
© RA Giacaman, IP Bustos, V Bravo-León, RJ Mariño, 2015.  A licence to publish this material has been given to James Cook University, 
http://www.rrh.org.au  1 
 

 

 

 

ORIGINAL  RESEARCH  

Impact of rurality on the oral health status of 6-year-
old children from central Chile: the EpiMaule study 

RA Giacaman1, IP Bustos1, V Bravo-León1, RJ Mariño2 
1Escuela de Odontología, University of Talca, Talca, Chile 

2University of Melbourne, Carlton, Victoria, Australia 
 

Submitted: 13 May 2014; Revised: 29 October 2014; Accepted: 19 November 2014; Published: 25 June 2015 

Giacaman RA, Bustos IP, Bravo-León V, Mariño RJ 

Impact of rurality on the oral health status of 6-year-old children from central Chile: the EpiMaule study 

Rural and Remote Health 15: 3135.  (Online) 2015 

Available: http://www.rrh.org.au 

 

A B S T R A C T 
 

 
Introduction:  The aim of this study was the assessment of dental caries and the gingival status of 6-year-old children living in the 
Maule region, Chile’s most rural region, and to determine if rurality was related to a higher prevalence of oral conditions. 
Methods:  A representative sample of 485 children aged 6 years was examined using WHO methods. Children were chosen from 
schools belonging to urban and rural districts of the region. Caries status was obtained by deft (decayed, extracted, filled teeth), 
DMFT (decayed, missing, filled teeth) and SiC (Significant Caries) indexes. To assess gingival health status, the oral hygiene (OHI) 
and the gingival index (GI) were used. Urban and rural children data were compared using student’s t-test at p<0.05. 
Results:  Overall caries prevalence was 80.62%. Rural children showed higher prevalence (p<0.0001) than urban 6-year-olds, with 
88.3% and 69.9%, respectively. The deft (decayed, extracted, filled teeth) index was 4.63 for the region, with 5.74 for rural and 
3.09 for urban districts (p<0.05). The SiC index was 10.23 for rural and 7.13 for urban children (p<0.05). Mean OHI score was 
1.44, but rural children had higher OHI: 1.49 compared with 1.37 for urban 6-year-olds (p<0.0001). The GI of the region was 
1.37, but no differences were detected between rural and urban children (p<0.05).  
Conclusions:  Children from the Maule region in Chile have a severely deteriorated oral health, higher than Chile’s mean. Rural 
are significantly more affected than urban children. A special focus on rural communities when designing oral health policies is 
strongly suggested.   
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Introduction 
 
Oral diseases are still a major public health issue due to the 
high prevalence and high treatment cost they represent1. 
Dental caries, periodontal disease, tooth loss and mucosal 
lesions affect daily life’s crucial functions, such as eating, 
chewing and swallowing. Moreover, they interfere with the 
important social functions of smiling and communication, 
affecting quality of life2. Among all the oral conditions, dental 
caries and periodontal disease are the major causes of dental 
disease worldwide3. Dental caries, for example, affects 60–
90% of school-age children worldwide and, in most 
countries, 100% of adults. In Latin America, most of the 
countries report DMFT (decayed, missing, filled teeth) 
scores between 2.7 and 4.4 in 12-year-old children and the 
majority of children present signs of gingivitis3.  
 
In addition to the canonical biological determinants of dental 
caries and periodontal disease, other factors such as personal 
and family experience, health behaviors and beliefs and the 
socioeconomic status have been shown to be health 
determinants and should be included in assessing dental risk4. 
Importantly, these non-biological factors also explain the 
majority of health inequalities5. In the same context, living in 
rural areas is associated with a lack of access to dental health 
services, low levels of education, specific lifestyle patterns 
and lack of fluoride-containing drinking water. Frequently 
found in rural areas, lower access to care and lack of basic 
services seem to condition differential prevalence of oral 
disease6. Interestingly, data coming from countries with very 
different realities, such as Australia7, Mexico8, Poland9 and 
Pakistan10, agree on the fact that oral status of rural people is 
worse than that of their urban counterparts. 
 
Despite the vast amount of information on the oral health of 
rural and remote compared to urban populations, in Chile no 
information on this matter is available. Since disparities and 
other social and biological problems may result from this type 
of difference, comprehensively understanding the oral health 
situation of a population allows planning effective strategies 

for their resolution. In that context, the oral health status of 
Chileans has only been outlined in terms of global 
estimations, with little information arising from 
representative studies at the regional level. At the national 
level, a high prevalence of oral diseases has been reported in 
6-year-old children. Dental caries have been found to occur 
in 70.36% of children in this age group, with a deft of 3.71 
and a DMFT of 0.15. Furthermore, gingival disease affecting 
55.09% of children of this age have been found. Of particular 
relevance to the current study, 6-year-old children have been 
defined as a priority group in Chile. There has been a gradual 
increase in dental coverage in terms of plans and programs 
designed specifically for this age group11. 
 
