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Aim: Past studies have examined the oral health status of elderly Singaporean adults

residing in long term care facilities and living in residential housing but no oral health

research has been conducted on elderly Singaporeans residing in community homes. The

aim of this paper is to report on the oral health status and complete denture status of a

group of free living (community dwelling) elderly in Singapore from the AWWA Commu-

nity Home for Senior Citizens, and investigate the relation between the clinical findings

and demographic data.

Materials and methods: This research used a cross-sectional design and was conducted in

the month of December 2011. Consenting residents of the AWWA home who were over the

age of 60 participated in this study. Sampling strategy was census. Two calibrated

interviewers collected demographic information from the participants and four calibrated

dentists conducted extra-oral and intra-oral soft tissue examinations along with assess-

ment of dentition, periodontal and denture status.

Statistical analysis: All data were input into Microsoft Excel 2010™ and analysed in SPSS

21.0™. Descriptive analysis and bivariate analysis were performed on the demographic

factors and other variables of interest. The Spearman's test, Mann–Whitney U and Chi-

Square test were used to examine the correlation between the clinical findings and age,

gender and education level respectively.

Results: Among the 70 participants, two subjects (2.9%) had complete dentition, 34 (48.6%)

were partially dentate, and 34 (48.6%) had no teeth. The mean number of teeth among the

partially dentate participants was 11.28 while the mean number of anterior, posterior and

total occlusal contacts were 1.61, 2.17 and 3.78 respectively. The mean number of decayed

teeth (DT) and filled teeth (FT) were 2.81 and 0.25, giving a mean DFT score of 3.06. The

mean Root Caries Index was 0.13. Periodontal examination revealed that only 5 (13.9%)

individuals had healthy periodontal tissues, while 2 (5.6%) had the highest score of 1, 9

(25.0%) had the highest score of 2, 11 (30.6%) had the highest score of 3 and 7 (19.4%) had
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the highest score of 4. Amongst the partially dentate, 14 had dentures and 20 had none.

There were 34 edentulous participants and 23 had at least one denture while 11 did not

have any complete dentures. The most frequent unsatisfactory finding for complete

dentures was inadequate retention of the mandibular dentures. When the dentures were

grouped into those that were satisfactory and those that had at least one unsatisfactory

factor, 11 of the 26 maxillary dentures and 17 of the 23 mandibular dentures fell to the

latter category. Analysis revealed that there was a correlation between age and the number

of teeth with a correlation coefficient of �0.43 (p¼0.01) and age with the mean DFT, �0.33

(p¼0.05).

Conclusion: The findings of this study revealed a high treatment need for this group of

elderly.

& 2014 Published by Elsevier B.V.

Introduction

Singapore has one of the world's fastest ageing populations,
with the proportion of elderly adults rising from 10.5% of the
total population in 2013 to almost 20% of the total population
by 2030 [1]. By 2030, it is estimated that the number of seniors
above 65 in Singapore will increase to almost one million.
One of the challenges with an ageing population is ensuring
that the needs of the elderly, including their oral health needs
are well provided for. Studies have shown that oral health
can have a significant impact on the general health and
quality of life of individuals; therefore, public health policies
need to take into consideration the oral health status and
needs of the elderly population [2,3]. This will encourage
active and healthy ageing amongst the elderly population.

Peer-reviewed reports on the oral health of the elderly in

Singapore date back to the 1990s. Soh et al. examined the

status of the dentition, soft tissue and periodontium of 479

institutionalized elderly living in long-term care facilities and

found that the mean DMFT for the cohort was 27.0 [4]. Fifty-

six percent of the elderly were edentulous and 78.8% were

without dentures. They also found that 52.2% of the subjects

presented with a dental condition that required immediate

care. Loh et al. studied the oral health of 891 elderly

residential residing adults and found that the percentage of

edentulous individuals was 27.3% and there was a significant

difference in the percentage of edentulous individuals in the

different age groups [5]. The mean DMFT of the elderly in

their study group was 19.4 and showed an upward trend with

each increasing age cohort. Thean et al. found the treatment

needs of 184 nursing home residents to be high [6]. More than

half the complete dentures examined were unsatisfactory

and untreated decay and retained roots were prevalent.
Currently, there is not any information on the oral health

