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ABSTRACT

Purpose:  In 1987, Jamaica initiated a comprehensive island-wide salt fluoridation program.  A survey was conducted in 1995 to monitor the impact of salt fluoridation among children in Jamaica.

Methods:  Dental examinations of 1,120 children ages 6 to 8, 12, and 15 years were conducted according to World Health Organization criteria to assess dental caries, fluorosis, the presence of and need for dental sealants, and Community Periodontal Treatment Needs (CPI).

Results: Age specific DMFT means observed in 1995 were 0.2 at age 7, 0.4 at age 8, 1.1 at age 12 and 3.0 at age 15.  The mean DMFT scores in children 6, 12 and 15 years of age were dramatically lower than the corresponding scores of 1.7, 6.7 and 9.6 obtained at the baseline examination in 1984 for children of the same age groups, respectively (baseline data for 7 and 8 year-olds were not collected). The mean percentage of sound permanent teeth for all age groups was 90% in 1995.  The percentage of children caries-free at baseline was 27.6% for 6 years, 2.8% for 12 years and 0.3% for 15 years of age. In 1995, the percentage of caries-free children (permanent teeth) was 61%.  In 1984, twenty-three children were scored as having very mild or mild fluorosis.  In 1995, five children were scored in the same categories of fluorosis, using Dean’s criteria; thus, fluorosis remained at negligible levels in 1995.  

Conclusions:  The oral health survey conducted in Jamaica in 1995 indicated a significant decline in dental caries compared with findings in 1984.  The major change in Jamaica during the 

interval was the introduction of salt fluoridation in 1987.  Dental fluorosis was low in the 1995 survey.
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INTRODUCTION
An oral health survey conducted in 1984 by the Ministry of Health in Jamaica reported the existence of very severe caries in children, illustrated by a mean DMFT score of 6.7 in children at age 12.
  The high level of disease along with the poor dentist: population ratio (1/43,478)
 indicated the need for an aggressive and effective public health caries-preventive program.

In 1994, the Pan American Health Organization (PAHO) launched a multi-year plan to support the implementation of water and salt fluoridation programs throughout Central and South America and the Caribbean. Prior to this plan, Jamaica had initiated in 1987 a National Salt Fluoridation Program.  For Jamaica, salt fluoridation seemed to be ideal.  It was not feasible to envisage water fluoridation beyond the capital, Kingston.  The existence of one supplier of refined salt for the entire island was an ideal situation for production and distribution of fluoridated salt.  A recommendation to implement a salt fluoridation program was subsequently endorsed by all pertinent professional organizations, governmental agencies and consumer groups.   The Jamaican Ministry of Health and the Cabinet approved the program in 1985 and the Parliament in 1986.1

Biological and chemical monitoring of salt in Jamaica is conducted by the Department of Oral Health of the Ministry of Health.  Quality control of the fluoridated salt is conducted daily at Alkali Limited, the producers of salt in Jamaica.  The Jamaica Bureau of Standards monitors the fluoride concentration of the salt.   An oral health survey among children in Jamaica was conducted in May of 1995 in compliance with PAHO’s 1994 epidemiological surveillance     system for fluoridation programs.  This paper presents the results of this oral health survey and compares dental caries scores in 1995 with those observed in 1984.

Background

To prepare the population in Jamaica for the implementation of salt fluoridation, an educational campaign was launched in 1986 and 1987, using mass media that targeted the general public.  Training workshops regarding the salt fluoridation program were held for health professionals in Jamaica.  PAHO provided technical assistance in the design and implementation of the salt fluoridation program, as well as in training local personnel in salt fluoridation techniques. 

Studies of household salt consumption as well as baseline caries prevalence in children 12 years of age were conducted in Jamaica in 1984.
    A mean DMFT of 6.72 was found for 12-year-old children.1 Urinary fluoride excretion tests had been conducted in 1987.  In order to verify whether the urinary fluoride excretion was indeed higher than at baseline, tests were repeated approximately 20 months later in 1989. The fluoride excretions obtained from 24‑hour collections ranged from 169 to 485 (g/24 h in 1987 and increased to 304‑657 µg/24 h in 1989.
 Alkali Limited, producers of all salt destined for human consumption in Jamaica since 1963, designed and implemented the fluoridation process at their plant in Spanish Town, which entailed the addition of potassium fluoride solution to refined table salt just prior to the drying stage in the salt refining process.  From the very beginning of the project, the concentration chosen for salt fluoridation was 250 milligrams of potassium fluoride per kilogram of salt (mg/kg), as has been used for domestic salt in Switzerland and France.  In the initial stages, variations of the concentration occurred, but the average concentration was never below 180 mg/kg. 