Although Chile exhibits the highest human development 
index (HDI) in the context of the Latin American region, the 
Maule region has almost the lowest levels in Chile12. This 
region has the highest percentage of people living in rural 
areas in Chile with 37.4%, versus the national mean of 
13.4%. Moreover, the Maule region has the lowest schooling 
level in the country, with an average of just 5.9 and 9.3 years 
for the rural and urban populations, respectively13. It is 
reasonable, therefore, that the oral health status in this region 
may be poorer than the rest of the country. Unfortunately, 
almost no information with regional representation on caries 
and gingival status is available for the Maule region. 
Furthermore, little information is available in Chile on how 
rurality affects oral health status. Given the lack of specific 
information regarding the oral health condition of the Maule 
region and the high rurality rate that it has, the aim of this 
study was to characterize oral health conditions of 6-year-old 
children living in a highly rural region of central Chile, 
regarding dental caries prevalence and some indicators of 
gingival health. An association between rurality and the 
prevalence of oral diseases was also investigated. 
 

Methods 
 
This cross-sectional study was part of a larger International 
Association for Dental Research (IADR) project Regional 
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Development Program for Training in Research Methods and 
Oral Health Surveys and the Assessment of Oral Health in the 
Chilean Division of the IADR, the EpiMaule study. The aim 
of the project was to analyze the oral health status and 
treatment needs of the residents of the Maule region of Chile 
of varying ages according to the criteria set by WHO: 6, 12, 
15, 35–44 and 65–74 years14. This study reports only the 
information gathered from 6-year-old children. 
 
Subjects 
 
The sample was selected from population projection data for 
the Maule region for 201013 from the last official census in 
2002. A total number of 13 428 6-year-old children was 
projected for the region by 2011. The sampling process was 
stratified by age to estimate proportions, considering caries 
prevalence reported in Chile (deft) at 6 years of age11 and the 
presence or absence of fluoride in the drinking water to 
define rurality15 with 95% confidence level and 3% 
estimation error, which is customary in this type of study. 
Using a cluster analysis, the 30 districts of the region were 
divided into four groups according to rurality and population 
size. In each group, a proportional number of districts, 
according to the population size, were weighted and 
randomly chosen until completion of 19 districts. Sample 
selection was carried out by randomly selecting schools from 
the official register of the Ministry of Education. Children in 
each school were randomly selected using a random numbers 
table. Participants were excluded from the study if they did 
not provide consent to participate, they misbehaved during 
examination, were sick on the day of their exam, or had a 
systemic disease that prevented them from having a 
periodontal examination. Hence, a final sample of 
485 children would be needed. 
 
Examination methodology 
 
Sociodemographic variables such as age, sex, residential area 
and type of school, and the participant’s medical history, 
were collected through a survey. A clinical exam, which 
evaluated the oral health status of each participant, was 
administered according to the criteria outlined by the WHO 

for oral health studies14 by four calibrated examiners. Exams 
were carried out without radiographs, using a community 
periodontal index (WHO) probe, mirrors and LED front 
lamps, following standard infection-control procedures. To 
access rural locations, schools were invited to participate by 
the coordinator of the study who reached the responsible 
person at each school. In both settings, rural and urban, 
examinations were performed following an identical 
protocol. To evaluate dental caries, the DMFT and deft 
indexes were used. The gingival exam included the oral 
hygiene index (OHI) of Silness and Löe and the gingival index 
(GI) of Löe and Silness14. Calibration of the examiners was 
performed for both the DMFT and GI, obtaining in both 
cases a linear kappa index of above 0.85. Data collection and 
archiving of the hard copies of the surveys and exams was 
carried out by the principal investigator.  
 
Data management 
 
The identity of the participants was concealed from researchers 
during the analysis of the data and throughout the study. Statistical 
comparisons of the variables with proportions were carried out 
using a Z-test to compare proportions. Statistical comparisons for 
variables presented as means were measured by student t-test for 
independent samples. In both cases, the statistical significance was 
set at p<0.05. Statistical Package for the Social Sciences software 
v15 (SPSS; http://www.spss.com) was used to analyze the data. 
 
Ethics approval 
 
The study protocol was approved by the Bioethics 
Committee of the University of Talca (number 00038). A 
specially designed informed consent was given to the legal 
guardian of each participant. Only those subjects who 
returned a signed informed consent were included in the 
study. 
 