status of elderly Singaporeans residing in community homes.
In 2011, about 97 per cent of the elderly population resided in
residential housing, while the remaining were living in
institutions such as community and nursing homes [7].
Community homes, also known as sheltered homes, provide
residential care for ambulant destitute or low-income elderly
who are without family support and can live independently
while nursing homes provide care for the elderly with medi-
cal conditions who need nursing care. This paper reports on

the oral health status and complete denture status of a group
of elderly Singaporeans residing in the AWWA Community
Home for Senior Citizens, and investigates the relation
between the clinical findings and demographic data.

Materials and methods

This research used a cross-sectional design and was con-
ducted in the month of December 2011. The participants of
this study were free-living residents of the Asian Women's
Welfare Association (AWWA) Community Home for Senior
Citizens. Sampling strategy was census, as all the residents
over the age of 60 years were invited to participate. The study
was explained to the residents and written consent was
obtained from all volunteer participants. Those unable to
answer the questionnaire were excluded from the study. The
participants were given an oral care kit as a token of gratitude
for their participation. Ethical approval to conduct this
research was received from the National University of Singa-
pore Institutional Review Board, Reference Code 10-155.

Two calibrated interviewers collected demographic infor-
mation and four calibrated dentists performed the clinical
examinations on the participants. Demographic data col-
lected included information regarding age, gender, level of
education, number of years in Singapore, and monthly
income. Clinical examinations were carried out on location
using portable headlamps, mouth mirrors, CPI probe with
0.5 mm ball end, magnifying loops (Heine HR 2.5� S frame),
with the participants reclining on portable dental chairs.
Clinical examination included extra-oral and intra-oral soft
tissue examination along with assessment of dentition,
periodontal and denture status.

Dentition status included the presence of natural teeth,
the number of posterior and anterior occlusal contacts and
presence of caries. The number of occlusal contacts was
observed by asking the participant to bite in maximum
intercuspation. The number of posterior contacts counted
the presence of contacts on mandibular premolars and
molars while the number of anterior tooth contacts was
counted by observing the number of contacts achieved on
the mandibular anterior teeth. Dental caries was assessed
using criteria described in ICDAS-2 with mouth mirrors, CPI
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probes with a 0.5 mm ball tip, and headlamps [8]. ICDAS
Caries codes 0 and 1 were not differentiated, as compressed
air was not used for the examinations, but the rest of the
codes and criteria were applied. Both coronal and exposed
root surfaces were scored for the presence of caries and
restorations. For this report, the scores were converted to
decayed and filled surfaces, while missing surfaces are not
reported due to recall error by the participants. For root
surfaces, the findings are reported using the Root Caries
Index [9].

Periodontal status was assessed using the Community
Periodontal Index (CPI) according to the WHO methodology
using a CPI probe with a 0.5 mm ball tip [10]. The scoring
system is shown in Table 1. The mouth was divided into six
sextants defined by teeth numbers 18–14, 13–23 24–28, 38–34,
33–43, and 44–48 and a sextant was examined only if there
were two or more teeth present and not indicated for
extraction. The two molars in each posterior sextant are
paired for recording, and if one is missing, there is no
replacement. If no index tooth was present in a sextant
qualifying for examination, all the remaining teeth in that
sextant were examined.

