Exam 5 had DMFS scores that were fairly similar to those of
Regimen 6 children in the corresponding grade levels at Exam 5 (Table 5.4). In fact, DMFS
and component scores in the PGS tended to run slightly lower than those in Regimen 6. For
example, the PGS had 6 percent lower DMF S scores. On all four DMF indexes, about the
same number of schools (and sites) had higher means in the control regimen than in the PGS.

Large and consistent differences emerged in the comparison of means in the Exam 5
NPGS with the means in the corresponding grade levels at baseline (Table 5.5). Exam 5
DMFS, and especially DS, scores were much lower than those at baseline. For example,
DMFS scores among children with 1 to 11 permanent teeth at Exam 5 were typically 54 per-
cent lower than scores for children from the same schools at Exam 1. Filled scores were lower

Table 5.4

MEAN PERCENTAGE DIFFERENCE IN DMFS AND COMPONENT SCORES AMONG
EXAM 5 CROSS-SECTIONAL CHILDREN IN PROGRAM GRADES WHEN
COMPARED\VHH{REGHWENG(HHLDRENJVFEXAM5

Analysis Group DMFS DS FS MS
- —
Grades 5-6, 9 -6 (5) -10 (10) -4 (7) -11 (26)

NOTE: Negative entries indicate that scores in the Exam 5
cross-sectional sample were Jower than those in Regimen 6 of
the longitudinal cohort. Approximate standard errors of the
estimates appear in parentheses after each entry.

Table 5.5

MEAN PERCENTAGE DIFFERENCE IN DMFS AND COMPONENT SCORES BETWEEN
BASELINE AND YEAR 5 IN THE NON-PROGRAM GRADES,
BY CROSS-SECTIONAL ANALYSIS GROUP

Analysis Group DMFS DS IS MS
Grades 1-4; 1 to 11 teeth =54 (7) =71 (5) -23 (9) [a]
Grades 1-4, 12+ teeth -38 (6) -70 (6) -9 (9) -38 (41)

Grades 7-8 "24 (5) =59 (7)Y -7 (6) -59 (19)
- " ;

NOTE: Negative entries indicate that scores in the Exam 5
cross-sectional sample were Jower than those in corresponding
grades at Exam 1. Approximate standard errors of the estimates
appear in parentheses after each entry.

[a] Only three schools in this group had any children
with missing teeth.
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at Exam 5, but the difference was statistically significant only in the youngest group of chil-
dren.

The differences in Table 5.5 were caused by consistent trends instead of by a few abnor-
mal observations. Exam 5 DMFS scores were lower than baseline scores in 72 percent of the
schools. They were less than one-half as large in 30 percent of the schools. For mean DS
scores, these figures were 92 and 69 percent, respectively. DMFS scores were significantly
lower at Exam 5 at the 0.05 level in eight out of nine sites; at the ninth site, the difference was
significant at the 0.1 level. Decayed surfaces were at least 40 percent lower at every site
(always highly statistically significant).

DISCUSSION

The analyses presented in this section provided clear evidence that the DMFS scores (and
especially the DS component) in the longitudinal control group on Exam 5 were much lower
than the scores that were expected for this group on the basis of the baseline results. It also
was evident these differences were not due to the longitudinal group children receiving several
annual examinations (and their parents receiving the referral letters from these exams)
because: (1) The mean DMFS score in the PGS was essentially equal to the mean in Regimen
6, and (2) the means at each grade level in the NPGS were lower than those in the correspond-
ing grade levels in the baseline sample.

The most likely explanations of the results are: (1) There was a change in examination
standards (i.e., application of the formal criteria) after baseline, (2) there was a secular change
in the prevalence of decay, and (3) both factors had an effect.

The strongest evidence for the hypothesis of a shift in examination standards is that
usually over 80 percent of the difference between observed and baseline-projected DMFS incre-
ment scores was due to the D component. Filled scores, which are relatively independent of
examiner standards, agreed much more closely with the baseline projections. Thus, a single
phenomenon, tightening of the standards for classifying a surface as decayed, could explain
most of the differences between observed and projected DMFS increment scores. In contrast,
for secular changes to have accounted for these results, the drop in overall DMFS levels must
have been counterbalanced by a parallel increase in the proportion of those surfaces that were
filled.

The secular change theory is supported by findings from several other recent studies on
children. In fact, as may be seen from Table 5.6, the drop in decay levels in the Program was
less than the drop observed in the 1979—1980 National Dental Caries Prevalence Survey, the
most recent national caries survey (Miller et al.,, 1981). That survey found 35 to 40 percent
lower DMFS levels than those in the 1971—1973 HANES Survey. This difference is particu-
larly noteworthy because of the close similarity between average decay level in the Program at
baseline and decay levels in the national surveys conducted shortly before the Program began.
Other studies of caries prevalence in the United States and several other countries confirm the
general size of this decline during the 1970s (Glass, 1982). Thus, some drop in overall DMFS
should have been expected with time.

Indirect support for the secular change theory also comes from the fairly high degree of
intra- and interexaminer consistency in the Program. Daily examiner calibration sessions were
held on all five exams. And the extensive amount of reliability data collected in the Program
showed that, by any of several consistency measures, the Program’s examiners were as reliable
as or more reliable than examiners in most other studies. More to the point, there was no
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Table 5.6

MEAN DMFS SCORES OBSERVED IN THE PROGRAM
AND IN RECENT NATIONAL SURVEYS, BY AGE

HANES Program Program NDCPS

Survey Baseline Exam 5 Survey
Age 1971-73 1977-78 1981-82 1979-80
6-7 0.6 0.9 0.6 0.4
8-9 2.7 2.6 1.7 1.6
10-11 4.4 4.5 3.3 2.8
12-13 7.5 7.5 5.7 4.8
Mean 3.8 3.9 2.8 2.4

NOTE: Program data weight nonfluoridated
and fluoridated results equally. The HANES and
NDCPS surveys included roughly equal numbers of
nonfluoridated and fluoridated sites. :

statistically significant evidence that some examiners tended to call more borderline surfaces
carious than did other examiners. Thus, any shift in examiner standards would have required
that the entire group of examiners change together. Although the calibration efforts may have
inadvertently aided such a shift, the number of longitudinal reversals (surfaces classified as
carious on one examination and sound on one in a subsequent year) was no higher than in
other studies that reported reversal rates (Klein et al., 1983a).

The biggest problem with the secular change theory is that it does not explain why the D
component accounted for most of the difference between observed and baseline predicted
DMFS scores. If secular change alone accounted for the difference, one would expect the
difference in the D component to parallel that of the F component. This definitely did not
happen. However, it is possible there were two forces at work: a secular change and commun-
ity dentists liberalizing their criteria for filling surfaces (such liberalization may have stemmed
in part from declining revenues caused by the secular change and the effectiveness of some of
the treatment regimens). In fact, there is evidence that the number of people visiting the den-
tist is increasing nationwide, and the F component is increasing as a proportion of DMFS
(Miller et al., 1981). However, the supplementary theory of a concomitant change in commun-
ity dental practices does not explain why the difference in the D component was just as
extreme at sites (such as Monroe) where the children received relatively little dental care as it
was where most of the children saw their family dentist routinely.

Estimating the Effect of a Shift in Standards

If there was a subtle but pervasive change in examination standards after baseline
(perhaps in addition to a secular change), it probably occurred on surfaces that showed evi-
dence of incipient decay, hereafter referred to as borderline lesions. Calling these lesions sound
at Exam 5 may have led to underestimating the effectiveness of certain regimens because there
may have been more borderline lesions in the control group than in the treatment groups. (It
also would have led to overestimating the number of diagnostic reversals.)
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The discrepancy between baseline-projected and actual increment scores in the control
group also could have been due to the baseline examiners being overzealous in calling border-
line surfaces carious. In other words, the baseline scores may have been biased upward rather
than the Exam 5 scores biased downward. If this were so, then the differences across groups in
observed increment scores would provide accurate estimates of the savings due to the treat-
ment regimens, but the increments themselves would be too small.

