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Objective: To investigate the differences in distribution of root caries and related factors
between middle-aged and elderly people in China.

Methods: In this cross-sectional study, a multistage, cluster strategy was used to recruit 4,410
participants (2,197 males and 2,213 females) aged 35 to 44 years and 4,431 participants
(2,222 males and 2,209 females) aged 65 to 74 years from all 31 provinces, autonomous
regions and municipalities of the mainland of China. The survey was conducted according
to the basic methods proposed by the World Health Organization (WHO). Sociodemographic
information, oral health behaviour, attitude and knowledge, history of dental prophylaxis and
general health condition were collected with a closed questionnaire.

Results: 4 great increase in the occurrence of root caries in Chinese adults from 35 to 44-year-
old to 65 to 74-year-olds, with the prevalence (DFR > 1) from 25.4% to 61.9% and with
the mean DFR score from 0.54 = 1.34 to 2.63 + 3.75. Filling rates were also very low, only
1.8% and 3.0%, respectively. Females and residents of rural areas were more likely to suffer
from root caries. In both the middle-aged group and the elderly group, root caries related to
gender, education level, sweet food/drinks consumption, oral health knowledge and status of
root surface explosion. In 35 to 44 year olds, toothbrushing is a significant protection factor
(OR = 0.88, 95%CI 0.81 ~ 0.96), while using toothpicks is a risk factor (OR = 1.06, 95%CI
1.02 ~ 1.10). In 65 to 74 year olds, not having dental had scaling in the past 12 months is a
risk factor (OR = 1.66, 95%CI 1.09 ~ 2.53).

Conclusion: Root caries among middle-aged people and elderly people in China have dif-
ferent risk factors and need more attention in future research to develop proper prevention.
Key words: China, elders, middle-aged, risk factor, root caries, the 4th National Oral Health
Survey
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In recent decades there has been increased attention
towards root caries!. According to the 6th National
Population Census?, the 60+ group in China accounts
for 13.26% of the population. With the acceleration of
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the ageing process and the arrival of the ageing society,
the oral health problems of the older groups need more
attention. Longitudinal data from multiple countries
indicated similar increases in tooth retention®, which is
associated with an increased risk for root caries, which
is a debilitating disease*.

Older adults will have a richer history of oral disease
such as coronal caries and periodontitis and their treat-
ment poses a risk of developing further chronic destruc-
tive conditions. Destruction of the periodontal tissues,
including gingival recession, can be a part of the normal
ageing process. Gingival recession puts the exposed
root surfaces of teeth at risk of developing root caries>.
As a consequence of ageing, root caries is expected
to become a more significant oral health problem in
middle-aged and elderly people.

A considerable percentage of adults is affected
by root caries. The prevalence of root caries lesions
reported by various studies ranged from 9.8% to
71%%7. In the 3rd National Oral Health Survey of
China in 2005, the prevalence of root caries was 32.7%
in 35 to 44 year olds and 63.6% in 65 to 74 year olds,
and the prevalence of untreated root caries was 97.2%
and 98.1% respectively®. Untreated root caries lesions
reflect experience of the disease and a lack of access
to dental services.

The picture of root caries described from the 3rd
National Survey of Oral Health in China in 2005 is
incomplete. In the past 10 years, there has been rapid
growth in various aspects in China, including dietary
structure, nutritional status and psychosocial develop-
ment’. Furthermore, awareness and affordability of oral
health has been improved. Moreover, the government
has increased activity aimed at preventing and curing
oral disease. All of these factors influence oral health
status.