Complete dentures were assessed for retention, stability,
defects and occlusion. Retention of maxillary dentures was
assessed with the examiner placing his index finger and
thumb in the premolar areas and exerting a gentle vertical
downward pressure while for the mandibular dentures the
index finger and thumb of one hand were used to grip either
side of the central incisors and a gentle upward force was
exerted [4]. Stability was assessed with the examiner placing
their index fingers and thumbs on either side of the pre-
molars and applying rotatory and lateral forces on the
complete denture. Occlusal relationship was recorded by
asking the patient to bite down from his resting position,
with the examiner gently supporting the lower denture with
his index fingers. The relationship was recorded as inade-
quate if there was a slide of greater than one quarter cusp
length into intercuspal position from first contact, if first
contact was uneven, leading to displacement of the dentures
on further closure or if first contact was clearly uneven
between right and left or where all contact was on the
anterior teeth, even in the absence of significant displace-
ment. Defects in the form of broken teeth, missing teeth,
fractured base and deficient base were noted for both max-
illary and mandibular complete dentures. A score of 0 was
given for each of the items if the item assessed was

satisfactory and a score of 1 was given if the examination
showed unsatisfactory findings. The scores were then tabu-
lated to reflect the denture status and higher scores were
associated with more problems with the complete dentures.
Partial dentures were examined for the Kennedy classifica-
tion, type of support, and retention. However, due to the
variability of partial dentures, the status of partial dentures is
not reported in this paper.

Data analyses

All data were input into Microsoft Excel 2010™ and analysed
in SPSS 21.0™. Descriptive analysis and bivariate analysis
were carried out for the demographic factors and other
variables of interest. The Spearman's test, Mann–Whitney U
and Chi-Square test were used to examine the correlation
between the clinical findings and age, gender and education
level respectively.

Results

Demographic distribution

Seventy participants were recruited in this study (47 (67%)
males; 23 (33%) females). The demographic distribution of the
study population is shown in Table 2. The mean age of the
participants was 74.4, with the oldest being 91 years of age.
Sixty-four (91%) were Chinese, 5 (7%) were Malays and there
was 1 (1%) Indian participant. Whilst 19 (27%) of the partici-
pants had no formal education, 32 (46%) had up to primary

Table 1 – CPI scoring system.

Score Description

0 Healthy
1 Bleeding observed, directly or by

using mouth mirror, after sensing
2 Calculus felt during probing but all the

black area of the of probe is visible
3 Pocket 4 or 5 mm (gingival margin situated

on black area of probe)
4 Pocket46 mm (black area of probe not visible)
X Excluded sextant
9 Not recorded

Table 2 – Distribution of some socio-demographical
characteristics of elderly subjects (n¼70).

Demographic variables n (%)
Gender
Male 47 (67.1)
Female 23 (32.9)

Age
60–69 15 (21.4)
70–79 34 (48.6)
80 and above 21 (30.0)

Ethnicity
Chinese 64 (91.4)
Malay 5 (7.1)
Indian 1 (1.4)

Education level
No formal qualification 19 (27.1)
Primary school education 32 (45.7)
Secondary school education 18 (25.8)
Professional qualification 1 (1.4)

Marital
Single 54 (77.1)
Married 12 (17.1)
Divorced 4 (5.7)

Monthly income
No income 9(12.9)
Up to $999 61 (87.1)
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school education, 18 (26%) had up to secondary school educa-
tion, and only 1 had a professional qualification. Fifty-four
(77%) of the participants were single, 12 (17%) were married,
and 4 (6%) were divorced. The majority of the participants, 61
(87%) were engaged in the work force and only 9 (13%)
were not.

Prevalence of edentulism and denture usage

Amongst the participants, 4 (5.7%) had all maxillary teeth
present (with the exception of the third molars) and 2 (2.9%)
had intact mandibular dentition. Twenty-five (36%) were
partially edentulous on the maxillary arch and 12 of them
had partial dentures. For the mandibular arch, 32 (46%) were
partially edentulous and 7 had partial dentures. Forty-one
(56%) of the participants were edentulous on the maxillary
arch and 26 had complete denture prosthesis. On the man-
dibular arch, 36 (51%) were edentulous and 23 had complete
denture prosthesis. Two subjects (2.9%) had complete denti-
tion, 34 (48.6%) were partially dentate, and 34 (48.6%) were
edentulous. Amongst the partially dentate, 14 had dentures
and 20 had none. Amongst the edentulous participants, 23
had at least one denture and 11 did not have any complete
dentures. Table 3 summarises the data on prevalence of
edentulism and denture usage.