It also is important to note that the decay process is gradual. A surface is not clearly
sound one day and carious the next. Borderline lesions can therefore vary between being
almost sound to being almost carious, and there is no external objective test to determine
whether a surface is not quite carious or not quite sound.

The foregoing factors make it impossible to independently assess whether the baseline
results were biased upward and/or the Exam 3 and 5 results biased downward. Both trends
seem equally likely. However, it is possible to estimate the effect of a shift in standards on our
assessment of treatment effects if we make the following assumptions:

* The true increment in the control group is the average of the baseline-projected and
observed increments in this group. That is, the discrepancy was caused equally on the
one hand by examiners calling too low at Exam 5 and on the other hand by the combi-
nation of examiners calling too high at baseline and any secular decline in caries pre-
valence. Considering the likely contribution of a secular change, this assumption pro-
bably is overcautious.

* A treatment regimen’s true effectiveness is proportional to its observed effectiveness.
That is, the number of borderline lesions in a group is proportional to the number of
obvious lesions in the group.

The following numerical example illustrates these two assumptions. Suppose the
baseline-projected increment is 6 surfaces, but the observed increment in the control group is
only 4 surfaces. Our best estimate of the “true” increment in the control group is the average
of these two estimates i.e., 5 surfaces. Thus, the observed increment probably underestimated
the true increment by about 1 surface. Suppose further that, compared with the observed
increment in the control group, a given regimen saved 2 surfaces (i.e., the regimen was 50 per-
cent effective). The estimated true effect of the regimen is therefore 50 percent of 5 surfaces
or 2.5 surfaces.

Table 5.7 shows the estimated effect of each regimen before and after using the adjust-
ment procedures described above. These data indicate that even if there was a shift in exami-
nation standards between baseline and Exam 5, it did not conceal any substantial part of the
overall effectiveness of a given regimen. For instance, the average difference between observed
and adjusted savings in clinic regimens was 0.36 surfaces. The largest difference was 0.69 sur-
faces.

CONCLUSIONS

The results presented in this section indicate there was a marked difference between the
average DMFS increment score in the longitudinal control group (Regimen 6) and the DMFS
increment score that would have been projected for this group on the basis of the cross-
sectional data collected at baseline. Analyses of cross-sectional data collected at Exam 5
revealed that this difference was not due to the Regimen 6 children receiving several annual
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Table 5.7

POTENTTALEFFECT(H?ASHHWTHJEXANHNERSTANDARDS(HJTREATMENT
EFFECTS, BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Observed Savings Adjusted Increase
Savings in Due to

Group Regimen Surfaces Percent Surfaces Adjustment
1. Comprehensive 1.90 61 2.22 .32
2. Modified Comp. 0.68 22 0.80 .13

NF 1+2 3. Clinic 1.68 54 1.96 .28
4. Classroom 0.67 21 0.76 .09
5. Education 0.12 4 0.15 .03
1. Comprehensive 1.91 40 2.58 .67
2. Modified Comp. 0.65 14 0.90 .25

NF 5 3. Clinic 1.83 39 2.52 .69
4. Classroom -0.55 ~-11 -0.71 -.16
5. Education -0.60 -13 -0.84 ~.24
1. Comprehensive 1.29 59 1.52 .23
2. Modified Comp. 1.00 46 1.18 .18

F 1+2 3. Clinic 1.24 57 1.47 .23
4. Classroom 0.04 2 0.05 .01
5. Education -0.25 -11 -0.28 -.03
1. Comprehensive 2.02 66 2.54 .52
2. Modified Comp. 1.62 53 2.04 42

F 5 3. Clinic 1.74 57 2.19 4S5
4. Classroom -0.61 -20 -0.77 -.16
5. Education -0.42 -14 ~-0.54 -.12

NOTES:

Observed surfaces saved = Increment in Reg. 6 - increment in regimen.
Observed percent saved = [(Observed savings)/(increment in Reg. 6)]x100.
True increment in Reg. 6 = (Baseline projected + observed)/2.

Adjusted surfaces saved = (Observed % saved) x (true increment in Reg. 6).
Increase due to adjustment = Adj. surfaces saved - obs. surfaces saved.

dental examinations (and their parents receiving referral letters from these examinations).
However, the difference could be explained by a general shift in examination standards and/or
a secular decline in decay levels. The shift-in-standards theory is probably the major cause of
the difference because it also can explain the fact that almost all of the disparity between
observed and baseline-projected increments was in the D component of DMFS scores.

There is no objective way to determine whether the baseline examiners were simply over-
zealous in calling borderline lesions carious or whether they became too conservative in their
calls by Exam 5, or both. If it was a case of being too liberal at baseline, then the treatment
effects reported in Sec. III are an accurate estimate of their true effects. If, on the other hand,
the examiners became too conservative by Exam 5, then the observed results may have slightly
underestimated the true effect of the regimens.
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Because there was no independent method for determining which scenario was correct, we
assumed that together they provided the best explanation for the difference. Analyses based

on this assumption indicated that the hypothesized shift in examination standards did not
seriously reduce the treatment effects presented in Sec. III.



VI. DISCUSSION OF MAJOR FINDINGS AND CONCLUSIONS

The National Preventive Dentistry Demonstration Program was conducted to assess the
costs and effects of various types and combinations of school-based preventive dental care pro-
cedures. Two sets of procedures (sealants and prophy/gel treatments) were provided by the
Program’s clinical staff, and other procedures (such as weekly fluoride mouthrinse) were super-
vised by classroom teachers. Some of the children enrolled in the Program received both clinic
and classroom procedures; others received only one type or none of the procedures. However,
all the children received annual dental examinations as long as they participated in the
Program.

This report presents information about the effectiveness of both the clinic and classroom
procedures in preventing dental decay. The major indicator of change in dental decay is the
change in the number of decayed, missing due to decay, and filled tooth surfaces (DMFS incre-
ment score) between the time the Program began at a site and four years later, when preven-
tive procedures were discontinued. The sample used for these analyses consisted of the 9566
children who were examined at the beginning and again at the end of the Program and who
had usable DMFS scores on both examinations. Children in this continuous residence sample
were classified into four major groups on the basis of whether they were enrolled at a fluori-
dated versus a nonfluoridated site and whether they began the Program in grade 1 or 2 versus
grade 5.

EFFECTIVENESS OF TREATMENT PROCEDURES

The analyses of the DMFS increment scores indicated that in four years, the combination
of the two clinic procedures prevented about 1.4 carious surfaces per child who started the Pro-
gram in grade 1 or 2, and about 2.2 surfaces per child who started in grade 5. The combination
of the two clinic procedures was just as effective—in terms of number of surfaces saved—at
fluoridated sites as it was at nonfluoridated sites. In terms of the percentage of decay saved,
the clinic procedures were more effective at the fluoridated sites, where there was less decay to
prevent.

In three of the four analysis groups, almost all of the clinic’s effectiveness was due to the
application of occlusal sealants. The one exception was in Cohort 5 at nonfluoridated sites,
where the prophy/gel and sealant procedures prevented about equal amounts of decay. The
effectiveness of a clinic procedure was not apparently enhanced or diminished by its being
teamed with the other clinic procedure.

Analyses with the two-year continuous residence sample showed that in Cohort 1+2, the
clinic prevented about one-half of the decay in two years that it prevented in four years. How-
ever, in Cohort 5 at nonfluoridated sites, the savings due to the clinic in the last two years was
more than twice the savings in the first two years. A trend toward larger savings with clinic
care in the last two years also was observed with Cohort 5 at fluoridated sites. Thus, if the
Program had been extended beyond four years, there may have been a substantial increase in
the effectiveness of the clinic procedures with the Cohort 5 children. There might also have
been an increase in Cohort 1+2 because of the eruption of second molars in some of those

children.
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None of the Program’s classroom procedures, either individually or in combination, con-
sistently prevented a practically significant amount of decay. Only once did the combination
of fluoride mouthrinse and tablets achieve a statistically significant effect. This occurred in
Cohort 1+2 at nonfluoridated sites, but amounted to less than 1 surface in four years.