Results 
 
Gender distribution of the participants was 47.6% and 52.4% 
for males and females, respectively. Concerning rurality, 
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41.9% of the sample population lived in urban areas, while 
58.1% in rural areas. 
 
Caries prevalence at 6 years was 80.62% (n=391) for the 
total population of the Maule region. Children from urban 
districts had lower (p<0.0001) caries prevalence (69.95%), 
when compared to those living in rural districts (88.30%), 
which represents 18.35% higher prevalence than that of the 
urban districts. In deciduous teeth, the deft was 4.63 (±3.96) 
for the region, with 5.74 (±4.00) for rural and 3.09 (±3.34) 
for urban districts. Regional defs (decayed, extracted, filled 
surfaces) was 10.34 (±11.37), with 13.30 (±12.38) for rural 
areas and 6.24 (±8.20) for the urban areas (Table 1). The 
significance index of dental caries (SiC) was 9.30 (±2.31) for 
the Maule region, with 10.23 (±2.17) in the rural and 7.13 
(±2.42) in the urban districts. The deft, defs and SiC scores 
in rural children were higher when compared to those living 
in urban areas (p<0.001) (Table 1). Thus, rural indexes for 
deft, defs and SiC were higher than those of the urban 
districts by 86.07%, 113.35% and 43.46%, respectively. 
With regard to permanent teeth, the region’s DMFT was 
0.24 (±0.74), and DMFS was 0.32 (±1.10). No difference 
was observed in either permanent teeth index (p>0.05). 
While SiC for permanent teeth was 0.74 (±1.14) for the 
entire region, an SiC of 0.78 (±1.23) for rural and 
0.66 (±1.00) for urban 6-year-olds was obtained. Rural 
children showed 19.18% higher SiC than their urban 
counterpart (p<0.001) (Table 1).   
 
Mean OHI was 1.44 (±0.37) for the Maule region, but urban 
and rural areas showed a significant difference (p<0.0001) in 
the indexes with an average of 1.37 (±0.39) and 
1.49 (±0.35), respectively (Table 2), which is 9% higher in 
rural districts. The OHI was classified according to severity as 
‘healthy’, ‘low’, ‘moderate’ and ‘high’. While 82.47% of the 
population was in the moderate range, 12.16% and 5.36% 
were in the low and high ranges, respectively (Table 3). 
When compared by location, rural districts showed poorer 
hygiene (p<0.0001). Indeed, urban areas had more children 
in the low range than rural areas, with 17.24% and 8.51%, 
respectively. Likewise, OHI in children from rural 
communities exceeded that of those in urban districts by 

7.13% in the moderate range and by 1.6% in the high 
category. Mean GI for 6-year-old children from the Maule 
region was 1.37 (±0.28). This score is considered as a 
moderate level of inflammation. No differences were 
detected between urban and rural children (p>0.05) in this 
index, with GI 1.39 (±0.30) and 1.36 (±0.27), 
respectively (Table 2). Most of the participants (90.52%) had 
a moderate GI severity, without significant differences by 
rurality (Table 4).   
 

Discussion 
 
This study reports the oral health status of the 6-year-old 
population of a region of central Chile. Caries experience in the 
region was 80.63%. This prevalence is higher than the national 
mean of 70.36%, reported by the Chilean Ministry of Health11. In 
the same report, the Maule region had lower caries prevalence 
than in the present investigation, with 76.10%. Data from 
previous studies had suggested a decrease in the prevalence of 
dental caries in 6-year-old children from Chile. However, the 
results of the present study do not seem to follow this national 
trend. When compared with international studies, the high caries 
prevalence of 6-year-old children in the Maule region is similar to 
that reported in several countries including Jordania16, Georgia17 
and Russia18. In Latin America, caries prevalence at 6 years old is 
also very high. Interestingly, prevalence reported in countries with 
a similar level of development than Chile, like Argentina19 and 
Brazil20, also exhibit very high caries prevalence at this age. 
Conversely, other countries, including France21, India22 and 
Mexico23, have reported much lower caries prevalence at this age. 
 
When considering caries experience, the deft index was 
higher than that reported for the Maule region by the national 
study. In fact, the mean deft score of 4.6 found here 
(Table 1) is higher than the national mean of 3.71. 
Importantly, the Maule region also had the highest deft in the 
national study11. The decayed (d) component of the deft 
index was the highest contributor to the index, while the 
filled component (f) is low, suggesting a low level of dental 
coverage for this age group in this predominantly rural region 
of central Chile (Table 1). The extracted tooth (e) 
component of the present EpiMaule study was higher than 
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that reported in the national study, with 0.96 and 0.22, 
respectively. The latter suggests that when reached, dental 
therapy is rather radical, involving tooth extraction. Given 
that the sample from the Maule region in the national survey 
was representative of the country, but not of the region, a 
selection bias could have explained the difference between 
the studies. Consistent with the deft index, the DMFT index 
was higher at this age, when compared with previous national 
data11 (Table 1). 
 
