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Aim: To determine the prevalence of root caries and the root caries index in a population
of older Mexicans, and its relationship to socioeconomic, sociodemographic and dental
factors.

Methods: We carried out a cross-sectional study in 85 persons 60 years and older living
either in long-term care facilities, or independently and attending an elder day-care group.
Each subject underwent an oral examination, performed by a trained and standardized
dentist, to determine the root caries index and other clinical variables. Questionnaires were
administered to collect socioeconomic, sociodemographic and hygiene data. Statistical
analyses were performed using non-parametric tests.

Results: The prevalence of root caries was 96.5%. The root caries index was
37.7% 1 21.7%. Statistically significant differences (P < 0.05) of root caries index were
observed across residential arrangements and marital statuses, and were higher in publicly
funded long-term care and among single subjects (P < 0.05). Those who had poor hygiene
had more root caries (P < 0.05); persons with a low level of schooling and who brushed
their teeth less frequently also showed a difference (P < 0.05).

Conclusions: The prevalence of root caries was very high. The type of long-term care,
marital status, schooling and oral hygiene were associated with a higher root caries index.
Oral health programs and preventive caries interventions are needed for this age group in
general; targeted strategies may be better focused if sociodemographic profiles are used to
characterize high need groups. Geriatr Gerontol Int 2012; 12: 271–276.
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Introduction

There are currently 8.5 million people in Mexico age
60 years and older and this number increases every
year.1 Improvements in oral health, along with the
increase in life expectancy, ensure that many individuals
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will retain more teeth during the later stages of life.
While one of the major dental health problems in
Mexico is dental caries,2–5 the increased likelihood of
gingival recession in older age groups makes root caries
more specific to them. Root caries can be either active or
inactive,6 and it is frequently present at the junction of
cement, enamel and root of the tooth.7 Just as the
DMFT (decayed, missing and filled teeth) index sum-
marizes the experience of carious, filled and missing
teeth with regard to crowns, the root caries index (RCI)
offers a similar measure for roots.8 Several studies have
been performed to determine the prevalence and causes
of root caries, and reports place prevalence figures
between 18% and almost 90% in both the general and
selected populations.9–11 In Mexico, some studies have
reported root caries prevalence between 34% and 49%.
Overall, it is estimated that almost 40% of the popula-
tion 60 years and older has root caries.12–14

Studies around the world have shown that the risk
factors for the increasing incidence of root caries are the
number of teeth with gingival recession, bleeding on
probing, self-reported dry mouth,15 age, being an ethnic
minority, smoking, non-tea drinkers and having a low
annual household income.16 Beighton et al. observed
that the factors significantly related to filled and decayed
root surfaces were the number of exposed root surfaces,
number of teeth present, sex, and salivary yeast levels.10

One variable that has been consistently shown to be
linked to greater root caries experience is poor oral
hygiene.17–19 Also, sociodemographic conditions (such
as age and sex), being institutionalized,20 decreased sali-
vary flow,21–23 and brushing teeth with reduced fre-
quency have been identified as factors closely related to
the presence of root caries.24 Unlike in some industri-
alized countries, there is little information in Mexico
about the oral health of older populations in general and
about root caries in particular. There were two primary
objectives of the present research: (i) to determine the
prevalence of root caries according to the RCI and the
relationship of root caries to sociodemographic, socio-
economic and dental factors in a population aged
60 years and older; and (ii) to compare this information
across populations living in varying residential arrange-
ments in Mexico.

Methods

This study was approved by the Ethics and Research
Committee at Universidad Autónoma del Estado de
Hidalgo (Pachuca, Hidalgo, Mexico).

Study population and recruitment design

The board of directors of each institution conducted a
review and approved the informed consent forms and
procedures. A description of the survey planning and