It is surprising that fluoride mouthrinsing did not reduce an appreciable amount of decay,
because several past studies suggested it would be an effective preventive measure. However,
some past studies may have recorded a mouthrinse effect because they were not done under
true field conditions, or they lacked adequate longitudinal control groups. Had those studies
avoided these shortcomings, their results may have been more similar to those reported here.
Close scrutiny of prior studies further reveals that even when the mouthrinse did prevent
decay, the number (as distinct from the percentage) of surfaces saved was often quite small.

Another explanation for the disparity between the mouthrinse results obtained in the
Program and those found in prior studies is that children are now exposed to more fluoride
than they have been in the past (Leverett, 1982). When the original mouthrinse studies were
conducted, far fewer children were using fluoride dentifrices or systemic fluoride supplements.
Also, the number of communities with fluoridated water has increased, which in turn may have
affected the levels of fluoride in food and beverage products sold in nonfluoridated communi-
ties. In short, the mouthrinse and tablets may have had little or no effect in the Program
because children may now be deriving almost all the benefits from fluoride through other
sources.

The combination of clinic and classroom procedures was no more or less effective in
preventing decay than was the clinic alone. Thus, our results suggest that from the standpoint
of short-term protection against dental decay, it is unlikely that children will derive any benefit
from receiving the classroom procedures used in the Program. However, it is still possible
these procedures may have some delayed or long-term benefits. For instance, they may have
increased the children’s appreciation of the value of good oral hygiene and reinforced the
habits needed to obtain it, which in turn might lead to generally better oral health when they
become adults.

TARGETING OF CARE

The failure to find a large preventive effect with any of the Program’s procedures, and the
fact that a small percentage of the children had most of the decay, led us to explore the utility
of targeting care on the children who were the most susceptible to cavities. This preliminary
investigation produced ambiguous results.

Support for targeting came from two sources. Children identified as highly susceptible to
caries tended to benefit slightly more from the preventive procedures than did other children.
And the Program’s procedures were less effective at the site with the lowest average decay
level, El Paso, than they were at the other sites. Thus, had we been able to predict with a
higher degree of accuracy which children were most likely to have decay, we might have seen a
larger difference between high-risk and low-risk children in the effectiveness of the treatment
procedures,

Evidence against the potential utility of targeting comes from several sources. The
preventive procedures were no more effective at Monroe, the site with by far the highest aver-
age decay level, than they were at the other nonfluoridated sites. Although the average incre-
ment in DMFS scores at nonfluoridated sites was larger than it was at fluoridated sites, there
was no difference in the overall effectiveness of the procedures at these two types of sites.



Although the Program was not designed to identify high-risk children, we made an effort
to assess how well it could be done with the available data. In addition to readily available
information, these data included demographic information from parent surveys and results from
the baseline dental examination. This investigation indicated we were able to predict only a
small percentage of the total variance in DMFS increment scores. The largest difference in
the clinic’s effectiveness between high- and low-risk children (1.62 surfaces) occurred with
Cohort 5 at fluoridated sites, but the high-risk children in this cohort also had the largest nega-
tive effect of the classroom procedures (—0.89 surfaces). Attempts by other researchers to
predict a child’s likelihood of having decay also have not met with much success (Bibby and
Shern, 1978). ,

In summary, our data are equivocal with respect to whether targeting is likely to appreci-
ably improve the utility of the school-based preventive procedures used in the Program. And
any public policy consideration of targeting must address the difficult problem of developing
accurate but inexpensive indicators of a child’s likelihood of having decay.

RADIOGRAPH RESULTS

All of the foregoing findings were based on analyses of the clinical (visual plus tactile)
dental examination data. There was therefore some concern that the results might be biased
against the measures that are usually found to prevent substantial decay on the harder to
examine interproximal surfaces. This consideration led to our taking radiographs of the
children’s posterior teeth (i.e., the ones most susceptible to decay). These bitewing radiographs
were taken at baseline and again at the end of the Program.

The addition of radiograph data to the clinical examination results did not substantively
change any of the findings discussed above. The mouthrinse and tablet procedures increased
in effectiveness slightly, but in four years they usually accounted for less than 0.25 surfaces
saved (and never more than 0.75 surfaces). The addition of radiographs had only very minor
effects on the results for other treatment procedures. These findings also suggest that future
studies of preventive dental care may not need to expend resources on obtaining radiographs.

ANALYSES OF CROSS-SECTIONAL DATA

The two-year DMFS increment scores in the longitudinal control group were not nearly
as large as would have been expected on the basis of differences among grade levels in average
baseline DMFS scores. We investigated the source of this discrepancy with additional cross-
sectional data that were gathered in conjunction with the clinical examinations conducted at
the end of the Program.

Analyses of the cross-sectional data along with those obtained with the four-year continu-
ous residence sample indicated there may have been a general shift in examination standards
after baseline (toward calling fewer borderline surfaces carious), a secular decline in decay
level, or both. A shift in examination standards appeared to be a major source of differences
between baseline-projected and actual four-year DMFS increment scores, because almost all of
the discrepancy occurred in the DS component, the one that was most likely to be affected by
subjective judgments. This appears to be the case despite the finding that in terms of making
DMFS classifications, the Program’s examiners were at least as reliable as examiners in most
other studies.



61

The effect of the treatment procedures may have been underestimated if the discrepancy
between baseline-projected and actual four-year DMFS increment scores was due to a shift in
examination standards. However, if such a bias existed, it only could have depressed the
observed savings due to the treatments by about 0.25 to 0.75 of a surface in four years. Thus,
it was not large enough to materially affect policy decisions.

OTHER ORAL HEALTH MEASURES

The pattern of results obtained with the referral codes on the examinations conducted at
the end of the Program were consistent with those observed with the DMFS increment scores.
For instance, children who received clinic procedures were less likely to have minor or serious
problems after four years than were children who did not receive these procedures.

The Program’s index of gingivitis proved to be too unreliable to provide any meaningful
data. Analyses with the opacity index indicated that the Program’s provision of fluoride gels,
prophys, mouthrinses, and tablets had no ill effects on the appearance of a child’s teeth.

CONSISTENCY OF RESULTS ACROSS SITES

The Program’s sites differed in a number of important respects, including degree of water
fluoridation, region of the country in which they were located, type of local sponsoring agency,
and the racial mix, socioeconomic status, and average decay levels of the students involved.
Despite these differences, there was an extremely high degree of consistency in the pattern of
results across sites. If a procedure was effective with children at one site, it had about the
same degree of effectiveness with children at another site. This trend was especially true for
the major comparisons between clinic and classroom care. And even though the New York site
was discontinued after its third year of operation, its pattern of two-year results was compar-
able to the pattern at the other four fluoridated sites.

Some of this consistency may be attributable to the standardization of procedures and the
relatively high degree of compliance with the Program’s protocols. Possible differences across
sites in the extent to which the procedures were implemented as planned apparently had little
effect on results.

CONCLUSIONS

The Program can be appropriately viewed as a series of ten studies, all of which tell
essentially the same story. Classroom care in the Program, such as weekly fluoride mouthrins-
ing, was not effective in preventing a practically significant amount of decay. The reason may
be that the children were already receiving enough fluoride from other sources. On the other
hand, the clinic procedures—especially sealants—were effective, but they prevented only a
small number of cavities (1 to 3 surfaces in four years). This savings is only a little more than
that derived from water fluoridation. Thus, nonfluoridated communities probably could derive
almost the same beneficial effect from fluoridating their water as they could by providing a
clinic program.

Our data are ambiguous regarding whether the utility of the Program’s procedures would
be appreciably enhanced if they were targeted on the children who are likely to be the most
susceptible to decay. The practicality of such a strategy must consider the accuracy with
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which high-risk children can be identified; how early they can be identified; what procedures
will be especially beneficial to them; the cost of the identification process; and the cost and
acceptability of a program that, by definition, is targeted on a small segment of the population.

The failure of the Program’s procedures to prevent more decay than they did is probably
due partly to there not being a substantial amount of decay to prevent. Even when a pro-
cedure prevented 50 percent of the decay that would have occurred in four years had the pro-
cedure not been used, it still only saved 1 to 2 surfaces. And there was no way of telling from
the Program’s data how long this savings would last.

