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Abstract -- In this study in oral epidemiology, officially collected statistics are
presented which show that, 15 yr after fluoridation commenced in Auckland, New
Zealand, there was still a significant correlation between dental health of children
and thcir social class. They also show that treatment levels have continued to decline
in both fluoridated and untluoridated areas, and are related to social class factors
rather than to the presence or absence of water fluoridation. In the unfluoridated
areas aU the children, and in the fluoridated arcas only selected children, had
received regular topical fluoride treatments. In both areas the use of fluoride tooth-
pastes and oral hygiene had been encouraged. When the socioeconomic variable is
allowed for, child dental health appears to be better in the unfluoridated areas.
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In 1966, the water supply of Auckland,
New Zealand's largest city, was fluori-
dated. For that year also the Sociology
Department of the University of Auck-
land compiled "social rank areas" for the
city, based on census statistics for occu-
pations and incomes (I). Advantage was
taken of this coincidence, which provided
an opportunity to examine the relation-
ships between social class, fluoridation
and dental treatment requirements (2).
In this earlier study statistics from the
School Dental Service in the Auckland
Health District were used to show that
before fluoridation there was a significant
correlation between dental treatment re-
quirements of children and their social
class, but that 8 yr after fluoridation
commenced the treatment requirements
were markedly reduced, and were no
longer significantly correlated with social
class. It was assumed that tluoridation
had caused the reduction, and concluded
that the greatest benefit had gone to low-
er class children. Similar studies in other
countries (3, 4) have reached the same
conclusion.

In the present study the author up-
dates the treatment information for the
same suburbs of fluoridated Auckland,
studied earlier (2). Also presented are
other treatment statistics (5), some from
a wider geographic area (6), which were
officially collected nationally in 1981 (7).
After that year the New Zealand Depart-
ment of Health discontinued separating
such statistics for fluoridated and unfluo-
ridated areas (7, 8). It was also the year

of the latest census (9), so advantage was
again taken of this coincidence to exam-
ine relationships between social class,
fluoridation and child dental health.

Material and Method

Sample J - In the earlier study the meas-
ure used was extracted from the monthly
returns received from clinics by the Prin-
cipal Dental Ollicer. These showed the
total number of fillings (in primary and
permanent teeth), extractions (because of
decay) and completions of 6-monthly
treatment achieved by each clinic for the
month. By adding the fillings and extrac-
tions, and completions, over a 12-month
period, and representing the results as
a ratio of "fillings and extractions per
completion", a comparative measure of
the level of treatment requirements of
the children in each social rank area was
obtained. This was not a universally
comparable measure, but was used be-
cause it was the one best suited for ex-
tracting, retrospectively, the 1966 figures
from the records in use at the time. To
enable subsequent comparisons, it was
continued and has been used again in
this updated study.

The group of primary school clinics
available for the earlier study were not
representative of the whole Auckland
district, the lower social ranks being un-
derrepresented. But it permitted com-
parisons between social ranks to be
made. Before adding the updated treat-
ment statistics, for the same clinics, it

was first necessary to check with the la-
test census statistics (9). Of the 25 orig-
inal clinics, 23 were providing regular
treatment in 1981. Using a basis of aver-
age ir}comes, with weighting for occu-
pations, it was found that the suburbs
were generally ranked as before. Some
had downgraded, reflecting a movement
of lower classes to the outer suburbs, but
only two had changed their position by
more than one social rank. There were
over 11 000 such clinic patients in 1966,
over 12 000 in 1974, and over 10000 in
1981. As in 1966 and 1974, these patient
groups had similar age and sex distri-
butions (there were no "new develop-
ments" among the suburbs). Most of the
children were primary school age (5-11
yr) with smaller numbers of pre-
schoolers and II-l3-yr-olds spread even-
ly for both sexes throughout the socia!
rank areas. Approximately the same per-
centages of school children were under
treatment (from 95% in the upper dass
suburbs to almost 99% in the lower class
ones). All the clinics had a single control-
ling officer (from 1971 the author) with
a management staff who ensured uniform
diagnostic and treatment procedures.

Unfortunately the figures for perma-
nent tooth fillings only were not recorded
for the earlier study, and are not now
available. But from 1978 to 1981 there
was collected nationally, for each clinic,
the "average number of permanent tooth
fillings per child" for each year (5, 7)
(there are no permanent tooth extrac-
tions for decay). This was calculated only
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Table 1. Fluoridated arca: dental treatment levels of ]--13-yr-old children at school dental clinics in five social rank areas of Auckland Health
District from 1966(before fluoridation) to 1981

for children with permanent teeth. The
latest of these figures (for 1981) are in-
cluded. The results are set out in Table
1.