Root caries is a complex disease that relates to
multiple factors. A recent systematic review examined
risk models'® and identified the following factors as
important correlates of root caries: sociodemograph-
ic (e.g. age, gender, race/ethnicity), systemic health
(e.g. dementia), intraoral status (e.g. number of teeth,
plaque, bacterial species, tooth decay, periodontal
attachment loss, gingival recession, salivary flow), and
behavioural habits (e.g. dental care use, toothbrushing,
smoking). Subsequent studies have confirmed findings
from the systematic review!!"!3 and found additional
factors related to root caries: poor self-reported oral
health!4, living in rural areas!3, etc. Although age is an
unequivocal risk factor for root caries in adults!6, few
investigators to date have examined root caries risk fac-
tors cross-referencing for middle-aged and older adults.
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Therefore, the aims of this study were to describe
the prevalence and the severity of root caries among a
representative sample of Chinese adults and explore the
associations with socio-demographic, socio-economic,
clinical and behavioural factors that influence root
caries in these populations. The differences and simi-
larities of the 35 to 44-year-old age group and the 65
to 74-year-old age group were also anticipated to be
revealed. We expect to use these findings to develop
relevant policies and interventions aimed at preventing
root caries in adults.

Materials and methods

The study was revised and approved by the Stomatologi-
cal Ethics Committee of Chinese Stomatological Asso-
ciation (Approval no. 2014-003).

Study design and sample selection

The retrospective survey was based on a cross-sectional
national survey conducted between October 2015 and
September 2016.

To obtain a representative sample of the national
population in China, participants were chosen from all
31 provinces, autonomous regions and municipalities
of the mainland of China. The probability proportional
to size (PPS) method was used in the 4th National Oral
Health Survey in China to make the sampling more
credible.

Sample selection followed a multistage, cluster strat-
egy. In the first stage, two districts and two counties of
each province, autonomous region and municipality of
the mainland of China were chosen randomly by the
PPS method. In the second stage, three neighbourhood
committees in each district and three village commit-
tees in each county were selected randomly. In the third
stage, participants were recruited by quota sampling.
The sample size was calculated by the formula:

n = deff u? 1-
u Qpa( D)

The design efficiency deff = 4.5, the level of confidence
po = 1.96, the acceptable error & = 10%p, according to
the Third National Oral Health Survey in China, the
prevalence of caries in people aged 65 to 74 years and
35 to 44 years were P = 86.0%. Considering the non-
response rate (20%) and stratification factors, a total
0of 4,410 35 to 44 year olds and 4431 65 to 74 year olds
completed the survey.
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Table 1 Variables related to dental caries.

Variable Description

Gender Male
Female
Resident areas
Urban
Rural
Educational level
Low 1/3 participants with the lowest level of education, most of whom are illiterate
Medium 1/3 participants with a medium level of education
High 1/3 participants with a high level of education
Income level
Low 1/3 participants with the lowest annual income, less than ¥5000/person
Medium 1/3 participants with a medium annual income, ¥5000 to ¥15000/person
High 1/3 participants with the highest annual income, more than ¥15000/person
Frequency of dessert consumption
High Consuming sweet food or drinks > twice a day
Low Consuming sweet food or drinks < twice a day
Frequency of toothbrushing
High > Once a day
Low < Once a day
Frequency of toothpick use
High > Once a day
Low < Once a day
Oral health attitude
Positive Correct > 2 questions out of 4
Passive Correct < 2 questions out of 4
Oral health knowledge
Low Correct < 4 questions out of 8
High Correct > 4 questions out of 8

Data collection

Data were collected through an oral examination con-
ducted by trained and accredited dental practitioners.
According to the diagnostic standard proposed by the
WHO!7, 32 teeth were taken into consideration. The
status of dental roots was examined under artificial light
with a plane dental mirror and Community Periodontal
Index (CPI) probe. Exposed root with no caries, decayed
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root, filled root with caries and unexposed root were
judged and recorded. Root caries was recorded as pre-
sent when a lesion felt soft or leathery on probing with
the CPI probe. If a single caries lesion effected both
crown and root including residual root, no matter where
the caries originated, coronal and root caries were both
recorded as present. The kappa values of the examiners
were both 0.97.
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A structured questionnaire including socioeconomic
and demographic information, knowledge and attitude
of oral health, and oral health-promoting behaviours
were recorded by trained recorders in face-to-face
interviews.