The foregoing considerations lead us to conclude that the preventive dental care pro-
cedures used in the Program probably should be considered for widespread school-based use
only if there is a radical reversal in the current trend toward generally better oral health in
children. Whether the preventive measures investigated in this research or other procedures
should be considered for a targeting program will have to await studies on the effectiveness of
these programs.



Appendix A

DESCRIPTION OF SAMPLES USED IN THE ANALYSIS
OF DMFS INCREMENTS

The primary dependent variable for the analyses presented in this report is the change in
the number of decayed, missing due to decay, and filled surfaces from baseline to Exam 5.
This appendix describes the characteristics of the sample used in the analysis of these DMFS
increment scores, particularly with respect to the variables that might influence the interpreta-
tion of results.

CRITERIA FOR INCLUSION IN CONTINUOUS RESIDENCE SAMPLES

The two-year continuous residence sample (2-year CRS) consisted of those children in
grades 1, 2, and 5 who resided at their sites during the first two years of the Program and who
had usable baseline (Exam 1) and Exam 3 DMFS scores. The four-year continuous residence
sample (4-year CRS) consisted of those children in grades 1, 2, and 5 who resided at their sites
during all four years of the Program and who had usable baseline and Exam 5 DMFS scores.
Children were not excluded from a CRS for missing some of their assigned treatment regimen
because of absences or similar factors, because one of the purposes of the Program was to
assess the effectiveness of the regimens under typical (as distinct from ideal) school conditions.
However, if a school transfer precluded a child from receiving his or her assigned regimen, the
child was excluded from the CRS.

One major difference between the two continuous residence samples is that the 4-year
CRS did not include children from the New York site, owing to discontinuation of that site
after Exam 4. Because of the greater policy relevance of the data from the 4-year CRS, most
of the analyses presented in this report are based on this sample.

SAMPLE SIZE ATTRITION

Of the 20,094 children in grades 1, 2, and 5 who had a usable baseline clinical DMFS
score, 13,037 (65 percent) were in the 2-year CRS. Of the 18,107 children at the nine sites
other than New York, 9617 (53 percent) were in the 4-year CRS. Table A.1 shows the number
of children in each regimen/cohort combination in each continuous residence sample. It also
shows what percentages were retained from those examined at baseline. The children in grades
1 and 2 have been combined into one group (Cohort 1+2) because of the similarity of their
data. Tables A.2 and A.3 show the number and percentage of children retained by site and
regimen.

Children were lost from a continuous residence sample mainly because they: (1) moved
away from their site, (2) moved within a site in a way that precluded continuation of their
assigned regimen, (3) were not promoted, (4) did not receive parental consent for the fourth
year, (5) missed school the day(s) of the examination team visit, or (6) did not have a usable
DMEFS score.
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Table A.1

NUMBER OF CHILDREN IN EACH CONTINUOUS RESIDENCE SAMPLE AND
THE PERCENTAGE RETAINED FROM BASELINE, BY REGIMEN ,
COHORT, AND FLUORIDATION STATUS

Nonfluoridated Sites Fluoridated Sites

a

2 Years 4 Years 2 Years 4 Years

Cohort Regimen N % N % N %o N %
1 799 69.4 668 58.0 691 61.8 503 54.1
2 709 66.6 566 53.2 718 64.9 490 53.4
3 785 70.1 682 60.9 659 56.6 436 45 .4
1+2 4 823 68.2 697 57.8 775 63.5 538 53.5
5 730 67.8 621 57.7 666 58.1 393 46.1
6 901 70.7 740 58.1 737 65.7 431 49.9
Total 4747 68.8 3974 57.6 4246 61.8 2791 50.6
1 349 70.7 284 57.5 283 54.1 203 44,7
2 330 67.0 261 53.0 331 61.6 197 47 .1
3 362 69.5 313 60.1 342 61.2 200 46.8
5 4 343 66.2 259 50.0 346 62.3 196 44 .6
5 361 71.1 284 55.9 2753 57.8 155 40.7
6 395 68.9 296 51.6 327 59.8 204 43.9
Tortal 2140 68.9 1697 54.6 1904 59.5 1155 45.0

a : 2 . . :
The fluoridated 4-vear continuous residence sample does not include
children from the New York site.

Compared with sizable variation among sites in four-year retention rates, differences
among regimens were small. However, the regimen a child received may have affected his/her
reconsent rate for the fourth year. The loss rates from Exam 3 to Exam 5 were usually slightly
higher in nonclinic regimens.

At Exam 5, the Program retained an examiner at a site for about one week after the rest
of the examination team had left. This examiner attempted to see all the children who were
absent on the days the team visited their schools. This procedure resulted in capturing 5 to 10
percent of all the continuous residence children at Exam 5. Because this procedure was not
used on Exam 3, the differences between Exams 1 and 3 overestimate the actual loss of sub-
jects in the Program between these two exams.

The relatively large loss at the fluoridated sites in the four-year continuous residence
sample was due mainly to the loss of the entire New York site after Exam 4. The especially
large losses at Chattanooga and Hayward in the 4-year CRS were probably a function of diffi-
culties in obtaining reconsents.

DMFS increment scores could not be computed for 741 children because they were miss-
ing a valid DMFS score at baseline and/or at Exam 5. The most common reason for a child
not receiving a valid DMFS score was that more than 50 percent of the child’s permanent
teeth were banded for orthodontic treatment. Other reasons included unresolvable inconsisten-
cies within an examination form and the child’s refusal to be examined.



Table A.2

RETENTION RATES AND NUMBERS OF CHILDREN IN THE TWO-YEAR CONTINUOUS
RESIDENCE SAMPLE, BY REGIMEN, COHORT, AND SITE

Nonfluoridated Sites

Reg- Bille-~ Pierce Talla- Total Percent
Cohort imen rica Wichita County Monroe hassee Number Retainea
1 161 143 165 163 167 799 69.4
2 143 150 138 124 - 154 709 66.6
3 220 114 147 171 133 785 70.1
142 4 178 134 165 131 215 823 68.2
5 208 116 142 134 130 730 67.8
6 229 117 161 127 267 901 70.7
Total Number 1139 774 918 850 1066 4747 --
% Retained 78.6 61.5 68.0 71.2 64.7 - 68.8
1 60 61 59 87 82 349 70.7
2 57 76 71 47 79 330 67.0
3 108 44 83 67 60 362 69.5
5 4 105 59 64 51 64 343 66.2
5 101 70 75 56 59 361 71.1
6 104 60 60 63 108 395 68.9
Total Number 535 370 412 371 452 2140 ~-
% Retained 73.5 70.6 66.9 70.9 62.2 -- 68.9
Fluoridated Sites
Reg-  Chatta- New Minne- El Total  Percent
Cohort imen nooga  York apolis Hayward Paso Number Retained
1 150 111 176 128 126 691 61.8
2 152 123 157 124 162 718 64.9
3 115 112 193 99 140 659 56.6
1+2 4 132 130 236 132 145 775 63.5
5 114 166 162 102 122 666 58.1
6 146 164 149 110 168 737 65.7
Total Number 809 806 1073 695 863 4246 --
% Retained 61.1 59.3 71.1 56.1 61.2 -- 61.8
1 41 29 64 53 96 283 54.1
2 85 66 62 59 59 331 61.6
3 51 73 92 56 70 342 61.2
5 4 48 72 110 48 68 346 62.3
5 48 48 72 46 61 275 57.8
6 60 41 68 66 92 327 59.8
Total Number 333 329 468 328 446 1904 --

% Retained 57.8 52.4 63.3 57.5 66.3 -- 59.5




Table A.3

RETENTION RATES AND NUMBERS OF CHILDREN IN THE FOUR-YEAR CONTINUOUS
RESIDENCE SAMPLE, BY REGIMEN, COHORT, AND SITE

Nonfiuoridated Sites

Reg- Bille- Pierce Talla- Total Percent
Cohort imen rica Wichita County Monroe hassee Number Retained