Sample 2 - At the time of the earlier
study, the same sets of figures then gath-
ered were also extracted for the two pri-
mary school clinics in the borough of
Onehunga (population 16 000), which
had a different water supply from the rest
of AuckJand, and had not been fluorida-
ted. The working class residents of this
borough have retained their own local
spring water, and have resolutely refused
to have it fluoridated. It was and is richer
than Auckland "catchment" water in
minera] content, specificalJy in silica,
magnesium, potassium, sulphates and ni-
trates, but poorer (0.2 ppm) in fluoride
content (10). The same data set out in
Table I are also presented for these cli-
nics. Because the areas served by these
clinics have remained social rank 5, so-
cial class correlations were not possible
for this un fluoridated part of Auckland.
The figures are presented to enable com-
parison with the same social rank fluori.
dated area. The results are set out in
Table 2.

The same infonnatioll was again col-
lected, for the two social rank 5 areas,
fluoridated and unfluoridated, in 1982.

Sample 3 - For 1981 there was also
gathered nationally, for children in the
highest school grade under treatment by
the School Dental Service (12- or 13-
yr-olds), information which included the
pcrcentages of such children who were
caries-free, in fluoridated and unfluorida-
ted areas (6). In Auckland most of these
children attend Intermediate (Junior
High) Schools, which could not be social-
ly ranked like the primary schools, which
serve smaller areas. But it was possible
for the author to divide such children
in thc fluoridated part of the Auckland
Health District into two social rank cate-
gories, according to the average income
of the areas scrved by their schools: those
above and those below the 1981 avcrage
annual income for greater Auckland (9).
The results, together with those from the
unfluoridated part of his District, are set
out in Table 3.

Sample 4 - Colleagues of the author
have claimed that the borough of One-
hunga, being a small urban area sur-
rounded by a large fluoridated urban

area, is unsuitablc for purposes of com-
parison, because of the possible mobility
of the child population, who could drink
some water and beverages from the fluo-
ridated part of the city. Therefore, caries-
free percentages of highest grade childrcn
from a wider geographic area are pre-
sented. These are the ofIicialJy collected
figures (6) from the neighbouring Hcalth
Districts to the north and south of Auck-
land which, with Auckland, constitute
the "greater Auckland" region, contain-
ing over a quarter of New Zealand's
population. Both these districts, like
Auckland, contain smaller unlluoridated
areas. But unlike Auckland's, these arc
rural and small-town areas, separated
from the larger fluoridated areas. The
north one's average income is below, and
the south one's is above, the greater
Auckland average (9). Both large l1uori-
dated areas, like Auckland, contain all
social classes, but the north one is overall
above the greater Auckland average in
income, while the south one, containing
large concentrations of urban working
class population, is overaH below average
(9). The percentages for all these areas,
together with the appropriate census in-

Table 2. Unfluoridated area: dental treatment levels of 3-13-yr-oId children at school dental clinics in unfluoridated area (low social rank) of
Auckland Health District from 1966 to 198!



Fluoridation status Social rank No. of children No. caries. free Percentage caries-free

Fluoridated Above average 1414 230 16.3
(ranks 1-3)

Fluoridated Below average 2297 194 8.4
(ranks 3-5)

Unfluoridated Low 179 16 8.9
(rank 5)

Health Average income No. of Caries.free:
District (\981) children No. Percent

Auckland (above average) $8299 1414 230 16.3
North $7545 4442 462 lOA
South $7107 4627 459 9.9
Auckland (below average) $6272 2297 194 8,4
Greater Auckland $7272 12780 1345 10.5

South $7449 588 71 12.1
North $6504 837 89 10.6
Auckland $5625 179 16 8.9
Greater Auckland $6584 1604 176 11.0
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Table 3. Auckland: 1981 caries-frec perccntages for l2-13-yr-old children from all school dental clinics in Auckland Health District, with social
ranking (I 98 I census)

formation (average income), has been
added to the information in Table 3. The
results are set out in Table 4.

It should be noted, when comparing
child dental health in different areas in
this way, that in New Zealand all schoo]
dental clinic patients in unfiuoridated
areas receive routine 6-monthly topical
fluoridc applications, while only selected
"at risk" children receive them in the
fluoridated areas. Also, vigorous edu-
cational and preventive work, including
encouragement of use of fluoride tooth-
pastes, has been carried out in both kinds
of areas.

Results

Table 1 shows that in fluoridated Auck-
land, 15 yr after fluoridation was started,
there was still a significant correlation
between dental treatment requirements
of children and their social class. This
applies to all teeth, and to permanent
teeth, despite the fact that total treatment
requirements have dramatically declined
by approximately the same percentages
in most social rank areas.

