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Epidemiology of dental root caries: a review of risk factors
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Background and Objective: Root surface caries is a common disease among the older adults worldwide.
This paper reports on two recent systematic reviews which were conducted to identify the risk factors of
root caries, one on risk indicators and one on risk predictors, and to describe their relationship with the
prevalence and incidence of root caries.

Methods: Articles in four electronic databases (PubMed, MEDLINE, EMBASE, and Scopus) published
in 1990 to 2018 were searched. Epidemiological studies conducted on general populations and investigated
at least one risk factor of root caries were included. Relevant information was extracted by two reviewers
independently. The factors were put into five main categories, namely demographic and social background,
health behaviors, general health, oral health habits and oral health conditions.

Key Content and Findings: Forty crosssectional surveys (78,183 participants in total) and 16
longitudinal cohort studies (7,340 participants in total) from different countries worldwide were included in
the reviews. There were positive correlations between dental root caries and age, past root caries experience,
exposure of root surfaces and use of tobacco. Negative correlations with socio-economic status and oral
hygiene were found.

Conclusions: Higher risk of having or developing new root caries were found among the older adults,
people with lower socio-economic status, tobacco users, and those with greater root caries experience, more

gingival recession and more dental plaque.
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Introduction

Life expectancy and proportion of older adults in the
population in many countries around the world has
increased greatly in the recent decades (1). A recent review
on the global burden of untreated caries found that both
the prevalence and the incidence of dental caries increased
after the age of 40, and 35-40% of the older adults were
affected (2). It is expected that a high proportion of the new
caries in the older adults occurs in the roots of the teeth.
For example, in the latest nation-wide oral health survey
conducted in China, 62% of the adults aged 65-74 years
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had root caries and they had a mean of 2.6 decayed and
filled tooth roots (3). As people are retaining more teeth
when they age, there is an anticipated increase in root caries
over time. Dental root caries may lead to pain and loss of
teeth, and even affect the general health status and affect the
quality of life of the older adults. Therefore, management
of this disease among the ageing adult population is an
important issue in dental public health and there is a high
demand for effective prevention programs (4).

Dental root caries is usually found on exposed root
surface below or at the cemento-enamel junction (5).
Diagnosis of root caries lesions is mainly by visual and
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tactile methods. Lesion location, texture (soft or penetrable
upon gentle probing with a blunt probe), color (usually
discolored), cavitation and contour of the root surfaces are
all included for a holistic consideration (6). Root caries is
caused by cariogenic bacteria fermenting carbohydrates
on the exposed root surface. The tissues of tooth root
are dentin and a thin layer of cementum. Compared to
enamel covering the crown of tooth, dentin has much
greater amount of organic component and lower mineral
content. Demineralization of dentin occurs at a critical pH
higher than that of enamel and the caries process involves
degradation of collagen. Besides, the morphology of tooth
crown and tooth root is very different. Thus, the risk factors
and risk predictors for root caries may be different from
those for coronal caries. Identifying the root caries risk
factors will help to develop effective prevention methods
and apply them to adults with higher caries risk.

Methods

The authors of this paper had recently conducted two
systematic reviews of the published epidemiological studies
on root caries, one on cross-sectional surveys and one on
longitudinal cohort studies. Details of the two reviews and
the findings were published in two articles (7,8). The main
findings of these two reviews are summarized and presented
in this paper. The factors associated with root caries found
in cross-sectional studies and the risk predictors identified
in longitudinal studies are grouped into five categories: (I)
socio-demographic; (II) general health status; (III) general
health behaviors; (IV) oral health related practices; and (V)
oral health conditions including clinical, microbiologic and
salivary parameters.

Epidemiological studies conducted on general
populations and investigated at least one risk factor of root
caries were included in the systematic reviews. No language
restriction was set in the search strategy. The PubMed,
MEDLINE, EMBASE and Scopus databases were searched
and papers published in 1990 to 2018 were included.
Manual search was also carried out on the list of references
in the selected articles and review papers. The exclusion
criteria were: (I) studies without any statistical analysis of
root caries data; (II) surveys with sample size smaller than
100; and (III) cohort studies with follow-up rate lower
than 50%. The Newcastle-Ottawa Scale, with necessary
modification, was used in the assessment of the risk of bias
of the included papers (9), and papers with low quality were
removed. The final numbers of cross-sectional surveys and
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longitudinal cohort studies included in the two reviews were
40 and 16, respectively.