1 146 104 140 146 132 668 58.0

2 120 127 117 93 109 566 53.2

3 192 87 138 168 97 682 60.9

1+2 4 156 105 154 116 166 697 57.8
5 185 100 117 124 95 621 57.7

6 209 84 116 110 221 740 58.1
Total Number 1008 607 782 757 820 3974 --
% Retained 69.6 48.2 57.9 63.4 49.8 -- 57.6
1 52 48 44 77 63 284 57.5

2 46 51 57 42 65 261 53.0

3 98 42 69 64 40 313 60.1

5 4 67 51 44 49 48 259 50.0

5 80 52 59 49 44 284 55.9

6 83 43 39 53 78 296 51.6
Total Number 426 287 312 334 338 1697 --
% Retained 58.5 54.8 50.6 63.9 46.5 -- 54.6

Fluoridated Sites
Reg- Chatta- Minne- El Total Percent
Cohort imen nooga apolis Hayward Paso Number Retained

1 119 168" 103 113 503 54.1

2 121 144 96 129 490 53.4

3 82 162 76 116 436 45.4

1+2 4 114 207 101 116 538 53.5
5 75 139 80 99 393 46.1

6 99 119 87 126 431 49.9
Total Number 610 939 543 699 2791 --
% Retained 45.9 62.2 43.8 49.6 -- 50.6
1 27 60 33 83 203 44 .7

2 48 53 47 49 197 47.1

3 28 81 35 56 200 46.8

5 4 24 97 31 44 196 44.6

5 22 52 34 47 155 40.7

6 32 54 43 75 204 43.9
Total Number 181 397 223 354 1155 --

% Retained 31.4 53.7 39.1 52.6 -- 45.0
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A total of 51 of the 9617 children in the 4-year CRS were dropped from all analyses
because they were especially young or old for their cohort, and it was feared that including
such children might adversely affect the statistical models. In Cohort 1+2, 28 children were
dropped because their ages fell outside of the range 5.75 to 9.25 years. In Cohort 5, 23 children
with ages outside the range of 9.75 to 12.25 years were dropped. Thus, the total sample size for
most analyses in Sec. III is 9566 children.

EQUIVALENCE OF REGIMEN GROUPS

A preliminary analysis of all the baseline data indicated reasonable success in achieving
comparabilityacross regimens (Klein and Bohannan, 1979). There also was success in main-
taining that comparability in the 4-year CRS.

Three factors caused difficulties in achieving complete equivalence of regimens at base-
line. First, it was necessary to assign schools rather than individual children to regimens.
Second, the number of schools included at a site was usually so small that only one or two
could be assigned to each regimen. Thus, there were bound to be differences among regimens
within a site. Third, the Program’s phased implementation schedule and the need to begin
treatment shortly after the completion of baseline examinations at a site required that regimen
assignments be made at some sites long before the baseline examinations were even begun at
other sites. In short, randomized assignment of schools was unlikely to produce balanced regi-
mens across sites, let alone within sites, but nonrandomized assignments could not be based on
all the relevant information.

To overcome the above problems, regimen assignments at later sites attempted to com-
pensate for overall differences among regimens that had resulted from assignments at previous
sites. Thus, four factors were considered in assigning a given school to a regimen: (1) the
number of children at the school in each longitudinal cohort, (2) each cohort’s mean baseline
DMTFS score (based on a hand tally of the results), (3) the percentage of minority students in
these cohorts, and (4) differences among regimens on these variables that had been created by
the previous assignments.

Baseline DMFS Scores

Table A.4 contrasts baseline DMFS scores across the six regimens in the 4-year CRS,
using analysis of variance. Differences among regimens in this table stem from both imbal-
ances created by the initial assignments and the effects of attrition during the course of the
Program. Although children could not be assigned at random, the F-ratios provide indications
of how balanced the four-year continuous residence samples were in comparison to true ran-
dom assignments. The data in Table A.4 and the results of other analyses indicate that:

¢ Good balance was achieved and maintained in Cohort 5.

e Statistically significant imbalances appeared in Cohort 1+2. A major reason for these
differences was that some sites were far more heavily represented in a given regimen
than were other sites. After this fact had been controlled for, the imbalances were not
significant.

e Although the assigning of schools rather than children to regimens and the relatively
small number of schools per site produced substantial imbalance of baseline DMFS
within sites, the sequential assignment procedure provided good overall balance across
sites.



Table A.4

MEAN BASELINE DMFS SCORES IN THE FOUR-YEAR CONTINUOUS RESIDENCE
SAMPLE, BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated
Cohort Cohort Cohort Cohort
Regimen 1+2 5 1+2 5
1. Comprehensive 1.35 4.88 0.86 3.25
2. Modified comp. 1.13 4.96 0.87 3.52
3. Clinic only 1.21 4.95 1.00 3.20
4. Classroom only 1.02 4.90 1.14 3.69
5. Education 1.08 4.48 0.94 3.60
6. Control 1.09 5.03 0.87 3.31
Simple F-ratio 2.26 0.43 2.61 0.62
p-value .05 .83 .02 68
F-ratio controlling
for site 1.54 0.59 1.79 0.81
p-value .17 .71 .11 .54

NOTE: F-ratios test the hypothesis that the true mean
baseline DMFS was equal in all regimens.

Other Variables

After controlling for site, most other variables in the four-year CRS were well balanced
across regimens at baseline. Sex, the number of erupted teeth, and the baseline FS/DMFS
ratio (a measure of whether restorative needs had been met) exhibited significant imbalance
once each out of four combinations of cohort and fluoridation status. Baseline referral code
was significantly imbalanced in two of the four combinations, but age was never imbalanced.
Given the large sample sizes, there was often statistical significance without any substantial
difference among groups. For example, in the one case where the number of erupted teeth dif-
fered significantly across regimens, the range of means extended only from 7.16 to 7.79 (about
0.2 standard deviations).

Two neighborhood-related variables, SES and race, did show substantial variation among
regimens, especially at certain sites. This occurred because within a site, there were often large
differences among schools in racial composition and average SES, and as noted previously,
there were usually only enough schools at a site to assign one or two of them to a given regi-
men.

The largest imbalances in SES and racial composition occurred at Monroe, Chattanooga,
and El Paso. In each case, the range of mean SES exceeded 1.5 standard deviations in each
cohort. The nature of the imbalances are summarized below:

® Monroe: Only 36 percent of the children in Regimen 2 were black; the percentages in
other regimens ranged from 62 percent in Regimen 6 to over 90 percent in Regimens 1,

3, and 5. Regimens 2 and 6 had higher mean SES than any of the other regimens at
this site.
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* Chattanooga: Almost 90 percent of the black children were in Regimen 5. This regi-
men also had the lowest SES. Regimen 6 had the highest SES.

® El Paso: Regimens 1, 2, and 6 were at least 75 percent Hispanic. The other regimens
were at most 50 percent Hispanic. Regimen 1 had the lowest SES, and Regimens 4
and 5 the highest.



Appendix B

METHODS FOR ESTIMATION OF DMFS INCREMENTS

The imbalances described in Appendix A and other considerations led us to adjust the
DMFS increment scores (as well as other dependent variables) before assessing the effective-
ness of the treatment components and regimens. The nature of these adjustments and the
rationale for them are discussed below.

ELAPSED TIME BETWEEN EXAMINATIONS

About 48.5 to 49.5 months elapsed between baseline and Exam 5 for most children. The
one major exception occurred in Minneapolis, where there was a second series of baseline
examinations 5 months after the first series during Exams 1 to 4, but not during Exam 5.
Thus, a large portion of the Minneapolis children only had about a 43.5-month gap between
baseline and Exam 5. Because raw DMFS increments probably would have increased with the
elapsed time between examinations, systematic variation in that quantity across regimens or
across sites could bias the estimated relationships with those variables.