Statistical test - The rankings wcre
testcd for significance by the Spearman
Rank Order Correlation Test. The criti-

cal value of the rank order correlation at
a significance level of 5% is 0.9 for n=5
groups (11). While by 1974 the corre-
lations were no longer significant (1'=
0.6), the 1981 correlations were even
more significant, both for all teeth and
for permanent teeth (r = 1.0), than in

1966 (1'=0.9).
Table 2 shows that a steady but less

steep decline has also occurred in the
unfluoridated part of Auckland, with
permanent teeth in 1981 requiring much
less treatment than in the same social
class fluoridated area (Table 1). Thc 1981
difference, between the two social rank 5
areas, for treatment of all teeth, was not
significant (but the 1982 difference was -
see below). However, the greater perma-
nent tooth filling difference suggests that
primary teeth may require more trcat-
ment in the un fluoridated area. The treat-
ment requirements between these areas
were also diffcrent in 1966, before lIuori-
dation started, and in 1974. Without
knowing the 1966 and 1974 differences
between primary and permanent tooth
filling requirements, the implications are
difficult to assess. Other social factors,
such as "ethnicity" (2), which includcs
racial differences, appear to be the samc
for both areas (9). The only variable

known to the author to be different in
each area is the water supply which, us
explained earlier, was different in 1966 as
well as today.

Statisticallests - There are four differ-
ences of interest, when comparing the
social rank 5 results in Tables 1 and 2:
(1) 1981 permanent tooth treatment
(over 50% less in unfluoridated area),
(2) 1981 total treatment (slightly more in
unfluoridated area), (3) 1974 total treat-
ment (23% morc in unfluoridated area),
and (4) 1966 total treatment (over 40%
less, before fluoridation, in thc area
which did not fluoridate).

These are differences bctween Poisson
means, and when tested (12): difference
(l) was significant (P < 0.00 I), difference
(2) was not significant (P> 0.05), differ-
cnce (3) W<L~significant (P<O.OOI), and
difference (4) was significant (P<O.OOI).

1982 results; diftercnce (I) was similar
- 0.69 in fluoridated area and 0.31 in
unfluoridated - and similarly significant
(P < 0.00 I) and difference (2) was re-
versed - 0.91 in fluoridated area and 0.81
in unfiuoridatcd -- and was significant
(P < (WOI).

Tables 3 and 4 reinforce the finding
that dental health is related to social
class, rather than to fluoridation. Also,

Table 4. Greater Auckland: 198I caries-free percentages for 12-13-yr-old children from all school dental clinics in the three Health Districts of
greater Auckland, with average income (1981 census) of the areas

Fluoridation
status

Fluoridated

Unf1uoridatcd

(Greater Auckland average income, 1981: $7209).
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like Tables I and 2, they suggest that
when social class differences are allowed
for, child dental health is better in the
unfluoridated areas.

Statistical test (Table 3) - The numbers
of children, from which the percentages
were derived being known, the chi-square
test for significance was used. The differ-
ence between the higher and lower social
class areas was significant (P< 0.(01). The
difference between the fluoridated and
unfluoridated lower class area was not
significant.

Statistical/est (Table 4) - The Spear-
man Rank Order Correlation Test
showed that the percentages were corre-
lated exactly (r= 1.0) with social rank.
within both the fluoridated and unftuori-
dated areas. Using the chi-square test.
the differences between the fluoridated
and unfiuoridatecl areas were not sig-
nificant (P> O.OS).However, when fluori-
dated and unfluoridated areas of similar
social rank are compared, the caries-free
percentage is consistently higher in the
unfluoridated areas.

Discussion

There has been comparatively littlc re-
search into the relationship bctwcen so-
cial class, fluoridation and child dental
hcalth. and the Endings in different coun-
tries arc somctimcs difTcrent. For exam-
ple, SWEJDA(13) in the Unitcd States,
COLQUHOUN(2) in New Zealand and
HAUSENet al. (14) in Finland found that
children of lower social class in high fluo-
ride areas had more dental dccay of pri-
mary teeth, while CASTALDIet al. (4) in
Canada and CARMICHAELel al. (3) in
England found no such difference. CAR-
MICHAELet al. (3) and COl.QUHOUN(2)
found a stronger effect of wa tel' fluorida-
tion on decay of primary teeth in lower
social classes, but this finding is contra-
dicted by the results of this present study.
HAUSENet al. (14) commented on the
problems resulting from the many differ-
ences between countries' social struc-
tures, dental care systems and other fac-
tors, and on the lack of uniform methods
of classification and measurement.

