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Background information: Malta
The Maltese archipelago consists of three inhabited
islands, Malta, Gozo and Comino (Figure 1). In
2009, the population of the Maltese Islands totalled
412,970, of whom 31,295 lived in Gozo [1].

There is no clear dichotomy of urban and rural
areas in Malta. The climate is warm with mild wet
winters and hot dry summers. Rain falls only for
short periods, generally between September and
April and averages 57.8 cm per year.

Water Fluoridation
The beneficial effect of a fluoridated water

supply to reduce the prevalence of dental caries is
no longer a matter of debate [2-5]. Fluoridation of
domestic water supplies has been shown to be
effective in reducing the prevalence of dental caries
by numerous observational and interventional stud-

ies conducted worldwide over the last 50 years.
These studies are remarkably consistent in demon-
strating substantial reductions in caries prevalence
as a result of water fluoridation. Prior to 1980,
when caries prevalence was high, the modal per-
centage reduction in caries was 40-49% in primary
teeth and 50-59% in permanent teeth [6]. However,
when these studies were performed, fluoride tooth-
paste and other sources of delivering fluorides were
rarely used [7]. Studies conducted in the 1980s
demonstrated that the range of reduction in caries
prevalence in fluoridated as compared with non-
fluoridated communities was no longer of the same
magnitude; there was 20-40% less decay in fluori-
dated communities [8]. A review of Canadian stud-
ies also found a smaller average difference of 25%,
for example a difference of 0.73 Decayed Missing
Filled Surfaces (DMFS) between children residing
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in fluoridated and non-fluoridated communities [9].
This change is believed to be due to the increased
availability of a variety of fluoride products,
including dentifrices, mouthrinses, supplements,
and professionally applied gels and solutions. An
additional explanation for the decreased difference
in caries prevalence in fluoridated versus non-
fluoridated communities is the “halo” effect—the
presence of fluoride in beverages and foods that are
processed in fluoridated communities and con-
sumed in fluoride deficient-communities [8,10].

The relationship between dental caries and
water fluoridation was not so clear-cut in the 1990s
[11]. The magnitude of the beneficial effects of
water fluoridation appears to have decreased as the
pattern of dental caries has changed and as fluoride
has become more widely available from a range of
sources. However, it still produces the traditional
benefits in communities where caries prevalence is
high and availability of alternative fluoride vehicles
is low [12]. A significant reduction of 21-40% was
found in a study in Ireland [13], even with the ready
availability of fluoride toothpastes and where the
overall caries prevalence had declined.

Findings of a secular decline in the prevalence
of caries in non-fluoridated communities should
not be interpreted as meaning that water fluorida-
tion is no longer necessary. Caries reductions are
greatest where water fluoridation is used and topi-
cal fluorides, especially dentifrices, are also avail-
able, as demonstrated in Ireland. In every county
surveyed, caries decreased between 1964 and 1984
[14], but the decrease was consistently greater in
those communities in the same county where the
schoolchildren were exposed to both communal
fluoridated water and topical fluoride (most fre-
quently via toothpaste) [15].

The optimal range of community water fluori-
dation (optimal with respect to near maximal den-
tal caries prevention and minimal risk of enamel
fluorosis) varies and depends on fluid consumption
according to the annual average of the maximum
daily air temperature. Failure to make adjustment
for this factor may result in a higher prevalence of
fluorosis in warmer climates. The optimum caries-
protective effect of different fluoride concentra-
tions has been demonstrated in hot climatic zones
(0.6 ppm) and in cold zones (1.0-1.2 ppm).

Figure 1. Map of the Maltese islands
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However, these standards are not appropriate for all
parts of the world such as the tropical and subtrop-
ical areas. Thus the level of 1.0 ppm should be
viewed as an upper limit, even in a cold climate,
and 0.5 ppm, now used in Hong Kong and recom-
mended in the Gulf States, may be a more appropri-
ate lower limit [16] (Table 1). In the light of more
recent evidence, the optimum level of fluoride in
dinking water has been revised downwards to
between 0.6 and 0.8 ppm [17].