To eliminate this problem, all increment scores were corrected for the elapsed time
between examinations. This correction used linear interpolation to compute increments that
corresponded to a period of exactly four years. Thus, a child’s observed DMFS score was mul-
tiplied by the ratio of 4.00 years to his/her elapsed time between examinations. For example, if
a child had a DMFS increment of 5 surfaces after 4.10 years, the time-corrected DMFS incre-
ment would be 5 x (4.00/4.10) = 4.88.

REGIMEN BALANCE

As noted in Appendix A, there generally was good but not perfect balance among regi-
mens in the continuous residence sample with respect to a few background factors that might
influence increment scores. For instance, some regimens had slightly higher baseline DMFS
scores than others. Because children with high baseline scores tended to have larger incre-
ments than did those with low baseline scores, we would expect some systematic differences in
increment scores among the regimens even if the treatments had no effect. This problem was
corrected by means of an analysis of covariance (ANCOVA). This procedure adjusted for any
between-regimen differences in DMFS increment scores that could be attributed to between-
regimen differences in background variables (covariates).

A second reason for using ANCOVA is that it makes some important adjustments among
regimens within sites that tend to cancel out across sites. By reducing standard errors,
ANCOVA also allows for more sensitive tests of treatment effects.

Table B.1 shows the relationship between the DMFS increments and the list of covariates
used in the ANCOVAs. The most important covariates were site, baseline DMFS score, and
baseline referral code. Relationships with site account for most of the correlation of the
DMFS increments with SES and race indicator variables. After controlling for the site differ-
ences, those correlations usually became nonsignificant.

70
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Table B.1

SIMPLE AND MULTIPLE CORRELATIONS BETWEEN THE FOUR-YEAR
DMFS INCREMENT AND VARIABLES USED AS COVARIATES,
BY COHORT AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Type of Correlation Cohort Cohort Cchort Cohort

and Variables 1+2 5 1+2 5
Simple correlations
Baseline DMFS score L2101 .36%F .06% L27%%
Baseline referral (no problems) L 21, - 23%w -.08%% - 09*
Baseline ref. (serious problems) L1745 . 20%% .10%% ALY
Number of teeth at baseline .09 L22%% .01 .09+
Age .03% .02 -.03 -.03
Girl .02 .00 .05% .04
SES = 17w - 20%F .0¢ .01
Race = black L 135%% .18 .03 .02
Race = Hispanic [a] [a] -.08%% - 13%%
Race = other [a] [a] .02 .01
Multiple correlations
Baseline Referral Code L2473 L27%% L 12%% L 15%%
Race .13 . 18%% .09 L 13%%
Site .18 L16%%* ALY L 19%%
Regimen L2670 .22 L25%% L27%%
Multiple R for all variables .42 .49 .36 .45
Total percent of variance (R?) .17 .24 .13 .20

[a] This group was barely represented at nonfluoridated sites.
Significance levels: * = .05, *% = ,001

Another useful property of ANCOVA is that it allows an estimate of DMFS increments
for a population that differs slightly from the particular population used in the Program. For
example, even if a certain site-regimen contained 55 percent girls, ANCOVA could estimate
unbiasedly what the mean increment would have been with only 50 percent girls. This pro-
perty permits an estimate of increments for specific populations of interest, rather than merely
for the particular samples in the site-regimen combinations. These populations consist of
50-50 mixes of boys and girls who were from 6.00 to 7.99 years old (Cohort 1+2) or 10.00 to
10.99 years old (Cohort 5). The distribution of ages within these bounds was set to be uniform.
The number of erupted permanent teeth was set to the average number for the corresponding
age range. Because age, sex, and number of erupted teeth related weakly to DMFS increments
(as opposed to Exam 5 DMFS scores), the impact of these particular adjustments was minimal.

For the other variables, which vary inherently across sites, the population was defined by
the observed characteristics for a site. For example, because two-thirds of the Monroe sample
was black, the population for each Monroe regimen was defined to be two-thirds black as well.
This procedure reduced to a minimum the impact of the school assignments to regimens.
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It is important to recognize that the ANCOVA adjusted for differences between regimens
both within and across sites, but it did not adjust for differences between sites (except in sex,
age, and number of erupted teeth). If, for example, Regimen 1 at Monroe had a high mean
baseline DMFS relative to other Monroe regimens, then its reported DMFS increment was
lowered relative to the increment in other Monroe regimens (because high mean baseline scores
were generally associated with large increments). In contrast, no adjustment was made to
Monroe’s increments to account for the fact that baseline DMFS scores were higher at that
site than at any other nonfluoridated site. Thus, the reported DMFS increments for a site
reflect any inherent characteristics of that site, such as racial mix, socioeconomic level, and
dental health status at baseline. Similarly, the estimated treatment effects for a site reflect
those same characteristics. In contrast, estimates for regimens do not reflect differences in
these characteristics.

Wherever results were aggregated across sites or regimens, each site or regimen received
equal weight. This was most important when data were pooled across sites, because some sites
contained substantially more children than others.

EFFECTS OF THE ANCOVA ADJUSTMENTS

The data in Table B.2 indicate there was very little difference between the observed and
adjusted mean DMFS increment scores. The scores differed by more than 0.2 surfaces in only
3 of the 24 combinations of fluoridation, cohort, and regimen. Thus, both the observed and
adjusted increments would lead to essentially the same general conclusions. Because of the
statistical advantages of the adjusted scores, all mean increments of DMF S, DMFT, and com-
ponent scores that are presented in the body of the report have been adjusted.

OTHER MODELING ISSUES

Certain assumptions of the simple ANCOVA model are violated by DMFS increment
data. These include homogeneity of variance across observations, normality of the dependent
variable, and linearity of the relationship between the dependent variable and the covariates.

Heterogeneity of Variance

The first problem encountered in regression analysis of DMFS increments was hetero-
geneity of variance. As the mean increment increases—as a function of characteristics such as
regimen, site, and baseline DMFS level—the variance of scores around the mean increases as
well. This fact violates one of the basic assumptions of ordinary least squares regression. Fig-
ure B.1 shows the strong relationship between the average absolute residual and the predicted
DMFS increment from an unweighted ANCOVA, in Cohort 5 at nonfluoridated sites. Each
point shows the average absolute residual for 5 percent of the data with contiguous predicted
DMFS increments.

The efficiency of the estimation procedure can be improved substantially by using
weighted least squares, where the weights are inversely proportional to the correct variances
(Mosteller and Tukey, 1977, Sec. 14F). With the aid of graphs like Figure B.1, we derived
empirical weights. For example, in Cohort 5 at nonfluoridated sites, the standard deviation of
four-year DMFS increments was estimated by

std. dev. = 0.95 + 0.55 x maximum of (0.25, predicted increment).
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Table B.2

UNADJUSTED MEAN BASELINE DMFS, EXAM 5 DMFS, FOUR-YEAR DMFS
INCREMENTS, AND ADJUSTED MEAN FOUR-YEAR DMFS INCREMENTS,
BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Raw Raw DMFS Increment
Exam 1 Exam 5
Group Regimen DMFS DMFS Raw Adjust. Diff.
1. Comprehensive 1.36 2.78 1.42 1.23 .19
2. Modified comp. 1.12 3.50 2.38 2.45 -.09
NF 1+2 3. Clinic 1.21 2.85 1.64 1.45 .19
4. Classroom 1.01 3.49 2.48 2.46 .02
5. Education 1.08 4. 14 3.06 3.01 .05
6. Control 1.09 4.18 3.10 3.13 -.03
1. Comprehensive 4.68 7.77 3.09 2.84 -~ .25
2. Modified comp. 4.97 9.02 4.05 4.10 -.05
NF 5 3. Clinic 4.96 8.03 3.06 2.92 .14
4. Classroom 4.88 10.14 5.26 5.30 -.04
5. Education 4.48 9.77 5.29 5.35 -.06
6. Control 5.03 10.05 5.02 4&.75 .27
1. Comprehensive .88 1.75 .87 .90 -.03
2. Modified comp. .89 1.96 1.07 1.19 -.12
Foo1+2 3. Clinic .94 1.84 .90 .95 -.05
4. Classroom 1.20 3.41 2.21 2.15 .06
5. Education .92 3.30 2.38 2.44 ~-.06
6. Control .73 2.81 2.07 2.19 ~-.12
1. Comprehensive 3.23 4.29 1.05 1.05 .00
2. Modified comp. 3.52 5.07 1.55 1.45 .10
F 5 3. Clinic 3.20 4.52 1.32 1.33 -.01
4. Classroom 3.70 7.74 4.02 3.68 .34
5. Education 3.62 7.08 3.46 3.49 -.03
6. Control 3.24 6.44 3.16 3.07 .09

NOTE: The raw and adjusted DMFS increments represent periods of
slightly less than 49 months and exactly 48 months, respectively.