Dentition status

Of the 70 participants, 34 were edentulous; thus, only 36 were
included in the examination and analysis of dentition status.

The mean number of teeth was 11.28. The mean number of
anterior, posterior and total occlusal contacts were 1.61, 2.17
and 3.78 respectively. The mean number of decayed teeth
(DT) was 2.81 while that of filled teeth (FT) was 0.25, giving a
mean decayed and filled teeth (DFT) score of 3.06. The mean
RCI index was 0.13. Table 4 shows the dentition status of the
36 dentate participants. There was a correlation between age
and the number of teeth with a correlation coefficient of
�0.43 (p¼0.01) and age with the mean DFT, �0.33 (p¼0.05).
There was no correlation noted between age, gender and
education level with the other factors considered in dentition
status. The intra-class correlation for inter-examiner relia-
bility was 0.94 for DT.

Periodontal status

Table 5 shows the periodontal status of the participants
according to CPI. Only 5 (13.9%) individuals had healthy
periodontal tissues, while 2 (5.6%) had the highest score of
1, 9 (25.0%) had the highest score of 2, 11 (30.6%) had the
highest score of 3, and 7 (19.4%) had the highest score of 4.
There were no significant correlations noted between the
highest CPI score and age, gender and education level.

Status of complete dentures and its relationship
with demographic factors

The results for complete denture status are shown in Table 6.
For maxillary complete dentures, 18 (69%) had satisfactory
retention and the remaining 8 were deemed unsatisfactory.

Table 3 – Prevalence of edentulism and denture usage according to arch.

Maxillary arch n (%) Mandibular arch n (%)

All teeth present (except 8s) 4 (5.7) 2 (2.9)
Partially dentate with denture 12 (17.0) 7 (10.0)
Partially dentate without denture 13 (18.6) 25 (35.7)
Complete edentulism with denture 26 (37.1) 23 (32.6)
Complete edentulism without denture 15 (21.4) 13 (18.6)

Total 70 (100) 70 (100)

Table 4 – Dentition status among the 36 dentate participants.

Male (n¼25) Female (n¼11) Total (n¼36)
Mean (95% C.I.) Mean (95% C.I.) Mean (95% C.I.)

Number of natural teeth 10.6 (6.98–14.30) 12.7 (7.46–18.00) 11.28 (8.40–14.16)
Number of anterior occlusal contacts 1.6 (0.69–2.51) 1.63 (0.39–2.89) 1.61 (0.91–2.31)
Number of posterior contacts 2 (0.46–3.54) 2.55 (�0.45–5.54) 2.17 (0.84–3.49)
Total occlusal contacts 3.6 (1.25–5.95) 4.18 (1.00–7.36) 3.78 (1.97–5.59)

DT 3.32 (1.87–4.77) 1.64 (0.13–3.15) 2.81 (1.71–3.90)
FT 0.12 (–0.13–0.37) 0.55 (�0.15–1.24) 0.25 (�0.01–0.51)
DFT 3.44 (2.02–4.86) 2.18 (0.69–3.68) 3.06 (1.99–4.12)

No. of root surfaces with decay 0.68 (�0.35–1.71) 1.36 (�0.66–3.39) 0.89 (0.00–1.78)
No. of root surfaces with permanent fillings 3.12 (0.37–6.20) 2.55 (0.14–4.96) 2.94 (0.75–5.14)
No. of sound root surfaces 23.08 (16.04–30.11) 31.27 (17.69–44.86) 25.58 (19.44–31.73)
Root Caries Index 0.13 (0.06–0.21) 0.12 (0.03–0.20) 0.13 (0.07–0.19)
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In terms of stability, 22 (85%) of the maxillary complete
dentures were satisfactory while 4 (15%) were unsatisfactory.
For mandibular complete dentures, only 6 (26%) had satisfac-
tory retention, 14 (61%) had satisfactory stability, in contrast
to the 17 (74.0%) and 9 (39.0%) which had inadequate reten-
tion and inadequate stability, respectively. Eleven out of the
49 complete dentures examined had defects. Seventeen (65%)
of the 26 dentures had satisfactory occlusion with the
opposing arch. When the dentures were grouped into those
which were satisfactory and those which had at least one
unsatisfactory factor, 11 of the 26 maxillary dentures and 17
of the 23 mandibular dentures fell to the latter category. The
status of complete dentures was not related to age, gender or
educational level.