After many years of interventions with preventive and 
therapeutic approaches in this population, it could be 
reasonable to expect a decrease in caries experience. Reality, 
however, shows that caries prevalence has been steady over 
time, as described here. Despite the efforts in providing 
dental care in the community, a study carried out in a rural 
community in Chile reported little variations in caries 
prevalence in a timeframe of 10 years24. 
 
Caries prevalence in rural areas (88.3%) was significantly higher 
than that for urban 6-year-olds (69.95%). Asymmetry in caries 
prevalence observed in urban and rural areas is consistent with the 
existing data in Chile11. The same trend was verified for the deft 
and the DMFT indexes (Table 1). Likewise, when the SiC index 
was analyzed for permanent teeth, urban population showed 
lower values (p<0.05), with 0.66, whereas the rural counterpart 
exhibited 0.78 (Table 1). A similar situation occurred with the 
temporary teeth, with 7.13 for urban and 10.23 for rural children 
(p<0.05). These findings give support to the idea that rural 
populations accrue considerably more oral damage due to caries 
than the population living in urban areas. 
 
Given the different distribution of caries in the population, a 
specific analysis of the most affected group appears necessary. 
In that context, the SiC index focuses attention on those 
individuals with the highest caries scores in each population25. 
Interestingly, DMFT score did not show differences between 
urban and rural population. SiC index, however, for 
permanent teeth was significantly different between these 
two populations (Table 1). Additionally, the SiC index for 
temporary teeth was higher (9.3) in the EpiMaule Study than 
the same index found in the Bío-Bío region, a Chilean region 

that is not supplied with fluoridated water, unlike the Maule 
region26. Hence, it is possible to conclude that rurality may 
play a role in dental caries, beyond water fluoridation. This is 
currently a matter of debate among scholars and health 
authorities in the country to decide whether or not to 
continue with the program.  
 
Inequalities in access to care or other unidentified variables 
associated with life in rural areas may also be involved as 
explanatory factors for the differences in caries prevalence. Hence, 
rurality might be considered as a risk factor for caries or oral 
conditions. Consistent with these observations, a recent study 
found an association between geographical factors and oral health. 
People with low access to piped potable water had worse DMFT 
scores8. Indeed, a lower socioeconomic status in rural populations 
may strongly influence the prevalence of oral diseases27. A recent 
study in Russia showed similar caries experience between rural 
and urban 6-year-old children, but the number of decayed teeth in 
rural areas was higher than in urban areas, with fewer missing and 
filled teeth18. The same EpiMaule study, but in adults and older 
adults, showed similar results to the Russian study, highlighting 
that rural populations usually have less access to dental care28.   
 
Regarding the gingival situation, national studies available for 6-
year-old children are based on the actual diagnosis of periodontal 
disease. The present study, however, used gingival health 
indicators, including OHI, GI (Table 2) and the severity of 
them. Given that previous studies in Chile did not report on those 
indexes, it is difficult to establish accurate comparisons. Despite 
this limitation, it is possible to carry out some analyses. In the 
present study, no children were found to be gingivally healthy, 
that is, without signs of gingivitis (Table 4). Data at the country 
level showed quite different results. Of the 6-year-olds included in 
the national survey, 55.09% were considered gingivally healthy29. 
It is unclear, however, whether those results can be directly 
compared. In a similar study to the present one, but in the 
Valparaiso region, 39.10% of children between the ages of 6 and 
8 years were healthy while 79.50% experienced bleeding. 
Furthermore and similar to the EpiMaule study, 96% of the 
children in the same group were reported to have dental plaque30. 
Of note, the Valparaiso study also included children of 7 and 
8 years of age. 
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Table 1:  defs, deft, DMFS, DMFT and SiC indexes and their components in 6-year-olds from the Maule region, 

Chile 
 

Index Urban 

 X  (SD) 

Rural 

 X  (SD) 