It is acknowledged that treatment stat-
istics, rather than conventional DMFT
scores from controlled examination of
samples, are not always acceptable as re-
liable indices of dental health. But there
is an almost unique situation in New
Zealand, where a School Dental Service

has providcd, for the period studied, reg-
ular 6-monthly treatmcnt of primary and
permanent teeth for 98% of schoolchil.
dren to a uniform standard closely
checked and supervised. Some doubt was
cast on this claim, when it was pointed
out that wide variations in diagnostic
standards existed, even within the samc
district, among some of our school dental
operators (5). But this was at a timc of
transition. when critcria for diagnosing
treatment needs were being changed. In
1966 and earlier a more radical and
"thorough" approach to diagnosis and
carly treatment was practised. As the bal-
ance of decalcilication and remineraliz-
ation appeared to changc. a morc con-
servative approai;h was adopted. This
change, which has occurred in other
countries also (15), undoubtedly ac-
counts for much of thc claimed rcduction
in dental dccay. But, at thc time the infor-
mation for this study was guthercd. diag-
nostic criteria within the district under
study were uniform.

Also, diagnostic variability affects
DMFT scores also. In New Zcaland
DMFT (decayed, missing and filled
teeth) means for children the number of
teeth filled, because decayed und missing
teeth are so few, and replacement of
fillings rclatively infrcquent. So, though
numbcrs of fmings may not be an ideal
measure, neither are DMFT scores.
From this author's experiencc, child
DMFT scores collected in New Zcaland
during this period are of littlc valuc, and
so have not been used in this study. They
were scriously distorted in at Icast thrce
ways: 1) by variation in diagnostic stan-
(huds between districts (in 1981 the per-
manent tooth filling rate was 100lY.high-
er than Auckland's in the Health District
to the north, and 60% higher in the Dis-
trict to the south), 2) by variations in
operators' diagnostic standards within
Districts, cspecially for the period
1978--80 (5), and 3) by the variable rate
of change in these operators' diagnostic
standards over the period that the
DMFT (largely F) scores were built up
(In the author's experience, it took at
least 3 yr to retrain all staff in the use of
the new diagnostic criteria).

For the above reasons treatment stat-
istics, provided their use is limited to
where and when diagnostic standards
were uniform, are of morc value. Caries-
free pcrcentages were less subject to such
distortions. There was a strong disincli-

nation among our operators to start drill-
ing into caries-free mouths. It was mostly
after that process had commenced, that
diagnostic variability alTccted filling
rates.

The numbers of children involved in
this study are larger than those of many
DMFT sample studies. In fact, insof~\I'as
98% of schoolchildren attend our clinics,
they are child populations, not sumples,
of the particular areas. Two rccent Ncw
Zealand studies (16, 17) confirm the val-
idity of the use of such treatment stat-
istics. One, using samplcs of patients and
callibrated examiners (16), provides es-
scntially the same rcsults us the other,
based on national oHkially collcctcd
treatment statistics (17). Both show that.
as with grcater Auckland, for thc com-
bined fluoridated and combincd unfluori-
dated areas of New Zcaland, thc caries-
free percentages werc virtuully thc same,
and the DMFT score only slightly, and
not significantly, higher in the unfluori-
dated area. Allowing for the fact that the
combined fluoridated areas, being mostly
cities and large towns, are of highcr in-
come level than the combincd llnfluori-
datcd areas, which arc mostly rural and
small towns - which is the reason for the
"urban drift" (9) -- these rcsults conform
to the findings of thc prcsent study in
greater Auckland. Both the above studics
ovcrlookcd this sociocconomic factor.

Thc evcning out of dcntal health differ-
ences, betwecn fluoridatcd and llnnuori-
dated areas, is often cxplaincd as bcing
causcd by the now widesprcad use of
topically applicd nuoridcs, mainly tooth-
pastes. As cxplained earlicr, thcsc arc
widcly used in Ncw Zcaland, cspcdally
in unfluoridatcd areas. Recent rcsearch
(18, 19) including somc in New Zcaland
(20, 21) agrces than the main bcncficial
effect of fluoride is topical, rathcr than
systemic as previously assumed. Thc au-
thor has heard defenders of water fluori-
dation argue that, even if it is mainly a
topical benefit, it should be more effect-
ive for lower socioeconomic groups, be-
causc of its universal application. The
results of this study suggest that child
dental health is no better in fluoridated
areas, whatever their socioeconomic
level. It could be concludcd, therefore,
that topical fluorides (if they are the
cause of the decline in dental decay) are
just as effective as water fluoridation, if
not more so, for all socioeconomic
groups. The "History of Dentistry in