Among the included cross-sectional surveys, most of
them (27 out of 40) conducted random sampling in the
community while some (8 out of 40) used convenience
sampling. Both the prevalence and extent (the mean DF-
root or D-root) of root caries were reported in 39 studies.
While results regarding prevalence of root caries found in
the crude (unadjusted bivariate analysis) or adjusted (statistical
modelling accounting for confounding effects of other
factors) data analysis of the studies were usually reported,
most of the studies only reported the extent of root caries
from the crude analysis. Nineteen studies reported both DF-
root and D-root, while 3 and 18 studies reported DF-root
(decayed and filled root) and D-root alone, respectively.

Among the 16 included cohort studies, three reported
both the incidence and the increment of root caries, while
six studies only reported on the incidence and seven studies
only reported on the increment. In these studies, incidence
and increment of root caries were analyzed through crude or
adjusted data analysis. Seven studies only reported on DF-
root, four studies only reported D-root while five studies
reported on both DF-root and D-root. Regarding the root
caries diagnostic criteria adopted in the reviewed studies,
most of them reported that the examiners used visual-tactile
examination but the exact criteria might not be specified.

Socio-demographic factors
Age

Among the 25 cross-sectional studies, 16 (64%) of them
found a positive correlation between age and root caries,
and only one study found the contrary (7able I). This
finding is not surprising because dental caries develops
slowly over time and DF-root score is an accumulative
and irreversible measure. The age groups included in
the surveys range from 65+ years in the earlier time to
as wide as 20-80 years recently, showing a possible trend
towards younger age for root caries. On the contrary, no
consistent correlation between age and new root caries was
found in the longitudinal studies (7zble 2). In one study,
the correlation between age and incidence of DF-root was
positive while the correlation with incidence of D-root
was negative (10). Among the other 8 out the 9 cohort
studies, three studies reported a positive correlation while
the other five studies did not find a significant relationship.
Thus, although the older age groups usually have a higher
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Table 1 Association between selected factors and the prevalence or extent of decayed root or decayed and filled root

Studied factors Number of studies

Positive correlation

Negative correlation No sig. correlation

Socio-demographic

Age 25
Gender 26
Place of residence 9
Education level 12
Household income 11

General health condition
Medicine intake 4
Self-care ability 4

General health behavior

Use of tobacco 10
Alcohol assumption 4
Sugar assumption 8

Oral health behavior
Tooth brushing 11
Regular dental visit 6

Oral health condition

Number of teeth 13
Exposed root surfaces 8
Coronal caries 6
Oral hygiene 10
Denture wearing 10
Streptococcus count 5
Lactobacilli count 7
Xerostomia 7
Salivary flow 5

5

Saliva buffer capacity

16 1 8
3 (female > male) 13 10
5 (rural > urban) 0 4
0 4 8
0 9 2
1 1 2
0 3 1
5 0 5
1 0 3
4 0 4
0 4 7
1 3 2
4 8 1
6 1 1
6 0 0
0 9 1
6 0 4
3 0 2
5 0 2
4 0 3
0 1 4
0 3 2

prevalence of root caries, age per se may not be a reliable
predictor of new root caries.

Gender

Out of the 26 cross-sectional studies that had investigated the
association between gender and root caries, 13 (50%) studies
found a higher prevalence among men, three studies found the
opposite and ten studies reported no statistically significant
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correlation (7able T). Among the seven cohort studies that
investigated this aspect, 6 (86%) did not find a statistically
significant correlation between gender and incidence of root
caries (1able 2). So, no clear conclusion on the relationship
between gender and root caries can be drawn.