methods was previously published.25 Subjects were
invited to participate in the study after they were
informed of its objectives and given a thorough expla-
nation of informed consent, with an emphasis on the
confidentiality of information being collected. Subjects
were told that they could withdraw from the study at any
time, and no monetary compensation was offered. A
cross-sectional study was undertaken on people aged 60
and older who were either residents of the long-term
care (LTC) facilities La Casa Hogar Para Ancianos de
Gobierno del Estado (state funded) or Fundación Ma.
Domínguez viuda de Álvarez (privately funded), or non-
resident members of the federally funded elder day-care
group En Busca de un Amigo. In total, there were 151
healthy subjects who either lived in an LTC or attended
the day-care group. Twelve refused to take part in the
study or failed to meet inclusion/exclusion criteria. After
we obtained informed consent, 54 potential subjects
were eliminated out of the remaining 139 because of
complete edentulousness. The final study sample con-
sisted of 68 LTC residents and 17 ambulatory members
of the day-care group. Inclusion criteria were: (i) being
age 60 years or older; (ii) having at least one existing
natural tooth; (iii) a willingness to participate in the
research; and (iv) being a member of the LTC facilities
or a registered member of the day-care group. Exclusion
criteria were: (i) being younger than 60 years; (ii) having
auditory, cognitive or language disabilities that might
interfere with the interview; (iii) having a physical dis-
ability severe enough to prevent an oral examination;
and (iv) edentulism or complete tooth loss.

Data collection

Questionnaires were used to collect sociodemographic,
socioeconomic information and dental health habits
from the participants. Questionnaires were adminis-
tered by two trained dental students. Age, sex, marital
status, having health insurance, maximum level of
schooling, and frequency of brushing teeth were
included in the questionnaire.

Clinical exams were performed by one trained and
standardized dentist (kappa > 0.85) under artificial light,
with a flat dental mirror and a WHO periodontal probe.
Root caries encompassed a full mouth design, excluding
third molars. Root caries was recorded when an area had
a darkened appearance that was discolored and well-
defined, and also allowed penetration with the probe. In
addition, gingival recession was recorded to calculate
the RCI when root surface apical to the cement-enamel
junction was visible. The RCI was used to determine
root caries and the Oral Hygiene Index was used to
estimate the presence of plaque.8,26

Salivary tests were performed using stimulated sali-
vary flow rate to establish salivary pH and buffer capac-
ity.23 To stimulate salivary flow rate, subjects chewed a
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piece of wax for 5 min and then spitting into a sterile
collection cup 1 min after they stopped chewing. Speci-
mens were processed and measured with a pH-meter.
Afterwards, specimens were mixed with a reactive agent
to analyze buffer capacity. Specimens from nine sub-
jects had to be discarded from the analysis because a
minimum amount of saliva could not be collected.
Thus, we were able to analyze 76 of the 85 saliva
specimens.

Data analysis

Root caries was expressed as the mean percentage of
root surfaces with caries experience (RCI = [Number of
root surfaces with caries / Number of surfaces with gin-
gival recession] ¥ 100).8 Additionally, the prevalence of
root caries was calculated and categorized as 0 (subjects
with no root caries experience) and 1 (subjects with at
least one tooth with root caries, decayed or filling).

A descriptive data analysis was first carried out
according to the scale of the variables – for nominal
variables, proportions and, for quantitative variables,
central tendency measures and dispersion. Prevalence
and RCI were subsequently calculated. Finally, a bivari-
ate analysis was undertaken using the Mann–Whitney
U-test, Spearman’s rank correlation coefficient and
non-parametric test for trend, according to the mea-
surement scale of contrasted variables. For multiple
comparisons, we used one-way ANOVA by ranks
(Kruskal–Wallis test), with the null hypothesis that k
samples came from the same population or from iden-
tical populations with the same median. When a signifi-
cant value was found, this test determined which groups
were different. Data were analyzed using Stata 9.0
(StataCorp, College Station, TX, USA).

Results

A total of 85 subjects were included: 60 women (70.6%)
and 25 men (29.4%). Overall average age was
78.0 1 10.9 years; only 10.6% (n = 9) were working;
38.8% (n = 33) were divorced or widowed; 21.2%
(n = 18) could not read or write. Over half (56.5% or
n = 48) did not have health insurance. Over half (55.3%
or n = 47) resided in a publicly funded LTC. Table 1
shows oral conditions. The prevalence of root caries was
96.5% (n = 82); the mean percentage of surfaces affected
(according to the RCI) was 37.7% 1 21.7. Mean sound
surfaces was 21.5 1 17.7. Table 2 shows the indepen-
dent variables included in the study. No study partici-
pant could be classified as having good oral hygiene, and
thus, we analyzed data incorporating only fair and poor
oral hygiene categories.