Periodic evaluations of the fluoride concentrations of drinking water sources in Jamaica conducted by the Jamaican National Water Commission have indicated uniformly low fluoride concentrations of <0.3 ppm in 95% of the sources, which were used by 99% of the population.3 Previous to salt fluoridation, Poly‑vi‑fluor, an infant vitamin formula fortified with fluoride, had been imported for use by infants and young children in Jamaica.  After salt fluoridation began the prescription and importation of this product stopped. In order to restrict ingestion of systemic fluorides for all persons in Jamaica, the Ministry of Health prohibited the importation of any formulation designed for ingestion that might include any appreciable fluoride content; however, there may be some multivitamins that still contain fluoride on the market.  Therefore, by 1989, Jamaica had successfully limited dietary fluoride to only one source: fluoride added to salt. 


Fluoridated toothpaste first became available in Jamaica in 1972, 15 years before fluoridated salt was introduced in 1987.  After salt fluoridation was implemented in 1987, the availability of fluoridated toothpaste was maintained, as occurs in other countries with water fluoridation or salt fluoridation.  Data are not available on the use of fluoride toothpaste in Jamaica between 1984 (baseline) and 1995.
METHODS

Population sampling 

In 1995, the total population of Jamaica was approximately 2.5 million, of which one-third were school-age children.  For purposes of the oral health survey conducted in 1995, simple random sampling was used for selecting six regions (parishes) out of a total of fourteen. Within regions, ten schools that enrolled children in primary and high school were randomly selected for the survey.  Enrollment lists were obtained and children 6-8, 12 and 15 years of age were selected at random to be examined.  The original estimated sample size was 1200 subjects.  However, some difficulty was encountered in obtaining the required number of children in some schools, resulting in a final sample of 1,113 subjects or a response rate of 92.8%. The age distribution of the final sample population by each of the six regions is shown in Table 1.  Children in the oldest age group (age 15) contained a few 14 and 16-year-olds.  For analytic purposes, these children all were considered as 15-year-olds.  The resultant survey responses were geographically distributed as follows: 24% urban (from the Kingston area) and the remaining 76% were from periurban or rural areas.  The approximate sex distribution was as follows: 37.6% were male and 62.4% female. 

The 1984 baseline survey had essentially a “pathfinder” design, as recommended and described in WHO Basic Methods, 2nd Ed.
 The sampling design estimated that 400 children in each of three age groups, 6, 12 and 15 years should be examined. Thirty-nine schools were randomly selected (using a table of random numbers) from approximately 800 schools in Jamaica. Some schools were randomly selected for more than one age group.  If a particular school had present more than twenty students in a specific age group, a random table was used to select the subsample for examination.  The random selection represented by chance, all types of schools, private and government, in thirteen of the fourteen parishes in Jamaica. The number of subsamples for each geographic area was proportional to the total school population of that area. Twelve hundred twenty children comprised the total sample: Four hundred twenty, 6 year-olds, four hundred 12 year-olds and four hundred 15 year-olds.3
Diagnostic Criteria of Calibration of Examiners and Data Collection


In 1984, one examiner conducted all examinations (RW).  Ten percent duplicate examinations were conducted in each of the age groups included in the survey for verification of intra examiner reliability (Kappa=0.9, excellent agreement).3 

In 1995, PAHO sponsored a two-day training workshop for the oral health examiners who would collect the data for the Jamaican oral health survey of school children.  The calibration exercises were conducted at the dental auxiliaries school in Kingston, following WHO guidelines. 
   Two dentists and seven dental auxiliaries were calibrated as examiners and nine dental assistants as recorders.  The examiner who did the examinations in 1984 was part of the training team in 1995.   The trainees' completed examination findings and data recording were checked  by one or more of four experienced PAHO consultant examiners.  When a clinical condition of interest was found, all examiners being calibrated were called to observe and discuss the condition.

Data collection 

The criteria for data collection recommended by WHO at the time of the survey were followed and data were recorded using the WHO simplified data collection form in its 4th draft edition.
 The DMFT Index was used to measure dental caries experience.

Fluorosis was recorded following Dean's criteria.7   As a modification of the standard WHO scoring system, which stipulated that a single fluorosis score be assigned to an individual, fluorosis on the facial surfaces of all six upper anterior teeth was recorded.  PAHO made this modification in order to measure the cosmetic impact of the condition.  These tooth surfaces are the most important in social interactions. 