Area of residence

Slightly more than half (§ out of 9) of the included cross-
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Table 2 Association between selected factors and the incidence or increment of decayed root or decayed and filled root

Studied factors Number of studies

Positive correlation

Negative correlation No sig. correlation

Socio-demographic

Age* 9* 4 1 5
Gender 7 0 (female > male) 1 6
Place of residence 3 2 (rural > urban) 0 1
Education level 6 0 2 4
Household income 3 0 1 2
General health condition
Medicine intake 4 2 1 1
Self-care ability 4 0 1 3
General health behavior
Use of tobacco 7 5 0 2
Oral health behavior
Tooth brushing 5 0 4 1
Regular dental visit 5 0 2 3
Oral health condition
Number of teeth 5 2 3 0
Exposed root surfaces 5 5 0 0
Coronal caries 5 4 0 1
Oral hygiene 4 0 3 1
Denture wearing 5 4 0 1
Streptococcus count 4 3 0 1
Lactobacilli count 5 3 0 2
Salivary flow 5 1 2 2
Saliva buffer capacity 5 0 1 4

*,in the factor “age”, two directions of correlation were reported in one study (Gilbert et al. 2001), in which there was a positive correlation
with incidence of DF-root and a negative correlation with incidence of D-root.

sectional studies found that people who lived in the capital
city or in urban areas had a lower prevalence of or less
root caries than people who lived in towns or rural areas
(Table 1). Two out of the 3 included cohort studies found the
same situation (7zble 2). Thus, it seems that root caries is a
more serious problem among the adults living in rural areas.

Education level

It is noteworthy that two thirds of the cross-sectional studies
(8 out of 12) and longitudinal studies (4 out of 6) did not
find a statistically significant correlation between education
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level and root caries. The other third of the studies reported
a higher prevalence or incidence of root caries among
people with lower educational level. Thus, despite the
education level of the adult population raises gradually in
most countries around the world in recent years, one cannot
expect that the root caries situation among the older adults
will improve significantly because of this.

Housebold income

Most (9 out of 11) of the cross-sectional studies found that
household income had a negative correlation with root
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caries (Table ). This suggests that the lower income group
is a higher priority group needing more attention when
planning dental care services for managing root caries.
However, among the three included cohort studies, two did
not find a significant relationship (7able 2). So, there is a
lack of evidence to support using low income as a predictor
of new root caries.

Although the relationships between root caries and
socio-economic factors are presented individually in
the above section, it should be noted that these factors
are inter-related. For instance, people in higher socio-
economic position usually have higher education level
and higher income, and live in urban areas. Previous
studies had reported more dental caries among the lower
socio-economic classes (11). People with lower education
or income also have poorer oral health knowledge and
behaviors (11,12). Besides, people living in rural areas
usually have difficulties accessing proper dental care (13).
These are probably important risk factors of root caries
and there is a need to provide more oral health education
and dental caries prevention services to the disadvantaged
population groups.

General health condition

In the reviewed studies, comorbidity as reflected by the
number of medicine/drugs a person took was used as a
proxy of the overall systemic health status. The findings
from the cross-sectional and longitudinal studies on the
relationship between the number of medicines taken
and root caries were inconsistent, as similar number of
studies (two or three in each category) showed a positive, a
negative, and no significant correlation. Most (3 out of 4)
of the cross-sectional studies found that adults with lower
self-care ability had more root caries (Table 1). It should be
noted that self-care ability and general health conditions
usually decreases with age. Because there is a positive
association between age and DF-root, it is logical that lower
self-care ability and poorer general health condition are
associated with higher root caries experience. Despite this,
most (3 out of 4) of the included longitudinal studies did
not find a significant correlation between self-care ability
and root caries incidence. Furthermore, there were no
significant correlations between the prevalence or incidence
of root caries, and systemic diseases, depression and body
mass index. In summary, results of the systematic reviews do
not provide clear evidence to draw a relationship between
general health and root caries.
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General health behavior
Use of tobacco

In 5 out of the 10 included cross-sectional studies, tobacco
users had more root caries (Table 1). Consistent with the
findings of the surveys, in five of the seven cohort studies,
use of tobacco was positively correlated with development
of new DF-root or D-root (1able 2). These findings are
consistent with those of earlier reviews (14,15). The above
findings may be partly explained by the fact that smokers
usually have more dental plaque, advanced periodontal
diseases and exposed root surfaces (16). Thus, helping older
adults to quit smoking may have a preventive effect on
root caries besides the benefits on systemic health. More
collaboration between the oral and general health care
workers would be needed in health promotion.