By 1990, over 210 million people lived in
fluoridated areas throughout the world [6], 40 mil-
lion of whom are served by water that is naturally
fluoridated at a concentration of 0.7 ppm or higher.
The crucial requirement for community water
fluoridation is a well-established, centralised, piped
water supply.

Water fluoridation has been under continuous
attack by the anti-fluoridation lobby, and has been
questioned in Australia, Canada, Denmark, and the
Netherlands by some dentists who have suggested
that “water fluoridation is no longer necessary” [8].

The Maltese Islands currently have no official

policy on the fluoridation of water, because it was
considered that the fluoride found naturally in the
water supply, which averaged 0.6 ppm in the past
decades, did not need any special treatment.
However, as more and more drinking water is pro-
duced from seawater via a process of reverse osmo-
sis, this policy may need to be revised in view of
the impact on the prevalence of dental caries.

Fluoride Dentifrices
There is now increasing evidence that the decline in
the prevalence of dental caries recorded in most
industrialised countries can be attributed to the
widespread use of fluoridated toothpastes. Rolla et
al. (1991) [18] stated that “the introduction and
wide use of such toothpastes (fluoridated) coincide
with the timing of caries reduction”. A similar con-
clusion was drawn in Finland; “the greater avail-
ability of fluoride dentifrices has been suggested as
the main reason for the decline in caries in adoles-
cents….” [19].

No data are available regarding trends in vol-
ume of imports of dentifrices in tubes in the

Figure 2. Imports of
dentifrices in Maltese

pounds

Table 1. Recommended Fluoride Concentrations for Average Temperature Ranges (WHO, 1984) [16]

Annual average of maximum Fluoride concentration    mg/L
daily air temperatures Lower Optimum Upper

(°C)
10.0 - 12.5 0.9 1.2 1.7

12.0 - 14.6 0.8 1.1 1.5

14.6 - 17.6 0.8 1.0 1.3

17.7 - 21.4 0.7 0.9 1.2

21.5 - 26.2 0.7 0.8 1.0

26.2 - 32.5 0.6 0.7 0.8



Maltese Islands. The only data available show that
the amount of money spent on dentifrices has
increased more than ten-fold from 1980 to 1995
and doubled from 1995 to 2003, from Lm 274762
to Lm 516784 (Figure 2). It is important to note
that the data refer to dentifrices in general and not
specifically fluoridated toothpastes. Moreover, it is
impossible to determine how much of the increase
is due to consumption rather than increase in cost.
Nevertheless, it is very likely that there has been a
real increase in use, considering the twenty-fold
increase in expenditure (Figure 2), and that most of
this toothpaste is fluoridated.

The water supply system
Prior to the late 1980s, the Maltese Islands’ water
supply was obtained entirely from ground water
from boreholes. It contained naturally occurring
fluoride. The mean fluoride level in potable water
of the Maltese Islands never exceeded a concentra-
tion of 1.4 ppm, but certain localities had fluoride
levels exceeding 2 ppm.

The ever-growing population, industrial devel-
opment, agricultural demands, lack of rainwater,
together with the expansion of the tourist trade and
the increasing standards of hygiene, put more
strains on the water supplies. Thus, ground water
production became insufficient to meet demand. As
a result, the Water Services Corporation (WSC)
started converting seawater into high-purity drink-
ing water at reverse osmosis plants and blending it
with ground water.

The first reverse osmosis (RO) plant was intro-
duced in Malta in December 1982, but it was not
until 1984 that it contributed significantly to the
water supplies. Since then, the number of RO
plants have increased, resulting in an increased per-
centage of water coming from the sea. Figure 3
shows the total water produced from the RO plants
from 1986 to 2007. During 2004, the RO plants
were upgraded and new installation methods and
concepts were incorporated into these new designs
in order to address problems of leakages and
increase efficiency. This explained the drop in pro-
duction.

Thus, water from boreholes and the converted
seawater is blended. This blended water is stored in
the 24 reservoirs in Malta, Gozo and Comino,
which have a total capacity of 400,000 m3. From
these reservoirs, the water is redistributed to towns
and villages. A few locations may also receive
water directly from primary sources, such as bore-
holes or RO plants. This resulted in variations in
the fluoride concentrations of local domestic tap
water in some parts of the Maltese islands.