Discussion

This is the first study in Singapore reporting on the oral
health of independent residents of a community home.
Unlike residents of nursing homes, these elderly were ambu-
lant and active and studies have shown that active elderly
tend to have better oral health than dependent elderly [11].
However, residents of community homes have limited finan-
cial income and as shown in Table 2, 72.8% of the participants
in this study attained only primary school education and 61
(87.1%) reported monthly income up to $999 while 9 (12.9%)
reported no income. Low income and education level have
been associated with poor oral health in the elderly, who tend
to be underserved with regards to oral care [12]. In this study,
no attempt was made to determine the correlation between

clinical findings and income level, since the participants had
no or limited income. It is important to note that the findings
of this study describe the oral health status of this unique
group of elderly and should not be generalised to the general
elderly population in Singapore. It does, however, reveal the
need for oral health care amongst this group of elderly.

A high percentage of the participants (48.6%) in this study
were edentulous and among those partially dentate, the
mean number of natural teeth was 11.28 and the mean
number of occluding contacts was 3.78 (Table 4). While it
has been noted that globally the elderly are living longer and
retaining more teeth, this trend might not be the case for
elderly who are of low economic status [13]. Amongst the
partially dentate, 20 (58.9%) of the partially dentate partici-
pants did not have any partial dentures and 23 (32.4%) of the
edentulous participants had no complete dentures. This
proportion was lower than the 94% of the partially dentate
participants and 78.8% of the edentate participants who could
have benefitted from prosthetic treatment in the study by
Soh et al. [4]. The necessity of dentures may be questioned for
partially dentate individuals, since the presence of dentures
may increase the incidence of caries, periodontal problems
and denture stomatitis in the absence of proper oral care. It
has also been suggested that there was sufficient adaptive
capacity in subjects with at least four occlusal units and that
it was not necessary to restore an individual to complete
dentition of 28 teeth [14]. On the other hand, dentures may
aid in masticatory function, especially in subjects who have
fewer than 3 occluding pairs of teeth, and help to improve
aesthetics and thus self-esteem [15]. In this study population,
given that the mean number of natural teeth and occluding
contacts were low, participants may be able to benefit from
the provision of partial dentures. The presence of complete
dentures may also be beneficial for edentate individuals since
the absence of complete dentures has been linked to the risk
of malnutrition in edentate subjects [16].

A global survey by the World Health Organisation revealed
a huge unmet need for denture treatment and restorative
dental care amongst older people [12]. However, the provision
of dental care based on normative treatment need alone
might not be sufficient to determine if prosthetic treatment
should be provided since the impact of missing teeth might
not affect the functioning, social and psychological well-
being of these individuals. Using the sociodental approach
might provide a more relevant estimation of treatment need
in the provision of dentures in the elderly population [17].
This approach involves identifying both normative needs and
socio-dental factors, such as perceived impacts and oral
health-related behaviours, and should be utilised in subse-
quent studies.

Table 5 – Periodontal status according to CPI, in relation to gender (n¼36).

Number of subjects with highest score of Mean number of sextants scores

0 1 2 3 4 0 1–4 2–4 3–4 4 X

Male 4 1 3 11 6 0.36 2.44 2.08 0.88 0.28 1.55
Female 1 1 6 2 1 0.45 2.55 2.18 0.36 0.09 1.43
Total 5 2 9 13 7 0.39 2.48 2.11 0.72 0.22 1.51

Table 6 – Status of 26 maxillary and 23 mandibular
complete dentures.