Total region 

 X  (SD) 

p value 

defs 6.24 (8.20) 13.30(12.38) 10.34(11.37) <0.001 
deft 3.09 (3.34) 5.74 (4.00) 4.63 (3.96) <0.001 
d 2.3 (2.92) 4.31 (3.79) 3.47 (3.59) 0.003 
m 0.12 (0.40) 0.25 (0.57) 0.19 (0.51) <0.001 
f 0.66 (1.39) 1.18 (1.81) 0.96 (1.67) <0.001 
Temporary SiC 7.13 (2.42) 10.23 (2.17) 9.30 (2.31) <0.001 
DMFS 0.27 (0.88) 0.36 (1.24) 0.32 (1.10) 0.371 
DMFT 0.22 (0.65) 0.26 (0.80) 0.24 (0.74) 0.506 
D 0.16 (0.55) 0.23 (0.76) 0.20 (0.68) 0.320 
M 0 0 0  
F 0.54 (0.28) 0.35 (0.26) 0.43 (0.27) 0.462 
Permanent SiC 0.66 (1.00) 0.78 (1.23) 0.74 (1.14) <0.001 
defs, decayed, extracted, filled surfaces. deft, decayed, extracted, filled teeth. DMFS, decayed, missing filled surfaces. DMFT, decayed missing filled teeth. SD, 
standard deviation. SiC, significance index of dental caries.  

 
 
 

Table 2:  Oral health index and gingival index of 6-year-olds of the Maule region, Chile, by rurality 

 
Area Oral health index Gingival index 

 X  
SD p  X  

SD p 

Urban 1.372 (0.394) <0.001 1.395 (0.305) 0.204 
Rural 1.496 (0.351) 1.360 (0.276) 
Region total 1.444 (0.374)  1.375 (0.289)  

 
 
 
Table 3:  Distribution of 6-year-olds of the Maule region, Chile, by severity of oral hygiene index and rurality 

 
Oral hygiene 
index severity 

Urban Rural p 
n % n % 

Healthy 0 0.00 0 0.00  
Low 35 17.24 24 8.51 <0.0001 
Moderate 159 78.33 241 85.46 <0.0001 
High 9 4.43 17 6.03 0.768 

 
 
 

Table 4:  Distribution of 6-year-olds of the Maule region, Chile, by severity of gingival index and rurality 
 

Gingival index 
severity 

Urban Rural p 
n % n % 

Healthy 0 0.00 0 0.00  
Mild 22 10.84 23 8.16 0.646 
Moderate 180 88.67 259 91.84 0.699 
Severe 1 0.49 0 0.00  
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Multiple risk factors have been associated with the onset and 
progression of periodontal disease and dental caries, including 
oral hygiene practices, diet, and plaque accumulation. 
Furthermore, the importance of fluoride, in its various 
forms, in decreasing the burden of dental caries has been 
clearly demonstrated31. Despite the role of the 
aforementioned biological factors, social, cultural and 
economic factors have been added to the list of risk factors 
for these common oral conditions. These factors have been 
shown to have even a greater association with the disease than 
canonical biological factors4. Future studies should 
incorporate data on the participant’s socioeconomic 
background, education level and sociodemographic 
information of their parents or guardians. This more holistic 
approach to oral health may enhance the understanding of all 
the factors involved and at the same time facilitate more 
efficient preventive strategies. 
 
The WHO and FDI World Dental Federation have 
established clear goals for oral health of the population for the 
year 202032. It has been proposed that children under the age 
of 12 years have a maximum of three teeth with caries. 
Furthermore, a goal of 50% caries-free 5–6-year-old children 
for 2020 has been set32. According to the data of the 
EpiMaule study, the objective seems ambitious and difficult 
to achieve, particularly for rural communities. With the data 
obtained and analyzed in this study and despite the 
improvements in lowering prevalence and severity of dental 
caries, children from the Maule region had an average of 4.8 
affected teeth, when deft (4.63) and DMFT (0.24) are added 
(Table 1). The latter reveals a great gap between the goals set 
by international health organizations and the current dental 
health status of the Chilean population, at least in the Maule 
region. The situation is a little more encouraging in the case 
of urban communities, which had an average of 3.3 affected 
teeth, closer to the proposed limit. Rural population, 
however, shows a much worse situation with almost six teeth 
affected with caries (Table 1). Based on these data, rural 
communities should be given priority in oral health policies, 
including better preventive plans and more access to oral 
health care. Thus, data obtained from this study will be of 

importance for public health in Chile and in many other 
places with highly rural communities. Moreover, these data 
will serve as a baseline for further studies intended to 
evaluate the effectiveness of public health policies. 
 

Conclusions 
 
Children of the Maule region in central Chile show high 
caries prevalence and GIs, largely exceeding those previously 
reported at the national level. Rural children were more 
affected than those living in urban areas. Rurality could act as 
a risk factor for dental caries and to a lesser extent for an 
altered gingival condition. Specifically designed oral health 
strategies for the rural population seem reasonable and are 
highly recommended.   
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