RESULTS

Caries experience 

In 1984, baseline findings had shown mean DMFT scores of 1.71 at age 6.72 at age 12 and 9.87 at age 15 (Table 2).  By component, decayed teeth comprised the great majority of total DMFT scores in each age group.

For the same age groups in 1995,  DMFT scores were: 0.22  at age 6, 1.08 at age 12, and 3.02 at age 15.   Table 3 shows that only 503 survey participants (45%) had a DMFT index score greater than zero.  Of that group (for all ages) 80.8% of their teeth had untreated carious 

lesions, 12.1% of their teeth were missing (and had been extracted), and 7% of their teeth had been filled.   Older children tended to have more dental care than younger subjects.

Dental Fluorosis


The presence and degree of fluorosis is summarized in Table 4.  All survey participants were examined for fluorosis unless they met one or more of WHO's exclusion criteria.  After excluding survey participants who met one or more of these criteria, 695 children were examined for the presence and degree of fluorosis.  Of these, 96% had no evidence of fluorosis, 4% had evidence of ‘questionable’ fluorosis and less than 1% had evidence of very mild or mild fluorosis.  None of the children was classified as having moderate or severe fluorosis.  Children in the region of Saint Ann had a slightly greater prevalence of fluorosis (questionable) than those in other regions.
Other Oral Health Conditions

The percentage of children thought by the examiners to be in need of pit and fissure sealants in their permanent teeth was 12%.  By age, this percentage ranged from 9% for 12 year olds to 16% for 6-year-olds.  Only eight children had evidence of sealants.  Results of the CPI assessment indicated a relatively low prevalence of periodontal conditions in the children examined in the survey (data not shown).  Seventy seven percent of 361 children 12 years of age and 55% of children 15 years of age examined had healthy periodontal tissues.  Eight children 12 years of age and fifteen children 15 years of age had bleeding on probing. This condition should be reversible by self-care (plaque control).   Fifty-five 12 year-olds and seventy-one 15 year-olds had calculus.  Twenty-one 12 year-olds and fifty-five 15 year-olds had shallow pockets. These conditions require trained personnel for their treatment and control. Only one child (age 15) had evidence of deep pockets. 

DISCUSSION


The comparability of the 1984 and 1995 surveys are a key element of this report.  In principle, measurements were based on diagnostic criteria contained in two different WHO Basic Methods Manuals.5,7  While in the first survey there was one examiner, there were seven examiners in the second survey, but all of them were trained by four experienced calibrators.  Moreover, the examiner who conducted all the examinations in 1984, was one of the trainers for the 1995 survey.


With respect to the sampling procedures, the second survey was conducted according to more modern standards.  The 1984 pathfinder survey distinguished between urban, special areas and rural areas, and included elements of proportionality and randomness in its design.   It is unlikely that non-adherence to strict probability sampling in the 1984 survey resulted in more than minor biases in the findings.


It is generally accepted that the use of fluoride-containing dentifrices when used regularly is the main reason for the decline of dental caries experience in countries that do not provide fluoridated water or salt to their populations.  Because fluoridated toothpaste had been introduced to Jamaica 12 years prior to the first survey in 1984, some reduction in caries experience should already have resulted from use of fluoridated toothpaste.  Unfortunately, data are not available on the relative use of fluoride containing toothpaste by children examined in 1984 or in 1995.


The changes in caries experience among school children in Jamaica between 1984 and 1995 are striking.  Reductions in caries experience ranged from 69% for 15 year-olds to 87% for six-year-olds.  Although it is not possible to attribute the change to the introduction of salt fluoridation in 1987 because of the design of the evaluation and the inability to control other pertinent variables, fluoridated salt was the principal variable that changed during the interval between the two surveys.  The use of fluoride containing toothpaste may have increased between 1984 and 1995, but data were not collected to measure such a change. Oral health education of children in schools has not reach the majority of the population.  Moreover, there are limited school dental services on the island.  The changes in caries experience of school children between 1984 and 1995 may be a result of a combination of factors.  The likeliest factor, however, to account for the change is the fluoridation of salt.

The higher percentage difference in caries experience at age 12 (84%) than at age 15 (69%) may be a reflection of the fact that the 12-year-olds in 1995 were only about four years old when salt fluoridation began.  Thus, their permanent teeth were exposed to fluoride from the time of eruption.  In contrast, the 15 year old group was already about 8 years old when fluoridation started, and some first molars had already become carious.  Moreover, the fluoride concentration of the salt during the first year of salt fluoridation was inconsistent.  All salt for human consumption (except for salt used in some bakery products) is fluoridated in Jamaica, which means that, from 1987 to 1995, not only was the salt used for cooking and seasoning foods at home fluoridated, but commercially processed foods also contained fluoridated salt.  (Since 1996, salt used by bakeries is also fluoridated).