That function is shown in Figure B.1. The weights used in subsequent ANCOVAs were
inversely proportional to the estimated standard deviations.! By bounding the estimated stan-
dard deviations from below at 1.09, we limited the size of the largest possible weight, rather
than risk overweighting observations that already had large weights. Figure B.2 indicates that
the size of standardized residuals bore little relationship to the size of the predicted increment.
The one exception was where we purposely overestimated the standard deviation for very small
predicted increments.

An additional benefit of using weighted least squares is that it provides more realistic
estimates of standard errors. Note that standard errors for clinic regimens are typically
smaller than those for nonclinic regimens, reflecting the fact that small means can be
estimated more precisely than large ones (see Table 3.5).

IFor reasons discussed later, only regimen and site were used to derive the predicted increments.
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Fig. B.2—Smoothed plot of mean absolute standardized residual versus predicted
four-year DMFS increment in Cohort 5 at nonfluoridated sites
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Extreme Four-Year DMFS Increments

The effectiveness of treatments to reduce dental caries has traditionally been analyzed
through the mean DMFS score. However, the mean (and its generalization, analysis of covari-
ance) can be very sensitive to extreme values like those occurring in caries data. Indeed, Table
B.3 illustrates that the distribution of four-year DMFS increment scores in the Program has an
extremely long upper tail. About 1 percent of the Regimen 6 sample had DMFS increments
exceeding 20 surfaces. Five children had increments of 37 or more (three in Regimen 4 and
one each in Regimens 3 and 5), the largest increment being 59 surfaces. With these facts in
mind, we explored the use of estimators that are more robust to the distribution of increment
scores. Below, we discuss our reasons for eventually choosing to report results based on
analysis of covariance.

In comparison to ANCOVA, robust alternatives (transformation of the dependent vari-
able, robust regression, nonparametric analysis, etc.) all pay more attention to typical data
points and less attention to extremely large (or small) DMFS increment scores. This approach
offers several potential advantages, at the expense of some disadvantages. Robust analysis lim-
its the potential harmful effect that any single observation can have. That is, a handful of
observations cannot obscure a trend that exists in the majority of the data. Under certain con-
ditions, depending on the error distribution, robust estimators may have much greater preci-
sion than estimators based on ANCOVA. On the other hand, robust analyses introduce
presentation and interpretation difficulties, especially when comparisons are to be made with

Table B.3

PERCENTAGE OF CHILDREN IN REGIMEN 6 WITH EACH DMFS INCREMENT
SCORE, BY COHORT AND FLUORIDATION STATUS

Nonfluoridated Fluoridated
Cohort Cohort Cohort Cohort
Increment 1+2 5 1+2 5
-3 or less .3 .8 .5 .S
-2 b 1.5 .2 .S
-1 1.9 2.3 1.2 1.1
0 28.3 16.2 37.1 27.2
1 12.5 8.5 13.1 13.6
2 11.5 11.2 14.1 7.6
3 8.1 7.3 8.5 9.8
4 10.9 6.5 9.0 10.3
5 5.4 9.6 5.3 8.7
6 6.4 6.2 3.4 5.4
7 4.7 2.7 2.7 2.7
8 4.1 4.2 2.9 3.8
9 1.6 4.6 .7 4.3
10 .7 3.1 .5 1.6
11-15 2.0 9.5 .5 2.2
16-20 .9 2.3 .2 .0
21 or more .3 3.5 .0 .5

[ ]
w
N
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[
~4
N
—t

Maximum




76

prior studies that almost always used ANOVA or ANCOVA. Furthermore, robust analysis
could bias the results.

Table B.4 indicates that robust estimates of the treatment effects might systematically
underestimate the effects of sealants, the most effective treatment. The table compares across
regimens the number of extremely large DMFS increment scores, relative to other scores
within the same sites. Despite the few cases considered, there is clear evidence that very large
increments occurred less frequently in sealant regimens than in regimens without sealants. To
ignore, or reduce the influence, of such cases would systematically weaken the sealant effect.

The greatest danger from outliers occurs in small samples, where one very large observa-
tion can have a large impact. In large samples (as in this Program), the main problem is that
ANCOVA may be inefficient in the presence of a long-tailed distribution. However, for models
where the variance increases rapidly as a function of the mean, the ANCOVA can be fully effi-
cient for skewed distributions with right-hand tails much longer than that of the normal distri-
bution. For example, weighted ANCOVA would be asymptotically efficient if DMFS increment
scores came from a negative binomial distribution with a constant convolution parameter.
Although that model cannot be correct, because of the negative observed increments, it serves
as a decent approximation.

Exploratory analysis indicated that the overall results were relatively insensitive to the
treatment of outliers. Table B.5 shows estimated savings based on the central 90 percent of
the data in each site-regimen combination, after trimming (deleting) the highest and lowest 5
percent of the data (using residuals from a preliminary ANCOVA). Comparison with Table 3.2
indicates that only a few estimated effects changed by more than 0.15 surfaces, and that none
of the main conclusions from the study would have changed had Table B.5 replaced Table 3.2.

Table B.4

COUNTS OF EXTREMELY LARGE FOUR-YEAR DMFS INCREMENTS,
BY REGIMEN, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Fluoridated

Cohort Cohort Cohort Cohort
Regimen 1+2 5 1+2 5
1. Comprehensive 0 1 1 3
2. Modified comp 7 4 6 1
3. Clinic 1 3 2 0
4. Classroom 6 10 5 5
5. Education 10 6 4 4
6. Control 10 6 4 4
Total 34 30 22 17
Overall chi-sq (5 d.f.) 1€.5 9.6 4.7 6.6
p-value .01 .10 ns ns
Sealant chi-sq (1 d.f.) 14.1 4.3 0.7 4.8
p-value .01 .04 ns .03

NOTE: Extremely large DMFS increments are defined as
those at or above a site's 99th percentile in Cohort 1+2 or
its 98th percentile in Cohort 5. The sealant chi-square
tests the hypothesis that large increments were as likely
to occur in sealant as in nonsealant regimens.

ns = not significant.
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Table B.5

SAVINGS IN TRIMMED FOUR-YEAR DMFS INCREMENTS, BY TREATMENT
PROCEDURE, COHORT, AND FLUORIDATION STATUS

Nonfluoridated Flyoridated

Cohort Cohort Cohort Cohort
Procedure 142 5 1+2 5
Sealants 1.34%% 1.25% 1.04%% 1.83%%
Prophy/gel ~-.02 .74 .16 .18
Clinic 1.33%% 2.00%%* 1.20%% 2,.01%*
Mouthrinse/tablets[a] L49% .49 .24 .10
Education -.05 -.59 -.18 -.16
Classroom[b] Lagwe - 10 .05 -.07

NOTE: This analysis excluded the top and bottom 5
percent of DMFS increments in each site-regimen
combination. Indications of significance levels use the
standard errors in Table 3.3.

fa] Fluoride tablets were offered only at
nonfluoridated sites.

[b] Cohort 5 received 1.5 years of classroom
procedures.

Two other findings deserve note. Despite the suggestive evidence to the contrary in
Table B.4, trimming large and small scores did not systematically reduce the sealant effect.
The negative estimates for the education effect persist even in the robust analysis, although
they remain nonsignificant.

Nonlinearity

There was some empirical evidence of a nonlinear relationship between mean DMFS
increments and the set of independent variables used to predict the increments. However, for
reasons described below, we have reported results from essentially linear models. This decision
has the advantage that it simplifies the interpretation of the treatment effects.