Data analysis

DR (decayed teeth with root caries) and FR (filled
root without any primary or secondary caries) were
employed to assess tooth status. Decayed and filled
teeth (DFR — the sum of DR and FR) were also calcu-
lated. The prevalence of dental caries was counted as
the percentage of respondents who suffered from root
caries to the total number of respondents. The filling
rate reflects the workload of caries filling and the level
of oral health care. This index was calculated by the
following formulate: (total number of FR/ total number
of DR and FR) x 100%. Root caries index (RCI) was
calculated in different gender and population group to
show the rate of teeth with root caries compared with
teeth with exposed root surface (RCI = number of teeth
with root caries lesions/number of teeth with gingival
recession x 100%).

For analysis of results, the sample was stratified in
relation to the presence of teeth, in addition to socio-
demographic variables such as gender, residential
area, level of education, annual household income, and
individual features — smoking, toothbrushing and use
of toothpicks habits, dental appointments, attitude and

knowledge level towards oral health, and general health
(Table 1).

A descriptive analysis was used to analyse the sever-
ity of root decay. Multivariate binary logistic regression
analysis was used to identify risk factors for high root
caries.

The prevalence of dental caries and the filling rate
are reported as percentages and compared by Pearson’s
x? analysis.

Statistical analyses were performed by SPSS
Statistics v. 19.0 (IBM, Armonk, NY, USA). P <0.05
was considered to be significant.

Results

The root caries prevalence was 25.4% (DFR > 1) in the
35 to 44 years age range. The mean DFR score was
0.57 £+ 1.48, the mean DR score was 0.56 + 1.46, and the
mean FR score was 0.01 + 0.22. The root caries preva-
lence was 61.9% (DFR > 1) and the mean DFR score
was 2.64 £ 3.76 in the 65 to 74 years age group. In both
35 to 44-year old group and 65 to 74 years group, female
and elder people living rural areas would have higher
prevalence of root caries. These differences are at a sig-
nificant level, as shown in Table 2

Figure 1 describes the distribution of decay and filled
root on all 32 teeth in the mandibular and maxillary
arches. The number of subjects was very close in both
the 35 to 44 and the 65 to 74-year-old groups and 32
teeth were examined and recorded for every subject.

Table 2 Root caries status by residential areas and gender in the 35 to 44 and 65 to 74-year-old group.

Age group Variables No. P(ls;:zn;e
Urban 2,239 21.9% 0.45 1.33 0.02 0.28 0.44 1.39
Rural 2,171 29.1 % 0.67 1.57 0.01 0.12 0.68 1.58

35-44 Male 2,197 225 % 0.48 1.36 0.01 0.13 0.49 1.37
Female 2,213 28.3 % 0.64 1.55 0.02 0.27 0.66 1.58
Total 4,410 25.4 % 0.56 1.46 0.01 0.22 0.57 1.48
Urban 2,247 60.1 % 2.23 3.35 0.14 0.82 2.37 3.44
Rural 2,184 63.9 % 2.90 4.04 0.03 0.25 2.93 4.04

65-74 Male 2,222 59.2 % 2.36 3.50 0.08 0.57 2.44 3.54
Female 2,209 64.7 % 2.76 3.92 0.09 0.66 2.85 3.95
Total 4,431 61.9 % 2.56 3.72 0.09 0.61 2.64 3.76
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Those numbers in Figure 1, which are the sum of root
caries on each position for all subjects, are strictly com-
parable. In the middle-aged group it was clearly shown
that the root surface caries was mostly concentrated in
the posterior teeth. Not only did the number of lesions
per tooth increase significantly with age in the elderly
group compared with the middle age group, but the ratio
of anterior teeth and bicuspid teeth was no less than that
of posterior teeth.

Exposed root surfaces result from gingival recession
and are supposed to be at higher risk. And RCI is used
to outline the activities of root caries lesions. Table 3
presents different RCI according to different variables.
It showed that females, rural residents and elderly peo-
ple have a higher RCI index.