Maxillary n (%) Mandibular n (%)

Denture retention
Satisfactory 18 (69.0) 6 (26.0)
Unsatisfactory 8 (31.0) 17 (74.0)

Denture stability
Satisfactory 22 (85.0) 14 (61.0)
Unsatisfactory 4 (15.0) 9 (39.0)

Defects
Present 7 (27.0) 4 (17.0)
Not present 19 (73.0) 19 (83.0)

Occlusal relationship
Satisfactory 17 (65.0)
Unsatisfactory 9 (35.0)
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Complete denture examination showed that 17 out of the
23 mandibular prostheses had unsatisfactory retention. This
is similar to the findings of the study by Thean et al. which
showed that almost 50% of the complete dentures had
inadequate retention [6]. The study by Soh et al. revealed
that 20% of the complete dentures needed replacement due
to inadequate retention or stability [4]. Elderly adults may be
satisfied with the function of their poor fitting dentures since
there may be a lack of association between clinicians'
evaluation of dentures and patients' satisfaction [18]. In cases
where it is difficult to achieve retention for mandibular
complete dentures, it has been suggested that implant
retained mandibular overdentures be considered and studies
have shown that such an intervention can help to improve
the quality of life of the elderly [19]. However, the increased
cost and greater need of maintenance for implant-retained
overdentures may deter the elderly from seeking this mod-
ality of treatment.

This study omitted the reporting of the mean number of
missing teeth due to caries (MT) since it was difficult for the
elderly to recall accurately the reasons for the extraction of
their teeth; hence only mean DFT was reported. The study by
Loh et al. on community-dwelling elderly found that the
mean DT and the FT was 1.2 and 2.0 respectively [5]. The DT
of 2.21 was higher in this study but the FT of 0.25 was much
lower than the study by Loh et al. [5]. However, our values for
DT and DFT correspond closely with those found in India and
China [20,21]. The DT for a study amongst the elderly in India
(n¼300) was 2.5 and another study in China (n¼23452) found
the DFT to be 2.5. The mean DT of 2.81 and mean decayed
root surface of 0.89 reflect a high treatment need for this
group of independent living elderly. The low FT of 0.25 and
high DT could be due to a preference for tooth extraction in
older people or may reflect an underutilisation of restorative
care due to various reasons. The use of professional dental
services has been shown to be low amongst elderly adults,
particularly among the socio-economically disadvantaged [22].
Dental caries is a major public health problem in older people
and it is closely linked to social and behavioural factors such
as irregular dental attendance and lack of proper oral hygiene
habits [13]. This study also showed that the number of teeth
and mean DFT were significantly correlated with age (p¼0.01
and 0.05 respectively), similar to findings in other studies
[23,24].

The high prevalence of subjects with the highest CPI score
2 and 3 has been noted in other countries as was the case for
this study, where 61% of the participants had the highest CPI
score 2 and 3, reflecting poor oral hygiene, while 19.4% had
CPI-4, an indication of severe periodontal disease [12].
A study in Hong Kong among low-income middle-aged to
elderly participants had results similar to this study, where
64.1% of the participants had the highest CPI score 2 and 3
while 35.9% had CPI-4 [25]. While age was not associated with
the incidence of periodontal disease, earlier studies have
shown that females and those with a higher level of educa-
tion had better periodontal health [26,27]. However, this was
not the case in our sample population and could possibly be
due to the small sample size, resulting in a Type II error. The
promotion of good oral self care and regular visits to dentists
throughout the adult lifespan might be beneficial in

improving the oral health status of the elderly population.
Oral hygiene education programmes targeting the elderly
have been shown to improve self-care skills and may ulti-
mately impact positively on the oral health status of the
elderly [28]. This may result in the retention of more natural
teeth, which has been associated with better oral-health
quality of life of individuals [3].

6. Conclusion

The results from this study showed there is a great normative
need for dental care in this group of elderly. There is also
a significant correlation between age and the number of
natural teeth and DFT (p¼0.01 and 0.05 respectively).

Acknowledgement

This research was funded by the Ministry of Education AcRF
Tier 1 Grant (WBS R-221-000-035-112).

r e f e r e n c e s

[1] Ministry of Community Development, Youth and Sports,
Report of the Committee on Ageing Issues, 2006.