Despite the limitations of not being able to attribute a cause-and-effect relation to the findings in Jamaica, the results conform to observations of the benefits of salt fluoridation reported from several other countries.  As early as 1972, a 60-65% preventive effect from salt fluoridation had been reported in Colombia.
 A reduction of 60‑68% in caries was reported from Hungary in 1984, after 15 years of salt fluoridation
 the experience in Switzerland was similar, as reported by Marthaler; the caries reduction through salt fluoridation in Switzerland was 71‑78% from 1974‑1987.
 A 42% caries reduction after 5 years of salt fluoridation in Costa Rica has been reported. 

Although the benefits of salt fluoridation in reducing caries are clear, it is imperative that strict epidemiological surveillance programs be maintained.  Biological and chemical testing should be conducted regularly to monitor fluoride exposure.  Clinical examinations should be conducted on a routine basis to assess changes in caries experience and to identify any development of unsightly fluorosis.  Chemical monitoring means that fluoride concentrations in salt must be periodically examined by government agencies to ensure that the correct amount of fluoride is being added.  Strict surveillance should be done to ensure that fluoride supplements are not available.  In addition, reference data on the diets of pre‑school children is valuable for assessing fluoride ingestion from foods. 

The results of the oral health surveys conducted in Jamaica in 1984 and 1995 indicate a likely impact of salt fluoridation in preventing caries in children, with minimum risk of producing fluorosis.  The salt fluoridation program in Jamaica is working well, with the salt industry currently exporting fluoridated salt to several neighboring countries and considering an additional expansion for exporting salt to other countries in the Caribbean region.  A salt fluoridation program, such as the one in Jamaica, provides universal access and coverage that includes populations from all socioeconomic strata and all ages.  Such programs, furthermore, have a very high cost-benefit ratio; it has been estimated that for each dollar spent on salt fluoridation programs, about 250 dollars will be saved in reducing the need for future dental treatment,
 making fluoridation of salt one of the most cost-effective interventions known to modern public health.  A reduction in caries prevalence can be obtained through salt fluoridation without changing knowledge or behavior, and without increasing the daily amount of salt ingested.  Where community water supplies are not available, salt fluoridation is a safe, inexpensive and effective alternative for water fluoridation, reducing substantially the prevalence of tooth decay.

     Table 1

     Population of examined school children in 1995 by region and age.

Region
Age 6
age 7
age 8
age 12
Age 15
Total

By

Region



Kingston
26
44
45
95
55
265

Portland
10
20
28
82
58
198

St. Ann
22
12
18
0
50
102

Trelawny
23
26
2
41
36
128

Saint 

Elizabeth
26
15
19
88
58
206

Saint

Catherine
14
22
5
53
120
214

TOTAL BY AGE
121


139
117
359
377
1113

                        Table 2


DMFT experience of children examined in 1995 and 1984

Age
1995
1984


N
Mean
s.d.
N
Mean
s.d.

6
121
0.22
0.6
420
1.71
1.4

7
139
0.47
1.0
-
-
-

8
117
0.41
1.0
-
-
-

12
359
1.08
1.8
400
6.72
3.6

15
377
3.02
3.0
400
9.6
4.3

Table 3

Age-specific contribution of each DMFT component among those with DMFT>0  

Age
N  (DMFT>0)
% D/DMFT
% M/DMFT
% F/DMFT

6


17
92.1
7.8
0

7


32
87.0
9.9
3.1

8


25
76.6
20.5
2.9

12

148
72.6
9.9
17.5

15

281
75.9
12.5
11.6

Total*
503
80.8
12.1
  7.0



Table 4


Prevalence of dental fluorosis in 6-8, 12 and 15 year- old children,



according to Dean’s Index criteria


None
Questionable
Very Mild

Or Mild

Region
N
N
%
N
%
N
%

Kingston
135
130
96.3
4
3.0
1
0.7

Portland
128
119
93.0
9
7.0
0
0.0

Saint Ann
48
42
87.5
6
12.5
0
0.0

Trelawny
70
70
100.0
0
0.0
0
0.0

Saint Elizabeth
139
132
95.0
4
2.9
3
2.2

Saint Catherine
175
172
98.3
1
0.6
1
0.6

TOTAL
695
665
95.7
24
3.5
5
0.7
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