In both groups there are common risk factors: being
female, having sweet food or drinks more than twice a
day and exposed root surfaces. There are some com-
mon protective factors: high education level and high
oral health knowledge level. In the 35 to 44-year-old
group, high frequency of toothbrushing is a significant
protection factor (OR =0.88, 95%CI 0.81 ~ 0.96)
while using toothpicks is a risk factor (OR = 1.06, 95
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CI% 1.02 ~ 1.10). In the 65 to 74 year-old-group, those
people who have not had scaling during the previous 12
months were at risk (OR = 1.66, 95%CI 1.09 ~ 2.53)
(Table 4).

Discussion

Root surface caries is one of the significant oral health
problems in adults, especially in elderly people!31°. In
this national cross-sectional survey in 2015, it is revealed
that a great increase in root caries occurrence in Chinese
adults from 35 to 44-year-olds to 65 to 74-year-olds, with
the prevalence (DFR > 1) from 25.4% to 61.9% and with
the mean DFR score was from 0.54 to 2.63. Compared
with the results in the 3rd National Oral Health Survey
of China in 2005, the prevalence of root caries decreases
a lot in 35 to 44-year-old subjects (from 32.7%, 0.75 to
25.4%,0.54) and less in 65 to 74-year-olds (from 63.6%,
2.74 to 61.9%, 2.63). Considering an increase in the
number of teeth retained in the mouth, the measures of
oral health promotion take effects in the past 10 years.
In spite of this, the filling rates were very low, only 1.8%
and 3.0%, respectively.
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Table 3 RCI according to different variables.

Age group  Variables N.umber of Number of Rate of <.axposed root Mean DFR
residual teeth exposed root to residual teeth
Male 29.69 10.99 37.3% 0.49 10.8%
Female 29.50 9.07 31.0% 0.66 17.3%
35-44 Urban 29.60 9.41 32.0% 0.47 12.6%
Rural 29.59 10.67 36.4% 0.68 15.3%
Total 29.60 10.03 34.2% 0.57 14.0%
Male 23.56 15.01 68.8% 2.44 21.6%
Female 23.54 13.65 63.1% 2.85 27.5%
65-74 Urban 23.92 14.36 64.3% 2.37 22.6%
Rural 23.17 14.31 67.7% 2.93 26.6%
Total 23.55 14.33 66.0% 2.64 24.5%

Table 4 Multivariate binary logistic regression analysis of root caries in the middle-aged and elderly groups.

35-44 years 65-74 years
OR 95% ClI OR 95% ClI
Female 0.01 1.30 1.08 1.57 0.02 1.22 1.04 1.44
Rural residents 0.56 1.05 0.90 1.22 0.77 1.02 0.89 1.17
High educational level 0.00 0.63 0.56 0.71 0.00 0.81 0.74 0.89
High sweet food or drink consumption 0.00 1.05 1.02 1.07 0.04 1.02 1.00 1.05
High frequency of toothbrushing 0.00 0.88 0.81 0.96 0.58 0.99 0.94 1.04
High frequency of toothpick use 0.00 1.06 1.02 1.10 0.21 0.98 0.95 1.01
Without scaling in past 12 months 0.17 1.23 0.92 1.65 0.02 1.66 1.09 2.53
Positive attitude to oral health 0.63 1.02 0.94 1.12 0.94 1.00 0.93 1.07
High scores in oral health knowledge 0.00 0.92 0.88 0.96 0.02 0.95 0.92 0.99
Without diagnosed choric diseases 0.56 1.05 0.89 1.25 0.30 0.93 0.82 1.06
Annual household income 0.05 0.96 0.93 1.00 0.60 1.00 1.00 1.00
Exposed root surfaces 0.00 1.03 1.03 1.04 0.00 1.05 1.05 1.06
Smoking 0.08 0.84 0.68 1.02 0.53 0.95 0.81 1.12

226 Volume 21, Number 3, 2018



Gao et al

In this study, the root caries was measured by count-
ing the number of roots that were decayed or filled
(DF-Root). However, the diagnostic criteria of root
caries are a little different from criteria recommended
by the WHO and a residual root was recorded both as
coronal and root caries. In fact, estimating the preva-
lence and incidence of root caries can be challenging
as loss of teeth confounds the data and the diagnostic
criteria for root caries differ between studies. There are
a few published studies reporting wide ranges for the
prevalence of root caries (25% to 100%). It is difficult
and inappropriate to produce any definitive figures on
the global prevalence and to compare with other coun-
tries. But it is believed that along with the social ageing
process root disease will still put a serious burden on the
population’s health.