Prior to 2004, Gozo’s water supply was from
ground water from boreholes, which contained high
levels of fluoride ranging from 1 ppm to 2.2 ppm,
depending on the distribution system. In 2004, a
new system of water distribution was introduced in
Gozo. This new system used a collection scheme
whereby ground water from all the boreholes was
pumped to one reservoir. Part of this ground water
was then “polished” in the plant. One part of this
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“polished” water is blended with another two parts
of “non-polished” ground water and this mixture is
stored in the five water quality zone reservoirs,
from where it is pumped to the households in Gozo
(WSC). The “polished” water produced by RO
plants contains less fluoride than the ground water.

The Water Operations Unit is responsible for
all distribution and ground water operations in the
Maltese islands. These responsibilities include the
Water Quality Zones and the Distribution Control
Section. The water supply network is divided into
20 Water Quality Zones in Malta and Gozo. Each
zone is linked to a particular reservoir, which is
numbered the same as the Water Quality Zones.
There are five Water Quality Zones for Gozo
(WSC, Institute for Water Technology).

In the Maltese Islands, water for public con-
sumption is required to meet the standards set out
in European Union (EU) legislation. The drinking
water directive (98/83/EC) puts the limit for fluo-
ride in drinking water at 1.5 mg/l (1.5 ppm) [20].
This directive was transposed into Maltese Law LN
23/2004, which came into force in January 2004
[21]. This was amended by LN 116/2004 [22] due
to the introduction of the Annexes. The parameter
for fluoride had to be corrected to below 1.5 mg/l in
accordance with the relevant legal notice by 31st
December 2005.

The WSC performs fluoride analysis as part of
its check and audit monitoring in order to meet the
requirements of LN 23/2004 and 116/2004.
Fluoride levels are analysed at the village points
twice a year in Maltese villages and on a monthly
basis in the case of Gozo villages. The results are
read using ultraviolet/visible (UV/VIS) spectropho-
tometry.

The WSC is undergoing a Drinking Water
Quality Project (funded by the EU), which consists
of the refurbishing and upgrading the existing RO
plants to improve the quality of drinking water at
the consumer’s tap. It is planned to increase the
pumping from RO and decrease that from ground
water to improve the quality of ground water [23].
This would result in a further reduction in the fluo-
ride concentration in both Malta and Gozo.

During 2006-2007, over 30,306,179 m3 was
produced. This means that the WSC produces
around 83,000 m3 of water every day. Around
40.46% of this water comes from ground water
sources (galleries and boreholes) scattered all over
the Maltese Islands [23].

Tap water in the Maltese Islands, therefore,
now contains less fluoride than is found in natural-
ly occurring ground water obtained from aquifers
due to the blending that takes place with water from
RO plants.

Fluoride Concentration
In the past, the Maltese Islands had natural fluoride
present in the water supply, at an average level of
0.6 ppm. The latest reports on the fluoride content
of the public water supply in Malta show that the
level of fluoride is now below 0.2 ppm (Figure 4).
This has dropped from a mean value of around 0.6
ppm in 1968. Such a concentration may be consid-
ered as a lower limit of optimum during the sum-
mer months, when an average temperature of
around 32° C is recorded (Table 1). The fluoride
levels in most local drinking water in Malta have
dropped to concentrations that are insufficient for
the prevention of dental caries.
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Figure 4. Fluoride concentrations in the Maltese Islands 



Gozo, on the other hand, had levels of fluoride
that ranged from 0.8 to 2.5 ppm. Since the introduc-
tion of its RO plant in 2004, the “polished” water
contains less fluoride than the ground water and the
mean fluoride concentration for the different parts
of the island now averages 0.65 ppm (Figure 4),
thus meeting the drinking water directive
98/83/EC, which puts the limit for fluoride in
drinking water at 1.5 ppm [20].

Dental Fluorosis
Evidence of dental fluorosis had been found among
some schoolchildren in Gozo in 1964 [24].
However, no data were ever collected or presented
during that period. The first documented data on
dental fluorosis were in 1986, when Möller carried
out a pathfinder survey in Malta and Gozo [25].
Table 2 shows the distribution and severity of den-
tal fluorosis in 12-year-old children in Malta and
Gozo in 1986.