Subjects who lived in a publicly funded LTC had
a higher rate of caries (RCI = 43.7%, P = 0.008). Caries
rates were lower for those who were married/

cohabitating with a partner or divorced/widowed
(RCI = 45.8%, P = 0.0154), compared to single subjects
(Table 3). Statistically significant differences were found
between various levels of schooling and root caries
(P = 0.0259); when we applied the non-parametric test
for this trend, we observed that RCI decreased when
schooling increased. No age or sex differences were
found for RCI (P > 0.05) (Table 2).

Using the Mann–Whitney U-test, we found that poor
oral hygiene (estimated with dental plaque scores) in
subjects was significantly associated (P = 0.013) with
higher RCI readings (41.7% vs. 31.3%) for those with
fair hygiene (Table 2). Subjects who reported not
brushing their teeth at all had an RCI of 47.3% whereas
the RCI of those who brushed their teeth was lower
(RCI = 35.6%) (P = 0.081).

Discussion

Root caries can be considered an oral health problem
for those aged 60 years and older, as shown by our
findings in a mixture of independently living and insti-
tutionalized elders. With 96.5% of subjects presenting
at least one root caries lesion, this is a very high preva-
lence, which highlights the poor oral health status of the
individuals. Therefore, it may be hypothesized that they
have received very limited preventive/restorative oral
health services. From the perspective that caries data
collection is one important piece of the epidemiological
survey of oral diseases (with the ultimate goal of inform-
ing health policy and services planning),4,27,28 we cau-
tiously contrast our findings from this small sample with
the limited reports focused on the oral health of
elders in Mexico.For example, in one study, 49% of an
(institutionalized) population presented root caries.14

Another study showed that elders who were not LTC
residents had a 40.0% caries prevalence.12 Though
those studies reported figures about half as large as our
findings, Taboada et al. indicated the RCI for non-
residents of LTC was 34.4% – which is similar to our
study results (37.7%).13 Comparisons with groups of
similar ages residing in other countries suggest that
a few reports have figures almost as high as ours;

Table 1 Oral conditions of subjects included in the
study

Variable Mean 1 SD Min–Max

Surfaces with gingival
recession

32.56 1 21.68 1–96

Sound surfaces 21.5 1 17.7 0–80
Tooth present 13.05 1 7.40 1–28
Tooth loss 14.95 1 7.40 0–27
Root caries index 37.7% 1 21.7 0–100

Root caries in older Mexicans
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Beighton et al. and Kularatne et al. found root caries
prevalence to be 88.4% and 89.7%, respectively.10,11

However, findings from other studies differ. For
example, Du’s et al. showed that subjects aged 65 years

and older had a prevalence of 43.9%.16 Studies from
other parts of the world (none of them representative of
national profiles) have reported a root caries prevalence
of 31.8% in subjects aged 65 to 74 in Brazil,29 an average
of 6.3% affected surfaces in the Netherlands,30 an
RCI of 27% in Germany,31 and an RCI of 66.7% in
India.32 The severity and extension of root caries appears
to vary widely across population groups.

Fure et al. and Borges-Yañez et al. found significant
differences across sex and age groups, which was not
the case of our study.17,33 Although small samples are
common in studies of root caries – not surprisingly
considering the distribution of the age pyramid, the
salience of oral health for many older people in the
larger scheme of health problems, and the highly diverse
living arrangements for this age subgroup – the lack of
age-related differences may have been influenced by the
small number of subjects studied. Perhaps the size of
the population group lacked enough power to detect
significant differences between sociodemographic
variables.

More telling was the fact that RCI was different across
LTC and day care group. Root caries, as well as

Table 2 Descriptive analysis and variable association
between root caries index (RCI) and sociodemographic
and socioeconomic independent variables

Variable Mean 1 SD P-value

Age (years) 78.0 1 10.19 r = 0.0246,
P = 0.8234‡

Variable n (%) RCI P-value

Sex
Men 25 (29.4) 37.3 0.7649§

Women 60 (70.6) 37.8
Health insurance

Yes 37 (43.5) 35.6 0.5407§

No 48 (56.5) 39.2
Type of residential

arrangement
Publicly funded
LTC (1)

47 ( 55.3) 43.7 0.0087¶

Privately funded
LTC (2)

20 (23.5) 26.8

Lives
independently,
attends day care (3)

18 (21.2) 34.0

1 vs. 2 0.0017†

1 vs. 3 0.0381†

2 vs. 3 0.1872†

Working status
Not working 55 (64.7) 38.0 0.8960¶

Retired/pensioner 21 (24.7) 35.9
Working 9 (10.6) 39.7

Marital status
Single (1) 32 (37.6) 45.8 0.0154¶

Married /
cohabitating with
partner (2)