Elderly adults from urban areas had a lower mean
DFR score and a higher FR score than those living
in rural areas (even though some of them are not sig-
nificant). But in the middle-aged group, residential area
type contributes less in terms of the mean DFR score,
and the mean FR score is similar between urban and
rural areas. This finding shows that elderly people liv-
ing in rural areas tend to receive less dental treatment
compared with their counterparts living in urban areas.
The middle-aged group is more likely to use dental
services when they need them, regardless of where
they live. This finding supports a previously reported
study showing that people living in non-metropolitan
areas are less likely to have used dental services in the
previous 12 months.

The precondition for the occurrence of root caries is
root surface exposure due to gingival recession, which
reflects periodontal health. From the middle-age group to
the elderly group, the number of teeth with root carious
lesions increased four times, from 0.5 per person to 2.6.
The prevalence of people affected increased from 25.4%
to 61.9%. It was shown in Table 2, although the middle-
aged group and the elderly group had 29 and 23 natural
teeth respectively, the composition of root surface expo-
sure increased from 14% to 25%. The changing trend of
the above indicators is basically consistent. In multivari-
ate analysis, the exposed root is a meaningful predictor
for both the middle-aged and older group (OR 1.03,95%
CI 1.03 to 1.05; OR 1.05, 95% CI 1.05 to 1.06). Existing
studies revealed that exposed root surface is mainly
attachment loss due to periodontal diseases or gum atro-
phy formation. It is important for people to know that
early prevention and control of periodontal disease are
primary measures in reducing root surface caries.

In most conditions, RCI can still be used to reflect
root caries activity®!3. According to this study, RCI in
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the middle-aged group was 14%, and that of the elderly
group was 25%. There are similar urban-rural differ-
ences in caries, periodontal disease and missing teeth
repaired among Chinese residents. This supports results
reported by a previous study showing that people living
in non-metropolitan areas are less likely to report that
they use dental services'”.

The occurrence of root caries was shown to be relat-
ed to tooth position. The lower front teeth are usually
more susceptible to periodontal disease, but they are
very easy to clean and get more attention, so they still
have the lowest incidence of root caries.

Of the several variables that were considered in this
study, the significant factors regarding root caries were
gender, level of education, toothbrushing frequency,
consumption of desserts, and oral health-related knowl-
edge. Almost similar findings were reported by the
previous studies conducted by Kumara-Raja and Radha
et al?? and Tan and Lo?' which found that existing
sociodemographic factors — low-income families and
a low level of education — are the main factors for root
caries because adults have a lack of awareness about
oral health and poverty, which were responsible for the
higher probability of oral diseases.

The report shows that in both the middle-aged group
and the elderly group females were at a higher risk of
suffering from root caries, a finding that is consistent
with the 3rd National Oral Health Survey. In some
studies, the results are the same, but others are not?Z
23 In both groups, men had a higher educational level
than women, especially in the elderly group. Females
consumed sweet food or drink more frequently than
males. But women had better periodontal conditions
and better oral health promoting habits. There are a lot
of correlated factors, and further studies are needed to
investigate the influencing factors.

Higher socio-economic status was associated with a
lower severity of DR among Chinese adults. Root car-
ies experience is socially patterned; people on a lower
income and with a lower level of education suffered
more with root caries. This finding was also consist-
ent with a previous reported study?®. Socio-economic
position is associated with less healthy behaviour and
more limited access to dental services, either treatment
or preventative services. A combination of these factors
could increase the risk of having more untreated root
caries lesions.