The reason for our decision to use linear models was that this report focuses entirely on
treatment (regimen) effects. The other covariates play only a secondary role—to improve the
precision of the estimated treatment effects. If treatment effects vary with the values of some
other covariates, that fact is important. On the other hand, if the SES coefficient varies with
site, that fact is only important to the extent that a better model would improve the precision
of the estimated treatment effects.

The reporting of treatment effects divided naturally into three parts, corresponding to the
three most likely delivery options: all children in a specific grade and fluoridation status
(Table 3.2 et al.), all children in a specific grade and site (Figures 3.2 and 3.3), and children
with specific characteristics (Table 3.11). The analysis of site-regimen interactions and the
targeting analyses were intended to uncover any substantial nonlinearity of the treatment
effects. The nonlinearity among other variables was mild enough so that it should have had
essentially no impact on the treatment effect results.
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Given our emphasis on treatment effects, no nonlinear analysis seemed as appropriate as
the linear one used. Despite the size of the Program, the cohorts were not large enough to
accurately estimate interactions of the various covariates. Results based on transformations of
increment scores would have been sensitive to the choice of the transformation (especially for
zero and negative values) and to the method of retransformation to the original scale. A more
promising method would have been the use of quasi-likelihood estimation with a nonlinear sys-
tematic component (Wedderburn, 1974). However, such an analysis would not have separated
as easily into the three parts described above.

The nonlinearity did necessitate one special precaution. Use of weights that depended on
all of the available covariates tended to bias the adjusted mean increments. Increments in
clinic regimens came out too large, whereas the opposite occurred in nonclinic regimens. To
avoid underestimating the clinic effect, we restricted the weights to depend on regimen and
site.

ESTIMATED STANDARD ERRORS

The standard errors provided in the text are subject to underestimation from two sources:
intra-school correlation of DMFS increments and variation of treatment effects across sites
(Scott and Holt, 1982).

Each site’s data included children from a limited number of schools. Because entire
schools were initially assigned to single regimens, any intra-school correlation in DMFS incre-
ments would inflate standard errors of treatment or regimen effects at each site beyond those
available from independent observations. Variance components analysis found marginally sig-
nificant intra-school correlations in three of the four cohorts.

Underestimation of standard errors for cross-site effects would occur if treatment effects
varied with site. That possibility is studied by the F-test for a site-regimen interaction. For-
tunately, that same test also tests for the possibility of intra-school correlation. If standard
errors of site effects were underestimated, that fact would tend to increase the F-statistic for
the site-regimcn interaction. Thus, the interaction test simultaneously looks for each source of
underestimation of standard errors.

As indicated in Sec. III, the F-statistic for a site-regimen interaction slightly exceeded 2.0
in Cohort 142 at both types of site. If, as those statistics suggest, the site-regimen interactions
and sampling error contribute equally to the variance of estimated treatment effects, then the
cross-site standard errors should be multiplied by a factor of 1.4 (the square root of 2.0). In
contrast, the F-statistic was only 1.1 in Cohort 5 at the two types of site. Thus, underestima-
tion of standard errors was probably not a problem in Cohort 5. However, in any case, the
estimates remain unbiased.



Appendix C

METHOD FOR DERIVING EFFECTS OF INDIVIDUAL TREATMENT
PROCEDURES FROM MEAN INCREMENTS IN THE REGIMENS

As Table 2.3 indicates, the Program’s design allows two ways to estimate the effects' of
certain treatments. For example, the effect of all the classroom procedures could be estimated
either by comparing Regimens 4 and 6 (to estimate the effect of the classroom procedures
alone) or by comparing Regimens 1 and 3 (to estimate the effect when used in combination
with the clinic procedures). If the effect of the classroom procedures does not depend on
whether they are offered in combination with the clinic procedures, then the best estimate of
their effect uses information from Regimens 1, 3, 4, and 6. Tables 3.3, 3.8, and others contain
estimated savings of the components based on the assumption that none of the effects varies
with what other treatments are offered. This appendix provides the formulas used to create
those tables, followed by a description of the methodology used to derive the formulas.

FORMULAS FOR COMPUTING EFFECTS OF INDIVIDUAL PROCEDURES

Each estimated effect is a linear combination of the mean DMFS increment in four or
five of the six regimens. Table C.1 lists the coefficients that were used to compute these linear
combinations. Let m; denote the mean DMFS increment in Regimen {. Then the classroom
effect would be (0.5)(-m; + m3 — my + mg). Note that this is simply the average of the
estimated classroom effect in the presence of the clinic procedures (ms — m;) and the
estimated effect in their absence (mg — m4). The advantage of this combined estimate is that
its standard error is 30 percent lower than that of either of the separate estimates. Similar cal-
culations can be used to compute estimates for other procedures, such as sealants. aithough the
interpretation is not always so simple.

The final row of Table C.1 provides coefficients for estimating the additional effect of
combining the clinic and classroom procedures, above and beyond the sum of the individual
effects. This estimate turns out to be the estimated classroom effect in the presence of the
clinic procedures (m3 — my) minus that in their absence (mg — m4). The other estimates in the
table rest on the assumption that the true interaction between clinic and classroom is zero.
For DMFS increments, there was little evidence that the true interactions differed from zero.

Example: In Cohort 1+2 at nonfluoridated sites, the mean DMFS increments in Regimens
1, 3, 4, and 6 were m; = 1.23, m3 = 1.45, my = 2.46, and mg = 3.13 (see Table 3.1). Using the
sixth row of Table C.1 gives an estimated classroom effect of:

(=0.5)(1.23) + (0.5)(1.45) + (—0.5)(2.46) + (0.5)(3.13) = 0.445.

Similarly, one may compute the clinic-classroom interaction to be (-1.23 + 1.45 + 2.46
- 3.13) = -0.45. Although the negative value for the interaction suggests that the combined

!The term effect is used synonymously with savings or reduction. Thus a treatment with a positive effect reduces
DMFS increments.
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Table C.1

COEFFICIENTS USED TO COMPUTE SAVINGS DUE TO
INDIVIDUAL TREATMENT PROCEDURES

Regimen
Component 1 2 3 4 5 6
S in NF, P/G in F -.75 1 -.25 -.25 -- .25
P/G in NF, S in P .25 -1 -.25 .75 “ - .25
Clinic - -.50 -- -.50 .50 -- .50
Mouthrinse/tablets -.25 -- .25 -.75 1 -.25
Education -.25 -- .25 .25 -1 .75
Classroom -.50 -- .50 -.50 -- .50
Clinic-classroom
interaction -1 -- 1 1 -- -1

NOTE: The estimated effect of a component is a linear
combination of the mean DMFS increments in the six regimens,
using the coefficients in the corresponding row. The entry
1" 1 . . ] . . .

--" in a regimen's column indicates that the mean increment
in that regimen does not enter the calculation.

benefit of the clinic and classroom was less than the sum of its parts, the opposite
phenomenon occurred in the other three analysis groups.

METHODOLOGY

The main regression analyses for this report allowed for direct computation of mean
DMFS increments by regimen. However, we often wished to report estimated savings of indi-
vidual components. One way to produce such estimates would have been to replace indicator
variables for each of the treatment regimens with indicator variables for whether a child
received sealants, prophy/gel, mouthrinse/tablets, and education. This turns out to be
unnecessary because the estimated effects of individual components are linear combinations of
the mean increments in the regimens.

Let X be a 6 by 5 matrix that represents the Program’s treatment design. The rows of X
represent the treatment regimens, and the columns represent: (1) a constant term, present in
all regimens; (2) sealants in NF sites, prophy/gel in F sites; (3) prophy/gel in NF, sealants in
F; (4) mouthrinse (and tablets in NF sites); and (5) education. Thus we have

11111
10111
11100

X=110011
10001
10000

The coefficients in Table C.1 come from the last four rows of —(X’X)~’X’. The minus sign
follows from our definition of effects, namely, the reduction in DMFS increments due to a
treatment. Coefficients to compute effects of the full clinic and classroom components are
obtained by summing the coefficients for the individual components.
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