Alcobol consumption

Regarding the association between root caries and alcohol
consumption, a positive correlation was reported in a cross-
sectional study (17) while the other three included surveys
did not find a significant relationship (Zzble I). There was no
cohort study reporting on this behavior. Thus, there is not
sufficient evidence for drawing a conclusion on this aspect.

Sugar intake

Considering sugar intake, half (4 out of 8) of the reviewed
surveys detected a positive correlation with root caries,
while the other studies did not (Zable I). One cohort study
reported a negative correlative between increment of DF-
root and the frequency of sugar consumption (18). These
findings are in line with those on the relationship between
dietary sugars and dental caries (19), though the strength of

evidence for root caries is weaker.

Oral health behavior
Tooth brushing

Among the 11 cross-sectional studies that investigated
frequency of tooth brushing and root caries, four reported
a negative correlation while seven did not (Table I). On the
contrary, most (4 out of 5) of the longitudinal studies on
this factor found a negative correlation with new root caries
(1iable 2). Furthermore, two cohort studies found that people
who regularly used mouthwash had lower new root caries.
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Thus, improving people’s oral hygiene practices should be
considered as an important component of the root caries
preventive measures.

Dental visit

The reported relationship between dental attendance and
root caries was inconsistent. One cross-sectional study
found people who visited dentists regularly had a higher
prevalence of DF-root while three surveys reported the
opposite (Table 1). The relationship found in most (3 out
of 5) of the included cohort studies was not statistically
significant (Table 2). The contrasting findings may be
explained by the differences in the reasons for having a
dental visit. Most of the reviewed papers did not report if
the dental visits of the study participants were for regular
check-up or for dental treatment. For people who visit a
dentist due to dental problems, they probably have more
root caries than those who visit a dentist regularly for check-
up. Provision of topical fluorides and other prevention to
the latter group will also reduce their root caries risk (20).

Oral health condition

Clinical conditions

There was no consistent findings on the number of teeth
and root caries as 8 out of the 13 cross-sectional studies
reported a negative correlation while four studies reported
a positive correlation (7able I1). Similarly, in the reviewed
longitudinal studies, the reported relationship between new
root caries and the number of teeth was inconsistent since
among the five studies, two reported a positive while three
reported a negative correlation (7able 2). The relationship
found in this recent review is not as clear as that reported
in an earlier review (21). This may be due to the different
ways used in measuring the number of teeth in the different
studies, e.g., some used a continuous scale while others put
the number of teeth into different categories.

In contrast, the relationship between root caries and
exposure of tooth root surface is much clearer. Among
the eight included cross-sectional studies, six reported
having more exposed root surfaces due to gingival
recession increased the risk of having root caries (Table I).
Furthermore, the amount of gingival recession was reported
to have a positive correlation with root caries in all of
the three included surveys. The above findings were also
reported in longitudinal studies. In all of the five cohort
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studies, a positive correlation between development of new
root caries and the number of root surfaces with recession
or amount of gingival recession at baseline was found
(Table 2). The above findings are expected because root caries
only develops on exposed root surfaces covered by plaque
and thus the risk of having new root caries would naturally
increase with the amount of exposed tooth root surfaces.
This may also partly explain why in this review older age
was found to be a predictor of root caries since older adults
usually have more gingival recession (22). Prevention of
gingival recession, e.g., through prevention of periodontal
diseases and correction of traumatic oral hygiene practices,
would contribute significantly to prevention of root caries.

All six included cross-sectional studies found a positive
correlation between coronal caries and root caries (Table I).
In nearly all of the included cohort studies, positive
correlations between new root caries and baseline coronal
caries (4 out of 5) and root caries experience (9 out of 9)
were also found (7ible 2). This finding is consistent with
that of an earlier review that past caries experience is a
good predictor of root caries (21). Thus, in clinical practice,
more intensive root caries prevention such as more frequent
topical fluoride applications should be provided to patients
who have decayed or filled teeth.