More frequent toothbrushing is associated with lower
root caries experience and presents only as decayed root
surfaces, which supports a previous study?’. As tooth-
brushing can mechanically remove plaque, fluoridated
toothpaste used in toothbrushing could assist in altering
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the balance between demineralisation and remineralisa-
tion, and brushing has a preventive effect on root caries.

Frequent use of toothpicks in the middle aged group
contributes to more root caries (OR 1.06, 95% CI 1.02
~ 1.10) while in 65 to 74 year olds the result show no
significant association. There are only a few studies
investigating the relationship between toothpick use and
root caries. Toothpicks were originally recommended
for cleaning the adjacent spaces after gingival recession
and have proved to provide sufficient protection. But a
lot of residents use toothpicks of improper materials,
shape and methods, which lead to the possibility of
periodontal trauma and gingival recession and a rise in
the risk of disease.

In both groups, the attitude to oral health does not
show an association to root caries, but participants with
higher oral health knowledge scores had less severe
root caries. This finding shows that even when people
have awareness of the importance of oral health, they
still need correct actions to prevent oral diseases. Thus,
more public educational programmes should be carried
out to help people learn the necessary skills to prevent
caries.

Conclusions

The root caries experience was different for middle-aged
adults and elderly adults, and this increases with age.
Prevention measures should be taken as early as possi-
ble. Root exposing and gingival recession resulting from
periodontitis and unhealthy oral cleaning habits were the
main factors related to root caries in the population of
middle-aged and elderly adults recruited for this study.

Conflicts of interest

The authors reported no conflicts of interest related to
this study.

Author contribution

Dr Yi Bo GAO analysed the data and drafted the manu-
script; Drs Tao HU and Xue Dong ZHOU guided the
analysis of the data and helped to draft the manuscript;
Drs Rui SHAO and Ran CHENG provided statistic-
al advice; Drs Guo Song WANG, Ying Ming YANG
and Xue LI helped with the revision of the manuscript;
Drs Bo Yuan and Ting XU inputted the data; Drs Xing
WANG, Xi Ping FENG, Bao Jun TAI, De Yu HU, Huan
Cai LIN, Bo WANG, Yan SI, Chun Xiao WANG, Shu
Guo ZHENG, Xue Nan LIU, Wen Sheng RONG, and
Wei Jian WANG trained the investigators, designed and

228

supervised the survey; Dr Wei YIN conceived the study
and designed the statistic exploration.

(Received May 31, 2018; accepted June 25, 2018)

References

1. Bansal V, Sohi RK, Veeresha KL, Kumar A, Gambhir RS, Bansal S.
Root Caries - A Problem of Growing Age. Indian Journal of Dental
Advancements 2011;3:418-422.

2. National Bureau of Statistics of the People’s Republic of China. Bul-
letin of main data of the sixth national population census in 2010
(No.1). Beijing review (English version), 2011. Available at: http://
www.stats.gov.cn/tjsj/pcesj/rkpe/6rp/html/fu03.htm. Accessed: June
18, 2018.

3. Gilbert GH, Duncan RP, Dolan TA, Foerster U. Twenty-four month
incidence of root caries among a diverse group of adults. Caries Res
2001;35:366-375.

4. Griffin SO, Griffin PM, Swann JL, Zlobin N. Estimating rates of new
root caries in older adults. J Dent Res 2004; 83:634—638.

5. Hariyani N, Spencer AJ, Luzzi L, Do LG. Root caries experience
among Australian adults. Gerodontology 2017;34:365-376.

6. Locker D, Leake JL. Coronal and root decay experience in older
adults in Ontario, Canada. J Public Health Dent 1993;53:158-164.

7. Kim JK, Baker LA, Seirawan H, Crimmins EM. Prevalence of oral
health problems in U.S. adults, NHANES 1999-2004: exploring dif-
ferences by age, education, and race/ethnicity. Spec Care Dentist
2012;32:234-241.