20 (23.6) 32.6

Divorced /widowed
(3)

33 (38.8) 32.8

1 vs 2 0.0110†

1 vs 3 0.0047†

2 vs 3 0.4871†

Schooling
Illiterate 18 (21.2) 50.0 0.0259¶

Literate, elementary
school incomplete

37 (43.5) 35.3

Completed
elementary school
and higher

30 (35.3) 33.1 z = -2.22
0.026††

†Multiple comparisons. ‡Spearman’s rank correlation
coefficient, §Mann–Whitney U-test, ¶Kruskal–Wallis,
††Non-parametric test for trend. LTC, long-term care.

Table 3 Descriptive analysis and variable association
between root caries index (RCI) and dental
independent variables

Variable n (%) RCI P-value

Oral hygiene
Fair (0.0 to 1.9) 33 (38.8) 31.3 0.0136‡

Poor (2.0 to 3.0) 52 (61.2) 41.7
Salivary pH†

Acidic < 6.5 2 (2.6) 28.6 0.2994§

Normal 6.5 to 7.5 16 (21.1) 29.8
Alkaline > 7.5 58 (76.3) 39.0
Salivary buffer capacity†

Low < 5.0 52 (68.4) 37.1 0.2184§

Normal 5.0 to 7.0 22 (29.0) 37.9
High > 7.0 2 (2.6) 16.2
Salivary flow
Low < 1.0 60 (70.6) 37.3 0.8592§

Normal 1.0 to 2.0 18 (21.2) 41.1
High > 2.0 7 (8.2) 32.1
Brush teeth

No 15 (17.6) 47.3 0.0816‡

Yes 70 (82.4) 35.6
Mouth rinse

Yes 13 (15.3) 30.8 0.1444‡

No 72 (84.7) 38.9
Dental floss

Yes 3 (3.5) 24.4 0.2578‡

No 82 (96.5) 38.1
†Missing data for nine subjects, ‡Mann–Whitney U-test,
§Kruskal–Wallis.
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periodontal disease, dental health services utilization,
frequency of brushing teeth and coronal caries seem to
follow a health gradient along social disadvantage.2,3,34–37

Using different indicators of socioeconomic status
in an elderly population, some authors have found
differences between publicly and privately funded
LTC.38,39 The general assumption is that a privately
funded LTC reflects the higher socioeconomic status
of residents or their families, who have more selective
standards of living. This assumption is substantiated by
the fact that, in our study, higher educational attain-
ment was associated with lower experience of root caries
– a gradient identified in the past.38,40 While the multi-
dimensionality of health status and socioeconomic
status makes it very difficult to completely tease out the
nature of these associations, there is ample evidence
that social position is a strong predictor of both
morbidity and mortality.41

Subjects who lived without a partner had a higher RCI
(45.8%); just as in the case of marital quality of life and
(primarily male) survival, living alone seems to have an
influence on disease. It is known that elders who live
with a partner have better overall health status than
those living alone or with no partner.42

Oral hygiene is related to RCI, and it is often a key
factor in maintaining appropriate oral health. Whether
it is adequate plaque control to reduce the experience of
dental caries and periodontal diseases or it is a variable
that acts as a proxy of more competent cognitive/manual
dexterity/overall health status,2,3,34,37 it is impossible to
know with certainty from our data.

The present research has some limitations that
ought to be considered while interpreting the results.
This study did not attempt to be a national repre-
sentation of the country. Because of its cross-sectional
study design, it was not possible to establish causal
relationships. Another limitation relates to the type
of population who, as in other studies, was institu-
tionalized. Therefore, the results might differ from
findings ascribable to the open population. Finally, the
sample size precluded a more sophisticated statistical
analysis.

Given the sparse data for the Mexican environment,
the limitations of the study do not deter from the value
of our findings. This is one of the first studies con-
trasting root caries data across elders living in different
residential arrangements; the prevalence of root caries
was very high (96.5%), though it appeared to vary
depending on residential arrangement, marital status
and appropriateness of oral hygiene. Based on these
limited findings, it is feasible to emphasize the need
to develop and implement oral health programs
focused on improving elders’ oral health and to make
use of our profiling to ensure that staggered levels of
effort account for those at higher risk of oral health
challenges.
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