[2] P.E. Petersen, The World Oral Health Report 2003: continuous
improvement of oral health in the 21st century – the
approach of the WHO Global Oral Health Programme,
Community Dent. Oral Epidemiol. 31 (Suppl. 1) (2003) S3–S23.

[3] G. Tsakos, W. Marcenes, A. Sheiham, The relationship between
clinical dental status and oral impacts in an elderly population,
Oral Health Prev. Dent. 2 (3) (2004) 211–220.

[4] G. Soh, Y.H. Chong, G. Ong, Dental state and needs for
episodic care of institutionalized elderly in an Asian
community, Soc. Sci. Med. 34 (4) (1992) 415–418.

[5] T. Loh, R.K. Ow, J. Neo, J. Khoo, L.P. Lim, Tooth loss and
coronal caries of elderly residents in Singapore, Community
Dent. Oral Epidemiol. 24 (4) (1996) 300–301.

[6] H.P. Thean, M.L. Wong, G.C. Koh, A.S. Wong, Oral health
status and treatment needs of elderly residents in a
Singapore nursing home, Ann. Acad. Med. Singapore 38 (3)
(2009) 282–283.

[7] Y.M. Wong, Z. Teo, The Elderly in Singapore, Singapore
Department of Statistics, 2011,/http://www.singstat.gov.sg/
publications/publications_and_papers/population_and_
population_structure/ssnsep11-pg1-9.pdfS.

[8] International Caries Detection and Assessment System
(ICDAS) Coordinating Committee, Rationale and Evidence
for the International Caries Detection and Assessment
System (ICDAS II), 2011.

[9] R.V. Katz, Assessing root caries in populations: the evolution
of the root caries index, J. Public Health Dent. 40 (1) (1980)
7–16.

[10] Oral Health Surveys, Basic Methods, 4th edition, World
Health Organisation, Geneva, 1997.

[11] H. Pajukoski, J.H. Meurman, S. Snellman-Grohn, R. Sulkava,
Oral health in hospitalized and nonhospitalized community-
dwelling elderly patients, Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endod. 88 (4) (1999) 437–443.

[12] P.E. Petersen, D. Kandelman, S. Arpin, H. Ogawa, Global oral
health of older people – call for public health action,
Community Dent. Health 27 (4 Suppl 2) (2010) S257–S267.

S i n g a p o r e D e n t a l J o u r n a l 3 5 ( 2 0 1 4 ) 9 – 1 514

http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref1
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref1
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref1
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref1
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref2
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref2
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref2
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref3
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref3
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref3
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref4
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref4
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref4
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref5
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref5
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref5
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref5
http://www.singstat.gov.sg/publications/publications_and_papers/population_and_population_structure/ssnsep11-pg1-9.pdf
http://www.singstat.gov.sg/publications/publications_and_papers/population_and_population_structure/ssnsep11-pg1-9.pdf
http://www.singstat.gov.sg/publications/publications_and_papers/population_and_population_structure/ssnsep11-pg1-9.pdf
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref7
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref7
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref7
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref8
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref8
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref9
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref9
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref9
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref9
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref10
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref10
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref10


[13] P.E. Petersen, T. Yamamoto, Improving the oral health of
older people: the approach of the WHO Global Oral Health
Programme, Community Dent. Oral Epidemiol. 33 (2) (2005)
81–92.

[14] A.F. Kayser, Shortened dental arches and oral function,
J. Oral Rehabil. 8 (5) (1981) 457–462.

[15] J.L. Leake, R. Hawkins, D. Locker, Social and functional
impact of reduced posterior dental units in older adults,
J. Oral Rehabil. 21 (1) (1994) 1–10.

[16] R.J. De Marchi, F.N. Hugo, J.B. Hilgert, D.M. Padilha,
Association between oral health status and nutritional
status in south Brazilian independent-living older people,
Nutrition 24 (6) (2008) 546–553.