8. The National Committee for Oral Health (NCOH). Third national oral
health epidemiology survey report [In Chinese]. Beijing: People’s
Medical Publishing House, 2008:6.

9. Dion N, Cotart JL, Rabilloud M. Correction of nutrition test errors
for more accurate quantification of the link between dental health and
malnutrition. Nutrition 2007;23:301-307.

10. Ritter AV, Shugars DA, Bader JD. Root caries risk indicators: a sys-
tematic review of risk models. Community Dent Oral Epidemiol
2010;38:383-397.

11. Mamai-Homata E, Topitsoglou V, Oulis C, Margaritis V, Polychrono-
poulou A. Risk indicators of coronal and root caries in Greek middle
aged adults and senior citizens. BMC Public Health 2012:484.

12. McNally ME, Matthews DC, Clovis JB, Brillant M, Filiaggi MJ.
The oral health of ageing baby boomers: a comparison of adults aged
45-64 and those 65 years and older. Gerodontology 2014;31:123—
135.

13. Thomson WM, Broadbent JM, Foster Page LA, Poulton R. Ante-
cedents and associations of root surface caries experience among
38-year-olds. Caries Res 2012; 47:128-134.

14. Ritter AV, Preisser JS, Chung Y, et al. X-ACT Collaborative Research
Group. Risk indicators for the presence and extent of root caries
among caries-active adults enrolled in the Xylitol for Adult Caries
Trial (XACT). Clin Oral Investig 2012; 16:1647-1657.

15. Gokalp S, Dogan BG. Root caries in 35-44 and 65-74 year-olds in
Turkey. Community Dent Health 2012; 29:233-238.

16. McNally ME, Matthews DC, Clovis JB, Brillant M, Filiaggi MJ.
The oral health of ageing baby boomers: a comparison of adults aged
45-64 and those 65 years and older. Gerodontology 2014;31:123—
135.

17. World Health Organization(WHO). Oral health surveys: Basic meth-
ods, 5th edition. Geneva: World Health Organization. 2013. Available
at: http://www.who.int/oral_health/publications/9789241548649/en/.
Accessed: June 21, 2014.

18. Nicolau B, Srisilapanan P, Marcenes W. Number of teeth and risk of
root caries. Gerodontology 2000;17:91-96.

Volume 21, Number 3, 2018



Gao et al

20.

21.

22.

. Winn DM, Brunelle JA, Selwitz RH, et al. Coronal and root caries

in the dentition of adults in the United States, 1988-1991. J Dent Res
1996;75 Spec No:642—651.

Kumara-Raja B, Radha G. Prevalence of root caries among elders
living in residential homes of Bengaluru city, India. J Clin Exp Dent
2016;8:¢260—267.

Tan HP, Lo EC. Risk indicators for root caries in institutionalized
elders. Community Dent Oral Epidemiol 2014;42:435-440.

Kim JK, Baker LA, Seirawan H, Crimmins EM. Prevalence of oral
health problems in U.S. adults, NHANES 1999-2004: exploring dif-
ferences by age, education, and race/ethnicity. Spec Care Dentist
2012;32:234-241.

Chinese Journal of Dental Research

23.

24.

25.

26.

27.

Powell LV, Mancl LA, Senft GD. Exploration of prediction models
for caries risk assessment of the geriatric population. Community
Dent Oral Epidemiol 1991;19:291-295.

Powell LV, Leroux BG, Persson RE, Kiyak HA. Factors associated
with caries incidence in an elderly population. Community Dent Oral
Epidemiol 1998;26:170-176.

Watanabe MG. Root caries prevalence in a group of Brazilian adult
dental patients. Braz Dent J 2003;14:153-156.

DuM, Jiang H, Tai B, Zhou Y, Wu B, Bian Z. Root caries patterns and
risk factors of middle-aged and elderly people in China. Community
Dent Oral Epidemiol 2009;37:260-266.

Vehkalahti MM, Paunio IK. Occurrence of root caries in relation to
dental health behavior. ] Dent Res 1988;67:911-914.

229