Table 2. Levels of Dental Fluorosis in 12-Year-
Old Children in 1986: Percentage of Persons

Affected (According to the Modified Dean's Index)

At that time, in Malta 62% of children were
recorded as having normal enamel whereas in Gozo
only 46.3% of children were recorded as having
normal enamel. There would appear to have been
more fluoride in Gozo water as the level of ques-
tionable fluorosis was higher at 23.8% compared to
3.4% in Malta. However, it was only in Malta that
children had severe levels of fluorosis, albeit that
only 0.8% of children were affected.

Möller (1987) suggested that there was, at the
time, a public health problem with regards to den-
tal fluorosis in Gozo [25]. A score of  >0.6 was
recorded using Dean’s index [2], exceeding the
normal threshold scores of 0.4-0.6. However,
Möller (1987) also suggested that possibly other

enamel opacities could have been mistakenly clas-
sified as dental fluorosis [25].

Further data collected by Vassallo and Portelli
in 2004 showed that 21% of all 12-year-old chil-
dren examined in Malta and Gozo had signs of
staining attributable to fluorosis on one or more of
their maxillary anterior teeth and of these children,
only 19% were aware of the staining [26]. In Gozo,
15% of the 12-year-old children examined had
marks attributable to fluorosis [26].

A recent study [27] showed that dental fluoro-
sis prevalence in Gozo is low in the permanent den-
tition of 12-year-olds and the majority of the fluo-
rosis present is of a mild form. In fact, the 12-year-
old children were also not aware of the aesthetic
changes on their central incisors associated with
dental fluorosis. This study used the Thylstrup
Fejerskov (TF) index [28] and the results showed
that 13.8% of the children had a TF score of 1 or
more. Table 3 shows the TF scores.

The conclusions from this study showed that
the systemic source of dental fluorosis, which is
present in Gozo, was not solely tap water, as had
been previously assumed.

Dental Caries
Overall, the data available show that the caries
prevalence in the Maltese Islands is low. The
prevalence of dental caries is and has been lower
among the 12-year-old Gozitan schoolchildren,
than it is among their Maltese counterparts (Figure
5).

From 1968 to 1986, the mean DMFT in 12-
year-old children in Malta dropped from 2.3 to
1.56. However, the results of a survey in 1995 [29]
suggested that between 1986 and 1995 caries
prevalence had increased from 1.6 to 1.8 DMF-T in
12-year-olds. Then, from 1995 to 2004 it decreased
from 1.8 to 1.4 [26,29].

It is interesting to note that a similar increase
occurred in other countries where water fluorida-
tion was discontinued. In Antigo, Wisconsin, where
water fluoridation was started in 1949 but discon-
tinued in November 1960 and not reinstated until
October 1965, the caries prevalence increased
remarkably (by about 100%) between 1960 and
1966 (DMFT increased from 1.7 to 2.9) [30].

Level of fluorosis Malta Gozo
Normal       62.4 46.3
Questionable 3.4 23.8
Very mild   15.9 15.0
Mild          14.6 8.8
Moderate    2.1 5.0
Severe       0.8 0.0