Regarding the influence of oral hygiene on root caries,
the vast majority (9 out of 10) of the cross-sectional studies
reported that people with less dental plaque had less root
caries (Table I). Similarly, among the four cohort studies,
three found a positive correlation between the amount of
plaque and new root caries (Table 2). This correlation is
expected because root caries is caused by the plaque bacteria
on the tooth root surface. Thus, keeping good oral hygiene
and not allowing plaque to accumulate on exposed root
surfaces is of paramount importance in preventing root caries.

Regarding denture wearing, most (6 out of 10) of the
included cross-sectional studies found that denture wearers
had more root caries (Table 1). Majority (4 out of 5) of the
longitudinal studies also reported a positive correlation.
This is probably because denture is a plaque retentive factor
in the mouth. Thus, caries preventive measures should be
applied regularly to denture wearers and particularly to the
exposed tooth roots close to a denture.

Oral microbiota

In most of the reviewed cross-sectional studies, higher
counts of Streptococcus mutans (3 out of the 5 surveys) and
Lactobacilli sp. (5 out of the 7 surveys) were associated
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with more root caries experience (7uzble I). Similar
findings were reported in longitudinal studies (7able 2).
Development of new root caries was positively correlated
with the Streptococcus murans count in most (3 out of 4)
of the included cohort studies and with the amount of
Lactobacilli sp. in 3 of the 5 studies. Furthermore, another
cohort study reported a positive correlation between new
DF-root and the co-existence of the above two bacterial
species (23). Cohort studies also found more new DF-root
when there was presence of Streprococcus sobrinus (24) and
when there was more Candida (25). Besides, presence of
Prevotella was negatively correlated with the incidence of
DF-root in the adjusted data analysis of another study (26).
It has been reported in earlier reviews on dental caries that
poor oral hygiene and presence of Streptococcus mutans and
Lactobacilli are associated with caries risk (21,27), and the
present reviews found that these factors also increased the
prevalence and incidence of root caries.

Although relationships between presence of some
species of cariogenic bacteria and root caries have been
found, it should be noted that these may not be cause-effect
relationships. To have a better understanding of the complex
relationship between them, experimental laboratory studies
and clinical trials need to be conducted.

Saliva

A positive correlation between root caries and xerostomia
was reported in four of the included cross-sectional studies
while three studies did not (7zble I). Among the five
included surveys, only one and three of them found higher
salivary flow rate and saliva pH to be negatively correlated
with root caries, respectively. Similarly, inconsistent findings
were reported in the longitudinal studies (7able 2). Two of
the four cohort studies found a higher risk of having new
root caries among the participants with a lower salivary flow
rate (18,28) while one study reported the opposite (29). Only
one of the five cohort studies found a negative correlation
between the buffering capacity of saliva and the incidence
of DF-root (25) while the other four studies did not find
a significant relationship. Although saliva in the mouth is
an important environmental factor for dental caries, clear
relationships between salivary flow and buffer capacity, and
root caries were not found in the two recent systematic
review. A possible reason is that these reviews excluded
epidemiological studies conducted on populations with
special health conditions including those with salivary gland
diseases.
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Summary

In the recent review of cross-sectional epidemiological
studies, associations between root caries and various
factors were found. It is concluded that older adults,
smokers, people with lower socio-economic status, those
with poorer oral hygiene and those with more exposed
root surfaces are at higher risk of having root caries.
The identification of risk factors helps the oral health
care professionals and public health workers to identify
population groups that should have higher priority for
receiving root caries preventive measures. More oral
health education regarding prevention of root caries
should also be provided to these people. The government
and dental public health workers should make good use
of the information when designing community based
preventive strategy for root caries, especially for the aging
populations.

In the recent systematic review on cohort studies,
the above-mentioned risk factors were also found to
be predictors of new root caries. These factors can be
used in root caries risk assessment. The information are
also valuable for building root caries prediction models.
Through the use of root caries assessment and prediction
models, people who are more likely to develop root caries
can be identified and more preventive measures can be
provided. Appropriate root caries prevention and effective
management strategies can be adopted according to the
individual and population needs. The key factors would
include prevention of gingival recession, fluoride application
and promotion of good plaque control, especially on
exposed tooth root surfaces.
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