[17] J.I. Ryu, G. Tsakos, A. Sheiham, Differences in prosthodontic
treatment needs assessments between the standard
normative and sociodental approach, Int. J. Prosthodont. 21
(5) (2008) 425–432.

[18] C.R. Marachlioglou, J.F. Dos Santos, V.P. Cunha, L. Marchini,
Expectations and final evaluation of complete dentures by
patients, dentist and dental technician, J. Oral Rehabil. 37 (7)
(2010) 518–524.

[19] J.S. Feine, G.E. Carlsson, M.A. Awad, A. Chehade, W.J. Duncan,
S. Gizani, D. Wismeijer, The McGill consensus statement on
overdentures. Mandibular two-implant overdentures as first
choice standard of care for edentulous patients. Montreal,
Quebec, May 24–25, 2002, Int. J. Oral Maxillofac. Implant. 17
(4) (2002) 601–602.

[20] S. Thomas, R.V. Raja, R. Kutty, M.S. Strayer, Pattern of caries
experience among an elderly population in south India, Int.
Dent. J. 44 (6) (1994) 617–622.

[21] H.Y. Wang, P.E. Petersen, J.Y. Bian, B.X. Zhang, The second
national survey of oral health status of children and adults in
China, Int. Dent. J. 52 (4) (2002) 283–290.

[22] S. Listl, Income-related inequalities in dental service
utilization by Europeans aged 50þ, J. Dent. Res. 90 (6) (2011)
717–723.

[23] F.N. Hugo, J.B. Hilgert, L. de Sousa Mda, D.D. da Silva,
G.A. Pucca Jr., Correlates of partial tooth loss and edentulism
in the Brazilian elderly, Community Dent. Oral Epidemiol. 35
(3) (2007) 224–232.

[24] W. Luan, V. Baelum, O. Fejerskov, X. Chen, Ten-year
incidence of dental caries in adult and elderly Chinese,
Caries Res. 34 (3) (2000) 205–213.

[25] W.K. Leung, S.C. Siu, F.C. Chu, K.W. Wong, L. Jin, A.S. Sham,
C.S. Tsang, L.P. Samaranayake, Oral health status of low-
income, middle-aged to elderly Hong Kong Chinese with
type 2 diabetes mellitus, Oral Health Prev. Dent. 6 (2) (2008)
105–118.

[26] S. Ajwani, T. Tervonen, T.O. Narhi, A. Ainamo, Periodontal
health status and treatment needs among the elderly, Spec.
Care Dent. 21 (3) (2001) 98–103.

[27] P. Siukosaari, S. Ajwani, A. Ainamo, J. Wolf, T. Narhi,
Periodontal health status in the elderly with different levels
of education: a 5-year follow-up study, Gerodontology 29 (2)
(2012) e170–e178.

[28] S.J. Little, J.F. Hollis, V.J. Stevens, K. Mount, J.P. Mullooly,
B.D. Johnson, Effective group behavioral intervention for
older periodontal patients, J. Periodontal Res. 32 (3) (1997)
315–325.

S i n g a p o r e D e n t a l J o u r n a l 3 5 ( 2 0 1 4 ) 9 – 1 5 15

http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref11
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref11
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref11
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref11
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref12
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref12
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref13
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref13
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref13
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref14
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref14
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref14
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref14
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref15
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref15
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref15
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref15
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref16
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref16
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref16
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref16
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref17
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref17
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref17
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref17
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref17
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref17
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref18
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref18
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref18
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref19
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref19
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref19
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref20
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref20
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref20
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref20
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref21
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref21
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref21
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref21
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref22
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref22
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref22
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref23
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref23
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref23
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref23
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref23
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref24
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref24
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref24
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref25
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref25
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref25
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref25
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref26
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref26
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref26
http://refhub.elsevier.com/S0377-5291(14)00006-6/sbref26