240

OHDMBSC - Vol. IX - No. 4 - December, 2010

Table 3. Thylstrup Fejerskov Scores in 12-Year-Old Children in Gozo

Age TF Score TF Score TF Score TF Score TF Score TF Score
0 1 2 3 4 5

12 years 83.30% 5.90% 2.82% 2.56% 0.77% 0.26%



Mansbridge (1969) [31] reported that after cessa-
tion of the fluoridation scheme in Kilmarnock, in
1962, the prevalence of caries increased in children
aged 3-7 years. By 1968, the proportion of children
free from decay approximated to the pre-fluorida-
tion level of 1956 and to that of the control children
in Ayr. Similarly, in Wick, Scotland, which started
water fluoridation in 1969 but stopped it in 1979,
the caries prevalence in five- to six-year-old chil-
dren increased by 27% between 1979 and 1984,
despite a national decline in caries and increased
availability of fluoride dentifrices [3]. Similarly,
the prevalence of dental caries has increased in
Stanraer, Scotland, since the withdrawal of water
fluoridation [32]. Nevertheless, even if water fluor-
idation is stopped, there can still be beneficial long-
term effects. A study carried out in Okinawa,
Japan, on the caries experience of 18-22-year-old
subjects, 13 years after water fluoridation had been
discontinued, showed that missing teeth and
advanced carious lesions occurred less frequently
in the subjects who had fluoridated water compared
to the control group. There was also significantly
lower caries prevalence on the free smooth and
approximal surfaces. However, the overall DMFT
differences were small and non-significant [33]. In
the Dutch town of Tiel, where the fluoridation of
drinking water was discontinued in 1973, the caries
experience (DMFS) of 15-year-old children
increased between 1968/1969 and 1979/1980 by
18% (from 10.8-12.7) and decreased by 26% (to
9.6) in the following years. After cessation of water
fluoridation, caries prevention had been continued
with school-delivered F-tablet distribution and

other measures, such as individual use of fluoride
dentifrices [34].

The question as to whether water fluoridation
would have had an additional benefit if it had been
continued cannot be answered, as there are no
remaining communities with fluoridated water in
the Netherlands [35].

Direct evidence suggesting that a reduction in
the optimum concentration in fluoride in communi-
ty water supplies would significantly alter DMFT is
scant. In 1991, the Working Group of the National
Health and Medical Research Council of Australia
found no data to estimate directly the consequences
of reducing water fluoride concentration below 1
ppm [36]. This organisation extrapolated from his-
torical data and concluded that dental caries would
increase by 10-15% overall and much more for
high-risk persons, within 5-10 years following a
reduction in fluoride concentration from 1.00 ppm
to 0.5 ppm. However, Lo et al. (1990) found that
dental caries continued to decline in 6-12-year-old
children in Hong Kong despite a small reduction in
the concentration of fluoride in the water from 0.8
ppm to 0.6 ppm in 1978 [37].

Considering that the clinical effectiveness of
water fluoridation in the reduction of dental caries
in both the primary and permanent dentition is
around 50%, the magnitude of the increase of caries
levels in Malta in 1995 was not so great. This sug-
gests that a factor (or factors) operating independ-
ently of this population measure is likely to be
responsible. The control of sugar is undoubtedly an
important issue in the prevention of caries. Thus it
is possible that sugar may have had an impact, but
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Figure 5. Trends in
dental caries preva-
lence in 12-year-olds

in terms of mean
DMFT in Malta and

Gozo 



this has not been investigated. The other reason that
may explain why the caries prevalence has not
increased so dramatically is the greater availability
of fluoride in the oral environment, particularly the
increasing use of toothpastes (most of which were
fluoridated), which have shown more than a ten-
fold increase from 1980 to 1995 (Figure 2).

The decline in the DMFT in Malta from 1995
to 2004 is in keeping with reports that have con-
firmed a decline in dental caries in children in the
developed and developing countries during this
period [38-42]. This has been attributable, in part,
to the widespread use of fluoride-containing denti-
frices, now regarded as both clinically effective and
socially acceptable, making them the best form of
intervention for the prevention of caries [43]. Thus
the increased expenditure on dentifrices could also
explain the statistically significant decline in
DMFT from 1995 to 2004.

Over a period of 17 years, the DMFT in Gozo
has declined from 1.2 to 1.0 ppm. The decline is not
statistically significant (Figure 5) but the impact of

the introduction of the desalinated seawater had not
yet had an impact.

Conclusion
From 1968 to 2004, the caries levels in the Maltese
Islands have declined in parallel with other coun-
tries. In 1995, the caries levels in Malta appeared to
have increased slightly at the same time as a reduc-
tion in the fluoride levels of the public water sup-
plies in Malta from 0.6 ppm to 0.1 ppm. This
increase might have been due to a number of fac-
tors, including sugar consumption, which have not
been investigated, and/or the maintenance of ambi-
ent fluoride levels through other vehicles. Over this
time period, available data suggest that fluoride
from (mainly) dentifrices has replaced the loss of
fluoride from the Maltese water supplies, as previ-
ously concluded by Marthaler (1990) [7].

Caries prevalence and fluorosis levels need to
be monitored regularly in order serve as a guide for
developing a fluoride strategy for the Maltese
Islands.
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